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Introduction

Seeds

Most of today’s red alder has its origin in past logging
practices. In the pre-settlement forest of the Pacific Northwest, red alder tended to be restricted largely to streamsides
or other sites with frequent soil disturbance. Logging in
this century created mineral seedbeds over extensive areas,
giving our current forest its start.

Seed is collected in late fall/early winter, when cones have
turned from green to yellow or brown and scales have
begun to loosen. Seed normally falls during dry periods
throughout the winter.
Seed collections should focus on the better trees in better
stands. Red alder has a great deal of stand-to-stand
variation in genetic growth potential that seed collection
should take advantage of. When dried, alder seed can be
stored for many years with little loss of viability.

This forest has matured, leading to the development of an
alder products industry. This industry is more developed
in Washington than in either Oregon or British Columbia.
At the same time that an economic interest in red alder
has developed, some of the fundamental precepts of
resource management have changed, creating diverse
reasons for interest in alder management. These include
biodiversity, ecosystem management, nitrogen fixation,
long-term forest productivity, landscape management,
wildlife habitat, and laminated root rot management.

Seedlings
Nursery practices have been developed that produce highquality seedlings. There are two important keys: seedling
density and inoculation with Frankia. In a bare-root
nursery bed, optimal densities are 100–150 seedlings/m2
(10–15 seedlings/ft2). Nursery inoculation with Frankia
is necessary for rapid growth on outplanting.

Over the last decade, the information available on alder
management has vastly increased. It comes from many
sources, both public and private, and appears in a variety
of publications. The four most recent syntheses are: Red
alder—Guidelines for seed collection, handling, and
storage (Hibbs and Ager 1989); Red alder—Guidelines
for successful regeneration (Ahrens et al. 1992); Density
management guide for red alder (Puettmann et al. 1993);
and Biology and management of red alder (Hibbs et al.
1994). Reference to these sources will lead into the broader
alder literature.

Desirable seedling characteristics are:
• Height should be 30–90 cm with a basal diameter
of at least 0.4 cm. Stocky rather than tall and thin
seedlings are preferable.
• Buds and branches should be located along the
entire stem.
• Fibrous root systems should be full, undamaged,
and nodulated.

This review is really only an outline. For complete
information, see the publications listed above.
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Establishment

There is a small conflict between keeping density low to
maintain a high live crown ratio and keeping density high
to promote self-pruning. An operational solution to this
conflict is to maintain a high stand density early in a
rotation (>1000 stems/ha in plantations) and then to thin
before height growth rate drops too low to rebuild a large
crown. This means thinning before age 20 on most sites,
perhaps as early as 10 years. The initial plantation density
and both the age and intensity of thinning will determine
the length of branchless stem below the crown.

There is a common perception that alder grows
everywhere. Yet all the experience with plantation
establishment and growth shows that this perception is
incorrect. A good alder site has an adequate summer
moisture supply, is well drained, is below about 300 m
elevation in B.C., does not have a south to south-west
aspect, is not prone to frost or high winds, and is not
deficient in soil phosphorous. Tools exist to evaluate alder
site quality in the absence of alder on the site.

A stand density management diagram for red alder is
available (Puettmann et al. 1993) to aid density
management decisions.

Competition control is best done prior to planting. Both
survival and growth are at risk if the cover of other
vegetation is anticipated to exceed 100% with some
overtopping by the end of the first growing season. Care
needs to be taken in site preparation to minimize seedingin of wild alder.

Growth and Yield
To a forester familiar with conifer stocking levels, alder
does not have much wood per hectare. A mature stand
might have 140 m3/ha, and basal area of 27 m2/ha is
considered high. Management will change these numbers
only a little. Management can change the length of time
it takes to grow trees to a target diameter. In natural stands,
the average diameter may be 15 cm at 30 years. In
plantations with density management, it may be possible
to have trees of 40 cm at 30 years. However hese figures
must be used with caution; the oldest plantations at the
densities we are recommending are less than 10 years old.
These predictions come from synthesizing results of
thinning in natural stands, growth of young, widely spaced
plantations, and growth in older but dense plantations.

Planting is done later than conifer planting, when the
chance of spring frost is small and before the spring rains
have stopped. In southern Washington, this is usually
between March 15 and April 15. Plant seedlings at least
2␣ cm below the root collar. Alder seedlings are easier to
damage than those of conifers, and therefore require greater
care in planting.
Optimal initial plantation densities have not been
established. In part, the initial density depends on the level
of competing vegetation and on the thinning/pruning
strategy to be used. In general, it appears that initial densities should be in the range of 800–1100 seedlings/ha.

Stand Tending
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The two primary goals of stand tending are to maintain
rapid growth and to grow high-quality wood. Growth of
young alder is very rapid. In natural, high-density stands,
however, diameter growth soon slows; the eventual drop
in live crown ratio limits the potential thinning response
of these middle-aged natural stands. Thus, in managed
stands, diameter growth rates and live crown ratios need
to be maintained.
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Decay and Wood Utilization Problems
in Red Alder and Paper Birch
Dr. Eric Allen
Canadian Forest Service
Pacific Forestry Centre

Abstract

Dessureault, Sistrotrema brinkmannii (Bres.) J. Eriksson,
Heterobasidion annosum (Fr.:Fr.) Bref., Pholotia adiposa
(Fr.:Fr.) P. Kumm., Trametes pubescens (Schumach.:Fr.)
Pilát, Meruliopsis corium (Fr.:Fr.) Ginns., and Stereum
ostrea (Blume & Nees:Fr.) Fr.

In the past, there has been an emphasis on conifer tree
species in forestry operations in British Columbia. As a
result, there is a serious lack of information regarding
disease and decay problems in most hardwood tree
species. This presentation reports the results of recent
studies on levels of decay in natural red alder stands,
and on the formation of stain in harvested alder logs.
Disease problems of paper birch are also discussed.

A reddish stain is formed on the surface of freshly cut
alder wood, as well as in response to the invasion of
wood tissues by fungi. Superficial staining can generally
be removed through proper kiln-drying procedures, but
fungal-induced stain results in reduced wood quality
and reduced economic value. Storing logs under
conditions that inhibit fungal growth will result in less
staining of wood. In general, storage in cool, moist
conditions will retard staining. Logs may be stored in
the winter for up to six months with little staining. Logs
cut in the spring and summer should be milled as soon
as possible after harvest. There is some evidence that
fungicidal wood preservatives can be used to slow the
development of fungal-induced stain.

In a study to determine levels of decay in red alder (Alnus
rubra Bong.), 383 trees were examined at 38 sites
representing broadly diverse geographical and climatic
habitats on Vancouver Island. Decay was observed in
trees of all ages; the incidence of decayed trees increased
with tree age. A variety of pathological indicators,
including scars, forks, crooks, branch stubs, and dead
and broken tops were observed in association with decay.
Scars were the most common indicator associated with
decay (36%). Scars were also the best predictor of decay;
51% of the scars visible on standing trees were associated
with decay. Most of the decay observed in living alder
was incipient and often compartmentalized. Decay
volumes were generally low (median decay volume was
0.0024 m3). A number of decay fungi were isolated from
living alder, including Armillaria sinapina Bérubé &

Very little research has been directed at pathogen problems affecting paper birch (Betula papyrifera Marsh.) in
B.C. Studies conducted in eastern Canada, where birch
has a more important commercial profile, have shown
serious losses due to stain and decay in mature trees
(15–45% of merchantable volume). Fungi responsible
for significant levels of stain and decay in eastern birch
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include Phellinus igniarius (L.:Fr.) Quél. P laevigatus
(Fr.) Bourd. & Galzin, Cytostereum murrayi (Berk. &
M.A. Curtis) Pouzar. Pholiota adiposa, Inonotus obliquus
(Pers.:Fr.) Pilát, Chondrostereum purpureum (Pers.:Fr.)
Pouzar, and Peniophora cinerea (Pers.:Fr.) Cooke. Most
of these fungi are also found on birch in B.C.

example, Taphrina occidentalis W. W. Ray and T. alni (Berk.
& Broom) Gjaerum cause enlargements of the bracts of
female catkins. Again, these fungi are not currently
economically important, but could become so if alder seed
production is pursued.

As hardwoods increase in importance in western
forestry, it is essential that we develop a comprehensive
understanding of their biology and interactions with
other organisms. Fungi grow in association with all trees,
often at levels that reduce the economic value of the
wood. In some cases, such losses can be minimized by
modification of forest management practices such as
thinning, pruning, timing of harvest, and post-harvest
treatment of wood. This paper provides a discussion of
the disease organisms associated with red alder, the
results of research on decay and stain of alder, and a
review of stain and decay problems of paper birch.

Decay in Red Alder
Compared with other hardwood species, living red alder
trees have very little decay (Table 1). In a recent study in
British Columbia, (Allen 1993a), 383 alder trees on
Vancouver Island were examined, ranging in age from 20
to 120 years old. Trees were dissected, and assessed for
decay volume and the relation of decay columns to
externally visible pathological indicators. Decay losses of
merchantable volume were less than 4% in all trees
sampled. Although the incidence of decay increases with
age (Table 2), decay volume is poorly correlated with age,
and susceptibility to decay in older trees does not appear
to be as severe as suggested in previous reports ( Johnson
et al. 1926; Worthington 1957; Worthington et al. 1962).
For example, trees harvested at 60–80 years would have
predicted decay losses under 3.5%.

Diseases of Red Alder
Red alder is relatively free from most disease problems.
Many fungi have been reported growing in association
with red alder (Lowe 1969; Shaw 1973; Farr et al. 1989 ),
but few have been shown to cause economically important
levels of damage in natural stands. Several stem cankercausing pathogens, Didymosphaeria oregonensis Goodd.,
Hymenochaete agglutinans Ellis, and species of Nectria (Fr.)
Fr. cause some damage, especially in young stands, but
overall their impact is slight. However, these organisms
may become more important in nurseries and young
managed stands. For example, Septoria alnifolia Ellis &
Everh., an organism causing leaf spots and stem cankers,
has been a problem in nursery production. Although the
impact of this organism has been minor, the potential exists
for more damaging levels of disease should conditions
occur that favour the rapid development and spread of
the fungus. Currently, Septoria diseases are controlled by
culling infected seedlings, using monthly applications of
benomyl (a fungicide), and by locating alder nursery beds
away from existing alder stands (W. Littke, Weyerhauser,
Centralia, Wash., 1992, pers. comm.). The use of such
weak pathogens has also shown some promise as biocontrol
agents in the control of juvenile red alder in areas where
its growth is undesirable (Dorworth 1993). Fungal diseases
of alder catkins have also been reported (Mix 1949); for

Table 1.

Percent cull in Canadian hardwood tree
species (after Basham and Morawski 1964)

Species
Red Alder
(Alnus rubra Bong.)
Basswood
(Tilia americana L.)
Paper Birch
(Betula papyrifera Marsh.)
Trembling Aspen
(Populus tremuloides Michx.)
Sugar Maple
(Acer saccharum Marsh.)
Beech
(Fagus grandifolia Ehrh.)
Yellow Birch
(Betula alleghaniensis Britt.)
Ash
(Fraxinus americana L.)
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Cull % of gross
merchantable volume
4.1
14.9
15.0
27.1
28.5
31.2
43.2
58.4
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Table 2.

Incidence of decay in red alder by age
(Allen␣ 1993a)

Age class

Trees with
decay (%)

Decay events
per tree

15–24
25–34
35–44
45–54
55–64
65–74
75+

18.8
24.1
35.0
50.4
65.0
63.6
93.8

1.7
1.3
1.4
1.5
1.4
1.4
1.7

A number of decay fungi have been isolated from living
alder trees in British Columbia, including Heterobasidion
annosum, Sistrotrema brinkmannii, Pholiota adiposa,
Trametes sp., and Meruliopsis corium. A previous report
suggested that white heart rot, caused by Phellinus (syn.
Fomes) igniarius, is the most destructive disease of living
alder trees (Worthington 1957). This statement seems to
have originated from Johnson et al. (1926) who made a
similar claim, unsupported by data or reference citation.
P. igniarius has been found only rarely on living red alder
in British Columbia, although the pathogen may be more
common in other parts of the alder range. As indicated
above, these decay fungi do not appear to result in serious
losses in living trees. However, special mention should be
made regarding the potential hazards of the root rot
pathogen Heterobasidion annosum. This pathogen was only
observed growing on alder in mixedwood stands. Since
the fungus infects both hardwoods and softwoods, it is
possible that alder plantations could be affected when
planted on sites previously occupied by infected conifers,
or that infected alder could serve as an inoculum source
for subsequently planted conifers. These risks stress the
importance of pre-harvest root-rot surveys as an integral
part of stand management.

A total of 243 decay events were observed in the sample
trees. Much of the decay present in living alder resulted
from injury to standing trees due to scars from falling trees
or branches, or from broken tops that remain broken or
form forks or crooks (Table 3). Such damage occurs
naturally, through the effects of ice and wind storms, or
can result from injuries sustained during logging
operations. Once trees are injured, decay organisms gain
entry through the damaged tissue. However, alder is very
efficient in its ability to compartmentalize decay, and most
decay events do not spread much beyond the injured tissue.
For example, the dead tissue of stubs formed from selfpruned branches was colonized by fungi, and sometimes
developed into a decay column in the main stem. Most
branch stubs, however, were overgrown by healthy wood
with no further decay development. In general, individual
decay columns were not large, with a median volume of
0.0024 m3.
Table 3.

Stain Formation in
Harvested Red Alder
The word “red” in the common name “red alder” refers to
the reddish colour of freshly cut alder wood (Little 1979).
This stain is due to the presence of a chemical compound,
oregonin, which when oxidized becomes an orange-red
color (Karchesy 1975). It forms on the surface of freshcut alder when cells containing oregonin are exposed to
air. The colour is also produced in response to the invasion
of wood tissues by some fungi, although the mechanism
by which fungal cells oxidize oregonin has not been
described. This fungal-induced stain is initiated at the cut
ends of harvested logs, and spreads into the wood over
time, coincidental to the spread of fungal mycelium. Decay
fungi growing on artificial media respond similarly by
producing a colour response when coming in contact with
liquid extracts from fresh alder wood. (Oleskevich 1993).
A stain phenomenon commonly called “redheart” has also
been observed in living alder, but the cause(s) of this
condition are currently unknown.

Occurrence of decay associated with pathological indicators in red alder (Allen, 1993a)

Pathological indicator

Occurrence of decay (%)

Scar
Fork
Crook
Branch
Dead top
Other
Unknown

36
13
9
12
6
2
22
100
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In a recent study, the development of stain and fungal decay
was monitored in alder logs harvested at four different
times throughout the year.(Allen 1993b). Stain developed
rapidly in logs stored over the summer months (Figure 1).
Logs were stained up to 70 cm from the cut end within
4␣ months of harvest. There was much less staining in logs
harvested in the fall and winter. When logs were stored
under cool, moist conditions, they developed minimal stain
(less than 20 cm in 6 months).

Summer

Stain ingress (cm)
80
60

Port Alberni
Victoria watershed
Forestry lab

40
20
0

Logs stored in the open where snow did not accumulate
and that were warmed by the sun developed more stain
(up to 60 cm in 6 months). When possible, foresters might
consider leaving harvested logs in the field where cool,
moist conditions are more likely to occur, moving them to
millyards just prior to milling.

1

2

4

6

Months after harvest

Fall

Stain ingress (cm)
80
60

Stain appears to develop wherever fungi enter and grow
in alder wood. Therefore, when bark remains intact, stain
forms only from the cut end of the log. When bark sections
are removed, during falling or handling after harvest, wood
tissues are exposed to fungal invasion and subsequent
staining. Efforts should be made to minimize bark damage
during harvesting operations, particularly during the
summer months when stain development is rapid.

Port Alberni
Victoria watershed
Forestry lab

40
20
0

1

2

4

6

Months after harvest

Winter

Stain ingress (cm)

No significant differences in wood density were found
between stained and unstained wood at any time after
harvest, suggesting that minimal degradation of wood
structure occurred within the 6-month test period. These
results, however, do not mean that wood structure and
quality are unchanged. Further tests monitoring changes
in wood strength must be conducted.
Since fungi were observed to gain access through freshly
cut wood surfaces, an experiment was conducted to
determine whether staining could be stopped or slowed
by applying wood preservatives to the cut ends of logs.
The tests of wood preservatives demonstrated that
treatment of cut log ends with powdered borax significantly
reduced the development of stain in winter-stored logs
(Table 4). The other treatments provided no better

Spring

Stain ingress (cm)

The staining that occurs on freshly cut surfaces can
generally be removed to produce wood with a uniform
white-ivory colour by utilizing appropriate kiln-drying
procedures (Kozlik 1978). Fungal-induced stain is more
difficult to remove during drying, and results in a
significant reduction in wood value. Most of this type of
stain occurs in the butt log, which contains the most
potentially knot-free wood, and is of the highest potential
value. Degrade due to stain in this first log therefore has a
significant economic impact.

80
60

Port Alberni
Victoria watershed
Forestry lab

40
20
0

1

2

4

6

Months after harvest

Figure 1. Stain development in 1-m red alder bolts har–
vested in different seasons and stored at Port
Alberni, the Victoria Watershed, and the Pacific
Forestry Centre laboratory (Allen, 1993b).
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protection from stain than in untreated logs. The wood
preservative treatments were less effective on logs stored
through the summer months. Initial fungal penetration
of the wood was delayed, but, once established, fungal
growth and associated staining was rapid. As in the main
experiment, wood moisture levels affected fungal growth
rates. High winter moisture contents contributed to
restricted stain development.
Table 4.

quently forms in a central column in living birch, lowering
potential wood value. Various studies have attributed the
cause of the discoloration to mechanical wounding
(Hepting et al. 1949; Shigo 1965; Siegle 1967; Houston
1971; Bauch 1984), and/or the activity of microorganisms
(Campbell and Davidson 1941; Basham and Taylor 1965).
Although some confusion still exists regarding the
terminology describing discoloration in birch, Shigo
(1965), and Shigo and Larson (1969), presented some
clarification of terminology, which is widely accepted.
According to Shigo, the process begins with injury to the
tree, caused by broken branches, bird or insect damage,
fire, or mechanical wounding. The tree responds by
producing phenolic compounds (e.g., pyrocatechol,
coniferyl alcohol, pyrogallol, catechin) (Siegle 1967) in
the wood cells surrounding the injury, and discoloration
results. The extent of the spread of discoloration depends
on the severity of the injury and the vigour of the tree.
Microorganisms are not involved at this stage and new
wood that forms after the injury is not discolored.
Following these changes initiated by the tree, bacteria and
non-decay fungi invade the wounded wood. Further
changes may occur in the appearance, pH, and moisture
content of the wood as a result of microbial activity. The
term “redheart” is properly applied to wood in this
condition (very wet, dark-red). The third stage begins
when decay fungi become active and the process of wood
degradation begins. Decay fungi generally grow only in
wood that has been previously discolored and chemically
altered by non-decay organisms.

Development of stain in logs treated with
wood preservatives and stored in field
conditions (Allen 1993b)
Stain(cm)

Preservative
Borax
Creosote
Copper Naphthenate
Zinc Naphthenate
Untreated control
*

winter storage summer storage
10.5 a*
34.7 b
36.8 b
28.8 b
43.3 b

36 a
50 b
49 b
50 b
50 b

values followed by the same letter in a column are not significantly
different (P<0.05 Sheffe’s S test)

Preliminary experiments suggest that the treatment of
freshly cut surfaces of alder logs with borax can slow the
development of fungus-induced stain. However, further
tests must be conducted to determine the effectiveness of
this method of stain control under varied field conditions.
Further study must also be directed at determining whether
significant losses in wood strength and structure are
associated with staining and the early stages of decay in
red alder.

It is important to point out that the process of discoloration
and decay is a continuum of events, and that variation will
be observed among trees and at different sites. Since
discoloration is largely initiated by injury to the roots or
stem, a certain amount of this defect can be eliminated or
reduced by minimizing injury to residual trees during
logging, and by harvesting trees with injuries that will
ultimately develop significant amounts of stain and decay.
It is recommended that birch trees with wounds greater
than a certain size (e.g., 320 cm3 in a Michigan study
[Ohman 1970]) be salvaged to prevent further losses
(Lavalée and Lortie 1968; Ohman 1970). Large columns
of discoloration develop in trees with large dead branches
in the bottom 6 m of the stem. Trees that self-prune side
branches in the lower 6 m of the stem while the branches
are still small develop little or no associated discoloration
(Shigo 1965; Lavalée and Lortie 1968; Solomon and Shigo
1976). Silvicultural management that promotes early self-

Decay and Discoloration
in Paper Birch
Very little research has been directed at pathogen problems
affecting paper birch (Betula papyrifera) in B.C. However,
studies conducted in eastern Canada, where birch (mainly
yellow birch, Betula alleghaniensis Britt.) has a more
important commercial profile, have documented serious
losses in wood quality due to stain and decay in mature
trees (Morawski et al. 1958).
Discoloration develops more rapidly in birch than in other
hardwoods (Shigo 1965). A reddish discoloration fre-
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Volume (m3)

pruning of lower branches could help to reduce
discoloration defects.

5

Stain generally accounts for a greater amount of cull than
does decay (Table 5). Cull values will vary, however,
depending on the utilization of the wood. For example,
discoloration is a significant defect in sawlogs, but is less
of a problem when the wood is chipped for pulp (Table␣ 6).
Total cull resulting from stain and decay varies among
species of birch (Table 1), with losses of 15% of gross
merchantable volume in paper birch to 45% in yellow birch
(Table 6). In general, cull increases with tree age, and in
Ontario, the pathological rotation age is greater than 300
years (Figure 2).
Table 5.

4

Volume (m3)

Total stain
Total decay
Total Cull

17.84
5.68
23.52

Gross merchantable volume

3
2

Cull volume

1
Net merchantable volume
0

Stain and decay in paper birch
(after␣ Morawski et al. 1958)

Cull

Table 6.

Yellow birch

50

75.9
24.1
100.0

Table 7.

Percent cull in yellow birch at two sites (after
Morawski et al. 1958)
Logs

Pulp

Total

Algonquin Section
(1177 yellow birch)
Algoma Section
(241 yellow birch)
Boreal Region
(936 paper birch)

39.7

9.5

34.1

52.0

13.1

45.6

150

200

250

300

350

400

Age
Figure 2. Average volume per tree in relation to age in
241 birch trees—Algoma Ecological Section,
Ontario (after Morawski et al., 1958).

% of total cull

Site

100

Fungi isolated from stained paper birch
wood (after Morawski et al. 1958)
Species

Chondrostereum purpureum
Cytostereum murrayi
Bjerkandera adusta
Gloeocystidium karstenii a
Pholiota adiposa
Lenzites betulina b
Stereum ochraceo-flavum c
Phellinus igniarius
Piptoporus betulinus
Trametes pubescens
Sterile cultures

15.0

Fungi responsible for significant levels of decay in eastern
birch species include Phellinus igniarius, P. laevigatus,
Cytostereum murrayi, Pholiota adiposa, Inonotu obliquus,
Chondrostereum purpureum, and Peniophora cinerea (Stilwell
1955; Basham and Morawski 1964). Two other fungal
species, Fomes fomentarius (L.:Fr.) J. Kickx. fil., and
Piptoporus betulinus (Bull.:Fr.) P. Karst., are very common
on dead standing and fallen birch stems. These fungi also
colonize dead branches on living trees and can extend into
the centres of these stems (Stillwell 1954). As described
above, discoloration can result from mechanical injury
and/or infection by one or more fungi (Table 7).

% of isolations
14
12
12
3
2
2
2
1
1
1
43

Scientific authorities: a Bourd. & Galzin, b (L.:Fr.) Fr., c (Schwein.) Ellis

Disease problems in birch other than stain and decay are
also caused by fungal organisms. Canker-causing fungi,
including Nectria sp. and Hypoxylon Bull.:Fr. are common
and can weaken trees, predisposing them to attack by
insects or other fungi. Foliar pathogens, including birch
leaf rust (Melampsoridium betulinum Kleb.), yellow leaf
blister (Taphrina flava Farl.), and birch leaf spot (several
species of Septoria) cause severe problems in localized
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Campbell, W.A. and R.W. Davidson. 1941. Red heart
of paper birch. J. For. 39:63–65.

outbreaks, and could intensify in intensively managed birch
plantings. The fungi responsible for Armillaria root rot
(A. sinapina, a weak parasite on hardwoods, saprophytic
on conifers; and A. ostoyae (Romagnesi) Herink, a vigorous
parasite on conifers, less so on hardwoods) are present in
birch trees of all ages. Armillaria ostoyae infects and kills
root systems in low-vigour trees as early as age 20. Healthy
birch trees growing on better sites show more resistance
to infection and can reach age 60 before succumbing to
the disease (H. Merler, British Columbia Ministry of
Forests, Kamloops, 1993, pers. comm.). Mixedwood stands
are at higher risk as the birch tend to become suppressed
and therefore more susceptible to attack. Infected birch
then acts as an inoculum source for the surrounding
conifers. Armillaria root rot is also thought to be a
contributing factor in birch dieback (Sinclair et al. 1987).

Dorworth, C.E. 1993. Augmentation of biological
control in Canada’s forests. In Proc. Forest
Biological Control in the Great Plains. Mary
Ellen Dix (editor), July 13–16, 1992, Bismark,
N.␣ Dak.
Farr, D.F., G.F. Bills, G.P. Chamuris, and A.Y.
Rossman. 1989. Fungi on plants and plant
products in the United States. APS Press, St. Paul,
Minn. pp. 92–97.
Hepting, G.H., E.R. Roth, and B. Sleeth. 1949.
Discolorations and decay resulting from increment
borings. J. For. 47: 366–370.
Houston, D.R. 1971. Discoloration and decay in red
maple and yellow birch: reduction through wound
treatment. For. Sci. 17:402–406.

Unfortunately, there have been no detailed studies
conducted in British Columbia on damage to birch caused
by pathological agents. The identity and nature of the
organisms involved, as well as how their populations
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Abstract

demonstrated faster growth, and later leaf abscission
and bud flushing. Provenances from the Queen Charlotte Islands and Southern Mainland grew the fastest
and may be considered as primary areas of seed sources
for selection of fast-growing trees in British Columbia.

The genetic variability and performance of 65 red alder
(Alnus rubra Bong.) provenances representing the entire
natural range of the species in British Columbia were
investigated in a common garden environment in
southern coastal British Columbia. Red alder was a fast
grower with an average height of 225 cm and basal
diameter of 27 mm after two growing seasons. Genetic
variability of red alder in British Columbia was
substantial both among and within provenances for all
the traits surveyed (height, diameter, leaf abscission, and
bud flushing). Within-provenance variability tended to
be lower in faster-growing provenances. Differentiation
among provenances demonstrated discernible patterns;
provenances from the south and low elevations

Introduction
Red alder (Alnus rubra Bong.) is the most abundant
hardwood tree species in the Pacific Northwest and coastal
Alaska. It occurs naturally from southern California
(34°␣ N) to southeastern Alaska (60° N) within 200 km of
the ocean and at elevations as high as 1200 m (Harrington
1991). The existing red alder resource in British Columbia
is virtually unused, and management of red alder in the
province has been largely a matter of eliminating it from
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competition with coniferous plantations. In recent years,
however, red alder has been gaining attention for its
important economic values such as rapid growth, high
wood quality, and nitrogen fixing ability, and for its strong
resistance to root pathogens. Increasing public concern
over maintaining biodiversity in our forests has also created
a favourable situation for managing our coastal hardwood
species. Utilization and management of red alder in British
Columbia will no doubt increase.

Seed was extracted after drying the strobili for a week at a
temperature between 21 and 27°C. Seedlings were grown
at Surrey Nursery, near Vancouver. Seed was directly sown
in plastic flats (2 × 11 × 22 inch) containing a peatvermiculite mixture (9 peat moss : 8 vermiculite : 3.5
18-6-12 Osmocot (8- to 9-month form) : 1 Dolomite
lime) on May 6, 7, and 8, 1992. Germination was processed
in the greenhouse with temperatures of 5–10°C and
humidity of 75–90% during the day and night. After about
3 weeks, seedlings were dibbled into 615A styroblocks
(5␣ ×␣ 9 = 45 cavities) containing the same soil mix plus 1.5␣ L
of ground Frankia nodules obtained from red alder
wildings near the nursery. A total of 30 seedlings were
dibbled for each family, arranged in five-seedling row plots
randomized within six replicates. Seedlings were grown
in the greenhouse with temperatures maintained at
14–22°C during the day and 14–19°C at night, and relative
humidity controlled at 55–85% during the day and night.
During the first week of July, seedlings were inoculated
with Frankia spp. by watering with a solution containing
2.25 g/L of homogenized nodules. No fertilizer was
applied.

A thorough understanding of the genetic variation of red
alder is essential for successful management of the species.
Research on genetic variation of forest tree species in
British Columbia has been focused on conifers such as
lodgepole pine, Douglas-fir, and spruce (Ying and
Morgenstern 1987), and little is known about the genetic
variation of red alder and other hardwood species in the
province. To provide information on the extent,
distribution, and geographic patterns of genetic variation
of red alder in British Columbia, we have recently initiated
a study on the geographic variation of the species. This
paper reports the genetic variability and performance of
red alder in growth and shoot phenology traits based on
our 2-year common garden testing at Surrey Nursery, near
Vancouver, British Columbia.

Experimental Design
The common garden test was established at Surrey Nursery
in mid-August 1992. A compact-family (split-plot) design
was used, with provenances assigned to the main plots
and families from the same provenances to the sub-plots.
The test was laid out in four blocks of five-tree line plots.
Bulked provenances were represented by three five-tree
line plots within each block and a total of 60 trees. A
65␣ ×␣ 75 cm spacing was applied and the entire test was
surrounded by a double-row border at two sides and a
single-row at the other two sides. During the first week
after planting, dead trees were replaced by those from the
same families or provenances. In cases where no extra trees
of the same families or provenances were available,
unidentified trees were planted to occupy the open spots
to maintain uniform spacing. Those unidentified trees were
clearly marked and not measured. Irrigation was applied
until mid-September 1992 with an overhead system.

Materials and Methods
Testing Materials
Sixty-five red alder provenances, 58 with family structure
(five families per provenance except one with only four
families), were used in this study (Table 1 and Figure 1).
These 65 provenances cover the entire natural range of
the species in British Columbia (Figure 1). Along the
mainland coast, the environmental gradient is steeper from
coast to inland than from north to south, therefore
sampling emphasizes the former. Choice of the three main
river drainages (Skeena, Knight, and Squamish) is mainly
from the consideration of accessibility. Stands chosen for
collection were natural, pure (or, if mixed, red alder was
the dominant component), over 4 hectares in area, and
not of recent colonization along logging roads, on landings,
or on recent clearcut areas. Sample trees were mature
(25␣ years or older), vigorous, free of disease and insect
problems, and well spaced within a stand (>50 m).
Approximately 1 L of strobili were collected from the
upper portion of the crown of each tree and kept separate.

Data Collection and Analysis
Height (HT) and basal diameter (DIA) measurements
were made at the end of September 1993. Height was
measured to the nearest centimetre and basal diameter to
the nearest millimetre. The status of leaf abscission (L.A.)
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Table 1.

Geographic information and performance of red alder provenances
Provenance

No.
4
6
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

Name
Port Renfrew
Klanawa #2
Nitinat Flats
Cowichan M.F.
Cowichan Lakee
Sarita Lake
Galiano Island
Between the Lakes
Ucluelet
Cassidy
Corrigan Creek #1
Corrigan Creek #2
Maggie Lake
Deer Creek
Elk Main
Britannia Creek
China Creek #1
China Creek #2
Bainbridge Lake
Coombs
GVWD (Seymour)
Gibsons
Lowry Lake
Union Baye
Indian River
Pender Harbour
Mamquam River
Geadquarters #2
Brohm River
Culliton Creek
Lund
Woss #2
Zeballos #2e
Cheakmus River
Snowdon #1
Quatra
Woss #1
Roberts Lake
Bigtree #1
Bigtree #2
Zeballos #1
Prenticeville
Ronning Main
Port Hardy
San Josef Main

Geographic information
Lat
(°N)

Long
(°W)

48 36'
48 46'
48 50'
48 51'
48 55'
48 55'
48 57'
48 58'
49 00'
49 03'
49 03'
49 03'
49 03'
49 04'
49 04'
49 07'
49 10'
49 10'
49 12'
49 19'
49 24'
49 24'
49 24'
49 32'
49 34'
49 39'
49 43'
49 45'
49 49'
49 53'
49 58'
49 58'
50 01'
50 04'
50 05'
50 10'
50 11'
50 13'
50 14'
50 14'
50 14'
50 21'
50 36'
50 37'
50 40'

124 14'
124 58'
124 40'
123 39'
124 30'
124 52'
123 28'
124 43'
125 34'
123 56'
124 42'
124 42'
125 27'
121 54'
124 45'
123 07'
124 41'
124 41'
124 45'
124 27'
122 58'
123 35'
125 09'
124 53'
122 56'
124 02'
123 07'
125 07'
123 07'
123 11'
124 45'
126 15'
126 49'
123 06'
125 23'
125 13'
126 26'
125 33’
125 43'
125 43'
126 52'
125 55'
128 15'
127 15'
128 04'

Performance

Elev
(m)
20
40
30
150
160
40
50
200
40
107
320
500
50
500
280
660
280
400
100
50
200
–
120
100
190
150
100
250
265
250
150
1000
200
540
100
50
250
700
250
300
700
80
30
37
20

HTa (CVb)
(cm)

DIAa (CV)
(mm)

B.F.c (CV)
(%)

L.A.d (CV)
(%)

213 (12)
229 (10)
248 (11)
216 (14)
212 (12)
233 (11)
231 (13)
229 (11)
217 (14)
226 (13)
205 (13)
207 (12)
218 (12)
240 (13)
222 (13)
219 (14)
222 (11)
234 (10)
233 (12)
228 (13)
212 (15)
240 (9)
213 (14)
238 (12)
218 (11)
242 (10)
240 (13)
233 (13)
237 (11)
230 (11)
246 (11)
214 (10)
214 (13)
207 (13)
223 (14)
240 (15)
216 (13)
227 (12)
225 (15)
210 (13)
220 (14)
226 (13)
216 (15)
242 (11)
229 (12)

26 (18)
27 (16)
28 (15)
26 (20)
28 (13)
28 (15)
26 (18)
26 (16)
26 (15)
27 (14)
25 (16)
28 (16)
26 (16)
28 (13)
27 (14)
27 (18)
27 (14)
29 (13)
27 (17)
26 (19)
27 (19)
28 (13)
27 (17)
27 (16)
28 (14)
27 (17)
28 (16)
27 (17)
28 (16)
27 (16)
27 (18)
28 (15)
26 (18)
27 (17)
27 (18)
27 (22)
27 (16)
27 (18)
27 (18)
26 (17)
27 (15)
26 (18)
25 (19)
27 (14)
28 (16)

57 (65)
41 (97)
47 (73)
34 (101)
36 (109)
46 (83)
47 (92)
48 (83)
24 (114)
57 (69)
39 (104)
56 (72)
42 (87)
74 (40)
54 (65)
72 (49)
59 (64)
69 (54)
49 (81)
52 (67)
46 (85)
80 (31)
50 (77)
50 (85)
59 (65)
67 (53)
75 (47)
48 (83)
75 (40)
61 (64)
66 (60)
60 (65)
62 (54)
56 (75)
59 (71)
72 (50)
67 (57)
54 (77)
55 (65)
46 (94)
64 (57)
67 (56)
32 (111)
55 (76)
50 (85)

49 (67)
26 (107)
33 (97)
36 (93)
46 (76)
39 (86)
49 (66)
27 (102)
60 (59)
44 (81)
13 (173)
21 (116)
24 (125)
43 (71)
22 (137)
11 (207)
30 (105)
38 (72)
43 (75)
27 (116)
25 (127)
42 (75)
35 (104)
40 (86)
25 (101)
49 (63)
43 (75)
35 (90)
46 (81)
30 (100)
40 (86)
18 (161)
27 (121)
19 (142)
19 (130)
27 (101)
23 (131)
21 (136)
23 (118)
25 (102)
16 (157)
30 (114)
33 (102)
30 (115)
7 (225)

(continued)
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Table 1.

Geographic information and performance of red alder provenances (concluded)
Provenance

No.
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
71

Name
Ne 62
Kingcome Inlet
Poole Inlet
Hagensborg
Nachelor Bay
Salloomt River
Copper Bay
Channel
Rennell Sound
Port Clemente
Masset
Kitimat
Snow Creek
Rainbow Summit
Prince Rupert
Skeena Rivere
Exchamsiks Rivere
Shames River
Williams Creeke
Oliver Lake

Geographic information

Performance

Lat
(°N)

Long
(°W)

Elev
(m)

HTa (CVb)
(cm)

DIAa (CV)
(mm)

B.F.c (CV)
(%)

L.A.d (CV)
(%)

50 43'
51 30'
52 21'
52 22'
52 22'
52 26'
53 07'
53 08'
53 22'
53 41'
54 03'
54 15'
54 15'
54 15'
54 16'
54 19'
54 20'
54 26'
54 27'
54 00'

127 59'
126 08'
131 21'
126 35'
126 55'
126 33'
131 40'
132 15'
132 27'
132 11'
132 00'
128 30'
129 33'
130 02'
130 16'
129.20'
129 17'
128 55'
128 29'
139 00'

170
30
1
40
30
150
10
20
100
–
10
60
10
160
46
20
10
100
100
–

236 (12)
235 (12)
221 (15)
220 (14)
212 (15)
212 (15)
231 (14)
232 (13)
257 (12)
236 (10)
226 (16)
203 (13)
208 (14)
204 (15)
211 (13)
195 (14)
242 (10)
214 (15)
199 (15)
224 (17)

27 (16)
28 (18)
24 (20)
27 (17)
25 (20)
25 (18)
26 (16)
26 (16)
27 (16)
27 (13)
26 (16)
25 (18)
27 (14)
24 (20)
24 (15)
25 (16)
28 (14)
26 (19)
25 (18)
26 (18)

50 (85)
51 (79)
56 (73)
79 (38)
75 (43)
64 (68)
76 (47)
70 (58)
76 (47)
46 (89)
73 (47)
67 (62)
78 (45)
68 (56)
79 (38)
79 (39)
86 (36)
67 (63)
72 (51)
84 (36)

5 (259)
48 (73)
11 (194)
18 (130)
15 (186)
2 (335)
8 (258)
11 (193)
22 (140)
29 (108)
18 (172)
2 (354)
5 (336)
0 (1000)
7 (256)
1 (609)
4 (288)
1 (606)
1 (573)
3 (424)

a

Height and diameter after two growing seasons.

b

Coefficient of variation.

c

Percent of the five most distal buds flushed by April 14, 1993.

d

Percent of leaves retained on the top five leaf nodes on November 25, 1992.

e

Bulked provenances.

was assessed on five dates in the fall of 1992 (Oct. 28,
Nov. 18 and 25, Dec. 2 and 9). The number of leaves
retained on the top five leaf nodes was recorded for each
seedling. Assessments were initiated after most seedlings
showed some degree of leaf abscission. Leaf abscission data
were expressed as a percent of leaves retained. Bud flushing
(B.F.) status of the five most distal buds was recorded for
each seedling once a week from April 7 to April 28, 1993.
A bud was considered flushed if the leaf protruded at least
1 cm beyond the apex of the bud scales. Assessments
started when most seedlings had at least one bud flushed.
Bud flushing data were also expressed as a percent of buds
flushed.

by analysis of variance (ANOVA) using plot means and
according to a random model. ANOVA was performed
using the GLM procedure of SAS Institute Inc. (1988).
The geographic patterns of genetic variation were
examined by multiple regression analysis. The three
geographic variables, latitude (LAT), longitude (LONG),
and elevation (ELEV), plus their cross products and
squares, served as independent variables. The nine
independent variables were screened by a stepwise
regression procedure for maximizing the coefficient of
determination (R2) (SAS Institute Inc. 1988). The best
models were selected based on the R2 value, the probability
of statistical significance of the model and each
independent variable in the model (> or = 95% and 90%,
respectively), and Mallow’s statistic (Cp) (Weisberg 1985).
In this report only the third leaf abscission and the second

The extent of genetic variation in height, basal diameter,
leaf abscission, and bud flushing status among families
within provenances and among provenances was examined

150

Ecology and Management of B.C. Hardwoods

Figure 1. Geographic distribution of red alder in British Columbia and locations of provenance samples (■) and test
site (*).
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bud flushing data were analyzed. They were chosen because
they provided the better discrimination among
provenances than any other data set.

natural populations (patchy distribution, small population
sizes, large-scale fluctuations in population size, etc.).
Adaptive differentiation among red alder populations has
been reported in many characteristics including growth,
stem form, cold hardiness, disease and insect resistance,
and symbiotic N2 fixation (Monaco et al. 1981; Lester
and DeBell 1989; Ager 1993).

Arcsin transformation was applied to leaf abscission and
bud flushing data before analysis.

Results and Discussion

When grouping sampled provenances into four geographic
regions (Queen Charlotte Islands (QCI), Vancouver Island
(VI), Northern Mainland (NM, north of provenance 52),
and Southern Mainland (SM)) we found that variation
was highly significant among regions in all the traits
examined (Table 3). Red alder from the Queen Charlotte
Islands and Southern Mainland grew faster than those
from the other regions.

Performance of Red Alder
Red alder performed well during the two growing seasons.
No severe disease was observed. A major attack by the
alder woolly sawfly occurred during the second growing
season and was controlled (by spraying “Ortho,” Chevron
Orthene, pesticide) before severe defoliation occurred.
Insect damage was visually inspected and no apparent
difference was found among provenances. Mortality was
low (<1%) and cold damage was light. The growing season
of red alder started in late April. Red alder grew rapidly
from early June to late August with an average height
growth of about 50 cm per month. After August its growth
slowed down quickly and came to a complete stop in early
December. After two growing seasons, the average height
of red alder was 225 cm and the basal diameter 27 mm.

Genetic variation among families within provenances was
also great in red alder as indicated by large coefficients of
variation (CV) given in Table 1 and the statistical tests
presented in Table 2. Variation among families within
provenances was highly significant for all the traits
surveyed. In addition, the levels of family differences varied
drastically among provenances, with a range of CV values
from 9 (provenance 27) to 17 (provenance 71) in height,
12 (provenance 23) to 22 (provenance 41) in basal diameter,
31 (provenance 27) to 114 (provenance 14) in bud flushing,
and 59 (provenance 14) to 1000 (provenance 64) in leaf
abscission (Table 1). There was a trend that faster growing
provenances had lower variation among families within
provenances; both provenance mean height and diameter
were negatively correlated with their CVs (r=-0.45,
p<0.0002 and r=-0.51, p<0.0001, respectively).

The Extent and Distribution
of Genetic Variation
Genetic variation of red alder in British Columbia was
substantial among provenances. At the end of the second
growing season, provenance mean height ranged from
195␣ cm (provenance 66) to 257 cm (provenance 59) and
diameter from 23 mm (provenance 64) to 29 mm
(provenance 23) (Table 1). By November 25, 1992,
provenance 64 dropped nearly all leaves from the top five
leaf nodes (only 0.2% of the leaves retained), whereas, over
60% of the leaves were still retained in provenance 14
(Table 1). By April 14, 1993, more than 86% of the five
most distal buds were flushed in provenance 67, while 76%
of the buds in provenance 14 were still in dormancy
(Table␣ 1). Provenance variation in all the growth and shoot
phenology traits was highly significant (p<0.0002)
(Table␣ 2). Such a high degree of differentiation among
red alder populations is not unexpected considering the
diversity of climatic and edaphic conditions throughout
the natural range of the species in British Columbia, and
the demographic and life history characteristics of its

As shown in Table 2, among-provenance differences
accounted for a higher proportion of total genetic variation
in all traits except diameter where within-provenance
variation was more than 1.5 times greater than that among
provenances. It is notable that the levels of withinprovenance variation of red alder detected in this study
were much higher than those reported by Ager et al.
(1993). The within-population coefficient of variation
(WPCV), a measure of variation within populations that
is unaffected by measurement scale and by the levels of
among-population variation (Ager et al. 1993), was 10.8%
for height and 12.3% for diameter in our study, while it
was only 3.1% and 0.5%, respectively, in Ager et al.’s.
Differences in sampling strategies between the two studies
may be the main reason. Populations sampled by Ager
et␣ al. are riparian stands distributed in a linear mosaic that
is extremely patchy over space and time, and small. In
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Table 2.

ANOVA to examine genetic variation in growth and shoot phenology traits among and within
provenances
Height

Source of variation

DF

Block (BLK)
Provenance (PROV)
BLK × PROV
Family/PROV
Error
a
b

Msa VC(%)b

F

Diameter
p>F

MS VC(%)

F

p>F

MS VC(%)

F

Leaf abscission
p>F

MS VC(%)

F

p>F

3 5597

3.7

10.8 0.0001

128

5.6

20.5

0.0001

0.11

0.03

1.1

0.3487

0.30

0.96

4.5

0.0044

57 3125

22.9

3.4 0.0001

26

8.7

2.0

0.0002

0.69 22.96

3.9

0.0001

0.68 33.49

5.1

0.0001

171

521

13.7

2.7 0.0001

6

4.6

1.4

0.0025

0.10

6.76

1.6

0.0001

0.07

9.04

2.2

0.0001

232

595

20.9

3.1 0.0001

11

22.6

2.5

0.0001

0.14 17.25

2.3

0.0001

0.10 20.36

3.2

0.0001

1146

190

38.8

5

58.5

0.06 53.00

0.03 36.15

Mean squares.
Variance component (%).

Table 3.

provenances from south, inland, and low elevations tended
to grow faster than those from north, coast, and high
elevations (Figures 2 and 3). The coast-inland trend
observed here is not in agreement with that reported by
Ager et al. (1993). Most likely, the confounding effect of
a strong correlation between latitude and longitude (r=0.84,
p=0.0001) has resulted in the obser ved negative
longitudinal patterns in the height and basal diameter
growth of red alder. As Ager et al. (1993) pointed out the
observed patterns of adaptive differentiation among red
alder populations in growth rates are reflections of selection
in relation to environmental stresses. Environments in
south, coast, and low-elevation sites are more favourable
for red alder, and therefore alder stands are denser and
selection for fast growth rate in those stands is stronger.

Genetic variation in growth and shoot
phenology traits among geographic regions

Bud
Leaf
Geographic Height Diameter flushing abscission
regiona
(cm)
(mm)
(%)
(%)
QCI
VI
NM
SM
F
p>F
a

Bud flushing

234
224
212
231
6.94
0.0004

26
27
26
28
9.73
0.0001

66
51
75
65
17.74
0.0001

17
30
5
35
19.88
0.0001

QCI = Queen Charlotte Island; VI = Vancouver Island; NM =
Northern Mainland; SM=Southern Mainland.

Relatively strong geographic variation patterns in leaf
abscission (arcsin (L.A.)=34.2215-0.5009LONG0.0003ELEV+0.0095LATLONG-0.0122LAT 2 ,
R2=61%, P<0.0001) was detected. Northern and highelevation provenances displayed earlier leaf abscission than
southern and low-elevation provenances (Figure 4). Leaf
abscission in hardwoods is induced by early fall frost
(Howell and Weiser 1970; Harrison et al. 1978). Earlier
leaf abscission of red alder in areas with early fall frosts
was observed (Ager et al. 1993). The negative latitudinal
and elevational trends of leaf abscission (as measured by
the percent of leaves retained on the top five leaf nodes)
detected in the present study confirm the previous
observation, since northern and high-elevation areas
generally have earlier fall frosts in British Columbia.

contrast, many stands sampled in this study are located
on upland sites, and are pure and relatively large in
population size. Moreover, sample size is larger in this
study (five families per provenance) than that in Ager et
al’s (two families per provenance). According to the results
from the present study, variation within populations of
red alder was comparable to, if not greater than, its
sympatric species (Ager et al. 1993).

The Geographic Patterns of Genetic Variation
The selected regression models accounted for a moderate
amount of provenance variation in both height
(HT=229.3128-0.01846ELEV+3.3759LATLONG4.1938LAT2-0.6792LONG2, R2=30%, P<0.0004) and
basal
diameter
growth
(DIA=35.81310.0014LATLONG, R 2 =22%, p<0.0001). Red alder

Genetic variation in bud flushing of red alder also
demonstrated strong geographic patterns (arcsin
(B.F.)=37.0368-1.4277LAT+0.0517LATLONG-
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Figure 3. Latitudinal (A) and longitudinal (B) trends
of red alder basal diameter growth.
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elevational (C) trends of red alder height
growth.
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0.0003LATELEV+0.0001LONGELEV-0.04863LAT20.0107LONG2, R2=0.64%, P<0.0001). As illustrated in
Figure 5, bud flushing status of red alder was most strongly
associated with latitude. Northern provenances flushed
earlier than southern ones. It has been suggested that
variation in the timing of bud flushing is due to genetic
differences in threshold heat sums; that is, the heat sum
required to trigger bud flushing (Campbell and Sugano
1979; Cannell and Smith 1983). This suggestion has been
confirmed by the observation that red alder provenances
with larger predicted heat sums flushed later (Ager et al.
1993). The positive latitudinal pattern of bud flushing
detected in this study provides another piece of evidence
supporting this suggestion. (In general, heat sums decrease
as latitude increases).
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Summary

Elevation
1000

Results from the present study indicate that genetic
variation in red alder in the province of British Columbia
is substantial both among and within populations. The
rich genetic variability of red alder provides great potential
for the genetic improvement of the species. Differentiation
among red alder populations demonstrates discernible
geographic patterns. These patterns of genetic variation
reflect adaptation to the diverse environments within the
natural range of the species in the province, and suggest
the necessity of restricting seed transfer and selecting seed
sources in reforestation. Provenances from the Queen
Charlotte Islands and Southern Mainland grew faster than
those from the other regions, and therefore may be
considered as primary areas of seed sources for selection
of fast-growing trees in the province.
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Figure 4. Geographic patterns of red alder leaf
abscission. The size of each balloon
represents the predicated percent of leaves
retained on the top five leaf nodes on
November 25, 1992.
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Ecological and Silvicultural Characteristics
of Paper Birch in the Southern Interior
of British Columbia
Suzanne Simard
B.C. Ministry of Forests
Kamloops Forest Region

Abstract

must be developed based on a sound understanding of
relationships between stand development patterns and
ecosystem processes. Current research efforts are aimed
at improving our understanding of those relationships,
and will help guide prescriptions for density and species
composition manipulations.

Paper birch contributes to complexity of pattern and
process across a wide range of spatial and temporal scales
in the interior “wet-belt” forests of British Columbia.
At a coarse scale, extensive, late seral, pure and mixed
paper birch stands coincide with the spatial pattern of
wildfires that have occurred since the turn of the century.
At a finer scale, paper birch fills gaps in mature conifer
stands created by selective cutting, root disease,
windthrow, and other small-scale disturbances.
Ecological attributes, such as rapid growth rate,
tolerance of frost and high temperatures, rapid nutrient
cycling ability, diverse rhizosphere community, and
strong resistance to root disease, make paper birch a
beneficial and perhaps vital contributor to ecosystem
health and diversity.

Introduction
Paper birch (Betula papyrifera Marsh) is the most widely
distributed hardwood in the highly productive and diverse
cedar-hemlock and Douglas-fir “wet-belt” forests of
interior British Columbia (Simard and Vyse 1992). It
grows in intimate mixture with conifers on sites disturbed
by wildfire, harvesting, or treefall, and in relatively pure
stands where remnant birch were the dominant seed and/
or bud source following extensive wildfire. The ecological
attributes of paper birch, such as its strong resistance to
root disease and ability to rapidly recycle nutrients, make
it a beneficial and perhaps vital contributor to the healthy
functioning of these forest ecosystems.

Maintaining the ecological integrity of wet-belt forests
appears to require a change in forest practices, from those
that aim to minimize the presence of paper birch in
conifer plantations to those that successfully manage
paper birch/conifer mixtures. The great complexity of
mixed species forests precludes application of simple
silvicultural prescriptions across a broad range of
circumstances. Rather, situation-specific prescriptions

Historically, low market values of paper birch have
motivated its removal from plantations to promote high
volume production of more commercially valuable conifers.
Recently, recognition of the high economic, social, and
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ecological cost of this practice has stimulated interest and
research in managing paper birch in mixture with conifers
(Simard and Vyse 1993). Sustainable management of
mixed species ecosystems is difficult due to their great
complexity, and hence must be based on a sound
understanding of relationships between stand development
patterns and ecosystem processes. Current research efforts
are aimed at improving our understanding of those
relationships, and will help predict the consequences of
density and species composition manipulations.

hierarchical. In the context of hierarchy theory, ecosystems
can be divided into hierarchically organized levels or scales
based on differences in process rates (O’Neill et al. 1986)
or patch size (Kotlier and Wiens 1990). Slower and larger
components, such as frequency and patch size of standdestroying wildfire, belong to higher levels and impose
constraints on faster and finer components, such as
frequency and patch size of windthrow, which belong to a
lower level. As long as the ecosystem remains intact, the
next higher level determines the dynamics of the ecosystem
and the lower level can operate only within the imposed
constraints. At the same time, however, events that occur
at lower levels propagate upward. Root disease pockets,
for example, can collectively affect patch pattern and hence
landscape-level processes.

Spatial and Temporal Distribution
of Paper Birch

Regarding wet-belt ecosystems as a hierarchical
organization of patterns and processes may facilitate
integration of our knowledge across many scales, and hence
form the basis for efficient silvicultural prescriptions. A
simple example of how this organization may be viewed
is given in Table 1. The example includes three interacting
hierarchies: species aggregation, spatial dimension, and
ecosystem disturbances or processes. Some harvest administration units that can occur at each level are also given.
Using the example, the pattern of vegetation at the
landscape scale, which ranges from thousands to ten
thousands of hectares, is shaped predominantly by wildfire.
Landscapes can be divided into communities, which form
patterns based on smaller wildfires, as well as on insects
and disease. Communities can further be divided into
guilds, and so on. In this example, the composition and
spatial pattern of mixed-species stands that developed
following wildfire (landscape level) constrain, among other
factors, the extent to which root disease can spread to
susceptible species, or the layout of clearcuts (community
level). Note that the components used to define each level
are merely examples; they are by no means comprehensive
nor exclusive. There are other viewpoints that are highly
significant as well. The Biogeoclimatic Ecosystem
Classification, for example, is based on a non-spatial
hierarchical organization of climate and vegetation
(Meidinger and Pojar 1991).

Paper birch is the most widely distributed hardwood in
the cedar-hemlock and Douglas-fir wet-belt forests of
interior British Columbia. It occurs in the Interior Cedar
Hemlock (ICH), Interior Douglas-fir (IDF), and SubBoreal Spruce (SBS) biogeoclimatic zones, but is most
abundant in the ICH, which covers over 3 million hectares.
Paper birch grows along the river and lake shores of rich
valley bottoms, and extends upslope to approximately
1000␣ m elevation. Estimates of the extent and volume of
paper birch are poor, partly because over half occurs in
mixed seral stands, much is over-mature and possibly
diseased, and yield tables are inaccurate. In the Kamloops
Forest Region, paper birch volume is about 4.6 million␣ m3,
which represents 36.4% of the hardwood volume (12.6
million m3) and 0.7% of the total (softwood and hardwood) volume (700.8 million m3) (Simard and Vyse 1992).
Although it represents only a small percentage of the total
volume, paper birch significantly affects vegetation patterns
in the wet-belt landscape.

Spatial Pattern
Paper birch contributes to complexity of pattern in wetbelt ecosystems across a wide range of spatial scales. For
example, extensive (100–1000’s of hectares), even-aged,
pure and mixed paper birch stands occur where wildfire
swept the landscape around the turn of the century. At a
finer scale (<1–10’s of hectares), small patches of paper
birch grow within conifer stands where selective cutting,
root disease, or windthrow have created canopy gaps. The
organization of this complex pattern, and of the processes
that operate to shape the pattern, can be regarded as

The spatial distribution of paper birch across the landscape
is constantly changing, partly due to succession, but also
due to changes in disturbance type and scale. At the
landscape scale, the dominant disturbance responsible for
the current patch pattern was wildfire and settlement
around the turn of the century (Vyse and Delong 1994).

158

Ecology and Management of B.C. Hardwoods

Table 1.

An example of hierarchical organization of forested ecosystems

Aggregation
of species

a

Spatial
dimension

Disturbance
or process

Administrative
or harvest unit

Landscapea

1000–10,000’s ha Wildfire

Contiguous cutting licences

Community,
group of communities

10–100’s ha

Wildfire, insects, disease

Cutting unit (e.g., cutting permit
or single clearcut)

Guild

1–10’s ha

Windthrow, interspecific
competition, mutualism

Small clearcut, group shelterwood,
group selection

Single species

0.1–1 ha
(e.g., canopy gap
or patch)

Treefall, intraspecific competition

Individual tree selection

Broad aggregation of interacting communities.

Wildfire has largely been eliminated by successful fire
suppression programs, and replaced by finer, communityscale disturbances such as root disease, windthrow,
clearcutting, selective weeding, and cattle grazing. As a
consequence, paper birch in maturing fire-seral forests is
nearing its ecological rotation (60–70 years) and gradually
disappearing. In older stands, however, paper birch persists
in small pockets created by root disease, etc. In recent
clearcuts, regenerating paper birch is fragmented into small
patches and often reduced to a very small component of
the community.

In other patches, mixed stands develop where veteran
conifers and paper birch survive, and both disperse seed
onto heterogeneous seedbeds created by complex fire
behaviour. Mixed paper birch/conifer stands also develop
where fine-scale disturbances, such as root disease or
selective cutting, create canopy gaps within larger conifer
patches. In small gaps, western redcedar (Thuja plicata) or
western hemlock (Tsuga heterophylla) may be released from
their suppressed position in the understory. In larger gaps,
paper birch may regenerate where mineral soil is exposed
and light requirements are met.
The patchy pattern of pure and mixed forests in the wetbelt landscape appears to be simplified by forest practices
such as clearcutting, weeding, and fire suppression. A
mosaic of fire-seral pure and mixed paper birch stands
has greater connectivity and diversity in patch size and
shape, for example, than several contiguous, square
clearcuts. Pattern simplification may have implications for
ecosystem function. For example, wildlife movement may
be restricted, spread of disturbances may increase, and
migration of species may be reduced.

Succession
Current understanding of succession in pure and mixed
paper birch stands following wildfire is based on
autecological characteristics of paper birch and
observations of stand chronosequences (e.g., Simard and
Vyse 1992; Wang et al. 1994, in preparation). Paper birch
and/or early seral conifers, such as Douglas-fir (Pseudotsuga
menziesii), western white pine (Pinus monticola), and
western larch (Larix occidentalis), invade sites where large,
stand-destroying fires expose mineral soil and create open
conditions. In some patches, paper birch dominates where
nearby seed sources and bud banks survived the fire; this
is common due to the low flammability of birch foliage
(Foster and King 1986) and sprouting from adventitious
buds buried at the root collar. Once established, shade
intolerance and rapid juvenile height growth allows paper
birch to dominate post-fire successional communities. The
developing pure, even-aged stands allow little ingress, but
self-thin rapidly (Simard and Vyse 1992).

Ecological Role of Paper Birch
in Wet-belt Forests
Paper birch appears to play a significant ecological role in
wet-belt forests across a wide range in scales, from
microbial to landscape levels. Most research, however, has
traditionally focused on population and community levels
because of, among other reasons, ease of measurement and
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direct application. Information is available from studies
at and below the community level; conspicuously absent
is information on the role of paper birch in landscape
ecology.

seedlings. On subhygric sites, height growth rates between
100 and 200 cm/yr are not uncommon for paper birch
sprouts (Simard and Vyse 1992).
Growth of paper birch increases with moisture availability.
Simard and Vyse (1992) found that site index (50 years)
ranged from 8 m on subxeric sites to 30 m on subhygric
sites. Mean annual increment (50 years) ranged from
approximately 2 m3/ha on subxeric sites to 18 m3/ha on
subhygric sites. By 50–60 years, height growth is mostly
complete, MAI has culminated, and heart rot is evident
in most trees. In a chronosequence of pure paper birch
stands in the ICH, Wang et al. (1994, in preparation) found
that aboveground mean biomass production reached a
maximum of 7 tha-1yr-1 between 45 and 60 years of age.

Reproduction, Growth, and Physiology
Reproduction of paper birch is mostly from seed; however,
adventitious buds sprout vigorously from the root collar
following cutting or fire (Fowells 1965; Klinka and Scagel
1984). Seed is produced annually, with good crops every
2–4 years, and is dispersed by wind and water in the fall
and early winter. Germination normally occurs the
following spring, immediately after the snow melts (Zasada
et al. 1983). Paper birch is very frost resistant and often
starts growing early in spring, even while temperatures
are still below freezing (Fowells 1965; Krajina et al. 1982).
This imparts an early competitive advantage over conifers,
which generally germinate and grow only at temperatures
above freezing. Paper birch germinants also tolerate high
summer temperatures, provided sufficient moisture is
available. High temperatures actually stimulate the growth
of birch sprouts ( Johansson 1985).

Paper birch is immune to Phellinus weirii root disease and
resistant to Armillaria ostoyae. In contrast, all commercial
ICH conifers are somewhat susceptible to infection by
either pathogen, except western larch, which is resistant
to A. ostoyae after 20 years (Morrison et al. 1991).

Interactions with Conifers

Moist, mixed mineral/organic soil is the ideal medium for
birch seed germination (Marquis 1966). Such seedbeds
are created following windthrow, fire, or mechanical site
preparation. Water requirements for germination are
relatively high. However, once established, paper birch
maintains relatively high net photosynthesis under
moderate drought stress (Ranney et al. 1991). Paper birch
grows fastest in moist, well-drained, sandy to silty-textured
soils. It is tolerant, however, of a wide range of edaphic
conditions (e.g., subxeric to subhygric, acidic to calcareous,
gravelly sand to organic) (Fowells 1965; Angove and
Bancroft 1983). Paper birch has moderately high
requirements for nitrogen, calcium, and magnesium, and
hence prefers medium to rich sites (Post et al. 1969; Krajina
et al. 1982).

Competition for Resources
Several studies have demonstrated that paper birch in high
densities can compete effectively with conifers for
resources, particularly light. In a retrospective analysis of
competitive interactions in 10-year-old paper birch/
Douglas-fir mixtures in the ICH zone, Simard (1991)
found that height and diameter growth of Douglas-fir
decreased as paper birch density increased. Growth reductions on good sites were minimal, however, below paper
birch densities of 350 stems/ha. In another study in Alaska,
Gregory (1966) found that mortality of white spruce (Picea
glauca) seedlings increased with increasing density of birch.
In Scandinavia, fast-growing silver birch (Betula pendula)
had a negative effect on diameter and height growth of
pine and spruce in mixed stands (Andersson 1985;
Mielikainen 1985; Puttonen 1996). However, spruce is
actually planted under birch for frost protection
(Mielikainen 1985).

Paper birch is shade intolerant (Fowells 1965; Krajina et␣ al.
1982). Juvenile height growth in full sunlight exceeds that
of all associated ICH conifers, with the exception of
western larch. On mesic sites in the Thompson Moist
Warm ICH variant, for example, planted Douglas-fir
seedlings are immediately over-topped by paper birch.
Juvenile height growth rates average 40 cm/yr for paper
birch seedlings and 70 cm/yr for paper birch sprouts,
compared with less than 20 cm/yr for Douglas-fir

In wet-belt forests of British Columbia, it appears that
light-demanding species such as Douglas-fir, western larch,
western white pine, and lodgepole pine (Pinus contorta)
suffer greater growth losses under the shade of birch than
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do more shade-tolerant species such as spruce, western
redcedar, and western hemlock.

seedlings grown under the exact same conditions (Simard,
research in progress). A portion of these nutrients are likely
made available to neighbouring conifers through annual
leaf and root turnover.

Sharing of Resources

Paper birch biomass is particularly rich in nitrogen. Fresh
foliar nitrogen concentration on mesic ICH sites averages
1.9%, for example, approximately double that of
neighbouring Douglas-fir (Wang et al. 1994). Sachs (1994)
notes that paper birch/Douglas-fir mixtures may
accumulate larger amounts of nitrogen than is accounted
for by inputs from the atmosphere or nitrogen-fixing
plants. Recent work by Simard et al. (research in progress)
shows that both paper birch and Douglas-fir support active
associative nitrogen-fixing bacteria in their rhizospheres
(i.e., on the surface of or in very close proximity to roots
and mycorrhizae). Nitrogen fixation rates of paper birch
and Douglas-fir seedlings grown in mineral soil collected
from north Adams Lake, British Columbia, were measured
using the acetylene reduction technique (Li et al. 1992).
Although rates were slow compared to those of actinorhizal
plants (Shepherdia canadensis and Alnus sinuata) growing
in the same soils, they likely represent a significant input
to wet belt ecosystems over an 80-year rotation. Rate of
associative nitrogen fixation was higher for both species
under full light than in the dark (Figure 2). These results
suggest that trees that dominate the upper canopy have
the greatest potential for adding fixed nitrogen to the
ecosystem. This nitrogen can be redistributed among
plants in the community through litter turnover, as
previously discussed.

Although high densities of paper birch can suppress
growth of neighbouring conifers, there is mounting
evidence that low densities in mixture with conifers can
improve biodiversity (e.g., Cannell et al. 1992), nutrient
cycling (e.g., Troedsson 1985), and survival in the presence
of root disease (Morrison et al. 1988). In particular,
nutrients and carbon can be redistributed among tree
species through litter turnover and mycorrhizal linkages.
Paper birch is considered important to nutrient cycling in
ICH forests because of its deciduous growth habit, rapid
litter decomposition rate, and high foliar nutrient
concentrations. Prescott (research in progress) compared
nutrient concentrations of recently abscised paper birch
and Douglas-fir foliage and found that paper birch was
consistently richer in nitrogen, phosphorous, and cations,
particularly calcium, magnesium, and potassium
(Figure␣ 1). The superior ability of paper birch to sequester
nutrients compared to Douglas-fir is partly due to its more
robust root system, and hence ability to explore larger and
unique sections of soil. Roots of paper birch seedlings have
greater biomass and length than roots of Douglas-fir
Percent
1.6
1.4

Paper birch

1.2

Douglas-fir

Nutrients, water, and carbon can also be transported
directly between plants through mycorrhizal fungi. Using
isotope labelling techniques, several researchers have
shown that mycorrhizal fungi can link the root systems of
different individual plants, and facilitate interplant
translocation of water, carbon, phosphorous, nitrogen, and
cations (see Miller and Allen 1992). Simard et al. (research
in progress) grew paper birch and Douglas-fir seedlings
together in root boxes filled with Adams Lake soil, labelled
the paper birch with 13 CO 2 gas, and found that
approximately 20% of the labelled carbon photosynthesized by paper birch was transferred to Douglas-fir.
Since the roots of both species were intimately mixed, the
proportion of 13 C transferred via mycorrhizae, root
exudates, or soil air is unknown. Research is in progress to
determine the relative importance of these mechanisms,
and to estimate the ecological significance of mycorrhizalmediated transfer in the field. If transfer of materials from
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Figure 1. Paper birch and Douglas-fir foliage
concentrations (%) of nitrogen, phosphorus,
calcium, magnesium, and potassium. Species
are significantly different for all values
(p<0.05) (Prescott, research in progress).
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Maintaining a high diversity of fungal associates has
important implications for ecosystem stability, regardless
of increasing the potential for inter-plant linkages. Fungal
associates differ in their ability, for example, to produce
enzymes for nutrient mineralization, sequester nutrients
from the soil, produce antibodies, resist drought, and
provide food for mycophagous animals (see Allen 1992).

mmol N2/plant/48 hr
0.20

0.15

0.10

Resistance to Root Disease
The root disease fungi, Armillaria ostoyae and Phellinus
weirii, are normal components of wet-belt ecosystems
(Morrison et al. 1991). Prior to significant management,
root disease was endemic and occurred primarily in
scattered individuals and small patches across the
landscape. Today, forest management practices such as
clearcut harvesting, planting of susceptible conifer species
(e.g., Douglas-fir), weeding (e.g., paper birch), spacing,
and fire suppression appear to have disrupted the fungushost equilibrium. Mortality rates of 1–2%/yr and disease
incidence as high as 10% occur in 5–10 year-old stands
(Morrison et al. 1991).

0.05

0
Light (a)

Dark (b)

Figure 2. Rates of associative nitrogen fixation (mmol
N2/ plant/48 hr) by paper birch and
Douglas-fir in the light and dark. Although
rates were measured for each species, the
data were combined due to absence of
significant differences between species
(p>0.10). Light and dark treatments are
significantly different (p<0.10) (Simard
et␣ al., research in progress).

One long-term study and many stand surveys indicate that
disease incidence is lower in paper birch/conifer mixtures
than in pure stands of susceptible conifers. An experiment
established in 1968 at Skimikin, British Columbia has
shown that, in comparison with pure Douglas-fir stands,
disease centres were smaller and restricted to within rows
of Douglas-fir where rows of Douglas-fir and paper birch
were alternated (Morrison et al. 1988). Reduced total
mortality (paper birch and Douglas-fir) in mixtures may
be due to resistance of paper birch to disease, reduced
probability of attack of susceptible conifers, and
interruption of the continuity of available fungal inoculum
(i.e., Douglas-fir roots) by paper birch roots. Disease
resistance in paper birch may simply be due to the
mechanical strength and chemical composition of paper
birch bark (e.g., high in phenolic compounds). There is
some evidence that complex rhizosphere interactions may
also be involved. Birch rhizospheres are exceptionally rich,
for example, in mycorrhizal fungal species (Deacon and
Fleming 1992), associative nitrogen-fixing bacteria
(Simard et al., research in progress), and free-living Frankia
populations (Myrold 1993). In addition, Li et al. (research
in progress) have found significant populations of
Pseudomonas fluorescens on birch root surfaces. The
production of iron-chelating siderophores by fluorescent
pseudomonads has been shown to play a role in suppression

paper birch to Douglas-fir is a significant phenomenon,
then we must rethink our ideas that those communities
are structured simply by competition, and develop mixture
prescriptions with consideration to belowground resource
allocation patterns.
The potential for linkages among plants depends on their
shared compatibility for common mycorrhizal associates
(Molina et al. 1992). Both birch and Douglas-fir are
receptive to a wide range of ectomycorrhizal fungi (Deacon
and Fleming 1992; Molina et al. 1992), and have strong
potential for sharing a large number of potentially
compatible “guild” fungi. Using soils from three ICH sites,
including Adams Lake, Jones (research in progress) found
that paper birch and Douglas-fir are host to several fungal
types in common. In addition to direct redistribution of
carbon and nutrients among plants, Newman (1988)
describes three other ecosystem consequences of
mycorrhizal linkages between plants: seedlings can quickly
link into an established network of mycorrhizal fungi;
inter-plant competition may be reduced; and nutrients
from dying plants may be passed onto linked plants.
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of certain soil-borne fungal plant pathogens by intensifying
competition for iron (e.g., Hill et al. 1994). There is no
evidence that paper birch rhizospheres directly confer any
disease resistance to overlapping roots of susceptible
conifers. However, the presence of fluorescent
pseudomonads and associative nitrogen-fixing bacteria
warrants investigation into their ecological role in the iron
and nitrogen nutrition of A. ostoyae.

because of each species’ ability to occupy separate root and
crown growing spaces (Mielikainen 1985), or, more
succinctly, separate niches. Because of differences in shade
tolerance, mixtures with western redcedar and western
hemlock may be planted at higher densities than mixtures
with Douglas-fir, western larch, or lodgepole pine. Shadetolerant conifers initially require less growing space than
shade-intolerant conifers because of lower resource
requirements and slower juvenile growth rates.

Management of Paper Birch/
Conifer Mixtures

Published information is lacking regarding appropriate
densities, proportions, and spatial patterns of mixtures in
interior wet-belt forests. Based on retrospective growth
measurements in paper birch/Douglas-fir mixtures in the
ICH zone, however, Simard (1991) suggests that approximately 350 stems/ha paper birch can be maintained within
operational planting densities (1200–1600 stems/ha)
without significant growth losses to Douglas-fir
(i.e.,␣ approximately 20% paper birch). The proportion of
paper birch may be increased to 50% in Armillaria root
disease pockets (e.g., 1000 stems/ha birch and 1000 stems/
ha Douglas-fir). Intimate mixtures (e.g., susceptible
conifers alternated with paper birch) may result in the
lowest total mortality due to high survival probability for
paper birch, discontinuity in Douglas-fir root inoculum,
and possible beneficial rhizosphere interactions between
paper birch and Douglas-fir, as previously discussed.

Historically, low market values of paper birch have motivated its removal from plantations to promote high volume
production of more commercially valuable conifers.
Increasing market values of paper birch wood products,
rising social pressure to recognize non-timber values, and
recognition of birch’s role in maintaining ecosystem health
are providing incentive for management of paper birch/
conifer mixtures. Indeed, mixture management may
embody sustainable wet-belt ecosystem management.
Paper birch and conifers can be mixed either spatially
(e.g.,␣ alternate species by individual, row, or patch) or over
time (i.e., alternate rotations). Spatial mixtures are particularly suitable where Armillaria root disease is present,
or where paper birch aggressively establishes. Temporal
mixtures may be more suitable where Phellinus root disease
is present, or where intermediate birch harvests are problematic. Both methods are complex, as many situations
(site series, disturbance history, presence of root disease,
etc.) differ according to the appropriate species
composition, proportions, densities, and rotation lengths.
The best approach for effectively dealing with this
complexity is to develop situation-specific prescriptions
based on an understanding of process-pattern
relationships.

Planting of paper birch imparts greater control over
mixture pattern, but a cheaper approach is simply to
manage the density and spatial arrangement of naturally
regenerated birch. The chosen approach depends on
management objectives, capital investment level, and
desired outcome. The greater the capital investment level,
the greater the control that is exercised over mixture
composition and density (Table 2).
Density management can start with choice of appropriate
site preparation method. In a survey of ICH plantations,
Simard and Vyse (1992) found that paper birch density
averaged 6500 stems/ha on mechanically disturbed soils
and only 3500 stems/ha on moderately burned sites. Once
paper birch has established, intermediate cuttings may be
required to improve light availability to conifers. Individual
conifers can be point-cleaned with successively larger freegrowing radii as the stand ages. Paper birch can either be
manually cut, or cut and the stumps treated with herbicide.
Where birch is simply cut, stump sprouts can continue to
recycle nutrients through foliage and fine root turnover,
and support diverse communities of soil micro-organisms.
There is some evidence to suggest, however, that incidence

Spatial Mixtures
Spatial mixtures can be managed on an individual, row, or
patch basis. Density, proportion, and spatial distribution
must be carefully manipulated, however, to ensure that
paper birch does not pre-empt resources, particularly light,
and hence suppress growth of neighbouring conifers.
In general, paper birch/conifer mixtures can be maintained
at a higher total density than pure stands. This is partly
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Table 2.

moribund conifer root systems, its infective ability is
dramatically reduced when sites are planted to paper birch.
Such an approach is impractical on A. ostoyae-infested sites,
however, because A. ostoyae can remain infective in dead
roots of conifer stumps throughout the succeeding rotation
(Morrison et al. 1991).

Recommendations for establishing spatial
mixtures with natural paper birch
regeneration

Capital
investment
level

Recommended action

None

Natural regeneration of conifers.

Low

Moderate intensity broadcast burn,
plant conifers within 1–2 years.

Medium

Moderate intensity broadcast burn,
plant conifers within 1–2 years,
reduce paper birch density once
within 5–10 years.

High

Site preparation, plant conifers within
1–2 years, gradually increase conifer
growing space through successive
birch thinnings.

Pure paper birch stands can be established either by
coppicing, planting, or natural seeding. Coppicing is not
generally recommended due to presence of heart-rot and
mechanical weakness at the sprout-stump interface.
Appropriate planting densities for paper birch are
unknown for British Columbia sites, and recently
established density trials are too young to yield useful
information. In Finland, silver birch (Betula pendula) is
planted at about 1500–1600 stems/ha (Puttonen 1996).
Given the lack of local hardwood stocking standards for
British Columbia, and the similar growth habits of paper
birch and silver birch, existing conifer stocking standards
could be applied to paper birch in the short term. These
standards can be modified as density trials and operational
plantations are monitored.

of Armillaria root disease is higher among conifers where
stumps of neighbouring plants are left untreated
(H.␣ Merler, pers. comm.). Where stumps are left untreated,
frequency of successive cleanings will depend on the height
of conifers and vigour of paper birch sprouts. Note that
the quality of birch stump sprouts is lower than that of
seedlings due to poor form and greater heart-rot.

Natural regeneration is the cheapest and, for some sites,
most reliable method for establishing paper birch stands.
Natural regeneration of paper birch can be encouraged by
preparing suitable seedbeds in concert with good seed
crops. Suitable seedbeds of mixed mineral/organic soil are
best prepared through mechanical scarification or bunchand-burn (Simard and Vyse 1992). Following such
treatment, paper birch seed on average to densities between
10 000 stems/ha and 30 000 stems/ha. Density management is clearly necessary to improve growth and yield of
such stands.

The costs of planning, establishment, tending, and timber
harvest predictably increase with mixture complexity. This
cost may be partially offset by intermediate harvests of
paper birch. Because of its seral characteristics, paper birch
should be managed on a shorter rotation (e.g., 40–60 years)
than neighbouring conifers (e.g., 80 years or more).

In four trials established in 9 to 13-year-old pure paper
birch stands on medium-quality sites in the ICH zone,
thinning resulted in rapid growth and physiological
responses (Simard et al., in progress; Wang et al., in
preparation). Stands were thinned in June 1991, from
initial densities that ranged between 11 000 and 31 000
stems/ha, to control (unthinned), 400, 1000, and 3000
stems/ha. During the first and second growing season after
thinning, photosynthetic rate, foliage nitrogen
concentration, and water use efficiency were significantly
greater in thinned than unthinned stands. This was
attributed to reduced intraspecific competition for light,
soil nitrogen, and soil water. Although the best
physiological response occurred at 400 stems/ha, there was
little difference between 400 and 1000 stems/ha (Wang

Temporal Mixtures
Temporal mixtures can be managed by alternating
rotations of each species. For example, 40-year rotations
of paper birch may be alternated with 80-year rotations of
Douglas-fir on a single 20 ha patch. This strategy will
result in a dynamic mosaic of relatively pure paper birch
and conifer patches across the landscape. Morrison et al.
(1991) recommend planting non-host species such as paper
birch as an alternate rotation to susceptible conifers on
P.␣ weirii-infested sites where inoculum reduction is
impractical. Since P. weirii has limited ability to spread in
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Should We Grow Mixtures of Paper Birch and
Douglas-fir in the Interior Cedar-hemlock
Biogeoclimatic Zone?
Alan Vyse
B.C. Ministry of Forests
Kamloops Forest Region

Abstract

Introduction

Once cleared by fire or logging, the forests of the Interior
Cedar-Hemlock zone in the southern Interior of B.C.
regenerate to mixtures of broadleaves and conifers.
These lands are potentially highly productive. Until very
recently our silvicultural practices have aimed to establish pure conifer stands on them, and have attempted
to eradicate the broadleaved species by a variety of
means. The argument for doing so has rested on the
assumption that conifers will produce a crop of higher
value than a mixture of broadleaves and conifers or a
stand of broadleaves. This paper evaluates that
assumption, using the case of paper birch and Douglasfir on ICHmw2 lands and applying standard economic
criteria, and concludes that there is no clear economic
case to be made in favour of pure Douglas-fir plantations. Indeed, the deliberate management of mixtures
of conifers and broadleaves has potential economic,
social, and biological advantages.

For many years British Columbia silviculturists have
concentrated their efforts on establishing and tending
plantations, or modified natural stands, of a select group
of coniferous species. It has been assumed that this was
the best way to grow timber for future generations. To
this end, many thousands of hectares of newly regenerated
stands have been sprayed, slashed, or chewed to reduce
the supposed negative effect of broadleaved tree species,
as well as the effect of other species of vegetative cover, on
conifer growth.
There has been a great deal of adverse public reaction to
these silvicultural practices, primarily to the use of
chemicals, and secondarily to the creation of monocultures
(Kimmins 1991). In response, herbicide use has been
curtailed and manual treatments used as a substitute, and
data have been published that compare the mix of species
in new stands to pre-harvest stand conditions (B.C.
Ministry of Forests 1992). At the same time, a growing
body of scientific literature shows that broadleaved tree
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species play an important ecological role in forest
ecosystems whether in nitrogen cycling, or as habitat for
wildlife species (e.g., Hagglund and Peterson 1985; Pastor
et al. 1987; Pastor and Mladenoff 1992; Enns et al. 1993,
Sachs 1996; Simard 1996). In response to these findings
and the public concerns, more broadleaves are being
deliberately retained as a component of new stands.

production standpoint. Many regenerating stands do contain a mixture of species including broadleaves but they are
regarded as less than successful from a timber perspective.
This attitude seems to be based in part on the condition
of paper birch found in stands being logged today.
Although paper birch grows faster than the interior variety
of Douglas-fir on productive sites for 30 years or more
(Simard and Vyse 1992), it is eventually overtopped by
Douglas-fir. The birch survives in a lower canopy layer of
the developing stand for many years but tree vigour
declines and stem and butt rots are common. When these
stands are logged, the birch is either left standing, knocked
to the forest floor, or piled at the landings for firewood or
burning. The few good quality logs are used for peeling
and slicing into cabinet veneers or for flooring, although
the timber licensees pay only a minimal “salvage” stumpage
rate. No birch chip market for fibre or board products has
developed in the southern Interior.

However, the central belief in the primacy of conifers as a
timber crop still holds. For example, the most recent
Provincial Guidelines for Tree Species Selection (B.C.
Ministry of Forests 1993) broadleaved species are included,
but treated separately. It seems interpretation of this
situation is that B.C. Silviculturists operating on Crown
lands assume that planting and tending coniferous species
of high current market value is the most efficient way of
meeting public timber production goals, and judging by
world standards of plantation investments (Sedjo 1983)
they are prepared to spend large sums of public money to
do so. Any silvicultural practice that moves away from this
target is thought of as a cost of meeting other public forest
policy goals.

It seems, however, that silviculturists ought to be able to
take advantage of the abundant natural regeneration and
rapid early growth of birch and endeavour to grow that
species, either as a short rotation pure crop or in association
with Douglas-fir, and at a relatively low cost. With some
expenditure of effort on early thinning to avoid severe
suppression of Douglas-fir (Simard 1990; 1996), and to
concentrate growth on stems of good form, a relatively
high quality, pure birch crop, or mixed species crop of birch
and Douglas-fir, could be produced. The birch could be
either clearcut or removed from the mixed stand as a
thinning before the onset of serious pathological problems
using mechanized techniques already available and tested
in B.C. Also, given the quality of birch wood for either
solid or fibre products, and forecasts of shortages in
coniferous timber volumes in the southern Interior, it
seems possible that the current limited market for birch
will grow and that prices will rise.

Why is this? On a wide range of forest sites, broadleaved
species such as paper birch, aspen, cottonwood, and red
alder regenerate easily, and grow more rapidly than conifers
for 30–40 years. They also possess wood properties
desirable for certain valuable end uses. It seems reasonable
to suppose, therefore, that the fast-growing broadleaved
species with valuable wood properties would be an
attractive silvicultural investment in B.C., as they are
elsewhere in the world (Sedjo 1983). In fact, only
cottonwood in native and hybrid forms is intensively
cultivated on the southern coast, and aspen is just
beginning to be cultivated on an extensive basis in the
northern regions of the province (Shortreid 1991).
This apparent anomaly led to a study of the economic
costs and benefits of growing pure and mixed stands of
interior Douglas-fir and paper birch on sites similar to
those found in the moist warm subzones of the Interior
Cedar-Hemlock biogeoclimatic zone in the southern
Interior of the province. There, interior Douglas-fir has
been planted as the preferred species on thousands of hectares following clearcutting. Other conifers were accepted
only to fill gaps and to meet stocking standards. All broadleaved species, including paper birch, were regarded as
weeds. This silvicultural approach is beginning to change,
but in response to environmental pressures, and not from
any conviction that mixtures are efficient from a timber

The problem with this alternative scenario is that it is
speculative, and on first hearing may seem a very uncertain
venture in comparison to the Douglas-fir option. However,
it is practiced with birch species in Scandinavia (Hagglund
and Peterson 1985; Mielikainen 1985; Hagner 1992).
Closer inspection of the conifer alternative reveals that
the result of growing conifer crops is not at all certain.
Prices for conifer sawtimber are volatile (Haight 1993),
and actual timber production is often far less than predicted
because of such factors as insects, disease, and wind. We
know, for example, that plantations of interior Douglas-
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rapid than that of Douglas-fir in the early years on the
better, moister sites but by age 50 has begun to slow; on
drier sites birch grows at about the same rate as Douglasfir for 10 to 20 years but is then outpaced (Simard and
Vyse 1991).

fir in the ICH are very susceptible to Armillaria root
disease (Morrison et al. 1991). There is also some evidence
that paper birch is resistant to Armillaria, and that intimate
mixtures of paper birch and conifers may provide some
protection against the disease (Morrison et al. 1988;
Simard 1996). Thus it is possible that growing paper birch
either alone or in a mixture with conifers such as Douglasfir may have economic as well as biological merit.

Yield
The yield projections for Douglas-fir for site indices 25,
30, and 35 m at 50 years breast height age are based on
those produced for coastal Douglas-fir and based on the
TASS model (Mitchell and Cameron 1985). No suitable
published yield projections for either paper birch or mixed
birch and Douglas-fir stands exist. The TASS model for
Douglas-fir was modified2 to project paper birch yields
using height age curves for aspen (Cieszewski and Bella
1991) and choosing curves that represented the paper birch
growth rates expected (Simard and Vyse 1991) on the
chosen range of Douglas-fir sites . The resulting volumes
were reduced by a factor of 0.675 to match volumes for
trees of similar height shown in a set of German yield
tables for European birch (Ian Cameron, personal communication). The Douglas-fir and paper birch height growth
curves used in the projections are shown in Figure 1.

A Case Study of Paper Birch
and Interior Douglas-fir
To test the proposition that coniferous crops are the most
economically efficient way of growing timber in the ICH,
a simple, restrictive, financial analysis model, using net
present value as the decision criterion (Price 1989; Pearse
1990) was applied to the alternative silvicultural options
shown in Table 1.

Site
These alternatives were compared on the basis of yield
projections for a range of sites in the moist warm ICH.
On these sites there are some indications that plantations
of interior Douglas-fir might achieve a site index value of
35 m at 50 years breast height age. The mean height of
local seedlots planted in a provenance test at the welldrained Trinity Valley site near Lumby was 7 m at 15 years,
which corresponds to a site index value of 30 m at 50 years.1
Growth rates are more rapid on adjacent moister sites and
slower on drier sites. The growth of birch is even more

Table 1.

1

Personal communication with Barry Jacquish, Kalamalka Forest
Research Station, Vernon, B.C.
2 The modification of the model was carried out by my colleague
Ian Cameron with the assistance of Ken Polsson.

Alternative silvicultural options for financial analysis
Options

Model variables

Douglas-fir

Fir/birch mix

Paper birch

Establishment

planting 1500 sph

plant fir to 750 sph; natural
regeneration of birch

natural regeneration

Stand tending

remove natural birch at
5 years

thin birch to 750 sph at 5 years

thin to 1500 sph at
10 years

Harvest age

70 years

remove birch at 25, 30, or 35
years, depending on site; fir at
70 years

35 years; coppice for 2nd
rotation at 70 years
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An attempt was also made to project the yield of mixed
stands using TASS. For reasons that are not clear, the
modified model grew Douglas-fir very slowly after the
birch was removed. The end result is that the volumes
projected are much lower than those projected by TASS
for pure Douglas-fir thinned at the same age to similar
densities. The volumes resulting from all projections are
shown in Table 2.

Site height
50
Fdi moist
Ep moist
Fdi dry
Ep dry

40
30
20

None of the volumes has been adjusted to reflect
“operational conditions” and thus volumes may seem much
higher than those found in the “real world.” To reflect this,
an operational reduction factor of 20% was applied to all
volumes shown before they were used in the financial
analysis. A further reduction of 33% was applied to the
pure Douglas-fir option to provide an indication of possible
Armillaria losses, thus creating a fourth possible outcome
for the financial analysis. The Douglas-fir portion of the
mixed stand was assumed not to be affected by Armillaria
on the basis of observations by Morrison et al. (1988).

10
0
0

10

20

30

40
50
Total age

60

70

80

Figure 1. Site index curves for Interior Douglas-fir
and paper birch on the moist (SI 35 for
Douglas-fir) and dry (SI 25 for Douglas-fir)
sites in the ICHmw2 subzone.
Table 2.

Timber yields (merchantable volume) of the silvicultural options examined in the analysis
Volume at harvest (m3/ha)
Options

Site index 35 m at 50 years
1. Pure Douglas-fir
2. Pure Douglas-fir with Armillaria
3. Pure paper birchb
4. Species mix
Site index 30 m at 50 years
1. Pure Douglas-fir
2. Pure Douglas-fir with Armillaria
3. Pure paper birch
4. Species mix
Site index 25 m at 50 years
1. Pure Douglas-fir
2. Pure Douglas-fir with Armillaria
3. Pure paper birch
4. Species mix

Douglas-fir

Paper bircha

Total

276
119

906
598
552
594

165
107

716
502
330
550

70
56

510
342
140
409

906
598
475
716
502
443
510
342
353

a

Pure Birch option has two harvests in 70-year period.

b

All volumes are reduced by an operational adjustment factor of 20% when used in the financial analysis.
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Costs and Revenues

Net discounted revenue

All of the options considered are technologically feasible
today. The assumed costs of each option are shown in
Table␣ 3. The costs of the pure Douglas-fir option are based
on present-day regional average values. The establishment
cost of the mixed-species stand is based on assumptions
that the cost of establishment would be half that of the
pure Douglas-fir stand (because only half as many
seedlings would be planted), and that the cost of thinning
the birch to a desirable level would be the same as removing
the birch from the pure Douglas-fir stand option.

1000
500
0

3%

4%

6%

5%

-500
-1000

The highest prices, shown in Table 4 and expressed in the
form of stumpage values, are based on the price of Douglas
fir in the B.C. Interior in 1993 under favourable market
conditions, and the assumption that birch stumpage prices
will rise from their current salvage value of $0.50 per m3
to half that of the Douglas-fir price. The lowest prices
assume that Douglas-fir stumpage prices will return to
the average rate in the last 2–3 years, and that paper birch
values will increase, but to a much lower level. The prices
for birch assume that there will be no difference in prices
received for logs from thinnings or from a final harvest.

-1500

Figure 2. Net discounted revenues for the silvicultural
options under a range of discount rates
(with␣ operational adjustment factors of
20%␣ applied to all volumes, and high
prices␣ assumed).
picture changes slightly. The mixed stand is always superior
to the pure Douglas-fir stand, and is superior to the pure
birch except at the highest discount rate.

All costs and revenues are discounted to year zero using a
range of discount rates from 3% to 6%.

If lower discount rates were to be used, the pure Douglasfir option would be favoured. If the future value of timber
does not rise much above the average of recent levels, all
options would produce less revenue and would be less
desirable in an absolute sense, but the ranking would
change very little.

Analysis Results
The results of the analysis for the best site and the highest
prices for each species are shown in Figure 2. At the 3%
discount rate, there is very little difference in the net return
from each option. At higher discount rates, the pure birch
stand is the superior option, followed by the mixed stand,
and then the pure Douglas-fir option with or without the
Armillaria impact assumption. On the poorer sites, the

Table 3.

Fdi and Ep mix
Paper birch
Douglas-fir with Armillaria
Douglas-fir

1500

The discounting procedure imposes a severe handicap on
any option with high “front-end” costs (such as the pure
Douglas-fir option). This handicap increases as the
discount rate increases. Any decrease in initial costs, such

Costs of silvicultural options expressed as $/ha

Options

Site prep.

Plants

Planting

Cleaning/thinning

Total

Douglas-fir

300

300

450

600

1650

Douglas-fir
with Armillaria

300

300

450

600

1650

600

600

600

975

Paper birch
Mixed species

150

225
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Table 4.

is, however, some evidence to suggest that either of the
options incorporating birch would be preferred from the
perspectives of wildlife management (Enns et al. 1993),
and aesthetics.

Stumpage prices for species
High prices
($/m3)

Low prices
($/m3)

Douglas-fir

30

15

Paper birch

15

2

Species

Conclusions
The approach used here to examine the proposition that
conifer crops are economically superior to other possible
options is clearly deficient with respect to the quality of
the data inputs, the simplicity of the options considered,
and the sophistication of the analysis. However, at this
time it is not possible to carry out a detailed analysis of
the type used by Haight (1993) for a similar situation in
the Pacific Northwest. Nevertheless, the results are
sufficiently robust to convey a strong message to
silviculturists in the southern Interior.

as accepting a proportion of natural birch regeneration
and reducing the amount of Douglas-fir planted, has a
beneficial effect on the end result. Indeed, growing pure
Douglas-fir at a lower initial stocking rate than assumed
would have a strong effect on the economic attractiveness
of the pure stand option. Increasing or decreasing the
revenues from any option has relatively little effect on the
option ranking because of the long time period between
investment and returns.

First: cultivating a coniferous crop such as Douglas-fir is
a very long-term venture with the prospect of known, high
and immediate investment costs and high but uncertain
and distant returns.

Discounting is a simple yet controversial practice. It is the
standard way of expressing the fact that dollars that are to
be received in the distant future have a lower or discounted
value than dollars that are to be received in the near future
(see, for example, Price 1989; Pearse 1990). Foresters have
generally argued against this practice on the grounds that
it places a heavy penalty on projects with a long period
before any returns, and forestry projects usually fall into
this category. However, foresters cannot imply that certain
practices are economically efficient (as they have done in
the case examined here) and then reject the standard tools
for evaluating economic efficiency.

Second: although we know very little about growing
deliberate mixtures or pure crops of broadleaves in the
southern ICH, investing in and cultivating any long-term
tree crop has many sources of uncertainty, and interior
Douglas-fir is no exception to this rule.
Third: cultivating a deliberate mix of birch and conifers,
or pure birch, offers the prospect of lower costs, earlier
physical and financial returns because of the rapid early
growth of birch, and a potential reduction in biological
uncertainty.

Would it make any difference in the ranking of the options
if different criteria were used? What if the options were
evaluated on the basis of a social investment criterion such
as employment created over the next 10 years, or on the
basis of a physical criterion such as the total volume of
timber produced, regardless of species mix? There is no
evidence to suggest that any of the options is clearly
superior, using either social or physical criteria such as
these. All options will require some degree of human
labour. The volumes shown in Table 2 suggest that the
pure Douglas-fir option is the best from the standpoint of
timber production, but the likelihood of achieving the
volumes shown is small, based on surveys of root disease
in ICH plantations (H. Merler, personal communication).
Also, the volume of mixed species stands is likely to have
been underestimated. In other words, the volume of wood
produced is unpredictable, regardless of the option. There

Fourth: switching from conifers to mixes of conifers and
broadleaves is unlikely to have any significant effect on
either employment or timber volume produced from a unit
of land, although it should reduce production costs.
Fifth: the switch to mixed conifers and broadleaves has
significant biological and social advantages.
We have much to gain from promoting the regeneration
and management of stands with mixtures of conifers and
broadleaves and little to lose except the millstone of an
expensive, risky, and unimaginative silviculture based on
pure conifer plantations.
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Birch Management in Finland
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Abstract

birch, two spacings are recommended, whereas only one
spacing for pubescent birch is recommended. For silver
birch, first thinning is done at 14–15 m dominant
height, yielding mostly pulp wood. One or two
commercial thinnings will follow. For pubescent birch,
only one thinning is recommended in northern Finland
and two thinnings in southern Finland. Final cuttings
can be made as early as at 40 years on fertile sites planted
with improved material. Fertilization of birch stands is
ineffective, and dead branches are pruned in selected
stands only. The total production of a pure silver birch
stand can be 550–600 m3/ha over 80 years. A low
proportion (25%) of silver birch in a spruce stand can
result in a increase of 3–5% in volume growth at a
rotation of 80–90 years. A management regime for evenaged pine-birch stands recommends a 20–40% birch
mixture in the growing stock during the first half of the
rotation of 70–90 years.

In Finland, silver birch (Betula pendula Roth) and
pubescent birch (Betula pubescens Ehrh.) are pioneer
hardwood species that naturally grow in single-species
stands and as mixtures with Scots pine (Pinus sylvestris
L.) and Norway spruce (Picea abies Karst.). The
deciduous growing stock (mainly birch) is 18% of the
inventory of 1660 million m3, annual growth is 16
million m3 (20% of the total growth), and annual drain
is 10 million m3 (20% of the total drain in 1992). The
wood harvested for industrial purposes (mainly silver
birch) is used as a raw material for veneer, furniture,
and the pulp and paper industry. Both species of birch
are used as a source of heat energy in community heating
centres and private households. Birch is also an
important amenity tree.
Both birch species are managed with even-aged silvicultural systems using natural or artificial regeneration
and repeated thinnings from below. The management
of planted silver birch stands is based on selected
material and seed orchard seed. Silver birch stands are
established by planting 1600–2000 stems/ha on good
to high quality sites, typically prepared by disc trenching.
Natural regeneration is practiced by leaving 10–20 seed
trees/ha. Both natural and artificial regeneration
methods require good site preparation to ensure early
establishment and to mitigate damage caused by vole,
moose, and weeds. In thickets of natural stands of silver

Introduction
In Finland silver (or European white) birch (Betula pendula
Roth) and pubescent (or downy) birch (Betula pubescens
Ehrh.) are pioneer hardwood species that naturally grow
in single species stands and as mixtures with Scots pine
(Pinus sylvestris L.) and Norway spruce (Picea abies Karst.).
Birch grows naturally on a wide range of soil and site
conditions. Silver birch is fairly demanding and it grows
best on fertile mineral soil sites. Pubescent birch is less
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Utilization of Birch

demanding for good growth and it grows well also on
peatlands, and wet or cool sites. In northern Finland,
pubescent birch is the major birch species and there it
forms the tree line at higher latitudes than does silver birch.
A subspecies of pubescent birch, mountain birch (Betula
pubescens ssp. czerepanovii (Orlova)) forms an important
subalpine birch zone in Fennoscandia and the northern
tree line.

The deciduous growing stock (primarily birches) is about
18% of the inventory of 1660 million m3. The annual
growth of deciduous stock has been estimated to be about
16 million m3 (22%) of the total annual growth of 70
million m3 (during 1977-1984). In 1989 the annual drain
of 13 million m3 of hardwoods was about 20% of the total
drain of 59 million m3 (Aarne 1992). The total annual
growth and allowable cut of 75 million m3 clearly exceeds
the annual harvest (Aarne 1992).

In the late 1800s and early 1900s, shifting cultivation in
agriculture and large forest fires created pure birch stands
and mixed pine-birch stands. Birch grows mainly in mixed
stands and covers about 15% of the forest land area. Birch
is the dominant species only on 7% (silver birch 1% and
pubescent birch 6%) of the total forest land area of 20
million hectares.

Utilization and interest in birch management has
fluctuated in recent decades mostly due to low timber and
product prices for birch. The industry did not utilize birch
much in the 1950s and 1960s, and the stumpage price
was very low. Also, inadequate knowledge of birch
management disfavoured birch. For example, ecologically
different silver birch and pubescent birch stands were
treated in the same way, resulting in poor growth and yield.
It is only in the last 20 years that there has been some
knowledge from research and practical experience for
management of mixed species stands.

Birch can have a comparatively large total biomass
production. Birch has high leaf biomass production that
can be close to 3000 kgha-1yr-1 and exceed that of stem
wood production (Mälkönen 1977). The high volume of
leaf senescence ameliorates the soil. The high calcium
content of birch leaves benefits microbe activity and
increases the rate of nutrient cycling (Mikola 1954).
Diseases and pests are not supposed to spread as easily in
mixed conifer-birch stands compared to pure stands
because of less root connection and different canopy
characteristics. Birch may offer some buffer against
acidification by providing low acidity litter. The ecology
of paper birch as described elsewhere in this publication
(Simard 1996) is generally similar to silver birch (see also
Perala and Alm 1990a,b).

The wood harvested for industrial purposes is mainly silver
birch and is used as a raw material for veneer, furniture,
and the pulp and paper industry. The pulp industry has in
recent years utilized more than 5 million m3 of domestic
birch annually, and almost another 5 million m3 has been
imported. Birch pulp is mixed with softwood pulp to yield
good quality printing paper. This has increased the value
and demand for pubescent birch. Some of the valuable
side products of the chemical birch industry include xylitol,
a sugar extract and substitute used in the food industry.
Both birch species are used as a source of heat energy in
community heating centres and private homes.

This article will summarize the main features of birch
management in Finland, based on research results, recommendations, and guidelines still under development. Birch
management is based on long-term research; the early
stages of stand development are especially well studied.
However, there is large variability in operational practices
because of differences in forest owners’ management goals
(there are more than 300 000 private woodland owners),
forest site quality, wood market situation, and other factors
that cannot be described in detail here. The references
given will hopefully help in management specifics. A book
by Raulo (1981) describes the principles of birch
management in Finland (it is also available in Swedish—
”Björkboken,” translated by F. Bergman).

Curly birch (Betula pendula var. carelica) has specific wood
characteristics and is used for veneer, carvings, and other
specialty products. Good quality curly birch is sold by the
type of curliness and on a weight basis.
The birches have always been part of the Finnish rural
and urban cultural landscape and an important amenity
tree. Silver birch was chosen as the national tree in 1988.
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Regeneration of Birch

The main strategy in birch breeding has been alternating
individual selection and family selection, followed by mass
propagation of the selected material. This breeding strategy
has been much faster with birch than with local conifer
species. Therefore, only a few birch provenance trials have
been established. The information on the effects of seed
transfers have been obtained from progeny trials that
include progenies of plus trees from different parts of the
country. Seed transfers within southern and central Finland
do not affect growth and yield (Raulo and Koski 1977).
Similarly, north-south or south-north transfers within
southern and central Finland have not had an effect on
stem straightness or branching patterns (Raulo 1979), or
wood density (Velling 1979), of silver birch. However,
long-range transfers are not recommended, but 150 km
(or 150 degree days) north-south or south-north transfers
are allowed.

Both birch species can be managed by natural and artificial
regeneration and are managed primarily with evenaged
silvicultural systems (Raulo 1981). The coppice system has
been tried for energy biomass production (Ferm et al.
1982). Typical sites for growing birch include medium to
very fertile sites (Myrtillus-type (MT), Oxalis-Myrtillustype (OMT), and Oxalis-Maianthemum-type (OMaT))
in southern Finland (Lehto and Leikola 1987). Other sites
include abandoned agricultural lands, areas prone to frosts
(where Norway spruce would otherwise be an alternative),
areas infected by root rots (mainly Heterobasidium
annosum), and sites with high scenic value (such as
roadsides, parks, and lakesides). Pubescent birch is
preferred over silver birch in reforestation of peatlands and
afforestation of peatland fields. Reforestation areas for
birch, as well as for other species, are typically small
(1–3␣ hectares). Birch from natural ingress in conifer
plantations is accepted as a mixed crop species.

To shorten the time needed for flowering and seed
production of silver birch, polythene tunnel seed orchards
were tested in the late 1960s by the Foundation for Forest
Tree Breeding. The results were so encouraging that seed
production of birch in greenhouses was started in 1970
(Lepistö 1973). There are 12 silver birch seed orchards,
two for pubescent birch, and one for curly birch (Hagqvist
1991). All orchards are in greenhouses. They cover 1.2 ha
and produce about 100 kg of seed annually. By the early
1990s all of the some 30 million silver birch seedlings
produced annually were grown from seed orchard seed
(Figure 1). Bi-clonal seed orchards have been established

In reforestation and afforestation of birch, consideration
of all the links among site selection, site preparation, seed
source selection, nursery culture of seedlings, planting stock
maintenance, planting out, and the follow-up at the
forestation site are emphasized (Raulo 1978).

Birch Breeding, Seed and Seedling Production
The management of pure, planted silver birch stands is
based on improved material. The selection of silver birch
breeding material started in the late 1940s by selecting
“plus” trees. Silver birch lends itself well to breeding
programs because of large heritable variation in important
growth and wood characteristics. In the 1950s, plus-tree
selection of birch was continued, but the main emphasis
of tree breeding was on conifers (Viherä-Aarnio 1991).
In the early 1960s, the breeding of silver birch was
financially promoted by the support from the veneer
industry, and the breeding and planting activity greatly
increased. The basic breeding criteria have been crop
reliability, maximum sustainable productivity, and
silvicultural feasibility. The breeding has emphasized
height and volume growth, stem straightness and
roundness, stem taper, branchiness, branch angle and
thickness, crown form, and general health (Viherä-Aarnio
1991). The latest research work includes resistance
breeding against mammalian herbivores, such as voles,
moose, and hare (Rousi 1990).
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Figure 1. The annual total areas of reforestation by
planting and seeding (lines) and the area of
birch plantations (bars) in 1980–1992.
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to utilize specific combining ability. Also, clonally
propagated birch seedlings (plantlets) are available but not
used in birch reforestation due to their high price. The
use and trade of clonally propagated material, as well as
all propagules, is governed by regulations.

Moose, voles, hare, and weeds are the most common
damage agents, especially on afforested sites. In southern
Finland, the moose population can be three to eight moose
per 1000 ha (0.3–0.8 moose per km2) while the recommended level is 2.2–2.4 animals/1000 ha. A Moose
population of over four animals per 1000 ha subjects
plantations to heavy browsing. In those cases, birch
plantations can be successfully managed only near
populated areas or houses, or in fenced areas. Protective
tubes are available but expensive.

Most of the birch planting stock is containerized 1-yearold seedlings. The stock can be either seedlings or
transplants. Annual production of birch seedlings has been
about 25 million seedlings of the annual total of some
230 million seedlings. In 1993, planted silver birch stands
covered about 130 000 hectares (0.7% of the forest land
area).

Risk of vole damage can be lowered by planting the sites
in years of low vole population, by avoiding autumn
planting, by plowing and tilling, by encouraging habitats
of predators of voles (weasels, stoats, owls, hawks, foxes),
and by using vegetation management to decrease vole
habitat. Mechanical or chemical vegetation management
has proven to be effective in preventing damage by animals.
Site monitoring after planting is important.

Plantation Establishment
Silver birch stands are established by planting at a density
of 1600 stems/ha on good to high quality sites, typically
prepared by disc trenching. Planting density can be lowered
to 1200 stems/ha if natural birch regeneration will be
available. When planting density is below 1100–1200
stems/ha, silver birch cannot fully use the growing space.
Yield can be high (up to a density of 2500–3000 stems/ha)
but, because of high planting costs, overall profitability
will be lower at higher planting densities.

Nurse crops are beneficial on frost prone sites. Naturally
regenerated or coppice birch can serve as a nurse crop for
Norway spruce. Planting a nurse crop of birch is generally
regarded as too expensive. However, planting could be used
in establishment of two-storied birch-Norway spruce
stands, providing that the species are planted in different
rows to facilitate thinnings and other species-specific
practices. In many cases spruce will regenerate naturally
under the birch stand. Natural birch regeneration on
drained peatlands, typically pubescent birch, will provide
a shelter for natural spruce ingress.

Abandoned agricultural fields are plowed and left to settle
over the winter, and seedlings are planted dormant in the
spring. Birch species selection is important for afforestation
of abandoned agricultural fields on peatlands. Silver birch
performs unsatisfactorily on peaty soils because of its
intolerance to acid and waterlogged conditions. Pubescent
birch is preferred for peatland forestation. Planting of silver
birch on silty, clay soils or on sites prone to frost heaving
may result in plantation failures.

Natural Regeneration
Both silver and pubescent birch are fairly prolific seed
producers. Seed crops of pubescent birch are abundant
almost every other year in southern Finland. Silver birch
has an abundant or very abundant seed crop every 2–3
years. The number of seeds can be 40 000–100 000/m2
per year (Koski and Tallqvist 1978). In general, the
germination percentage of birch seeds (laboratory
germination, temperature >20°C) is about 60% and can
be as high as 80% in good years. For most practical
purposes, the limit of the seed dispersal is about twice the
height of the seed trees (Sarvas 1948).

Harvested forest sites must be cleaned after logging from
other vegetation because any remaining crop has a negative
effect on development of birch seedlings. Also, a good site
preparation is needed to reduce competing ground
vegetation and animal damage. Generally, spring planting
will give better results than autumn planting.
Regeneration costs vary between 4000 and 8000 (Finnish
marks) FIM/hectare ($1000–2000 Cdn) and in average
about 6000 FIM ($1400 Can) per hectare by the age of 5
years (free-growing stage). Cleaning of the site and site
preparation comprises about 20% of the costs, 10% is due
to vegetation treatment, and the majority of the costs
(almost 70%) cover seedling production and planting.

Birch seed is dispersed in late summer to early fall and
germinates during the next spring and summer. Birch has
a small seed bank of 2–4% of the annual seed crop in the
soil, and seeds can remain viable for 2 years (Fries 1984).
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Early Spacing and Cleaning

Although this is not much on an annual basis, considering
the fairly regular and abundant seed production, the soil
always bears a sufficient number of viable birch seeds that
can germinate under favourable conditions.

Birch stand management to the free-growing stage may
include weeding, brushing, and removal of larger deciduous
trees. Weed control in planted stands is crucial in preventing vole damage. Both mechanical and chemical weed
control methods are used. Removal of larger trees from
plantations decreases the shading effect. In most cases,
silver birch plantations do not require treatment until the
thinning stage of 14–16 m of dominant height. At earlier
stages, the volume of harvestable pulpwood would be
uneconomic. Also, maintaining a growing density higher
than 1600–1800 stems/ha promotes natural pruning of
lower branches and thus increases veneer log quality. If
the silver birch stand has been grown at a density above
2000 stems/ha (e.g., to alleviate moose damage), cleaning
may be necessary at about 4–6 m height to leave 1400–
1600 trees/ha. The next thinning is at about 14–16␣ m
dominant height.

Natural regeneration can be unplanned or planned.
Unplanned birch regeneration emerges on most forest sites
within a few years after a final harvest. Also, agricultural
fields are easily covered by a birch thicket in a few years
after abandoning agricultural use.
Planned natural regeneration is practiced through seedtree or strip- cutting. In seed-tree cutting, 10–20 dominant,
good quality birch trees are left in a hectare. Strip-cutting
can be practiced in Norway spruce dominated birch stands,
where the seed source is within 100 m. Drained peatlands
are typical sites for strip-cutting of pubescent birch. Both
seed-tree and strip-cutting regeneration methods require
moderate site preparation, typically done by disk trench.
The seed-tree and strip-cutting methods have not been
very common, but high reforestation costs (see above) have
led to trials with these cutting methods.

In natural stands, the original density is typically high,
and the cleaning should be done in two stages. In silver
birch stands, the first spacing is carried out at about 3 m
height, leaving the stand still fairly dense at about 3000
stems/ha (e.g., in case of snow damage). The second
precommercial thinning can be done at 6 m height, leaving
1500–1600 stems/ha. The small diameter wood may be
used as fuel wood.

Coppice
Birch generally has stump shoots only; root suckers are
rare. Pubescent birch produces more sprouts than does
silver birch; practically, silver birch does not sprout (Ferm
et al. 1982). Growing of wood for energy( primarily
pubescent birch) has been studied on drained peatlands
(Ferm et al. 1982; Ferm 1993). The initial development
of pubescent birch is rapid, but coppice stands slow down
earlier than seed-origin stands. The biomass production
can be fairly high, 2–5 tha-1yr-1. However, current biomass
and economic results indicate that growing pubescent birch
in short rotations of 10–15 years is not worthwhile.

Stands of natural pubescent birch are typically dense.
Pubescent birch stands can be grown denser than silver
birch because pubescent birch is used mainly for pulpwood.
In natural stands of pubescent birch, only one
precommercial thinning is needed at 6 m to reduce the
density to about 2000 stems/ha. Lower densities tend to
decrease production (Niemistö 1991). Thereafter, only one
commercial thinning is done, at 14–15 m dominant height
to a density of 900–1000 stems/ha. If pubescent birch is
grown for veneer logs, the growing densities are similar to
those of silver birch.

Stand Management
Both birches are managed by even-aged silvicultural
systems using repeated thinnings from below. The goal
of birch management is to grow timber for log quality
and size. However, in northern Finland, the goal is to
produce pulpwood on large areas. Management guidelines
are given by forest site type. Site index curves are used for
planted stands (Oikarinen 1983), natural birch stands
(Gustavsen and Mielikäinen 1984), and peatland sites
(Saramäki␣ 1977).

Thinnings
Birch is a light demanding species, and dense spacing
decreases crown size and overall growth. Crown length
should be 50% of the total height for good growth. The
recovery of short and narrow crown birch grown at dense
spacing tends to be poor after thinning. Too early thinnings
are not economically viable and too late thinnings result
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in a decrease in crown size and losses in log production.
The current principle is that the first thinning should yield
marketable wood.

Basal area (m2/ha)
30
28
26
24
22
20
18
16
14
12
10
8
6

Commercial thinning is typically done at 12–15 m
dominant height, depending on the site quality and initial
spacing. At lower dominant heights, pulpwood yield is
too low to justify harvesting. In thinnings, harvested
volume must be more than 30 m3/ha. The general thinning
guideline is to leave 600–800 stems/ha. If the planting
density has been low (e.g., 1000–1200 stems/ha), the stand
may be thinned at a later age and to a lower density of
about 500–600 trees/ha. A wide spacing promotes veneer
log production. If dominant height is less than 14 m, then
the number of trees/ha instead of basal area can be used as
a thinning guideline, as follows:

Silver birch
Pubescent birch

Before thinning

After thinning
12

14

16

18

20

22

24

26

Dominant height (m)

Dominant height
< 12 m
> 12 m
1100
700
1400
900

Figure 2. An example of thinning program used in
pure silver birch stands on good to medium
rich sites in southern Finland. The guideline
is based on dominant height (m) and basal
area (m2/ha). A thinning is carried out when
the basal area at a dominant height exceeds
the “before thinning” threshold. Adapted
from Tapion Taskukirja (1991).

Because the thinning level depends on the initial planting
density, the following guidelines can be used to determine
the dominant height (m) for thinnings of silver birch
stands:
Planting density (trees/ha)
2200
1600
1200
Dominant height
at thinning (m)
11.5–13.0 14.0–15.0 17.5–20.0

Other Management Practices

The first (commercial) thinning is followed by one or two
more thinnings. Earlier recommendations about 3 thinnings are not economically justified. Fairly heavy early
thinnings yielding pulpwood at 12–15 m are recommended
instead. Figure 2 shows a thinning guideline for pure silver
birch stands on good to medium rich sites in southern
Finland. The guideline is based on dominant height (m)
and basal area (m2/ha). A thinning is carried out when
the basal area at dominant height exceeds the “before
thinning” threshold. This threshold takes into account an
economic volume of harvested timber and adequate
standing volume after thinning. It must be mentioned that
these guidelines are for managed stands. In principle, the
number of trees left after harvesting halves at each
thinning. Thus, after the second thinning there are about
400 silver birch trees/ha that are grown to final harvest.

Dead and rotten branches decrease the quality of veneer
and also increase risk of decay. Living branches are not
pruned because birch is susceptible to rot infections.
Pruning of dead branches is carried out in selected stands
only because the practice is fairly expensive and economic
returns are somewhat uncertain. Pruning is done carefully
with wooden sticks in the summer.

Fertilization of birch stands has been shown to be
ineffective (Viro 1974). Early growth of seedlings can be
accelerated by applying N fertilizer around the planting
spot. However, the fertilization effect lasts only one year
(Paavilainen and Norlamo 1975).

Logging
Finnish harvesting technology is strongly affected by the
structure of forest ownership (about 63% owned by private
citizens), technical logging conditions (low-relief terrain,
frozen soil in winter), forestry principles (sustainable yield,
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criterion by the stand age of 40 years. Growing and
managing pure birch stands can be regarded more as an
issue of economics, whereas, in the management of mixed
species stands, differences in the ecology of the species
plays a major role.

well-established guidelines), existing infrastructure (good
highways and dense forest road network), general organizations for logging and tradition (long-term research,
long-standing extension organizations) (Hakkila 1989).
Commercial thinnings utilize a log length method in
which trees are delimbed and bucked to timber assortments
at the stump prior to subsequent transport to the roadside
in load-carrying tractors. A large variety of ground based
logging equipment is available for logging (cutting and
transport). In precommercial thinnings and early thinnings, motor-manual methods prevail, but, at later thinnings
and final harvest, mechanized methods are economically
more competitive. Light, small harvesters and forwarders
are now available for early thinnings as well. One-third of
the total annual cut of timber is delivered to the roadside
by self-employed forest owners working usually with
chainsaw and farm tractor (Hakkila 1989).

Growth and Yield of Species Mixtures
In principle, mixed stands should produce a higher volume,
produce higher quality timber, or offer additional benefits
over a single species stand. For volume production, either
the main component of a mixture must have a full yield
and secondary component yield some, or mixture must
outyield a monocrop. In spite of the recognized need for
growth models and stand management guidelines for
mixed species stands, research on and growth estimates of
mixed stands are complicated by several factors. First,
within species and among species competition effects differ
and are poorly quantified, both in natural stands and in
planted, managed stands. Second, experimentation to cover
the multitude of species mix options is cumbersome. Third,
the values associated with tree species seem to change over
time. For example, birch was regarded as “the weed of the
forest” in the 1950s but some 20 years later it was a highly
sought after raw material. And fourth, optimal stand
structure of mixed species stands for volume production
depends on future stumpage prices of species and
assortments, which are almost impossible to predict.

In 1993, the stumpage price of saw logs was about $45-50
Cdn/m3 and about $15 Cdn/m 3 for pulpwood. The
stumpage covers timber value only and thus excludes
harvesting and transport costs. Harvest and transport uses
cut to length logging methods.

Growth and Yield
of Birch Stands and Mixtures

Scots pine, Norway spruce, and birch all have different
site requirements and different types of growth patterns.
This means that growing these species in pure or mixed
stands requires different silvicultural practices. For
example, the total volume growth of planted Norway
spruce exceeds that of silver birch by the stand age of 4045 years. Planted silver birch stands, however, are close to
maturity at that stand age.

Pure Birch Stands
Silver birch produces 15–20% more volume than pubescent
birch. The total production of a pure silver birch stand
can be 550–600 m3/ha over 80 years (MAI 7.5 m3ha-1yr-1)
(Kuusela 1957). Planted birch stands of improved material
can produce more than 400 m3 in 40 years (MAI 10 m3ha1yr-1). The most economic rotation age is between 40–50
years depending on the site quality; research continues on
this question. The management practices described here
are most applicable to silver birch. As the management
goals change, more long-term stand development data and
more growth and yield data are needed for both birch
species.

Norway Spruce-Birch Mixtures
Norway spruce grown under a birch has a different growth
pattern than spruce grown as a pure stand. The dominant
height of spruce grown under the birch shelter can be
retarded, compared to that of spruce in pure stands, until
after the birches are removed (Burkhart and Tham 1992).
By age 50, the dominant height of the released spruce can
exceed that of spruce grown without birch shelter and the
total volume growth of spruce-birch mixture exceeds that
of spruce only stands (Figure 3).

The timing of final harvest (maturity) is principally
determined by owner’s management goals. According to
current regulations, the final harvest can be carried out
when the mean diameter (dbh) is 25 cm or higher. On
good to rich sites, birch stands can achieve this harvest
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Figure 3. Predictions of total yields of Norway sprucesilver birch mixed stands in Sweden. Predictions are simulations based on empirical data
from managed stands in Sweden. The initial
stand consists of 1600 Norway spruce and
600 silver birch per hectare with the birch
shelter removed at age 25 years (adapted
from Burkhart and Tham 1992). Total yield
of spruce-birch mixture is about 360 m3/ha
and that of pure spruce 300 m3/ha.

Figure 4. Prediction of the development of sprucebirch stands when the proportion of birch
is␣ 25%. The stands have been thinned
according to the thinning guidelines
four␣ times (similar to those in Fig. 3).
H100 = 27 m
Relative growth
100

A low proportion (25%) of silver birch until the last
thinning before final cut in a spruce stand can result in a
increase of 3-5% in volume growth at a rotation of 80–90
years (Figure 4) (Mielikäinen 1985). Saw-timber production in spruce-birch mixed stands can be 5–10% higher
than in pure spruce stands. A silver birch mixture of more
than 50-70% can increase the total yield but it will reduce
the volume of saw-timber production of both Norway
spruce and birch. However, the relative volume growth of
mixed spruce-birch stands varies by age (Figure 5). In
modelling calculations at the stand age of 20 years, the
best growth is attained with a mixture of 60% silver birch.
At the age of 40, optimal birch mixture is about 35% and
is 20% at the age of 80 years (Figure 5). However, the
optimal proportions depend on stand volume. When the
total volume increases at a given age, the optimal stand
will have a higher proportion of birch (Mielikäinen 1985).

Age 20

96

Age 40

92

88
Age 80
84

Spruce stand
0

20

Birch stand
40

60

80

100

Relative birch percentage

Figure 5. Relative total volume growth of a sprucebirch stand as a function of age, volume, and
birch proportion. Stand volume is a constant
200 m3/ha. Adapted from Mielikäinen
(1985).
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Pubescent birch is less competitive than silver birch, and
spruce can grow equally well with a pubescent birch
mixture as it does in pure stands. However, the addition
of pubescent birch results always in some losses in total
yield and greater losses in saw timber production.

birch decreases volume growth. Pubescent birch does not
increase growth even at a young age. Generally, pubescent
birch is harmless for conifers in mixed stands (Mielikäinen
1980).
Establishment of pine-birch stands by planting birch is
biologically difficult because of the different growth
rhythms of the two species. Economic reasons for not
planting silver birch are even stronger. However, birch will
seed and establish naturally in a pine stand, reducing the
need for fill-in planting. However, Scots pine will need
7–10 years head start over birch. Management of pinebirch mixed stands requires removal of all birch above
0.5␣ m in height from young, 1–2 m tall pine stands. Birch
that establishes after the cleaning will be retained to
become part of the growing stock. A typical optimal
management regime for mixed, evenaged pine-birch stands
includes 20–40% birch in the growing stock during the
first half of the 80-year rotation. If these silvicultural
measures are neglected in a mixed stand, it will result in
losses in the production of large saw timber.

As a general conclusion it can be said that a small mix of
silver birch throughout the rotation of a spruce stand seems
to be the best alternative for today’s management goals
( Jonsson 1961; Fries 1974; Frivold 1982; Mielikäinen
1985).

Scots Pine-Birch Mixtures
A low proportion of silver birch, less than 20% of the
volume of a pine-birch stand, has no effect on or can
improve slightly volume increment of pine. On the other
hand, the growth of birch is markedly higher in a mixed
stand than in a pure stand (Mielikäinen 1980). When the
proportion of silver birch is higher that 20%, the growth
of pines will decrease. A birch proportion of more than
50% may yield growth losses of about 10% compared to
pure pine stands (Figure 6).

The conclusive evidence on the ecological and productive
effects of tree species mixtures is missing, but based on
thinning models, simulations, and empirical data mixed
pine-birch or spruce-birch stands are realistic alternatives
for production of volume, high quality timber, and other
benefits. Mixtures also create future options for stand
management.

The volume growth of young mixed stands can be 25%
higher than that of a pure pine stand. After 50–60 years
Scots pine will overgrow birch and, thereafter, presence of

Relative growth
100

Conclusion

98

The management of silver and pubescent birch shows two
parallel approaches. First, in a capital intensive silviculture
of silver birch, selected material is deployed, stands are
frequently thinned, and final harvest is carried out at
40–50 years. Second, a less capital intensive alternative
benefits from natural regeneration. The first alternative
favours growing silver birch on fertile sites close to
utilization plants, whereas the second alternative suits
extensive management of pubescent birch. Both birch
species are grown either in pure or mixed species stands
where it is regarded as biologically feasible. Based on
empirical data, thinning models, and simulations, mixed
pine-birch or spruce-birch stands are realistic alternatives
for production of volume and high quality timber, and for
providing ecological benefits. Mixtures also create future
options for stand management.
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Figure 6. The effect of birch on relative total volume
growth of pine-birch stand. The increment
of a pure pine stand is 100. Adapted from
Mielikäinen (1980).
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Hardwood Management Issues and the Future of
Hardwoods in Northern British Columbia
Glen Baber
B.C. Ministry of Forests
Prince George Forest Region

the Small Business Program and Woodlots (96␣ 000␣ m3).
Louisiana Pacific also purchases a considerable supply from
private land owners in British Columbia and Alberta (see
Table 1).

Introduction
Prior to 1986 there was very little utilization of hardwoods
in the Prince George Forest Region. In some cases aspen
forests were eliminated and replanted to conifers. On
September 15, 1986, Louisiana Pacific Pulpwood Agreement #10 was signed. This agreement provided a wood
supply to an oriented strand board plant in Dawson Creek.
During the past 7 years other hardwood manufacturing
industr y established in the Region. However, a
considerable amount of unallocated hardwood supply still
exists. There had been increasing interest in this resource;
however, certain issues must be addressed before the future
of hardwood can be determined.

Table 1.

Dawson Creek Timber Supply Area

Hardwood inventory—gross volume
hardwood leading types

54 000 000 m3

Area in hectares (ha) occupied by
hardwood leading timber types

380 000 ha

Percent of total productive land base

15 %

Hardwood allowable annual cut (AAC)

1 000 000 m3

Apportionment
• Louisiana Pacific Pulpwood Agreements (2):
– Dawson Creek Oriented Strand
Board Plant
452 000 m3
– Chetwynd Pulpmill
452 000 m3
• Small Business Program
and Woodlots
96 000 m3

Hardwood Inventory and Utilization
in the Prince George Forest Region
The Dawson Creek Timber Supply Area (TSA) has
380␣ 000 hectares occupied by leading hardwood timber
types (aspen, balsam poplar, and birch). This represents
15% of the total productive land base. The hardwood
inventory has a gross volume of 54 000 000 m3 with an
Allowable Annual Cut (AAC) of 1 000 000 m3. This is
apportioned between two Louisiana Pacific Pulpwood
Agreements (Dawson Creek Oriented Strand Board Plant
—452␣ 000␣ m3 and Chetwynd Pulpmill—452 000 m3) and

The Fort St. John TSA has 594 000 ha occupied by leading
hardwood timber types representing 15% of the total
productive land base. The hardwood inventory has an
AAC of 915 000 m3. This is divided among the Makin
Pulp and Paper Pulpwood Agreement (220 000 m3), the
Fiberco Export Inc. Pulpwood Agreement (500 000 m3)
and Small Business Program and Woodlots (195 000 m3).
Hardwood resources in this district are not used extensively
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Hardwood Management Issues

at this time. The pulpwood agreements are not currently
operational and there is some uncertainty about their
future. The low world price of pulp is also a factor
contributing to the lack of interest in hardwood resources
(see Table 2).
Table 2.

The full utilization of hardwoods is dependent upon
understanding and resolving key issues including: timber,
economics land use, planning, inventory, and silviculture.
These must be addressed in any discussion of the future
of the hardwood resource in British Columbia.

Fort St. John Timber Supply Area

Hardwood inventory—gross volume m3
hardwood leading types
63 000 000 m3
Areas occupied by hardwood leading
timber types

Some of the key timber and economic issues are site degradation and regeneration, harvesting systems in mixedwood
forest, and stumpage fees. Fine textured soils are very
common in the region and summer logging increases the
risk of soil compaction. Regeneration surveys indicate that
voids occur where soils have been compacted. Harvesting
systems in mixedwood forests must also be studied further.
Currently, there are gaps in the knowledge about
mixedwood harvesting. For example, it is very difficult to
protect a spruce understory while harvesting an aspen overstory. Stumpage rates for hardwoods present an economic
drawback to hardwood use. Stumpage for hardwoods was
fixed at a rate of $.50 Cdn/m3 to provide incentives for
investment in the processing plants. However, this low
rate influences the market price of private timber and may
direct decisions affecting hardwood silviculture.

594 000 ha

Percentage of total productive land base 15%
Hardwood AAC

915 000 m3

Apportionment
• Makin Pulp and Paper Pulpwood
Agreement
• Fiberco Export Inc.
• Small Business Program
and Woodlots

452 000 m3
452 000 m3
96 000 m3

The Fort Nelson TSA has a hardwood inventory of
182␣ 000 000 m3 with 1 128 000 ha, or 16%, of the total
productive land base occupied by hardwood. Current
timber allocations are divided between the Canadian
Chopstick Manufacturing Company Ltd. (77 000 m3) and
Slocan Forest Products’ Balsam Poplar Forest License
(145␣ 000 m3). This area represents the best aspen resource
in the province. Considerable uncommitted deciduous
volume is available for apportionment (693 000 m3); in
fact, there may be sufficient to supply and oriented strand
board plant or pulpmill. The actual amount will be
determined by the Chief Forester upon completion of the
Timber Supply Review (see Table 3).
Table 3.

Land use issues such as biodiversity, wildlife management,
and riparian zone management also affect the future of
hardwood in British Columbia. The contribution of hardwoods to the maintenance of biodiversity is poorly
understood. At the present time, management for biodiversity is done on a stand-by-stand basis. Landscape-level
planning will occur during the Land Use Resource Management Planning development process. Some hardwood
stands are critical to wildlife habitat. Examples include
moose winter range, cavity nesters’ habitat, and wildlife
calving areas. Information is needed on the location of
critical habitat and on the periods in hardwood/mixedwood succession that are important for various wildlife
species. Many of the best cottonwood and birch stands
are in or near riparian ecosystems. Research is needed to
determine appropriate size or riparian leave strips.

Fort Nelson TSA Description

Hardwood inventory—gross volume
hardwood leading types

182 000 000 m3

Area occupied by hardwood leading
timber types

1 281 000 ha

Planning and inventory issues to be addressed include
hardwood succession, aspen and balsam poplar inventory
typing errors, stain and decay prediction, taper equations,
growth and yield, and inventory age class errors. Successional development of hardwood stands is much quicker
than that of coniferous stands. Re-inventories commonly
reclassify hardwood stands to mixedwood and coniferous
stands. Also, a growth and yield strategy is needed to model

Proportion of total productive land base 16%
Hardwood AAC

915 000 m3

Current apportionment
• Canadian Chopstick Manufacturing
Company Ltd.
• Slocan Forest Products—
Balsam Poplar Forest License

77 000 m3
145 000 m3
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hardwood succession. Definitions of mixedwood,
hardwood, and conifer stand composition, plus discussion
of successional changes from hardwoods to conifers, would
clarify this.

Forest health, stocking standards, and gene conservation
are among some of the silviculture issues that must be
addressed when considering the future of hardwood forests.
Management strategies for insect and disease problems in
hardwood and mixedwood stands need to be identified.
Research suggests that aspen and balsam poplar stands
with high initial density will self-thin quickly. This may
not be the case with birch. Other problems include
regenerating wet spots and areas where soil was compacted.
Research will help to identify desired phenotypic variables
for all deciduous species and identify superior clones and
stands for seed reserves and propagation.

Aspen and balsam poplar inventory typing errors are not
unusual. It is very difficult to differentiate between aspen
and balsam poplar through photo interpretation. Areas
are often classified incorrectly and the aspen inventory
may be overestimated. It is also difficult to determine aspen
ages. Past inventory classification and sampling may be
fraught with errors. The Fort Nelson Forest District is
conducting an audit to analyze the problem. There is
currently no provincial strategy for growth and yield in
hardwood and mixedwood stands but interest in increasing.
In 1993, during the Forest Productivity Council’s field tour
in the Dawson Creek area, hardwood growth and yield
was emphasized.
At present, stain and decay cannot be predicted with a
reasonable level of certainty. There is a need to enhance
the volume and decay data base. Taper equations for
hardwoods are based on coniferous tree form and close
utilization standards. Aspen logs are topped at the point
where multiple branching occurs. As a result, top diameter
is variable.
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