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Manual cutting significantly reduced the abundance
of alder and overall vegetation from control levels,
but  years after treatment there were no improve-
ments in survival, stem diameter, diameter incre-
ment, height, or leader length of - to -year-old
Engelmann spruce seedlings (– years old at the
time of treatment). However, height:diameter ratio
had become significantly lower in the treatment
than in the control (. versus .), suggesting
that seedlings were becoming sturdier. Cutting
damage at one of the sites initially reduced seedling
vigour in the treatment. Prior to cutting, alder was
. cm tall with .% cover;  year after treat-
ment it was . cm tall with .% cover, and after
 years it was . cm tall with .% cover. Alder
stumps sprouted, but the sprouts grew an average
of only  cm in the first year after cutting and an

average of . cm/yr in the  following years. Herb
abundance did not increase significantly following
removal of the alder canopy. Species richness
decreased in the treatment relative to the control
in the first year after manual cutting, but was the
same as the control by year . Diversity was
unaffected. Competition thresholds for spruce stem
diameter averaged % Sitka alder cover and 

. Reducing alder abundance below these
thresholds should improve conditions for spruce
growth. Manual brushing of the Wet Alder Com-
plex on these study sites is predicted to assist
seedlings in meeting the minimum height and
conifer:vegetation height ratio requirements for
free-growing (B.C. Ministry of Forests ), but
is unlikely to help meet the stocking requirement.

     

 

Wet Alder Complex

ABSTRACT



Description of the Wet Alder Complex

The Wet Alder Complex is dominated by Sitka
alder (Alnus viridis ssp. sinuata) in the southern
interior, but often includes mountain alder (Alnus
incana ssp. tenuifolia) and low shrubs such as thim-
bleberry (Rubus parviflorus) and black twinberry
(Lonicera involucrata) (Figure ). In southern inte-
rior British Columbia, herb species commonly
associated with this complex are lady fern
(Athyrium filix-femina), bluejoint (Calamagrostis
canadensis), spiny wood fern (Dryopteris expansa),
bracken (Pteridium aquilinum), and fireweed (Epi-
lobium angustifolium) (Kimmins and Comeau
; Boateng and Comeau c). The Wet Alder
Complex occurs predominantly on rich, wet sites,
and is common in seepage areas. In southern inte-
rior British Columbia, it is most often found in
the ESSF and ICH biogeoclimatic zones, and is
extensive in the transition area between these
zones. It also has limited occurrence in the MS
zone (Kimmins and Comeau ; Boateng and
Comeau c).

Development of the Wet Alder Complex

The Wet Alder Complex develops relatively quickly
following harvest; within – years it can form a
continuous thicket that drastically reduces the
amount of solar radiation reaching conifer seedlings

and the soil surface. The rich, moist site conditions
where alder thrives are also conducive to abundant
herb growth, particularly in areas not fully occu-
pied by shrubs.

Sitka and mountain alder are common in the
understorey of southern interior forests, and fol-
lowing harvesting, tend to spread vegetatively in
response to increased light availability (Haeussler
et al. ). The Wet Alder Complex is often well-
developed in gaps and along the borders of spruce–
subalpine fir forest, and these swales spread into
openings created by logging. This is particularly
common following winter-logging, which inflicts
little damage on existing alder clumps (Boateng
and Comeau c). However, summer-logging and
low-impact  can also promote development of
this complex by exposing mineral soil and stimu-
lating root sprouting (Haeussler et al. ). In
addition to vegetative reproduction, both Sitka and
mountain alder produce abundant airborne seed
and readily colonize disturbed areas, especially
where mineral soil is exposed (Haeussler et al. ).

Sitka alder is more widely distributed and com-
mon than mountain alder in the southern interior
(D. Lloyd, pers. comm., ) and the two species
have slightly different growth requirements. Moun-
tain alder has a slightly higher requirement for soil
water than Sitka alder; it is found most often on
wet sites, whereas Sitka alder has its best growth on
moist, but reasonably well-drained, sites (Haeussler
et al. ). Both species have high nutritional
requirements, but growth of Sitka alder, at least, is
independent of nitrogen levels (Harrington and
Deal ). Under favourable conditions, Sitka alder
grows to about  m tall, and mountain alder to  m
tall (Parish et al. ).

Thimbleberry and black twinberry are common
low shrubs in the Wet Alder Complex, and like
alder, they also increase in height and density in
response to canopy removal. Both may reach
heights of . m. Thimbleberry is rhizomatous, and
spreads readily by vegetative means (Haeussler et
al. ). Disturbance of the forest floor, such as
that which occurs during summer-logging, is also
likely to stimulate ingrowth of these seed-banking
shrubs.

Most of the herbs associated with the Wet Alder
Complex are rhizomatous. Lady fern, bracken,



INTRODUCTION

  The Wet Alder Complex prior to manual
cutting at Beaverfoot River (Site 104) in the
ICHmk1 variant in the Golden Forest District.
Photo credit: JMJ Holdings Inc.



fireweed, and bluejoint have varying levels of shade
tolerance, but all express their most vigorous
growth in open conditions (Klinka et al. ;
Haeussler et al. ). In addition, fireweed and
bluejoint have light, wind-borne seeds that make
them aggressive invaders of freshly disturbed sites.
Under the moist, rich site conditions where the Wet
Alder Complex commonly develops, these herbs
can reach heights of – m (Parish et al. ;
Boateng and Comeau c).

Interactions with Conifer Seedlings

The presence of some alder can benefit conifers
by increasing the availability of nitrogen and by
improving long-term site productivity. In British
Columbia, Sitka alder is estimated to fix from .
to  kg N/ha/yr (Binkley , ; Sachs and
Comeau ). Fixation rates are thought to be
lower in the southern interior of the province
(.– kg/ha) than on the coast because of the
shorter growing season, and because alder cover
tends to be patchy rather than continuous (Sachs
and Comeau ). There is also evidence that alder
and conifer seedlings can be linked by the same
ectomycorrhizal fungi, allowing for direct transfer
of fixed nitrogen from the alder to the conifer
(Arnebrant et al. ).

When abundant, the Wet Alder Complex can
negatively affect seedling performance by compet-
ing for light and soil resources, by inhibiting soil
and air warming, and by causing physical damage
through snow- and vegetation-press. Many species
of wildlife use this community as cover, and
browse damage to seedlings may also be extensive
(e.g., Sullivan ; Stathers et al. ). Thorpe
() notes that, in northern British Columbia,
the Wet Alder Complex often develops on sites
where poor seedling performance is related primar-
ily to the effects of cold, wet, fine-textured soils on
seedling root development, rather than to vegeta-
tion competition. These comments likely also apply
to the Wet Alder Complex in the harsh environ-
ment of high-elevation ESSF sites in the southern
interior.

Importance to Wildlife and Range

Few of the individual plant species associated with
the Wet Alder Complex are of high importance to

wildlife, but there are several low to moderately
important species. Some birds feed on alder seeds,
and small and large mammals may eat the twigs
and foliage (Healy and Gill ). Catkins provide
food for squirrels (Harestad , cited by Haeussler
et al. ). Sitka alder clumps provide cover for
ungulates, and also for small mammals such as
showshoe hares, red squirrels, and voles (Haeussler
et al. ). Recent work in north-central British
Columbia has also shown that grizzly bears utilize
small alder swales for food and bedding down
(C. DeLong, pers. comm., ). Thimbleberry and
black twinberry both produce berries that are eaten
by a variety of mammals and birds (Haeussler et al.
). Of the herbs associated with this vegetation
community, lady fern is probably the most impor-
tant to wildlife, providing winter food for various
ungulates and early summer food for black and
grizzly bears (Haeussler et al. ).

Fireweed and bluejoint are preferred forage for
sheep, whereas alder, black twinberry, and bracken
are grazed minimally or inconsistently (Newsome
). Cattle have a moderate preference for blue-
joint and a low preference for fireweed (McLean
). Bracken may be toxic to cattle and sheep if it
is grazed for long periods (Ferguson and Boyd ).

Common Brushing Treatments in the
Wet Alder Complex

Boateng and Comeau (c) comment that a well-
developed Wet Alder Complex is best controlled
with high-impact site preparation that damages or
destroys the root system, but, even so, brushing is
usually also required. Seeding with grasses and
legumes following mechanical site preparation can
reduce the re-invasion of alder, and may also
reduce the competitive ability of the herb and low
shrub layer (Stathers et al. ). However, there
are some concerns that severe site preparation
treatments and seeding may have negative effects
on soils and plant communities. Common brushing
treatments applied to the Wet Alder Complex in
British Columbia are, in order of importance, man-
ual cutting, foliar glyphosate spray, and cut stump
glyphosate application (Table ). Sheep have little
impact on tall shrub communities, but they can be
effective as a follow-up treatment to reduce the
abundance of herbs.

     






  Common brushing treatments applied to the Wet Alder Complex in the southern interior of British Columbia

Suggested Average
Optimum number of cost per Potential

Treatment Objectives timing treatments Tool haa disadvantages

Manual cutting 1. Reduce light competition Anytimeb ≥ 2c 1. Brush saw $538 1. Vigorous sprouting

2. Reduce competition 2. Power saw $538 2. Treatment damage to 

for soil resources seedlings 

3. Reduce physical damage 3. Difficult planter access 

4. Increase soil warming 

Glyphosate 1. Reduce light competition Mid-June to Octoberb, d 1 1. Backpack sprayer $695 1. Cannot apply near waterways 

(1.4–2.1 kg ai/ha) 2. Reduce competition 2. Fixed-wing plane or $311 2. Variable efficacy for 

for soil resources helicopter (aerial) understorey because of dense 

3. Increase soil warming canopy 

3. Seedling damage from dead 

alder stems 

4. Difficulty obtaining

herbicide permits 

Cut stump– 1. Reduce light competition  Unknown 1 1. Power saw and Unknown 1. Time consuming 

glyphosate 2. Reduce competition backpack sprayer 2. Difficulty obtaining

(10% soln.)b for soil resources or squirt bottle herbicide permits 

3. Reduce physical damage 

4. Increase soil warming

a Based on average costs for the Kamloops and Nelson forest regions for single-entry treatments (B.C. Ministry of Forests )
b Lloyd and Heineman (b)
c Boateng and Comeau (c)
d Boyd et al. ()



Manual Cutting

Engelmann spruce in the ESSF
This section summarizes third-year responses of
Engelmann spruce seedlings and the Wet Alder
Complex in the ESSF zone to manual cutting (n = ).
Seedlings were – years old at the time of treat-
ment. No attempt was made to differentiate between
Sitka alder and mountain alder in this study.

Description of the study sites and treatments
Two of the three study sites are located in the
Kamloops Forest Region; the Miner Creek site is 

km west of Merritt in the Moist Warm ESSF sub-
zone (ESSFmw) of the Merritt Forest District, and
the Palmer Creek site is  km west of Salmon
Arm in the Thompson Dry Cold ESSF variant
(ESSFdc) of the Salmon Arm District. A third site
at Beaverfoot River is in the Nelson Forest Region,
in the Kootenay Moist Cool ICH variant (ICHmk)
of the Golden Forest District. The ICH site was
analyzed along with the two ESSF sites because of
its physiographic and vegetation similarities. The
three sites have similar slopes (–%) and aspects
(easterly), and elevations range from  to 

m. Two of the sites are subhygric and one is mesic
and all are in lower or mid-lower slope positions.
Soils are silty- or loamy-textured Brunisols and
Luvisols.

Histories for these sites are similar (Table ).
All are backlog sites that were clearcut harvested,
and two of the sites were broadcast burned several
years after logging.  was initiated  years
after prescribed burning on two sites, and  years
after grass seeding on the third site. One site had
regenerated naturally to Engelmann spruce, and
the other two sites were planted to that species.
Seedlings were – years old when pre-treatment
measurements were carried out.

Prior to manual cutting, alder on the three sites
ranged from . to . m tall, with mean cover
values ranging from  to %. Mean Engelmann
spruce height on the three sites ranged from  to
 cm and the majority of seedlings were over-
topped by surrounding vegetation. Distribution of
alder was variable and clumpy, but more than %
of seedlings appeared to be in need of release.
Alder was of good or excellent vigour on all three

sites, and was increasing in height by an average of
 cm/yr. Fireweed was ubiquitous on the three
sites, and mean cover ranged from  to %. Wil-
low was common enough to be considered a target
species at the Beaverfoot River site, and contributed
to overall shrub cover. On average, the herb layer
occupied % cover and was  cm tall on the
three sites. At the time of treatment, total conifer
stocking ranged from approximately –

stems/ha. Well-spaced stocking was –

stems/ha on two sites, but was only  stems/ha
on the Beaverfoot River site.

Alder was cut near the root collar using motor-
ized brush saws or power saws at all three sites
(Table ). At two sites, brushing was carried out
in August. The third site was brushed  years in a
row in late June.

Conifer response
Survival and vigour Three years after manual cut-
ting, there was no significant difference in the aver-
age survival of - to -year-old spruce seedlings
(– years old at the time of treatment) between
the control and manual cutting treatment (average
%, p>.) (Table ). Cutting damage at the
Beaverfoot River site was responsible for three-
quarters of the mortality of treated seedlings, and
the low mortality in the control was attributed to
competing vegetation.

Cutting damage caused the percentage of poor-
vigour seedlings to increase in the treatment rela-
tive to the control in the first year after treatment,
and the effect was still noticeable after  years
(Figure ). Prior to treatment, % of seedlings
were of poor vigour. Three years later, % of
seedlings were still of poor vigour in the treatment,
compared to % in the control. During the same
period, however, the vigour of many seedlings
improved from moderate to good. Within  years
of treatment, the proportion of seedlings of good
vigour increased from  to % in the treatment
and from  to % in the control.

Growth Three years after manual cutting, there
were no significant differences in seedling stem
diameter, diameter increment, height, or leader
length between the treatment and the control
(p>.) (Table ). Prior to treatment, the - to -
year-old spruce seedlings averaged . cm tall and

     

RESULTS






  Characteristics and history of the three replicate study sites where the ESSF Wet Alder Complex was manually cut in Engelmann spruce plantations

Characteristics of Conifer stocking
Site characteristics and history target conifers at PROBE initiation (stems/ha)

Logging Years Abundance of major
Soil and site Years since Est. vegetation species:

Site BEC Elev. Aspect/ class/ prep. since site delaya Agec Heightd cover (%) Well
location unit (m) slope texture history harvest prep. (yr) Originb Stock (yr) (cm) and heightd (cm) Total spaced

Miner Creek ESSFmw 01 1350 NE Brunisol/ Clearcut 1978 14 13 5 N n/a 5 75 Alder cover: 42 (23)  5814 1200

PROBE 24 (mesic) 35% sandy loam Grass seeded (21) Alder height: 316 (46)

Merritt District 1979 Fireweed cover: 18 (14)

Fireweed height: 145 (32)

Palmer Creek ESSFdc2 07 1475 SE Luvisol/ Clearcut 1952-62 33 22 4 P 1974/75 PSB 313A 4 39 Alder cover: 28 (26) 1848 1081

PROBE 57 (subhygric) 35% silty clay Burned 1973 P 1991 (10) Alder height: 214 (10)

Salmon Arm loam Fireweed cover: 26 (12)

District Fireweed height: 94 (21) 

Beaverfoot River ICHmk1 06 1500 E Brunisol/ Clearcut 1964 28 22 16 P 1974 BR 6 111 Alder cover: 27 (17) 1889 294

PROBE 104 (subhygric) 45% silt Burned 1970 P 1986 (57) Alder height: 243 (87) 

Golden District Willow cover: 9 (10)

Willow height: 248 (146)

Fireweed cover: 14 (11)

Fireweed height: 116 (23)

a Establishment delay refers to the number of years between the last disturbance (e.g., harvest or site preparation) and planting
b Origin: P = planted; N = natural regeneration
c Age refers to the number of years since planting
d Values are means and one standard deviation (in parentheses)



     

  A description of manual cutting treatments applied to the three replicate study sites to release Engelmann
spruce seedlings growing in the ESSF Wet Alder Complex

Initial Treatment Treatment Repeat
Site treatment date radius tool treatment

Miner Creek August 1992 Variable to enable Power saw None

free-growing

Palmer Creek August 1996 1.0 m Motorized brush saw None

Beaverfoot River June 24, 1993 Wildlife species Motorized brush saw June 28, 1994

were retained and

other veg. >50 cm

was cut

  Survival and growth responses of Engelmann
spruce seedlings to manual cutting in the ESSF
Wet Alder Complex

Means

Response Manual Standard
variable cutting Control error p-value

Survival (%)

Pre-treatment 100 100 0.000 1.00

1 yr post-treatment 90 100 5.237 0.30

3 yr post-treatment 87 99 6.548 0.32

Stem diameter (cm)

Pre-treatment 1.67 1.29 0.344 0.52

1 yr post-treatment 1.89 1.61 0.310 0.59

3 yr post-treatment 2.56 1.88 0.407 0.36

Diameter increment (cm)

1 yr post-treatment 0.35 0.31 0.037 0.56

3 yr post-treatment 0.34 0.15 0.073 0.22

Height (cm)

Pre-treatment 83.4 66.5 10.423 0.37

1 yr post-treatment 87.6 81.0 9.757 0.68

3 yr post-treatment 114.1 103.6 15.252 0.67

Leader length (cm)

Pre-treatment 10.5 8.2 0.921 0.22

1 yr post-treatment 9.5 10.2 1.749 0.78

3 yr post-treatment 11.4 10.1 1.391 0.57

Height:diameter ratio

Pre-treatment 53.9 52.9 3.495 0.86

1 yr post-treatment 49.2 51.1 1.722 0.52

3 yr post-treatment 46.4 55.5 1.518 0.05*

p-value denoted with “*” is significant at p ≤ . according to
analysis of variance; n = . The standard error of the overall mean
(y-) was calculated as Sy- = √MSE/n, where  = Mean Square
Error and n = number of replicates.
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  Comparison of Engelmann spruce vigour
between the manual cutting treatment and
control before, and 1 and 3 years after,
treatment of the ESSF Wet Alder Complex.
Good-vigour seedlings had vigorous shoot
growth, large leaf area, long and deep
green needles, and thick caliper. Poor-
vigour seedlings had little or etiolated shoot
growth, few and/or short needles, and small
caliper. Moderate-vigour seedlings were
intermediate between the good and poor
classifications.



were growing at . cm/yr. Three years later, when
seedlings were – years old, they averaged .
cm tall and were growing at . cm/yr. Average
stem diameter was . cm prior to treatment, and
it was . cm  years later. Although differences in
height and stem diameter were not significant by
year , the height:diameter ratio was significantly
lower in the treatment than in the control (.
versus ., p = .), suggesting that seedlings were
becoming sturdier as a result of manual cutting.

Standardized diameter distributions for spruce
show that there was more variability above than
below the mean prior to treatment (Figure ). In
other words, a few trees had considerably larger
than average diameters, and many trees had slightly
smaller than average diameters. The diameter dis-
tributions became more normal between the pre-
treatment and third-year assessments, but remained
similar in the treatment and the control. This
agrees with  results that manual cutting of
the Wet Alder Complex did not improve spruce
diameter growth. The standardized height distribu-
tions indicate that there were more trees in the -

class in the control than in the treatment prior to
treatment, but this trend became slightly less pro-
nounced following treatment (Figure ). This
suggests that the status of treated trees was not
improved relative to those in the control, and is
consistent with  results.

Competitive status Manual cutting of the Wet
Alder Complex resulted in an immediate reduction
in the degree of overtopping experienced by spruce
seedlings, and the effect persisted through year 
(Figure ). Prior to treatment, only % of seedlings
were free of surrounding vegetation. One and  years
after cutting, % of treated seedlings were free of
vegetation compared to % of control seedlings.
The proportion of overtopped seedlings in the treat-
ment was % prior to treatment, decreasing to %
after  year, and then increasing to % by year .
In comparison, % of control seedlings were over-
topped prior to treatment, and the proportion
decreased to % in year  and % in year .

Plant community response
Abundance Manual cutting caused a large reduc-
tion in the abundance of alder, which, prior to treat-
ment, had a mean height of . cm and a mean
cover of .% (Table , Figures  and ). One
year after cutting, alder in manually cut plots was
only . cm tall, with .% cover. This represented

a % reduction from control alder height (p = .)
and a % reduction from control alder cover (p =
.). After  years, manually cut alder had recov-
ered to .% cover (p = .) and . cm height
(p = .). Alder in the control gradually increased
in abundance to .% cover and a height of .
cm during the -year monitoring period (Figure ).

Manual cutting also had a significant effect on
overall shrub height and cover in the Wet Alder
Complex, and although it was less dramatic than
the effect on alder alone, it also persisted through
year . Mean shrub cover was approximately .%
prior to treatment, and the shrub layer had a mean
height of . cm. Three years after cutting, shrub
cover was .% in the cutting treatment, com-
pared to .% in the control (p = .). In the
same assessment, mean height of the shrub layer
was . cm in the cutting treatment, compared to
. cm in the control (p = .). The effects of
cutting on overall vegetation height mirrored those
on alder and persisted through year , but the
effects on overall cover were of a smaller magni-
tude and were significant for  year only.

Fireweed was also a target species, with mean
pre-treatment cover and height of .% and .
cm, respectively. Neither cover nor height of fire-
weed was affected by manual cutting of the Wet
Alder Complex (p>.). The herb layer was also
unaffected by treatment (p>.).

Sprouting Although % of alder stumps
sprouted in the first year after cutting, they aver-
aged only four sprouts per stump and their growth
was not vigorous. Average sprout length  year
after cutting was  cm (Table ). By year , the
proportion of stumps with sprouts had dropped to
%, but there continued to be an average of four
sprouts per stump. Sprouts grew an average of 

cm/yr between the first- and third-year assess-
ments, and were  cm tall by year .

Richness and diversity of individual species and
structural vegetation groups Within  year of
applying manual cutting to the Wet Alder Complex,
there was a significant difference in species richness
but not species diversity; however, the difference
disappeared by year  (Table ). Prior to cutting,
there were  species in the control and  species
in the treatment, but the difference was not sta-
tistically significant (p>.). One year later, even
though the means had changed very little (

species in the control versus  species in the treat-
ment), the difference was significant (p = .).
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  Frequency of control and treated trees in standardized diameter classes (µ = 0; s.d. = 1; n = 3 for the control
and treatment combined) for Engelmann spruce in the ESSF Wet Alder Complex before and after manual
cutting. Graphs are for: (a) pre-treatment; (b) 1 year post-treatment; (c) 3 years post-treatment.
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  Frequency of control and treated trees in standardized height classes (µ = 0; s.d. = 1; n = 3 for the control
and treatment combined) for Engelmann spruce in the ESSF Wet Alder Complex before and after manual
cutting. Graphs are for: (a) pre-treatment; (b) 1 year post-treatment; (c) 3 years post-treatment.



Means became significantly different as a result of
a decrease in the variability among sites, possibly
because of differences in the dates of pre-treatment
and post-treatment assessments. In year , the same
number of species () were recorded in the treat-
ment and control. Species diversity was similar
between the treatment and control in all assess-
ments (p>.). Richness and diversity of structural
vegetation groups were unaffected by manual cut-
ting of the Wet Alder Complex (Table ).

Except for the expected decrease in Sitka alder in
treated plots, the abundance of other shrub species
did not change on most sites (Table ). Black
huckleberry (Vaccinium membranaceum) was the
most prominent wildlife food species on these sites,
and its presence was unaffected by the cutting
treatment. Among herbs, Sitka valerian (Valeriana
sitchensis) decreased in cover in the treatment rela-
tive to the control on two of three sites, contrary
to the expectation that individuals of that species
would increase in size and vigour following canopy
removal (Haeussler et al. ). White hawkweed
(Hieracium albiflorum) also tended to decrease in
abundance following manual cutting. Bunchberry

(Cornus canadensis) was the only herb to increase
in abundance following manual cutting of the
Wet Alder Complex; it increased in cover in the
treated plots of all three sites, and has also been
observed to increase in abundance near stand edges
(P. Burton, pers. comm., ). A number of other
species of small stature increased in cover in the
treated plots on single sites, perhaps partly because
of increased light availability and partly because of
increased visibility following manual cutting.

Competition Thresholds 

Competition thresholds for Engelmann spruce stem
diameter were estimated (a) from Sitka alder cover
and (b) the competition index,  = (Sitka alder
cover * Sitka alder modal height)/Engelmann
spruce height. The cover and  thresholds for
spruce diameter growth averaged  and %,
respectively, and varied widely among the three
sites (Table ). The thresholds were not sharp at
any of the sites, but above them there was a consis-
tent decline in spruce diameter (e.g., Figure ).
On average, –% of the trees were growing in
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  Comparison of Engelmann spruce compe-
titive status between the manual cutting
treatment and control before, and 1 and 3
years after, treatment of the ESSF Wet Alder
Complex. Seedlings were classified as free
of vegetation when the leader was well
above surrounding vegetation, and classified
as overtopped when the leader was over-
topped. Threatened seedlings had leaders
at approximately the same height as sur-
rounding vegetation.
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  Comparison of mean alder cover between
the manual cutting treatment and control
before, and 1 and 3 years after, treatment
of the ESSF Wet Alder Complex. Error bars
represent one standard error of the mean
(y-) which was calculated as Sy- = √MSE/n
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neighbourhoods above the thresholds, and would
benefit from further selective brushing. Most
(–%) trees above the thresholds were control
trees, whereas most (%) below the threshold
were treated trees. Most (–%) treated trees fell
below the thresholds, indicating that brushing in
this complex reduced alder cover and supposedly
improved the trees’ competitive environment. How-
ever, both the means (p>.) (Table ) and the
distributions of spruce diameters across alder
neighbourhoods (e.g., Figure ) were similar
between the brushing treatment and control, indi-
cating that spruce diameter had not responded to
alder reductions. In addition, only % of treated
spruce trees growing in alder neighbourhoods
below the thresholds achieved ≥% of the maxi-
mum diameter measured on the sites.

Linear regressions of spruce diameter versus
Sitka alder cover were not significant for any of the
three  sites (p>.) (Table ). This is
because of the wide variability in spruce diameter
across the broad range in localized alder covers. In
contrast, linear regressions between spruce diame-
ter and  were significant on all three sites
(p<.), but adjusted r2 values were low (.–
.%) (Table ). Fitting a negative exponential
function to the diameter- relationship margin-
ally improved the adjusted r2 value, from . to
.. The negative slopes indicate that Sitka alder
had a competitive effect on spruce, but the non-
significant cover regressions and low r2 values for
the  regressions suggest that alder competition
was of secondary importance to spruce diameter
growth on these sites.



Means

Response Manual Standard
variable cutting Control error p-value

Alder

Cover (%)

Pre-treatment 30.2 34.4 4.558 0.58

1 yr post-treatment 7.3 29.0 3.296 0.04*

3 yr post-treatment 17.4 45.1 6.189 0.05*

Height (cm)

Pre-treatment 262.5 252.9 7.823 0.47

1 yr post-treatment 81.3 245.5 38.501 0.09*

3 yr post-treatment 146.3 266.5 17.063 0.01*

Fireweed

Cover (%)

Pre-treatment 21.3 17.7 2.271 0.38

1 yr post-treatment 14.6 11.6 3.152 0.58

3 yr post-treatment 20.2 12.7 3.628 0.20

Height (cm)

Pre-treatment 118.9 117.3 6.933 0.88

1 yr post-treatment 85.7 90.6 1.651 0.17

3 yr post-treatment 99.9 91.7 4.886 0.53

All vegetation

Cover (%)

Pre-treatment 89.1 84.1 4.044 0.47

1 yr post-treatment 72.3 77.6 0.233 0.00*

3 yr post-treatment 78.5 80.4 4.067 0.89

Means

Response Manual Standard
variable cutting Control error p-value

All vegetation (continued)

Height (cm)

Pre-treatment 188.1 214.6 17.776 0.40

1 yr post-treatment 83.6 222.6 17.624 0.03*

3 yr post-treatment 134.4 244.7 16.475 0.01*

Shrubs

Cover (%)

Pre-treatment 55.7 53.4 5.393 0.80

1 yr post-treatment 40.2 57.8 2.45 0.04*

3 yr post-treatment 45.6 62.3 4.524 0.07*

Height (cm)

Pre-treatment 238.9 228.8 16.161 0.70

1 yr post-treatment 101.0 237.5 29.270 0.08*

3 yr post-treatment 134.3 252.2 20.816 0.02*

Herbs

Cover (%)

Pre-treatment 44.7 43.1 1.597 0.54

1 yr post-treatment 40.3 32.2 5.675 0.42

3 yr post-treatment 42.7 36.9 4.961 0.23

Height (cm)

Pre-treatment 92.8 82.0 9.083 0.49

1 yr post-treatment 65.0 72.3 2.989 0.22

3 yr post-treatment 80.6 65.4 7.039 0.31

  Cover and height of vegetation in the ESSF Wet Alder Complex before and after manual cutting in Engelmann
spruce plantations

p-values denoted with “*” were significant at p ≤ . according to analysis of variance; n = . The standard error of the overall mean
(y-) was calculated as Sy- = √MSE/n, where  = Mean Square Error and n = number of replicates.
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  Sprouting characteristics of Sitka alder in the
ESSF Wet Alder Complex following manual
cutting

Response variable Mean

Proportion of stumps with sprouts (%)

1 yr post-treatment 72

3 yr post-treatment 58

Number of sprouts per stump

1 yr post-treatment 4

3 yr post-treatment 4

Sprout length (cm)

1 yr post-treatment 7

3 yr post-treatment 73

  Richness and diversity of vascular plant species
in the ESSF Wet Alder Complex before and
after manual cutting in Engelmann spruce
plantations

Means

Response Manual Standard
variable cutting Control error p-value

Richness

Pre-treatment 40.00 44.33 2.014 0.27

1 yr post-treatment 39.33 44.33 1.080 0.08*

3 yr post-treatment 41.33 41.33 2.858 1.00

Shannon-Weaver Diversity Index

Pre-treatment 2.35 2.30 0.077 0.71

1 yr post-treatment 2.58 2.42 0.042 0.11

3 yr post-treatment 2.39 2.28 0.167 0.69

Simpson’s Diversity Index

Pre-treatment 0.84 0.83 0.013 0.53

1 yr post-treatment 0.89 0.84 0.014 0.15

3 yr post-treatment 0.86 0.83 0.032 0.57

p-value denoted with “*” is significant at p ≤ . according to
analysis of variance; n = . The standard error of the overall mean
(y-) was calculated as Sy- = √MSE/n, where  = Mean Square
Error and n = number of replicates.

  Richness and diversity of structural vegetation
groups in the ESSF Wet Alder Complex before
and after manual cutting in Engelmann spruce
plantations

Means

Response Manual Standard
variable cutting Control error p-value

Richness

Pre-treatment 6.33 6.67 0.236 0.42

1 yr post-treatment 6.67 6.67 0.408 1.00

3 yr post-treatment 7.00 6.67 0.236 0.42

Shannon-Weaver Diversity Index

Pre-treatment 1.31 1.33 0.042 0.79

1 yr post-treatment 1.43 1.40 0.100 0.88

3 yr post-treatment 1.40 1.34 0.036 0.38

Simpson’s Diversity Index

Pre-treatment 0.67 0.68 0.015 0.61

1 yr post-treatment 0.71 0.71 0.038 0.99

3 yr post-treatment 1.40 1.34 0.015 0.85

The standard error of the overall mean (y-) was calculated as
Sy- = √MSE/n, where  = Mean Square Error and n = number
of replicates.





  Effects of manual cutting on the ESSF Wet Alder Complex and Engelmann spruce (a) 1 year, (b) 3 years, and
(c) 5 years following treatment. The control (d) is shown 5 years post-treatment for comparison. Alder
recovered slowly following cutting. Note: Although the photo shows fifth-year responses, we report statis-
tical results for only 3 years because not all replicate sites had been measured for 5 years. Photo credit:
JMJ Holdings Inc.
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  Vascular plant species that exhibited trends of increasing cover, decreasing cover, or no change in cover
following manual cutting of the ESSF Wet Alder Complex in Engelmann spruce plantations. Species included
in the list exhibited a common trend in the treated plots of at least two study sites, based on a subjective
evaluation (see Methods, Section 3).

Increasing cover Decreasing cover No change in cover

Tall shrubs Alnus viridis

Low shrubs Lonicera involucrata

Lonicera utahensis

Menziesia ferruginea

Rhododendron albiflorum

Ribes lacustre

Rubus idaeus

Spiraea betulifolia

Vaccinium membranaceum

Herbs Cornus canadensis Hieracium albiflorum Actaea rubra

Valeriana sitchensis Arnica latifolia

Carex spp.

Clintonia uniflora

Epilobium angustifolium

Grass spp.

Smilacina racemosa

Smilacina stellata

Streptopus amplexifolius

Taraxacum officinale

Thalictrum occidentalis






  Competition thresholds, regression equation parameter estimates, p-values, and adjusted r2 values for predicting Engelmann spruce stem diameter from
the competition indices, alder cover and CRH, in the Wet Alder Complex in the ICH/ESSF zones

Linear Adjusted r2 p-value Adjusted
regression for linear for linear Linear Adjusted r2 p-value Non-linear r2 for
equation regression regression regression for linear for linear regression non-linear

# of trees predicting predicting predicting equation regression regression equation regression
in the Conifer Cover diameter diameter diameter predicting predicting predicting predicting predicting

regression age threshold from from from CRH diameter diameter diameter diameter diameter
Site (n) (years) (%) alder covera alder covera alder cover a threshold from CRHb from CRHb from CRHb from CRHc from CRHc

24 71 10 56 y = 3.239 - 0.002 x 0.00 0.70 108 y = 3.728 - 0.007 x 0.17 0.00
57 71 5 40 y = 0.915 - 0.002 x 0.00 0.35 200 y = 0.971 - 0.001 x 0.12 0.00 y = 0.983 e (-0.001 *x) 0.14

104 60 8 15 y = 4.387 - 0.022 x 0.01 0.20 13 y = 4.852 - 0.027 x 0.21 0.00
mean
(s.e.) 37 (12) 107 (54)

a General form of linear equation is: y = a + b x, where y is spruce stem diameter, x is alder cover, a is the intercept, and b is the slope.
b General form of linear equation is: y = a + b x, where y is spruce stem diameter, x is , a is the intercept, and b is the slope.  = (alder cover * alder modal height)/spruce total

height.
c General form of non-linear equation is y = a e (b x), where y is spruce stem diameter, x is , a is the intercept, and b is the shape parameter.
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  Relationship between stem diameter of Engelmann spruce growing amongst the ESSF Wet Alder Complex
and (a) alder cover or (b) CRH, where CRH = (alder cover * alder modal height)/spruce height. Data points
include both treatment and control subplots for PROBE site 24 (n = 71). Maximum response threshold is the
point below which conifer diameter is independent of decreasing neighbourhood abundance, and above
which conifer performance declines sharply in response to increasing neighbourhood abundance (after
Wagner et al. 1989). Conifer diameter tended to be greater at intermediate than low cover and CRH values,
possibly because of facilitation by the plant community. However, the boundary was drawn straight across to
the y-axis to help identify the maximum response threshold.



The Wet Alder Complex commonly occurs in dense
thickets on rich, wet sites, and can affect conifer
seedlings by intercepting light, reducing soil tem-
peratures, and causing physical damage through
snow- and vegetation-press. Manual and chemical
brushing are often applied to increase survival and
to ensure that free-growing standards are met.
Here we discuss third-year responses of Engelmann
spruce seedlings and the Wet Alder Complex in the
southern interior ESSF zone to manual cutting
applied in early to late summer.

Conifer Response

In spite of significant reductions in the abundance
of a well-developed Wet Alder Complex, manual
cutting did not significantly affect survival of
Engelmann spruce seedlings in either the first or
third years after manual cutting. However, spruce
were – years old when brushing took place, and
the variable stocking levels at that time suggest that
there had already been considerable mortality on at
least one site. We speculate that manual cutting
could have improved survival if it had been applied
when seedlings were younger. As of year , mortal-
ity was % higher in the treatment than in the
control, but the difference was not significant
because of high variability between sites. Most
treatment mortality occurred on one site as a
result of damage during cutting. Hart and Comeau
() comment on the danger of seedling damage
during manual cutting, particularly where vegeta-
tion cover is heavy.

Manual cutting did not improve any measure of
spruce growth in the first year after manual cutting,
and treatment damage slightly reduced seedling
vigour. In year , height:diameter ratio was . in
the treatment versus . in the control (still well
below stressful levels), suggesting that seedlings
were becoming sturdier as a result of manual cut-
ting, but there were no differences in stem diame-
ter or height. Other studies have shown that
seedlings commonly take longer than a single sea-
son to respond to treatment (e.g., Simard and
Heineman c; Simard, Heineman, and Youwe
; Whitehead and Harper ), and our seed-
lings may have been particularly slow to respond
because they were – years old at the time of

brushing, and likely experiencing considerable
physiological stress. In another study, -year-old
spruce seedlings on a high-elevation southern inte-
rior site were completely unable to respond to
removal of an alder canopy (Stathers et al. ).
According to Wagner et al. (), the critical
period for reducing vegetation competition around
black spruce seedlings was – years after planting.
Delaying brushing for more than – years resulted
in vegetation control having to be maintained for
nearly twice as long as where treatments were
applied promptly. In our study, an alternative
explanation for the lack of seedling response is that
a factor other than vegetation competition (e.g.,
short growing season, heavy snowpack, cold and
wet soils) was limiting growth.

Plant Community Response

Manual cutting had a severe impact on the Wet
Alder Complex that persisted for at least  years. In
the first year after treatment, mean alder height
was reduced from approximately  to  cm and
cover from approximately  to %. In the follow-
ing  years, alder cover increased to % in the
control but only % in the treatment. Cut alder
was gradually recovering in height, and  years
after cutting, it was slightly more than half as tall
as control alder. Abundance of the shrub layer and
all vegetation was also significantly reduced by
treatment for at least  years. Our study sites were
treated on dates in June through August; however,
cutting date is apparently of little consequence to
treatment efficacy for Sitka alder (Hart and
Comeau ; Lloyd and Heineman b).

Alder in our study did not sprout vigorously and
is not recovering rapidly following manual cutting,
but the reasons for this are unclear. Sprouts aver-
aged only  cm tall in the first-year assessment, and,
although this can be partly attributed to a delay in
brushing at one site (brushing took place at the
beginning of the year one growing season rather
than in the pre-treatment year), sprout growth was
meagre on the other two sites as well. Between the
first- and third-year assessments, sprout growth
averaged  cm/yr, which is below anticipated rates;
however, this is partly due to a second cutting at
one site. Hart and Comeau () suggest that a



DISCUSSION



single manual cutting will not control the Wet
Alder Complex because of the tendency for alder to
sprout profusely and grow rapidly (up to  m/yr)
under moist, high-nutrient site conditions.
Although alder is recovering relatively slowly in our
study, sprouts are increasing in height three times
faster than slow-growing conifer seedlings and
another cutting treatment may be necessary.

One and  years after the Wet Alder Complex
was manually cut, there were no changes in
abundance of the herb layer or fireweed. This is
important because one of the risks associated with
brushing this community lies in increasing the
abundance of the herb and mixed-shrub layer
growing under the alder canopy. Once the herb-
shrub community is well developed, it may be
harder to rehabilitate than the alder community.
Stathers et al. () found that glyphosate applied
to the Wet Alder Complex reduced herb height in
the first year, but herb cover increased relative to
the control in the  subsequent years.

Three years after the Wet Alder Complex was
manually cut, there were no differences in richness
or diversity of either individual species or struc-
tural vegetation groups. A few herbs of low stature
increased slightly in abundance following cutting.
The species varied from site to site, however, except
for bunchberry, which increased in cover across all
three study sites.

Wildlife habitat values were moderately affected
by manual cutting of the Wet Alder Complex.
Cover for large and small wildlife species was
reduced, and, on one site at least, this may have
been beneficial to conifer seedlings because it
reduced cover for rodents. Willow was common on
another site, and although winter browse was likely
reduced, sprouting increased summer browse for
ungulates. At least one of the sites was in a cattle-
grazing area, and slash from brushing appeared to
reduce cattle traffic. Manual cutting of the Wet
Alder Complex, which specifically targeted tall
shrubs, had no effect on the abundance of low,
berry-producing shrubs such as black huckleberry.

Effects of the Community on Resource Availability

The potential for seedlings to respond to brushing
depends on whether limitations to growth are
relieved. The limited response in our study may
reflect ineffective release of resources following
manual cutting or a delayed response to increased

resource availability, or it may indicate that brush-
ing did not address the primary cause of poor
seedling performance.

The Wet Alder Complex often develops on sites
where cold, wet, fine-textured soils hinder conifer
seedling root development (Thorpe ). Balisky
and Burton () found vegetation cover to be a
strong predictor of soil temperature, which suggests
that brushing may have a slightly positive effect on
soil thermal regime; however, brushing does not
address the problem of excess soil moisture. Our
southern interior sites (one mesic and two sub-
hygric) ranged in elevation from – m, and
were subject to many of the same limiting factors
associated with sites in northern British Columbia
(e.g., short growing season, heavy snowpack, and
cold, wet soils). Numerous studies have docu-
mented the negative effects of low soil temperature
and/or excess soil moisture on conifer seedling per-
formance (e.g., Dobbs and McMinn ; Coutts
; Lopushinsky and Kaufmann ; Goldstein et
al. ; Grossnickle ). Brand and Janas ()
also demonstrated that the ability of white spruce
to respond to brushing was dependent on soil tem-
perature; if soil remained cold following treatment,
there was little net benefit to seedlings. These
authors suggested that brushing under such condi-
tions could even worsen seedling condition by
increasing transpiration demands in the absence of
adequate root development. On our sites, reduc-
tions in alder cover were unlikely to improve cold,
wet soil conditions.

Temporary reductions in alder abundance (i.e.,
following manual cutting) have little effect on
nitrogen availability, nitrogen capital, or long-term
site productivity (Simard b; Sachs and Comeau
), whereas complete, sustained removal appears
to have a negative effect. Simard (unpublished
data) found that complete removal of alder for
 years reduced nitrogen availability, and Brockley
(pers. comm., ) measured less growth among
pine growing in plots where alder was completely
eliminated than where % cover was retained.
Since alder re-sprouted in our study, it is unlikely
that manual cutting decreased nitrogen fixation
and availability.

Competition Thresholds

The competition thresholds for stem diameter of -

to -year-old spruce averaged % for Sitka alder

     



cover and  for . Above the thresholds, inter-
specific competition appeared to be the most
important factor limiting tree growth, setting the
upper limit for spruce stem diameter. A small
proportion (–%) of trees were growing in
environments above the threshold, suggesting that
competition was not constraining most trees in the
population. Most of the trees above the threshold
were control trees growing inside dense alder
clumps. Below the thresholds, stem diameter was
highly variable among both treated and control
spruce trees: both minimum and maximum stem
diameters occurred between  and % cover, and
 and  . Maximum stem diameters below
the threshold may represent the growth potential
of the site at low levels of competition, and the
group of trees performing below the maximum
may be constrained more by genetics, environment,
and other factors, than by competition. It is impor-
tant to note that many spruce were performing
poorly even at low competition.

Lowering alder cover below the thresholds theo-
retically reduced the competitive constraint and
provided the opportunity for greater spruce growth.
Manual cutting was successful at reducing the abun-
dance of alder below the thresholds for more than
% of treated trees. However, the diameter distri-
bution of treated spruce trees did not differ from
that of control trees, nor was mean diameter
affected by treatment as determined by ,
indicating that brushing was ineffective at improv-
ing short-term growing conditions for target spruce.
Only % of spruce that were brushed down to
competition levels below the thresholds achieved at
least % of the maximum growth potential mea-
sured on the sites. The lack of growth response may
be related to trees being too suppressed to respond
to treatment, the response being delayed, or factors
other than interspecific competition limiting growth
(e.g., initial seedling size, genetic variation, local-
ized pockets of waterlogged and/or cold soil during
critical root-growth periods, seedling vigour at the
time of planting). These results illustrate the need
to experimentally test hypothetical competition
thresholds based on individual tree measurements.

The thresholds identified at the three replicate
sites were characterized by consistent declines in
spruce diameter, but were diffuse in nature. Other
studies have similarly illustrated that thresholds for
growth are fairly arbitrary points on continuous-
response functions (Wagner et al. ). This

phenomenon is a reflection of the genetic variabil-
ity among trees, the heterogenous conditions in
which they grow, and the variation in ability to
respond to changing conditions. There was also
considerable variability in thresholds among sites,
particularly for . This may be associated with
variability in time since disturbance (– years),
and relative time of planting (spruce age range was
narrow: – years). Although cover and height of
alder did not vary widely among the sites, root
systems may have developed more extensively with
time since disturbance, resulting in more intense
competitive interactions with newly planted
seedlings on older sites. Notably,  and cover
thresholds decreased with time since disturbance,
indicating that lower levels (cover and height) of
alder negatively affected spruce growth more on
older than on younger sites.

The % alder cover threshold for - to -year-
old spruce on our mesic wet alder sites was higher
than that estimated by Simard (b) for - to
-year-old lodgepole pine on mesic dry alder sites.
Simard (b) tentatively identified competition
thresholds of –% alder cover for lodgepole
pine diameter, and this was supported with subse-
quent experimental studies by Simard and Heine-
man (c) and Simard, Heineman, and Youwe
(). There are two possible explanations for this
difference. First, Engelmann spruce is more shade
tolerant than lodgepole pine, and may therefore be
more “competition tolerant,” maintaining growth
potential at higher levels of alder. Second, the Wet
Alder Complex occurs on rich, wet sites, whereas
the Dry Alder Complex develops on sites that are
more nutrient-poor and that experience summer
droughts. Conifers may tolerate higher alder abun-
dance on wet alder than on dry alder sites because
soils are wetter and richer, and therefore competi-
tion for soil resources is less intense. Our results,
as well as those of Simard and others, indicate that
competition thresholds are not highly portable
across sites, among different target tree species,
or during the course of stand development.

Effectiveness of Treatment at Meeting
Management Objectives

Brushing treatments are applied to the Wet Alder
Complex to improve conifer seedling survival and
growth, and also to help meet the free-growing
standards set out by the Forest Practices Code





(B.C. Ministry of Forests a) and Free Growing
Guidelines (B.C. Ministry of Forests ). On our
study sites, the Code specifies target stocking of
 (minimum ) well-spaced conifer stems/ha,
and that, within – years of plantation establish-
ment (– years in the ICH zone) and at least 
years after brushing, spruce must be . m tall (.
m in the ICH zone) and % as tall as neighbour-
ing vegetation. Our third-year results show no
significant improvements in survival or growth
rates following manual cutting of the Wet Alder
Complex, but the average height of seedlings in
both the treatment and control was above the min-
imum height requirement. However, alder in the
cutting treatment is again (on average) taller than
seedlings, and another brushing treatment is
expected to be required for seedlings to meet the
conifer:vegetation height ratio requirement (B.C.
Ministry of Forests ) (Figure ). Recent
studies involving the Dry Alder and Willow com-
plexes showed that brushing intervention was not
required for lodgepole pine and Engelmann spruce
seedlings to outgrow vegetation by age  to 

(Simard and Heineman b, c; Simard,
Heineman, and Youwe ). However, height of
those shrub canopies was consistently less than
 m, whereas it can be more than  m in the Wet
Alder Complex, and lodgepole pine height growth
exceeded that of our spruce.

It can be difficult to establish seedlings on sites
occupied by the Wet Alder Complex. Thorpe ()
suggests that, considering the riparian values often
associated with these sites, performance expecta-
tions for this complex should be re-examined.
Brushing treatments are costly, particularly if they
are repeated and have a low likelihood of success
because they do not address major site limitations.
The best way to control a well-established Wet Alder
Complex may be the application of site preparation
treatments that damage or destroy alder root sys-
tems (Boateng and Comeau c), but subsequent
brushing treatments will probably also be neces-
sary. As backlog  declines in the southern inte-
rior, however, there should be less need to treat the
fully developed Wet Alder Complex.
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  Comparison of average Engelmann spruce and alder height profiles in (a) the brushing treatment and
(b) the control in the years following manual cutting in the ESSF Wet Alder Complex. Values for year 2 were
interpolated from actual data. Spruce are not predicted to outgrow alder within the free-growing assessment
window.



Manual cutting of the Wet Alder Complex did not
improve Engelmann spruce survival or growth in the
first year after treatment. By year , height:diameter
ratio was lower in the treatment than in the con-
trol, but even in the control, it was not high
enough to suggest seedling stress. Manual cutting
significantly reduced the abundance of alder, and
its recovery rate was relatively slow. Still,  years
after cutting, alder was growing faster than spruce
seedlings, and the proportion of overtopped trees
was increasing. Another treatment will likely be
necessary to meet the conifer:vegetation height
ratio requirement for free-growing (B.C. Ministry
of Forests ). Three years after manual cutting
of alder, the herb layer had not increased signifi-

cantly in abundance.

Reducing alder abundance below the competition
threshold of % cover did not affect the mean or
distribution of spruce stem diameters, suggesting
that it was too early to expect a response, that
spruce above the threshold were too suppressed to
respond to release, that factors other than competi-
tion were more limiting to spruce growth, or that
our measures of competition were too crude to
adequately reflect the competitive environment.

It is possible that treatments in our study were
applied too late (seedlings were – years old) to
affect survival. There had been considerable mor-
tality prior to brushing on at least one of the sites.
Wet alder sites are difficult to treat, and site factors
other than competing vegetation may be limiting
seedling performance.



CONCLUSIONS



. Our study suggests that manual brushing of the
Wet Alder Complex on subhygric and mesic sites
in the ESSF and ICH zones is unlikely to
improve survival or growth of Engelmann spruce
seedlings that are – years old at the time of
treatment. Seedlings may respond if they are
brushed at a younger age, but further research is
required on this topic.

. Seedlings on one site sustained considerable
damage during manual cutting, which reduced
overall survival and vigour in comparison with
the control. Manual cutting should be done with
particular care on sites where seedlings are small,
alder is dense, and there is a well-developed herb
layer that reduces seedling visibility.

. Manual cutting reduced height and cover of
alder, shrubs, and overall vegetation. Alder
stumps did not sprout vigorously and the com-
munity is not recovering quickly. This contra-
dicts other studies where alder in this complex
sprouted vigorously following cutting, however,
and further study is needed to identify factors
that affect rates of sprouting and sprout growth.

. Other studies suggest that the Wet Alder Com-
plex is best managed with prompt mechanical
site preparation and planting following harvest.
Backlog  is declining in the southern interior,
so there is less occasion to prescribe brushing
treatments for the fully developed community.

. We estimate that competition thresholds for
spruce diameter growth are % alder cover and
 .

. There is no evidence that plant diversity in the
Wet Alder Complex was negatively affected by
manual cutting. In fact, diversity increased in the
treatment relative to the control because alder
dominance was reduced. The availability of
wildlife food is unlikely to be reduced by manual
cutting of the Wet Alder Complex, since black
huckleberry, the only species of known impor-
tance, was unaffected by treatment.
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