
Why is Red Alder Important?

Red alder is found throughout the

Coastal Western Hemlock biogeocli-

matic zone and is the most abundant

broadleaf species in coastal British

Columbia. Red alder is harvested to

produce sawlumber for remanufac-

ture into mouldings, furniture, and

pallets, to produce chips for pulping,

and for firewood.

Red alder litter influences nutrient

cycling in the forest and can also con-

tribute to site nitrogen capital and

long-term productivity through the

process of symbiotic nitrogen fixation.

Red alder is resistant to laminated

root rot and its presence may also 

reduce or ameliorate the effects of

Phellinus weirii root disease on

Douglas-fir. Red alder and other

broadleaf species contribute to biodi-

versity at both the stand and

landscape levels.

How Does Red Alder Influence
Conifer Growth?

Juvenile growth of red alder is much

more rapid than that of most conifers.

Three-year-old red alder can grow 

2–3 metres per year in height, and can

rapidly overtop neighbouring

conifers. Red alder can remain domi-

nant in a stand for up to 40 years.

When it overtops conifers, it can 

substantially reduce light availability,

and can cause physical damage to

crop trees. The degree of light reduc-

tion and the amount of damage to

conifers depends largely on the densi-

ty and size of the red alder component

of the stand.

Long-term studies have been initi-

ated to improve understanding of

both the competitive and beneficial

effects of red alder when grown with

conifers. Studies have been established

to document and demonstrate the ef-

fects of different amounts and spatial

arrangements of red alder on tree

growth and survival, stand dynamics,

crown characteristics, nitrogen 

availability, nutrient cycling, and

long-term productivity. 

This study has two major compo-

nents: 1) replacement series field

experiments; and 2) additive field ex-

periments. Other studies are also

under way in association with FRBC

Project HQ96400-RE and include: 

1) a study of the spatial influence of

red alder patches; 2) a study of the ef-

fects of bigleaf maple density on light

and on conifer performance; and 3)

developing and testing a model for

predicting effects of broadleaf

canopies on understory light regimes.

This memo summarizes results ob-

tained to date from the replacement

series and additive experiments of

EP1121.01.
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Replacement Series Field
Experiments

Replacement series experiments are

useful for identifying the nature of in-

teractions between two species and

how they change as the proportion of

each species changes. A replacement

series experiment involves planting

two species together in a succession of

different proportions, while keeping

the total number of trees per hectare

(tph) constant. In this study, red alder

and Douglas-fir have been planted in

a series of five proportions (Table 1) at

a total density of 742 trees/ha (3.67 m

spacing), following an experimental

design protocol prepared by the

Oregon State University Hardwood

Silviculture Cooperative. One installa-

tion was planted at East Wilson Creek

in 1992 and another at Holt Creek in

1994 (Table 2). Each installation con-

sists of one replicate of each of the five

treatments described in Table 1.

Treatment plots are 70 × 70 m 

(0.49 ha) at East Wilson Creek and 

60 × 60 m (0.36 ha) at Holt Creek.

Three additional installations have

been established in Oregon and

Washington by other members of the

Hardwood Silviculture Cooperative.



This research is currently

funded by Forest Renewal

B.C. as part of project

HQ96400-RE. Support has

also been provided by the

Canada-British Columbia

Partnership Agreement of

Forest Resource

Development (FRDA II)

(1991–1996) and the B.C.

Ministry of Forests.
  A description of the five treatments established for the replacement 

series study

Proportion Proportion 
Treatment of alder of Douglas-fir Total trees/ha Spacing (m)

1 1.0 0 742 3.67
2 0.5 0.5 742 3.67
3 0.25 0.75 742 3.67
4 0.11 0.89 742 3.67
5 0 1.0 742 3.67

  Field installations established for replacement series and additive experiments

Soil Soil  
moisture nutrient Treatments Year 

Study Installation District Subzone regime regime applied established

Replacement East Wilson Creek Sunshine Coast CWHdm 3 c 1–5 1992
Series Holt Creek Duncan CWHxm 5 d 1–5 1994

Additive Waterloo Creek Port Alberni CWHdm 3 c 1–8 1992
Gough Creek Sunshine Coast CWHdm 3 c 1–8 1992
Holt Creek Duncan CWHxm 5 d 1–8 1994



In each treatment plot at both loca-

tions, data on height, stem diameter,

and crown dimensions are being col-

lected for all trees within a 0.10 ha

permanent measurement plot. Soil

samples are being collected to docu-

ment changes in soil nitrogen capital,

pH, and organic matter content.

Vegetation data are being collected to

document effects of these tree species

mixtures on community composition.

A climate station has been installed at

each installation to provide data on

solar radiation, soil and air tempera-

ture, and soil moisture.

After five growing seasons at East

Wilson Creek, heights of red alder

range from 478 to 653 cm and heights

of Douglas-fir range from 187 to 270

cm (Figure 1). Root collar diameter of

Douglas-fir ranges from 29 to 42 mm

(Figure 2) and diameter at breast

height (dbh) of red alder ranges from

52 to 76 mm. Although it appears that

Douglas-fir root collar diameter in-

creases with red alder proportion

(Figure 2), these small differences be-

tween treatments may result from

differences in initial tree sizes and vari-

ability in site conditions between plots.



  East Wilson Creek replacement series: tree heights 1992–1996 
(Fd = Douglas-fir; Dr = red alder).

  East Wilson Creek replacement series: root collar diameter of 
Douglas-fir in 1996.
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Additive Field Experiments

Additive experiments have been estab-

lished at three locations (Table 2). In

the additive design, Douglas-fir and

western redcedar were planted in all

plots at total densities of 1100 tph

(with the two species planted in equal

proportions at alternating planting

spots), and one of eight ‘broadleaf ’

density treatments (Table 3) was 

applied to 0.36 ha or 0.49 ha treat-

ment plots. Due to space limitations,

treatments were not replicated on in-

dividual sites and not all treatments

could be applied at all sites. Problems

with survival of planted trees due to

site conditions, vegetation competi-

tion, and browsing were encountered

at two locations (Shawnigan Lake and

Surrey Nursery) that have been re-

moved from this study.



 3 Description of the eight treatments used in the additive experiment

Treatment Species planted Number of trees/ha Square spacing (m)

1 _ 0 _

2 Red alder 50 14.2 × 14.1
3 Red alder 100 10.0 × 10.0
4 Red alder 200 7.1 × 7.1
5 Red alder 400 5.0 × 5.0
6 Red alder (yr. 5) 100 10.0 × 10.0
7 Bigleaf maple 50 14.2 × 14.1
8 Sitka alder 200 7.1 × 7.1

Data collection regimes for the

Gough Creek, Waterloo Creek, and

Holt Creek additive installations are

the same as for East Wilson Creek and

Holt Creek replacement series instal-

lations.

Figures 3 and 4 illustrate fifth year

(1996) height and diameter for each of

the eight treatments applied at Gough

Creek. Height of red alder, Douglas-

fir, and western redcedar ranged from

534 to 598 cm, 191 to 288 cm, and 65 to

121 cm, respectively. Root collar diam-

eter ranged from 34 to 40 mm for

Douglas-fir and from 10 to 18 mm for

western redcedar in 1996, and dbh of

red alder ranged from 62 to 72 mm. At

Gough Creek, tree heights (Figure 3)

and root collar diameter of western

redcedar (Figure 4) appear to be

largest in the 200 red alder per hectare

treatment. However, it is likely that

these small early differences are a re-

flection of differences in initial

seedling size and site factors rather

than the presence of red alder.

Figures 5 and 6 illustrate fifth year

(1996) height and diameter for each of

the seven treatments established at

Waterloo Creek. Heights of red alder,

Douglas-fir, and western redcedar

range from 465 to 597 cm, 130 to 

188 cm, and 81 to 128 cm, respectively.

Root collar diameter ranged from 

28 to 39 mm for Douglas-fir and from

14 to 22 mm for western redcedar in

1996, and dbh of red alder ranged from

57 to 81 mm. For Douglas-fir, maxi-

mum height and root collar diameter

were found in treatment 1, where no

broadleaf species were planted. Height

and root collar diameter of western

redcedar are largest in treatment 3

(100 red alder per hectare). As noted

for Gough Creek, it is likely that these

small early differences are a reflection

Three-year-old red alder at
Waterloo Creek



of differences in initial seedling size

and site factors rather than the pres-

ence or absence of red alder.

Bigleaf maple seedlings have grown

slowly after planting at both locations.

After 5 years they have achieved a

height of 47 cm at Gough Creek and

62 cm at Waterloo Creek. Slow growth

of transplanted maple seedlings has

been observed with both container-

grown and bare-root nursery stock

when planted on upland sites. In con-

trast, nursery-grown seedlings can

grow rapidly when planted on moist

and rich maple sites.

Sitka alder established readily at

both Gough Creek and Waterloo

Creek. In 1996, heights of Sitka alder

averaged 178 and 171 cm at Gough

Creek and Waterloo Creek, respectively.

It is premature to conclude that

any differences between treatments

are the effects of the presence or ab-

sence of broadleaves. Statistical

analysis of treatment effects will be

completed after collection of fifth-year

data from Holt Creek in 1998, at

which time we will have data from

three replicates of each treatment.

Trees will be remeasured at all instal-

lations to document how responses 

to the various treatments change 

over time.



  Tree heights after five growing seasons at Gough Creek (Cw = western red-
cedar; Fd = Douglas-fir; Dr = red alder; Mb=bigleaf maple; Ds=Sitka alder).

  Root collar diameter of Douglas-fir and western redcedar after five growing
seasons at Gough Creek (Cw = western redcedar; Fd = Douglas-fir; 
Dr = red alder; Mb = bigleaf maple; Ds = Sitka alder).
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  Tree heights after five growing seasons at Waterloo Creek (Cw = western
redcedar; Fd = Douglas-fir; Dr = red alder; Mb=bigleaf maple; Ds=Sitka
alder).

  Root collar diameter of Douglas-fir and western redcedar after five growing
seasons at Waterloo Creek (Cw = western redcedar; Fd = Douglas-fir; Dr =
red alder; Mb = bigleaf maple; Ds = Sitka alder).
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