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We currently have fifth-year results regarding the
effects of manual brushing treatments on ≤-year-
old Engelmann spruce seedlings and the Ericaceous
Shrub Complex in the ESSF zone. The Subalpine
Herb Complex is also discussed in this report
because it is closely linked to the shrub commu-
nity, but at present, we have insufficient replication
of sites to carry out full analysis. Manual cutting
had a relatively minor and short-lived effect on the
Ericaceous Shrub Complex, but it was sufficient to
improve survival of Engelmann spruce seedlings,
and marginally improve growth. Height and cover
of the shrub layer and overall vegetation were
significantly reduced by  cm and %, respec-
tively, for only  year. Herb abundance did not
increase following removal of shrubs. Five years
after brushing, % of treated seedlings survived
compared to % of control seedlings (p = .).
Seedlings in the manual cutting treatment had
significantly larger stem diameters than control

seedlings in year , but not in year . Treated seed-
lings had longer leaders and lower height:diameter
ratios than control seedlings in year .

For the Ericaceous Shrub Complex, competition
thresholds for Engelmann spruce stem diameter
averaged % shrub cover and  , and manual
brushing was moderately successful at reducing
vegetation to below these values. For the Subalpine
Herb Complex, no threshold was evident using
herb cover as the competition index, but a 
threshold of  was identified.

Manual cutting of the Ericaceous Shrub Complex
increased species diversity (Shannon-Weaver Diver-
sity Index) in comparison with the control, but had
no effect on species richness. The cutting treatment
is predicted to facilitate the achievement of free-
growing status by helping to meet requirements for
stocking, minimum height, and conifer:vegetation
height ratio (B.C. Ministry of Forests ).

        

 

Ericaceous Shrub
and Subalpine Herb
Complexes

ABSTRACT



Description of the Ericaceous Shrub and
Subalpine Herb Complexes

The Ericaceous Shrub and Subalpine Herb com-
plexes are recognized as two separate communities
that compete with conifers on high-elevation sites
in southern interior British Columbia (Kimmins
and Comeau ). However, there is considerable
overlap in species between these two complexes.
Factors such as harvesting methods, silvicultural
treatments, and site characteristics play roles in
determining whether a shrub- or herb-dominated
community develops.

The Ericaceous Shrub Complex is most often
dominated by white-flowered rhododendron (Rhodo-
dendron albiflorum), and can also include false azalea
(Menziesia ferruginea), black huckleberry (Vaccinium
membranaceum), and oval-leaved blueberry (Vac-
cinium ovalifolium) (Kimmins and Comeau ;
Boateng and Comeau a) (Figure ). Although
this community is composed mainly of shrubs,
many of the herbs that dominate the Subalpine Herb
Complex may be present in the understorey and in
openings in the shrub canopy. The Ericaceous Shrub
Complex occurs on dry to moist sites (Boateng and
Comeau a) within the wetter ESSF and upper
ICH subzones (Kimmins and Comeau ).

The Subalpine Herb Complex occurs at elevations
similar to those of the Ericaceous Shrub Complex;
the two communities often occur in a mosaic of

patches on the same site (Caza and Kimmins ).
The Subalpine Herb Complex is dominated by a
variety of herbs, including Sitka valerian (Valeriana
sitchensis), fireweed (Epilobium angustifolium), Indian
hellebore (Veratrum viride), woodrush (Luzula spp.),
foamflower (Tiarella unifoliata), arnica (Arnica spp.),
and twistedstalk (Streptopus spp.). It occurs pre-
dominantly in the ESSF zone, on somewhat moister
(fresh to wet) sites than the shrub complex (Kim-
mins and Comeau ). Many species common to
the Subalpine Herb Complex are also known to
indicate rich site conditions (Klinka et al. ).

Development of the Ericaceous Shrub and
Subalpine Herb Complexes

The Ericaceous Shrub Complex is often present
under the ESSF forest canopy, and although it does
not develop or spread quickly, it may eventually
become the dominant plant community following
logging. This is particularly true on sites where,
prior to harvest, it was well developed under the
forest canopy or in openings. These conditions
typically occur in very old, high-elevation ESSF
forests, where the canopy tends to be open or with
gaps. Ericaceous shrubs are negatively affected by
disturbance to the forest floor, so the complex
tends to develop on winter-logged sites where
stems have been protected by the snowpack. In
contrast, the Subalpine Herb Complex tends to
develop following disturbance to the forest floor,
such as that which occurs during summer-logging,
mechanical site preparation, or medium- to high-
impact broadcast burning (Caza and Kimmins ;
Haeussler et al. ; Boateng and Comeau a).
Manual brushing of the Ericaceous Shrub Complex
may also promote development of a vigorous Sub-
alpine Herb Complex on sites where mainly rhi-
zomatous herbs rather than mosses occur under
the shrub layer (Boateng and Comeau a).

The Ericaceous Shrub Complex tends to develop
on somewhat drier and more nutrient-poor sites
than the Subalpine Herb Complex. Rhododendron
and false azalea grow best on mesic sites (Comeau
et al. ), and oval-leaved blueberry and black
huckleberry on mesic and drier sites (Haeussler et
al. ). All four of these shrubs are associated
with acidic soil conditions (pH<.), and occur on
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  The Ericaceous Shrub Complex prior to
manual cutting at Howell Creek (Site 111)
in the ESSFdk variant in the Cranbrook
Forest District. Photo credit: JMJ Holdings Inc. 



a range of nutrient regimes from poor to very rich
in the British Columbia interior (Comeau et al.
; Klinka et al. ; Haeussler et al. ). In
contrast, coastal British Columbia studies indicate
that nearly all the herbs that occur in the Subalpine
Herb Complex are associated with very moist,
nutrient-rich site conditions (Klinka et al. ).

In southern interior British Columbia, the Erica-
ceous Shrub Complex can reach heights of – m,
and rhododendron and false azalea, at least, are
known to be long-lived (Angove and Bancroft ;
Comeau et al. ). Rhododendron, false azalea,
black huckleberry, and oval-leaved blueberry are
all moderately shade tolerant to shade tolerant
(Klinka et al. ), but display better growth
under partial cover or open conditions than under
a dense forest canopy (Haeussler et al. ). Shade
tolerance of the herbs associated with the Subalpine
Herb Complex is generally lower than that of the
ericaceous shrubs, ranging from shade-intolerant to
moderately shade tolerant (Klinka et al. ). Sitka
valerian is the most aggressive member of this
community, but all of the associated herbs respond
quickly to increased light levels following harvest
(Boateng and Comeau a). Although the herbs
in this complex are variable in height, most are
likely to be taller than newly planted seedlings.
Indian hellebore and fireweed commonly attain
heights of  m and Sitka valerian a height of  m
(Parish et al. ).

Shrubs associated with the Ericaceous Shrub
Complex initially become established following
seed dispersal by animals (black huckleberry and
oval-leaved blueberry) or wind (rhododendron and
false azalea) (Rogers ; Haeussler et al. ),
and subsequently spread mainly by vegetative
means. All Vaccinium species reproduce vegetatively
via rhizomes, which, in the case of black huckle-
berry, are – cm below the soil surface (Minore
). False azalea sprouts from the root crown
(Miller ), and may also spread by layering,
which is an effective method of reproduction in
ecosystems where a heavy snowpack pushes
branches to the ground (Comeau et al. ).
White-flowered rhododendron spreads via rhi-
zomes, by sprouting from the root crown and
adventitious buds, and by layering (Comeau et al.
; Haeussler et al. ). Less is known about
individual species in the Subalpine Herb Complex,
but all are rhizomatous (Parish et al. ), and
presumably spread readily by vegetative means.

Interactions with Conifer Seedlings

The Ericaceous Shrub and Subalpine Herb com-
plexes are both recognized as competitors to
conifer seedlings in the southern interior of British
Columbia (Kimmins and Comeau ). It is per-
ceived that they are most likely to impede seedling
establishment on cool, steep, north-facing slopes
(Boateng and Comeau a). Both communities
create dense shade that can maintain soil tempera-
tures below critical thresholds for water and nutri-
ent uptake and reduce the availability of light for
conifer seedlings (Coates ; Coates et al. );
however, recent work near Sicamous suggests that
growth-limiting soil temperatures are not problem-
atic on all ESSF sites where the Ericaceous Shrub
Complex occurs (A. Vyse, pers. comm., ). In
some cases, frost may damage seedlings that are
newly planted in this community. Coates et al.
() found that spruce, but not pine, were dam-
aged by frost in the first year after they were
planted under a well-developed shrub canopy, but
subsequent damage was minimal.

In addition to creating a harsh environment
for seedling growth, springy ericaceous shrub
stems may also cause physical damage to small
seedlings (Boateng and Comeau a). All of the
species associated with this complex have well-
developed root and rhizome systems. Though
Coates et al. () found no evidence of competi-
tion for soil resources on an ESSFwc study site, it
may be a factor for seedlings growing on drier,
nutrient-poor sites dominated by the Ericaceous
Shrub Complex. There is also some evidence that
white-flowered rhododendron may impede conifer
performance through allelopathy (Del Moral and
Cates ).

Importance to Wildlife and Range

Vaccinium species are the most important members
of the Ericaceous Shrub Complex to wildlife. The
berries are highly prized by black and grizzly bears,
and are a key part of the diet for building up win-
ter fat supplies (National Wildlife Federation ,
cited by Haeussler et al. ). They are also eaten
by small mammals and birds. Foliage and twigs of
black huckleberry are browsed by bear, deer, rabbit,
fox, and many other small mammals (Rogers ),
and are of high importance as winter and spring
browse for black-tailed deer (Singleton , cited

        



by Haeussler et al. ). Rhododendrons are gen-
erally considered unpalatable to ungulates (Nilsen
). False azalea is not an important wildlife
species in British Columbia, but it may be used to
a moderate extent by Columbia black-tailed deer
and Roosevelt elk (Blower ).

Several herbs associated with the Subalpine Herb
Complex are used by wildlife during the summer
and fall. Sitka valerian is an important forage for
Rocky mountain elk (Kufeld ), and the foliage
is used moderately as summer food by bears, mule
deer, elk, caribou, bighorn sheep, mountain goat,
marmots, foxes, rabbits, and pikas (Haeussler et al.
). Fireweed is grazed to some extent by a vari-
ety of ungulates (Haeussler et al. ), but overall
has low to moderate importance as a wildlife for-
age. Indian hellebore is grazed minimally by Rocky
Mountain elk (Kufeld ), and is toxic to live-
stock (Parish et al. ).

None of the shrubs associated with the Erica-
ceous Shrub Complex is particularly useful to live-
stock. Vaccinium species may be grazed minimally
by sheep, but false azalea is unpalatable and rhodo-
dendron is considered toxic (Newsome et al. ;

Boateng and Comeau a). Herb species associ-
ated with the Subalpine Herb Complex have vari-
able palatability to livestock. Sitka valerian and
fireweed are preferred forage species for sheep
(Newsome ), and are also grazed to some
extent by cattle (McLean ; Haeussler et al.
). Wood-rushes are of medium preference to
cattle (McLean ).

Common Brushing Treatments in the Ericaceous
Shrub and Subalpine Herb Complexes

A variety of brushing treatments is applied to the
Ericaceous Shrub and Subalpine Herb complexes in
southern interior British Columbia, including man-
ual cutting, foliar glyphosate application, and sheep
grazing (Tables  and ). Site preparation prior
to planting is recommended to prevent develop-
ment and spread of the Ericaceous Shrub Complex.
However, , burning, and herbicide treatment
all have the potential to shift vegetation from a
shrub-dominated to a herb-dominated community
(Boateng and Comeau a), which will also
require management.












 













 





 



 










 





 














  Common brushing treatments applied to the Ericaceous Shrub 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. Increase soil warming Unknown 1 1. Motorized brush $538 1. Increased light may 

2. Reduce light competition saw promote herb growth 

3. Reduce snow- and vegetation-

press

4. Reduce competition for soil 

resources

Glyphosate 1. Increase soil warming Mid-July to mid- 1 1. Backpack sprayer $700 1. Cannot apply near waterways 

(2.1 kg  ai/ha)b 2. Reduce light competition Septemberb 2. Fixed-wing plane or 2. Vaccinium spp. are somewhat 

3. Reduce snow- and vegetation- helicoptor (aerial) resistantc

press 3. Shorter shrubs and herbs may 

4. Reduce competition for soil be shielded from spray and 

resources spread following increase in light

a Based on average costs for the Kamloops and Nelson forest regions (B.C. Ministry of Forests )
b Lloyd and Heineman (c)
c Conard and Emmingham ()





  Common brushing treatments applied to the Subalpine Herb Complex in the southern interior of British Columbia

Suggested Average
Optimum number of cost per Potential

Treatment Objectives timing treatments Tools haa disadvantages

Manual cutting 1. Increase soil warming Unknown Multipled 1. Motorized brush $538 1. Vegetation is likely

2. Reduce light competition saw to recover quickly

3. Reduce snow- and vegetation-

press

Glyphosate 1. Increase soil warming Early July to late Augustb 1 1. Backpack sprayer  $700 1. Cannot apply near waterways

(2.1 kg  ai/ha) 2. Reduce light competition 2. Fixed wing plane or 2. Short treatment window

3. Reduce snow- and vegetation- helicoptor (aerial)

press

Grazing 1. Increase soil warming  As soon as possible after 2–3c 1. Sheep $248 1. Potential for conifer damage 

2. Reduce light competition conifers have hardened off c if flocks are not carefully 

3. Reduce snow- and vegetation- managed 

press  2. Some common species are

toxic or unpalatable to sheepc

a Based on average costs for the Kamloops and Nelson forest regions (B.C. Ministry of Forests )
b Lloyd and Heineman (d)
c Newsome et al. ()
d Hart and Comeau ()



In this section we present results for manual cut-
ting applied to the Ericaceous Shrub Complex. We
currently have insufficient replication of sites in the
Subalpine Herb Complex to present results.

Manual Cutting

Engelmann spruce in the ESSF zone
This section describes fifth-year responses of Engel-
mann spruce seedlings and the Ericaceous Shrub
Complex to manual cutting in the ESSF zone
(n = ). Seedlings were from  (newly planted) to
 years old at the time of treatment.

Description of study sites and treatments
Three of the four study sites are located in the
Nelson Forest Region. The Corbin Pass site is
 km northeast of Revelstoke in the Very Wet
Cold ESSF subzone (ESSFvc) of the Revelstoke For-
est District. The Ladybird Creek site is  km north
of Castlegar in the Selkirk Wet Cold ESSF variant
(ESSFwc) of the Arrow Forest District. The
Howell Creek site is  km east-southeast of Cran-
brook in the Dry Cool ESSF subzone (ESSFdk) of
the Cranbrook Forest District. One site is located
in the Kamloops Forest Region; the West Gorge
site is in the Salmon Arm District,  km north of
Malakwa, in the Northern Monashee Wet Cold
ESSF variant (ESSFwc). Three of the sites are
mesic and one is submesic, and they range in ele-
vation from  to  m (Table ). Three sites
are in mid-slope position and one is lower slope.
Site aspects are variable (north, east, southeast) but
slopes are similar (–%). Soils are loam to silt
loam textured Podzols and Brunisols.

 was initiated on the four sites between 
and  years after clearcut harvesting; the establish-
ment delay ranged from  to  years (Table ).
Two of the sites received spot burn treatments 
and  years after harvest, and one site was mechan-
ically prepared  years after harvest. The fourth site
received no site preparation. In all cases, there was
a delay of at least  years between harvesting and
the first planting attempt. Two of the sites had
been planted more than once, and in all cases, the
target conifers had been planted no more than 
years prior to  installation. Mortality of
newly planted seedlings was high on the Corbin

Creek site; fewer than  well-spaced stems/ha
were counted at the time of  installation.
That site had been planted three times in the 
years since harvest. At the time of treatment, total
conifer stocking ranged from  to  stems/ha,
of which – stems/ha were well spaced.

Prior to manual brushing, shrubs were the dom-
inant vegetation on all four sites, with cover values
ranging from  to %. Average height of Engel-
mann spruce seedlings on the four sites ranged
from  to  cm, whereas the shrub canopy ranged
from  to  cm tall. On three of the sites,
white-flowered rhododendron was the dominant
shrub species, but on the Howell Creek site, which
had the highest elevation and was north-facing,
false azalea was dominant. Two sites also had uni-
form cover of black huckleberry and Utah honey-
suckle (Lonicera utahensis).

Vegetation was cut in a variable radius (.–.
m) around target spruce seedlings on all four sites
(Table ). Cutting was carried out between mid-
July and mid-September. Repeated treatments were
carried out in the following year on two of the sites.

Conifer responses
Survival and vigour Three years after the Ericaceous
Shrub Complex was manually cut, survival of - to
-year-old Engelmann spruce seedlings (– years
old at the time of treatment) was significantly higher
in the treatment (%) than the control (%) (p =
.) (Table , Figure ). By year , when seedlings 
were – years old, survival had further decreased
in both the treatment (%) and the control (%)
(p = .). In the fifth-year assessment, three-
quarters of mortality in the control was attributed
to competing vegetation, compared to less than
half the mortality in the manual cutting treatment.
Low mortality in both the treatment and the con-
trol were also attributed to wildlife, poor planting,
and Armillaria root disease. Fifth-year silviculture
survey data is unavailable for this complex.

Vigour of spruce seedlings declined slightly more
in the control than in the treatment during the
first  years after manual cutting (Figure ). By
year , however, many of the poor seedlings had
died, and vigour of surviving seedlings was again
similar in the treatment and control. Overall vigour
declined slightly among both treatment and control

        

RESULTS



   Characteristics and history of the four replicate study sites where the ESSF Ericaceous Shrub 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

West Gorge ESSFwc2 01 1475 SE Podzol/ Clearcut 1982 10 7 0 P 1985 PSB 415B 1 23 White rhododendron 2875 1200

PROBE 20 (mesic) 35% loam MSP 1985 P 1991 2+0 (6) cover: 15 (13) 

White rhododendron

height: 105 (32) 

Black huckleberry cover:

12 (9)

Black huckleberry height:

81 (21) 

Utah honeysuckle cover: 7 (6)

Utah honeysuckle height:

85 (34) 

Fireweed cover: 17 (15) 

Fireweed height: 110 (17) 

Valerian cover: 11 (10)

Valerian height: 43 (16)

Corbin Pass ESSFvc 01 1450 E Podzol/ Clearcut 1974 18 n/a 0 P 1982 Unknown 0 36 White rhododendron 3761 384

PROBE 106 (mesic) 45% silt loam P 1986 (10) cover: 15 (16)  

P 1992 White rhododendron

height: 77 (53)

Black huckleberry cover:

16 (14)

Black huckleberry height:

71 (25)

Raspberry cover: 13 (10)

Raspberry height: 55 (28)

Fireweed cover: 23 (18)

Fireweed height: 118 (14)










 













 





 



 










 





 














  Continued

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

Ladybird Creek ESSFwc4 01 1700 E Brunisol/ Clearcut 1983 9 6 6 P 1990 PSB 415 2 26 White rhododendron 3506 1089

PROBE 110 (mesic) 25% loam Spot burned (5) cover: 30 (14)  

1986 White rhododendron

height: 116 (21)

Howell Creek ESSFdk 04 1800 N Unknown/ Clearcut 1986 6 2 1 P 1991 PSB 415B 1 22 False azalea cover: 66 (16) 3401 1192

PROBE 111 (submesic) 40% silt loam Spot burned (6) False azalea height:

1990 138 (17)

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)



seedlings during the  years that followed cutting,
mainly because seedlings previously rated of good
vigour had become moderate. At the start of the
study, % of treatment seedlings and % of con-
trol seedlings were of good vigour. Five years later,
only % and %, respectively, were good and the
proportion of seedlings of moderate vigour had
increased from approximately half to three-quarters.

Growth Engelmann spruce seedlings were 
years old or less when pre-treatment measurements
were carried out, and were of small stature. There
was a minor pre-treatment difference in seedling
root collar diameter (. cm in the treatment ver-
sus . cm in the control, p = .) (Table ).
Analysis of covariance was applied in subsequent
years, and we found that diameter did not differ
between the treatment and control , , and  years

after cutting (p>.). Diameter increment was
significantly greater among treated than control
seedlings  years after cutting (p = .), but this
effect had disappeared by year  (p>.). Five
years after treatment, seedlings averaged . cm
tall, and there were no significant height differences
between the treatment and control. However,
seedlings had longer leaders in the treatment than
the control in year five (. versus . cm, p = .)
(Figure ), as well as a lower height:diameter ratio
(. versus ., p = .).

Standardized diameter distributions were similar
in the treatment and control prior to treatment
(Figure ), in spite of significant difference shown
by . After  years, the distribution continued
to be approximately normal in the treatment, but
frequencies increased in the smaller diameter
classes in the control. This suggests that treated
stems were becoming larger relative to those in the
control as a result of brushing, but significant dif-
ferences were not found with . Future assess-
ments will reveal whether the greater frequency of
spruce stems in the - diameter class in the control
(year ) is the beginning of a trend among these
slow-growing seedlings. The frequency of control
spruce in smaller height classes also increased
slightly during the -year assessment period (Figure
), suggesting that treated seedlings were becom-
ing taller relative to those in the control. However,
 results did not show a significant height
difference between control and treated spruce.

Competitive status Manual cutting of the Erica-
ceous Shrub Complex resulted in substantial
improvements in the competitive status of Engel-
mann spruce seedlings, even though it did not
completely free them from surrounding vegetation
(Figure ). Prior to treatment, virtually all
seedlings were overtopped by surrounding vegeta-
tion;  year after cutting, none of the treated



  A description of manual cutting treatments applied to the four replicate study sites to release Engelmann spruce
seedlings growing in the ESSF Ericaceous Shrub Complex

Initial Treatment Treatment Repeat
Site treatment date radius tool treatment

West Gorge Late July, 1992 1.5–2.0 m Brush saw June 22–25, 1993 

Corbin Pass Late July, 1992 0.7 m Machete July 8, 1993

Ladybird Creek September 15, 1992 0.7 m Brush saw None

Howell Creek Mid-July 1992 0.5 m Brush saw None
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  Comparison of Engelmann spruce survival
between the manual cutting treatment
and control before, and 1, 3, and 5 years
after, treatment of the ESSF Ericaceous
Shrub Complex. Error bars are one stan-
dard error.



seedlings was overtopped, compared to % of
control seedlings. By the third- and fifth-year
assessments, approximately half of treated seedlings
were again overtopped, compared to about % of
control seedlings. The majority of treated seedlings
that were not overtopped continued to be threatened

by vegetation, however. By year , none of the con-
trol seedlings and only % of treated seedlings
were free of surrounding vegetation.

Plant community responses
Abundance Manual cutting of the Ericaceous
Shrub Complex significantly reduced height and
cover of all vegetation and the shrub layer for 
year (Table ). The actual magnitude of these
reductions was surprisingly small, probably because
the treatment radius was small (.–. m) on at
least two of the sites, whereas vegetation was con-
sistently assessed in a radius of . m, according to
 methodology. This resulted in the inclusion
of both cut and uncut vegetation in height and
cover estimates for the treatment. Figure  illus-
trates the slow recovery of ericaceous shrubs within
the cutting radii.

Prior to manual cutting, shrubs averaged .%
cover and total vegetation .%. Average height of
the shrub layer was . cm. One year after man-
ual cutting, shrub cover was reduced by %
(.% in the control versus .% in the treat-
ment, p = .) (Figure ), and shrub height by 
cm (. cm in the control versus . cm in the
treatment, p = .) (Figure ). Herb cover and
height were unaffected by manual cutting during
the entire -year monitoring period. Herb cover
remained relatively constant from year to year
(–%), but mean height varied from approxi-
mately  to  cm. Target species in the Ericaceous
Shrub Complex varied from site to site, preventing
analysis of height and cover of individual species.

Richness and diversity of individual species and
structural vegetation groups In the Ericaceous
Shrub Complex, there were no significant differ-
ences in species richness between the manual cut-
ting treatment and the control during the -year
monitoring period (p>.) (Table ). An average
of  species were present prior to treatment
and  species  years later. Species diversity
(Shannon-Weaver Diversity Index) was higher in
the manual cutting treatment than in the control in
the first and third years after treatment (p = .

in year , p = . in year ) (Table ), but by
year  the difference was no longer significant.
When vegetation structural groups were consid-
ered, there were differences in diversity, but not in
richness (Table ). Diversity of groups was greater
in the treatment than in the control in the third
(p = . for H) and fifth years (p = . for H,

        

  Survival and growth responses of Engelmann
spruce seedlings to manual cutting in the ESSF
Ericaceous Shrub Complex

Means

Response Manual Standard
variable cutting Control error p-value

Survival (%)

Pre-treatment 100 100 0.000 1.00

1 yr post-treatment 98 90 2.481 0.12

3 yr post-treatment 95 81 2.486 0.03*

5 yr post-treatment 89 71 5.002 0.08*

Stem diameter (cm)

Pre-treatment 0.50 0.47 0.007 0.06*

1 yr post-treatment 0.58 0.56 0.017 0.67

3 yr post-treatment 0.84 0.75 0.015 0.36

5 yr post-treatment 1.16 1.00 0.028 0.35

Diameter increment (cm)

1 yr post-treatment 0.09 0.11 0.014 0.26

3 yr post-treatment 0.13 0.11 0.004 0.06*

5 yr post-treatment 0.17 0.15 0.016 0.40

Height (cm)

Pre-treatment 27.3 26.3 0.671 0.39

1 yr post-treatment 30.2 29.8 0.821 0.76

3 yr post-treatment 42.9 40.9 2.150 0.55

5 yr post-treatment 57.1 53.1 1.427 0.14

Leader length (cm)

Pre-treatment 7.5 7.4 0.360 0.84

1 yr post-treatment 4.3 4.6 0.329 0.67

3 yr post-treatment 7.0 5.8 0.675 0.31

5 yr post-treatment 7.1 5.8 0.388 0.09*

Height:diameter ratio

Pre-treatment 53.6 55.1 0.885 0.31

1 yr post-treatment 51.9 53.6 1.968 0.58

3 yr post-treatment 50.8 54.8 1.811 0.22

5 yr post-treatment 49.6 54.2 1.052 0.05*

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. Analysis of covari-
ance was applied where there were pre-treatment differences
according to analysis of variance.



p = . for ) after manual cutting. This differ-
ence was due to the ingrowth of tall broadleaves on
the treated plot of one of the sites, and also to a
reduction in the abundance of low shrubs follow-
ing cutting, as indicated by the contrast in cover
between control and treatment neighbourhoods
shown in Figure . Vegetation cover was also more
evenly distributed across the various vegetation
groups following manual cutting, which helped
increase diversity.

Manual cutting affected the abundance of several
individual species in the Ericaceous Shrub Complex,
but the changes varied somewhat from site to site.
Ericaceous shrubs were the primary brushing tar-
gets, but only white-flowered rhododendron
decreased in abundance across more than one site
following manual cutting (Table ). Its cover was
reduced on three of the four sites, and it did not
recover to pre-treatment levels within the -year
monitoring period. Black twinberry (Lonicera
involucrata) and Utah honeysuckle (Lonicera uta-
hensis) were also present on all four study sites, but
were not consistently affected by cutting. Two other

shrub species decreased in abundance on more
than one site following manual cutting. The pres-
ence of Sitka mountain-ash (Sorbus sitchensis)
declined in the tall shrub layer (– m) in the
treated plots on three of the four study sites. Man-
ual cutting also reduced the abundance of thimble-
berry (Rubus parviflorus) on two of the four study
sites.

Among herb species, only fireweed decreased in
abundance as a result of manual cutting. On two of
four sites, its cover was reduced for  year, after
which it recovered to pre-treatment levels. On the
other two sites, fireweed abundance was unaffected
by the cutting treatment. Three other short herb
species increased in cover following manual cut-
ting. Pearly everlasting (Anaphalis margaritacea)
cover increased in treated plots on two of the four
sites, and sedges (Carex spp.) increased in cover in
the treated plots of all four sites. On two of the
four study sites, mountain sweet cicely (Osmorhiza
chilensis) was absent from treated plots prior to
cutting, but appeared in later assessments.

Other individual species increased or decreased
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  Comparison of Engelmann spruce vigour between the manual cutting treatment and control before, and 1, 3,
and 5 years after, treatment of the ESSF Ericaceous Shrub 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
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in cover, but did so on only one of the four sites.
In general, cutting tended to favour increased cover
of herbs, especially those of low stature. Sitka valer-
ian, which is generally thought to increase in size
and vigour following canopy removal (Haeussler et
al. ), did not increase in abundance following
cutting. Several berry-producing shrubs that are
important to wildlife, such as black huckleberry,
oval-leaf blueberry, red raspberry (Rubus idaeus),
and elderberry (Sambucus racemosa) were present
on these sites, but were, for the most part,
unaffected by the cutting treatment. Thimble-
berry alone was reduced in abundance by manual
cutting.

Competition Thresholds

Competition thresholds were derived using all
 plantations in the Ericaceous Shrub and
Subalpine Herb complexes regardless of the brush-
ing treatment applied. In the Ericaceous Shrub
Complex, the analysis included six manually
brushed sites and two sites treated with glyphosate
(n = ) (Table ). In the Subalpine Herb Complex,
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length between the manual cutting treat-
ment and control before, and 1, 3, and 5
years after, treatment of the ESSF Ericaceous
Shrub Complex. Error bars represent one
standard error of the mean (y-) which
was calculated as Sy- = √MSE/n where MSE
= Mean Square Error and n = number of
replicates. Means with different letters within
a single year are significantly different
according to analysis of variance (∝ = 0.10).

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

Means

Response Manual Standard
variable cutting Control error p-value

All vegetation

Cover (%)

Pre-treatment 87.8 88.4 3.567 0.92

1 yr post-treatment 80.4 90.1 2.448 0.07*

3 yr post-treatment 76.2 77.1 5.941 0.70

5 yr post-treatment 72.3 78.4 3.487 0.30

Height (cm)

Pre-treatment 111.1 114.9 6.595 0.71

1 yr post-treatment 75.6 89.6 3.820 0.08*

3 yr post-treatment 90.4 100.1 11.306 0.39

5 yr post-treatment 87.1 104.0 6.184 0.15

Herbs

Cover (%)

Pre-treatment 40.6 48.9 2.939 0.14

1 yr post-treatment 50.5 51.5 3.254 0.85

3 yr post-treatment 41.8 43.8 2.748 0.35

5 yr post-treatment 44.1 43.9 3.431 0.97

Height (cm)

Pre-treatment 42.8 53.0 4.185 0.18

1 yr post-treatment 28.6 43.9 7.557 0.25

3 yr post-treatment 39.1 48.5 8.584 0.59

5 yr post-treatment 30.5 34.9 3.794 0.47

Shrubs

Cover (%)

Pre-treatment 59.0 57.4 2.915 0.75

1 yr post-treatment 48.2 60.0 1.858 0.02*

3 yr post-treatment 48.1 51.0 7.482 0.56

5 yr post-treatment 49.8 58.4 3.297 0.16

Height (cm)

Pre-treatment 118.7 114.9 2.343 0.34

1 yr post-treatment 86.5 96.7 2.013 0.04*

3 yr post-treatment 95.5 106.8 8.044 0.27

5 yr post-treatment 98.0 114.7 5.245 0.11

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.



one site had been grazed with sheep (n = ) (Table
). In the Ericaceous Shrub Complex, the thresh-
olds were based on cover and height of all shrubs,
where  = (shrub cover * modal shrub
height)/spruce height. In the Subalpine Herb Com-
plex, the thresholds were based on cover and
heights of all herbs in the complex, where  =
(herb cover * modal herb height)/spruce height.

In the Ericaceous Shrub Complex, the shrub
cover and  thresholds for Engelmann spruce
diameter averaged % and , respectively (Table
, Figure ). The cover thresholds were not sharp
on any of the sites, and above them the decline in
spruce diameter was gradual. On some sites, cover
thresholds were not much lower than the maxi-
mum neighbourhood covers, reflecting the wide
variability in spruce diameters across most cover
classes. In contrast, spruce diameter declined
sharply above the  threshold on most sites.

A moderate proportion of trees (–%) were
growing in neighbourhoods above the thresholds,
and these trees may therefore benefit from further
selective brushing. Most trees above the thresholds
were control trees (–%), whereas most below
the thresholds were treated trees (%). Most
treated trees (–%) and less than half of control
trees fell below the thresholds, indicating that
brushing was moderately successful at reducing eri-
caceous shrubs below the thresholds. However,
mean spruce diameter did not differ significantly
between the manual treatment and control
(p<.) (Table ). In addition, only % of treated
spruce trees that were growing in neighbourhoods
below the thresholds achieved ≥% of the maxi-
mum diameter growth measured on the sites.

Linear regressions of spruce diameter versus

ericaceous shrub cover were significant (p<.) for
only three of eight sites. Of the significant regres-
sions, coefficients of determination were low
(adjusted r2 .–.) and the slopes negative but
shallow (β1 -. to -.). In contrast, linear
regressions between  were significant (p<.)
for six of eight sites, with moderately high adjusted
r2 values (.–.) and negative but shallow
slopes (β1 -. to -.). Fitting a negative
exponential function to the diameter- relation-
ship on one site improved the adjusted r2 value
from . to ..

In the Subalpine Herb Complex, a threshold for
Engelmann spruce diameter growth was not evi-
dent using herb cover as the competition index,
and was  where  was used as the index
(Table , Figure ). Spruce diameter varied simi-
larly across all herb cover classes, but declined
above the  threshold. Approximately half the
trees were growing in neighbourhoods above the
 threshold, and these may benefit from further
brushing. Two-thirds of treated trees fell below the
thresholds, indicating that sheep grazing was mod-
erately successful at reducing herbs to acceptable
levels in the short-term. However, only % of
grazed spruce trees growing below the  thresh-
old achieved ≥% of the maximum diameter
measured on the sites. Diameter distributions were
similar between the grazing treatment and control.

Linear regressions predicting spruce diameter
were not significant where herb cover was used as
the independent variable, but were significant
where  was used. The diameter- regression
had a low adjusted r2 value (.), and a negative,
shallow slope (β1 -.).
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  Frequency of control and treated trees in standardized diameter classes (µ = 0; s.d. = 1; n = 4 for the control
and treatment combined) for Engelmann spruce in the ESSF Ericaceous Shrub Complex before and after
manual cutting. Graphs are for: (a) pre-treatment; (b) 1 year post-treatment; (c) 3 years post-treatment;
(d) 5 years post-treatment.
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  Frequency of control and treated trees in standardized total height classes (µ = 0; s.d. = 1; n = 4 for the
control and treatment combined) for Engelmann spruce in the ESSF Ericaceous Shrub Complex before and
after manual cutting. Graphs are for: (a) pre-treatment; (b) 1 year post-treatment; (c) 3 years post-treatment;
(d) 5 years post-treatment.
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  Comparison of Engelmann spruce competitive status between the manual cutting treatment and control
before, and 1, 3, and 5 years after treatment of the ESSF Ericaceous Shrub Complex.





  Effects of tree-centred manual cutting on the Ericaceous Shrub Complex (a) 1 year, (b) 3 years, and
(c) 5 years following treatment. The control (d) is shown 5 years post-treatment for comparison. Ericaceous
shrubs were slow to recover in the tree-centred plots following cutting. Photo credit: JMJ Holdings Inc. 

  Comparison of mean shrub cover between
the manual cutting treatment and control
before, and 1 and 3 years after, treatment
of the ESSF Ericaceous Shrub Complex.
Error bars represent one standard error of
the mean (y-) which was calculated as
Sy- = √MSE/n where MSE = Mean Square
Error and n = number of replicates. Means
with different letters within a single year are
significantly different according to analysis
of variance (∝ = 0.10).
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  Richness and diversity of vascular plant
species in the ESSF Ericaceous Shrub Complex
before and after manual cutting in Engelmann
spruce plantations

Means

Response Manual Standard
variable cutting Control error p-value

Richness

Pre-treatment 28.00 26.50 1.926 0.62

1 yr post-treatment 29.00 29.50 1.021 0.75

3 yr post-treatment 33.25 30.25 1.915 0.35

5 yr post-treatment 35.00 33.00 2.255 0.57

Shannon-Weaver Diversity Index

Pre-treatment 2.15 2.12 0.027 0.58

1 yr post-treatment 2.50 2.39 0.022 0.04*

3 yr post-treatment 2.29 2.09 0.049 0.07*

5 yr post-treatment 2.37 2.13 0.116 0.24

Simpson’s Diversity Index

Pre-treatment 0.80 0.82 0.007 0.27

1 yr post-treatment 0.88 0.86 0.007 0.14

3 yr post-treatment 0.84 0.79 0.020 0.24

5 yr post-treatment 0.82 0.74 0.047 0.30

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.

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

Means

Response Manual Standard
variable cutting Control error p-value

Richness

Pre-treatment 6.00 6.00 0.289 1.00

1 yr post-treatment 6.00 6.00 0.289 1.00

3 yr post-treatment 6.00 6.00 0.289 1.00

5 yr post-treatment 6.00 5.75 0.177 0.39

Shannon-Weaver Diversity Index

Pre-treatment 1.16 1.13 0.061 0.69

1 yr post-treatment 1.28 1.20 0.047 0.31

3 yr post-treatment 1.29 1.06 0.049 0.05*

5 yr post-treatment 1.30 1.07 0.051 0.06*

Simpson’s Diversity Index

Pre-treatment 0.61 0.59 0.031 0.72

1 yr post-treatment 0.66 0.63 0.017 0.34

3 yr post-treatment 0.66 0.55 0.034 0.11

5 yr post-treatment 0.65 0.55 0.021 0.10*

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.





  Vascular plant species that exhibited trends of increasing cover, decreasing cover, or no change in cover
following manual cutting of the ESSF Ericaceous Shrub 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 Sorbus sitchensis

Low shrubs Rhododendron albiflorum Lonicera involucrata

Rubus parviflorus Lonicera utahensis

Pachistima myrsinites

Ribes lacustre

Rubus idaeus

Salix spp.

Sambucus racemosa

Vaccinium membranaceum

Herbs Anaphalis margaritacea Epilobium angustifolium Grass spp.

Carex spp. Luzula parviflorus

Osmorhiza chilensis Orthilia secunda

Rubus pedatus

Streptopus amplexifolius

Streptopus roseus

Thalictrum occidentale

Tiarella trifoliata

Valeriana sitchensis

Veratrum viride

Viola spp.










 













 





 



 










 





 














  Competition thresholds, regression equation parameter estimates, p-values, and adjusted r2 values for predicting Engelmann spruce stem diameter from
the competition indices, shrub cover and CRH, in the Ericaceous Shrub Complex in the ESSF zone

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

predicting predicting predicting Linear for linear regression regression regression
# of trees diameter diameter diameter regression equation regression predicting equation predicting

in the Conifer Cover from from from predicting predicting diameter predicting diameter
regression age threshold shrub shrub shrub CRH diameter from diameter from diameter from

Site (n) (years) (%) covera covera covera threshold CRHb from CRHb CRHb from CRHc CRHc

20 32 1 60 y = 1.299 - 0.004 x 0.00 0.42 110 y = 1.366 - 0.002 x 0.24 0.00

43 62 1 75 y = 1.486 - 0.005 x 0.10 0.01 130 y = 1.594 - 0.003 x 0.36 0.00

106 50 0 70 y = 1.782 - 0.003 x 0.00 0.50 53 y = 2.038 - 0.005 x 0.27 0.00

110 67 2 55 y = 0.859 - 0.000 x 0.00 0.88 100 y = 1.124 - 0.002 x 0.19 0.00

111 57 1 55 y = 1.167 - 0.006 x 0.18 0.00 35 y = 1.049 - 0.002 x 0.37 0.00 y = 1.150 e (-0.002 *x) 0.43

120 68 4 10 y = 1.130 - 0.001 x 0.00 0.50 40 y = 1.155 - 0.001 x 0.02 0.12

128 72 9 60 y = 1.623 - 0.005 x 0.01 0.19 47 y = 1.967 - 0.003 x 0.02 0.11

129 70 6 35 y = 3.054 - 0.022 x 0.23 0.00 65 y = 2.454 - 0.004 x 0.20 0.00

mean 52 (7) 73 (13)

(s.e.)

a General form of linear equation is: y = a + b x, where y is spruce stem diameter, x is shrub 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.  = (shrub cover * shrub 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.





  Competition thresholds, regression equation parameter estimates, p-values, and adjusted r2 values for predicting hybrid spruce stem diameter from the
competition indices, herb cover and CRH, in the Subalpine Herb Complex in the ICH zone

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

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

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

14 53 0 None y = 0.733 - 0.000 x 0.00 0.86 184 y = 0.913 - 0.001 x 0.17 0.00

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

height.
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  Relationship between stem diameter of Engelmann spruce growing amongst the Ericaceous Shrub Complex
and (a) shrub cover or (b) CRH, where CRH = (shrub cover * shrub modal height)/spruce height. Data points
include both treatment and control subplots for PROBE site 129 (n = 70). 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 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.
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  Relationship between stem diameter of Engelmann spruce growing amongst the Subalpine Herb Complex
and (a) herb cover or (b) CRH, where CRH = (herb cover * herb modal height)/spruce height. Data points
include both treatment and control subplots for PROBE site 13 (n = 37). (a) No response threshold was
evident where herb cover was used as the competition index. (b) Where CRH was used as the competition
index, 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.



Here we discuss fifth-year responses of Engelmann
spruce seedlings and the Ericaceous Shrub Complex
to manual cutting applied from mid-July to mid-
September. There has not yet been adequate repli-
cation of Subalpine Herb Complex sites to carry
out analysis.

Conifer Response

Survival of Engelmann spruce seedlings improved
within  years of manual cutting, even though the
impact on the Ericaceous Shrub Complex was not
severe. By year , seedling survival was % in the
treatment compared to % in the control. About
three-quarters of mortality in the control was
attributed to competing vegetation, compared to
less than half the mortality in the treatment.
Reducing vegetation abundance in a small radius
apparently reduced damage to seedlings, even
though the overall effect on vegetation in our  m2

(r = . m) assessment plots was relatively small.
Five years after manual cutting, seedlings in the

treatment had % (. cm) longer leaders than
those in the control, but there were no significant
differences in seedling height. Nor were there
significant differences in stem diameter, even
though diameter increment was larger in year .
Coates et al. () found that partial removal of
ericaceous shrub–dominated vegetation resulted,
after  year, in improved Engelmann spruce stem
diameter, but not height. Seedling stem diameter
commonly responds to treatment sooner (often
within – years) than does height (e.g., Lanner
; Lanini and Radosevich ; Simard and
Heineman a, c). In our study, seedlings
were physiologically young enough (≤ years old)
to respond to treatment, and the marginal
improvements suggest that growth limitations were
partially relieved by brushing. Height:diameter
ratio was lower among treated seedlings by year 
(. in the treatment versus . in the control).

Preliminary results from an unreplicated 
trial in the Subalpine Herb Complex suggest that
Engelmann spruce seedling growth may be un-
affected by a single-pass sheep-grazing treatment
(Mather and Simard d; Appendix ). Repeat
grazing is considered necessary to release seedlings
from competition (Newsome et al. ).

Plant Community Response

Manual cutting significantly reduced overall vegeta-
tion height and cover, as well as height and cover
of the shrub layer for  year, but reductions were
relatively small (e.g, % reduction in shrub cover
and  cm reduction in shrub height). By year ,
differences in vegetation height and cover were no
longer significant. In part, changes in vegetation
abundance were small because cutting was usually
applied in a smaller radius than the protocol
assessment radius. This resulted in the inclusion of
both cut and uncut vegetation in height and cover
estimates.

On sites where vegetation under the shrub
canopy is composed mainly of rhizomatous herbs
rather than mosses, manual cutting of the Erica-
ceous Shrub Complex has the potential to stimulate
development of a vigorous Subalpine Herb commu-
nity (Boateng and Comeau a). This did not
occur on our sites, however, possibly because
reductions in the shrub canopy were relatively
minor. In contrast, other non-replicated 
trials showed that the herb layer increased in abun-
dance following glyphosate treatment of the Erica-
ceous Shrub Complex. After  years, growth of
spruce seedlings appeared unaffected, possibly
because competitive stresses had partially shifted
from shrubs to herbs (Mather and Simard p;
Appendix ). A well-developed Subalpine Herb
Complex can be difficult to manage because it
recovers rapidly from both manual and chemical
treatments. An unreplicated  study also
showed that the Subalpine Herb Complex recovered
from a single sheep-grazing treatment within one
season (Mather and Simard d; Appendix ).

The four Ericaceous Shrub Complex sites that
received manual cutting treatments in this study
had different target shrubs, thereby precluding
statistical analysis of the responses of individual
species. In general, however, ericaceous shrubs
recovered within  years on the lower-elevation
sites ( and  m) in the ESSFvc and
ESSFwc, but not on the higher-elevation sites
( and  m) in the ESSFwc and ESSFdk due
to their slower growth rates. On the unreplicated
sites, glyphosate at .–. kg ai/ha applied in early
September had a moderate to severe impact on
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rhododendron, false azalea, and black huckleberry
(Mather and Simard p and unpublished data;
Appendix ), supporting the results of several other
studies (e.g., Boyd et al. ; Simard b;
Thompson ; Lloyd and Heineman c).

Manual cutting increased diversity, but not rich-
ness, of individual vascular plant species within the
-year measurement period (Table ). It also
increased the diversity of structural vegetation
groups associated with the Ericaceous Shrub
Complex during that period (Table ). Following
cutting, it is likely that decreased abundance of
prominent shrubs such as white-flowered rhodo-
dendron, Sitka mountain-ash, and thimbleberry
allowed several minor herbaceous species to either
invade the site or increase in cover. For example,
the presence of pearly everlasting, sweet cicely, and
various sedges increased in treated plots on two of
four sites, and numerous other herbs increased in
cover on one site only. The increase in diversity
following cutting reflects a more even distribution
of cover over a greater number of species, com-
pared with the control where the community was
dominated by a few high-cover shrub species.

Several berry-producing shrubs that are impor-
tant to wildlife were present on these sites (e.g.,
black huckleberry, oval-leaved blueberry, red rasp-
berry, elderberry, and thimbleberry), but only
thimbleberry was reduced in abundance by the cut-
ting treatment. Chemical brushing has more poten-
tial to reduce the availability of wildlife food and
cover, however, since data from non-replicated
 sites showed that it killed a large propor-
tion of ericaceous shrub stems and reduced the
abundance of black huckleberry.

Effects of the Community on Resource Availability

In many high-elevation ecosystems of the southern
interior of British Columbia, the short growing
season, cold and wet soils, low air temperature, and
heavy snowpack can limit performance of conifer
seedlings, and these conditions can be exacerbated
by the presence of dense vegetation. Farnden ()
suggests that management of thermal regimes is an
important consideration in preparing silvicultural
prescriptions for the ESSF zone, and it follows that
preparing and planting sites promptly following
harvest can reduce the negative effects of vegetation
on seedlings, and may even eliminate the need for
brushing (Hart and Comeau ). However, not

all ESSF sites are extremely harsh climatically;
recent monitoring in the ESSF near Sicamous sug-
gests that cloudy weather and high summer tem-
peratures reduce the severity of the high-elevation
environment (A. Vyse, pers. comm., ).

The short growing season is a more serious
growth limitation than vegetation competition on
high-elevation sites, and mechanical site prepara-
tion techniques such as mounding can lengthen
favourable thermal regimes more so than brushing.
Length of the growing season is governed mainly
by soil temperature and the number of degree-days
above oC. Low soil temperature, which is exacer-
bated by lengthy periods of snow cover and dense
vegetation, limits seedling performance by delaying
bud burst, reducing rates of photosynthesis, and
restricting water and nutrient uptake (Kaufmann
; Lopushinsky and Kaufmann ; Goldstein
et al. ; Grossnickle ). Coates et al. ()
found that soil temperature, air temperature, and
light levels were the primary factors controlling
spruce seedling performance on an ericaceous
shrub–dominated site in the southern interior
ESSF zone. In that study, the magnitude of seedling
response was directly related to the extent of vege-
tation and forest floor removal, with the greatest
response occurring where both shrubs and herbs
had been completely eliminated, and mineral soil
exposed. In our study, small reductions in vegeta-
tion abundance resulted in marginal improvements
in seedling growth, but the effects on resource
availability and conditions were not measured.
Across six southern interior ESSF sites, Balisky and
Burton () found that vegetation cover was the
best predictor of soil temperature; however, brush-
ing alone, without removal of the forest floor, is
unlikely to result in large improvements in soil
thermal regime. In practical terms, brushing treat-
ments that completely remove vegetation are not
possible, and neither are they desirable because of
the potential for harming long-term site productiv-
ity, biodiversity, wildlife values, and soil stability.
Retaining some shrub cover on high-elevation sites
reduces the effects of snow creep and distributes
snow weight more evenly around seedlings (Scagel
et al. ). Shrubs also reduce the potential for
seedling damage from high-intensity light at very
high elevations (Ronco ), although this prob-
lem has never been documented in British Colum-
bia. Summer frosts are also potentially damaging
to newly planted seedlings, and low vegetation





canopies such as that of the Ericaceous Shrub Com-
plex sometimes protect seedlings from damage and
sometimes do not (Stathers ). Coates et al.
() recorded the least summer frost damage
in plots where vegetation had been completely
removed and mineral soil exposed, likely because a
greater amount of heat was re-radiated during the
night. In our study, frost was rarely recorded as a
damaging agent.

Competition Thresholds

In the Ericaceous Shrub Complex, competition
thresholds for stem diameter of - (newly planted)
to -year-old Engelmann spruce averaged % for
ericaceous shrub cover and  for . The thresh-
olds were vague and high on almost all sites. Below
the thresholds, stem diameter was highly variable
among both treated and control trees, reflecting
the genetic, microsite, initial size, and damage vari-
ability among the seedlings. Seedling diameter
declined gradually above the thresholds, especially
those based on shrub cover, suggesting that com-
petition from ericaceous shrubs at high cover val-
ues was an important but not necessarily the sole
constraint on growth. Low air and soil tempera-
tures have been shown as primary growth-limiting
factors on these sites, and simple reductions in
shrub cover may not necessarily relieve these
constraints.

Our data suggest, however, that lowering erica-
ceous shrub cover below the thresholds should
reduce competitive constraints and provide the
opportunity for marginally greater spruce growth.
Manual cutting was successful at reducing average
shrub cover below the cover threshold (from %
to % cover) after  year, which corresponded
with substantial improvements in spruce survival
and small increases in leader growth. Long-term
yield of the stands should improve because of the
survival response to brushing, but possibly not
because of the small growth response. This growth
projection is supported by the finding that only %
of brushed trees growing below the competition
thresholds achieved ≥% of the maximum growth
measured on the sites.

Brushing the Ericaceous Shrub Complex may
stimulate development of a vigorous Subalpine
Herb Complex, effectively shifting competitive
effects from one species group to another. In our
study, reducing shrub cover from  to % did

not result in a community shift, possibly because
shrub cover remained high and the forest floor was
not disturbed. However, the potential for commu-
nity shifts, and the intimate mosaic of the two
communities that usually occurs on these sites,
suggest that competition thresholds should take
into account the abundance of both shrubs and
herbs. A competition threshold for the Subalpine
Herb Complex was not evident when herb cover
was used as a competition index, and was high
() when  was used. These results suggest
that seedlings were responding to a more complex
set of limiting factors than simply the abundance
of neighbouring herbs.

Competition thresholds for seedlings growing
among the Ericaceous Shrub and Subalpine Herb
complexes have not previously been identified in
other studies. Coates et al. () found that mean
diameter of spruce was slightly affected by partial
shrub and herb removal, and was % larger with
complete shrub and herb removal. In shrub- and
herb-free environments, mean spruce diameter was
% greater where mineral soil was exposed and
soil temperatures elevated. The results of Coates
et al. () suggest that diameter growth may not
increase much where shrub or herb abundance is
reduced to below our thresholds, possibly because
the forest floor and mineral soil are not exposed
and growth-limiting soil temperatures therefore not
improved. Nevertheless, the effects of graded shrub
and herb removals were not tested by Coates et al.,
and our improvements in survival, height growth,
and diameter distribution below the thresholds
suggest that moderate shrub reductions are suffi-

cient to alleviate some constraints. Clearly there is
a need to experimentally test the competition
thresholds empirically derived in this study.

Effectiveness of Treatment at Meeting
Management Objectives

Brushing is often prescribed to improve survival
and growth, and to help meet free-growing criteria
as set out by the Forest Practices Code (B.C. Min-
istry of Forests a) and Free Growing Guidelines
(B.C. Ministry of Forests ). For our study sites,
the Code specifies target stocking of  (minimum
) well-spaced stems/ha, and that within –

years of plantation establishment (– years for
the ESSFdk), seedlings must be a minimum of .
m tall and % as tall as surrounding vegetation.

        



Manual brushing of the Ericaceous Shrub Com-
plex resulted in large increases in Engelmann
spruce seedling survival, which probably improved
chances of successful regeneration of these sites.
There was an % increase in seedling survival in
the manual cutting treatment by year , which we
presume will contribute to meeting stocking
requirements. Manual brushing also reduced the
percentage of overtopped seedlings, which should
reduce the risk of physical damage from snow- and
vegetation-press. Improvements in seedling growth
were minor, however, and seedling height growth
continued to be slow. Five years after brushing, the
- to -year-old seedlings were increasing in height
at rates of . cm/yr in the treatment and . cm/yr
in the control, which is below the average for inte-
rior spruce of similar age (Vyse ). At the present

rates of height growth, seedlings in the treatment
will attain the minimum height (. m) . years
after manual cutting and those in the control will
do so after . years, on average. On the basis of
our conifer and vegetation height measurements,
we predict the conifer:vegetation height ratio
requirement (B.C. Ministry of Forests ) will be
met approximately  years after brushing (when
seedlings are – years-old) in the treatment and
after approximately  years (when seedlings are
– years old) in the control (Figure ). How-
ever, stocking requirements may not be met in the
control if survival continues to decline. This indi-
cates that even minor reductions in abundance of
the Ericaceous Shrub Complex can help seedlings
meet free-growing.
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  Comparison of average spruce and vegetation height profiles in (a) the brushing treatment and (b) the
control in the years following manual cutting in the ESSF Ericaceous Shrub Complex. Heights for years
0 through 5 are based on actual data (values for years 2 and 4 were interpolated), and the heights for years
6 through 14 are projected on the basis of height growth rates in year 5. The vertical broken line indicates the
most recent assessment year. Spruce are predicted to outgrow vegetation 10 years after manual cutting and
after 14 years in the control.



Manual brushing of the Ericaceous Shrub Complex
resulted in a large improvement in survival of
young Engelmann spruce seedlings. There were also
marginal increases in seedling growth. Abundance
of the shrub layer was reduced for less than 
years, and there were no increases in herb height
and cover as a result of cutting shrubs. However,
the effects of cutting on vegetation may have been
underestimated because it was assessed, according
to  protocol, in a .-m plot radius, whereas
the cutting radius ranged from . to . m. This
often resulted in the inclusion of both treated and

untreated vegetation in the assessment plots. In
spite of the small response of conifers, brushing is
expected to contribute to meeting both stocking
and conifer:vegetation height ratio requirements for
free-growing (B.C. Ministry of Forests ).

Continued monitoring of these sites is necessary
to determine whether fifth-year growth and sur-
vival responses will be biologically meaningful over
the long term. The small increase in growth may
have little effect on yield or rotation length, but the
substantial improvements in survival and stocking
have important implications for stand yield.
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. Manual cutting improved fifth-year survival of
Engelmann spruce seedlings by %. Our results
suggest that, on sites where the Ericaceous Shrub
Complex becomes well-developed as a result of
delayed planting, stocking requirements may not
be met without brushing. Survival problems may
be minimized, however, where sites are mechani-
cally prepared and planted with large stock
immediately after harvest.

. Growth of spruce seedlings improved marginally
following brushing, which is consistent with the
minor effect that manual cutting had on vegeta-
tion. Other studies involving the Ericaceous
Shrub Complex have shown that seedling growth
responses are positively correlated with the
degree of vegetation and forest floor removal,
and with concomitant increases in soil tempera-
ture. Long-term measurements are required to
determine whether small growth improvements,
such as those measured in our study, will be bio-
logically meaningful over the long term.

. Competition thresholds for spruce diameter
growth were % shrub cover and   in the
Ericaceous Shrub Complex. In the Subalpine
Herb Complex, a threshold was not evident
based on herb cover, and it was large based on
. Reducing ericaceous shrubs below the
shrub thresholds should slightly improve spruce
diameter growth.

. The Ericaceous Shrub Complex often occurs in a
mosaic with the Subalpine Herb Complex. Cau-
tion should be exercised when treating shrub
communities that have a well-developed herb
layer under the canopy. The herb community can
increase rapidly in response to removal of the
shrub layer, and may be difficult to treat because
of its ability to recover rapidly from treatment.

. The Ericaceous Shrub Complex develops slowly,
and may not require brushing if sites are pre-
pared and planted promptly following harvest.
Backlog  is gradually being eliminated in
southern interior British Columbia, so the need
to release seedlings from a fully developed
Ericaceous Shrub Complex should therefore be
diminishing.

. Manual cutting did not reduce the abundance of
wildlife food plants (except thimbleberry) in our
study, and it increased the diversity of vascular
species. However, the increase in diversity
resulted from an increase in the abundance of
ruderale species.



MANAGEMENT IMPLICATIONS
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