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The effects of manual cutting, glyphosate, and
grazing on conifer seedlings and the Fireweed
Complex were examined on circum-mesic sites in
the ICH and ESSF zones for – years.

Manual cutting—Single manual cutting treatments
had a short-lived effect on abundance of the Fire-
weed Complex, and did not significantly affect sur-
vival or growth of Engelmann spruce and lodgepole
pine seedlings in either the ICH or ESSF zones after
– years. Cutting did not reduce height or cover of
fireweed, the herb layer, or overall vegetation, even
in the first year after treatment, and had only a
minor effect on the shrub layer. Species richness
and diversity were unaffected by manual cutting.

Glyphosate—Brushing with glyphosate at .–.
kg ai/ha reduced abundance of the ESSF Fireweed
Complex, but had only minor effects on Engel-
mann spruce seedling growth. After  years, sur-
vival was good (average %) in both the treatment
and the control, and there were no differences in
seedling stem diameter, diameter increment, height,
or leader height. Crop tree height:diameter ratio
was significantly lower in the treatment than the
control (. versus .). Fireweed height and
cover were reduced for at least  years by the
glyphosate treatment, and so was overall vegetation
cover. Height and cover of the herb layer were
reduced for only a single year. Species richness
and diversity were not affected by the glyphosate
treatment.

Sheep and cattle grazing—A single grazing pass
by sheep or cattle had little effect on the Fireweed
Complex in the ESSF zone. Height of the herb
layer was significantly reduced  year after grazing,
but abundances of fireweed and overall vegetation
were unaffected. There were no improvements in
Engelmann spruce seedling survival or growth as a
result of grazing after  years, but overall seedling
vigour was considerably reduced due to cattle
trampling in one of the treated plots. Grazing had
no effect on species richness or diversity.

Competition thresholds averaged , , and
% cover, and , , and   for Engelmann
spruce in the ESSF zone, Engelmann spruce in the
ICH zone, and lodgepole pine in the ICH zone,
respectively. These thresholds, as well as other com-
petition and light studies, suggest that adequate
growth rates of spruce and pine may be maintained
under moderate levels of fireweed.

Our early results suggest that brushing the Fire-
weed Complex is unlikely to contribute to the
achievement of free-growing unless vegetation is
threatening the survival of newly planted seedlings.
Otherwise, seedlings growing on circum-mesic sites
are achieving minimum height requirements and
outgrowing the fireweed canopy within the free-
growing window, regardless of whether or not they
are brushed.

    

 

Fireweed Complex

ABSTRACT



Description of the Fireweed Complex

When the Fireweed Complex first invades newly
disturbed sites, it is composed of relatively pure
stands of fireweed (Epilobium angustifolium). As
time passes since disturbance, however, it may
include minor components of grasses, ferns such
as lady fern (Athyrium filix-femina) and oak fern
(Gymnocarpium dryopteris), and various shrub
species such as thimbleberry (Rubus parviflorus),
red raspberry (Rubus idaeus), Sitka alder (Alnus
viridis), and willow (Salix spp.) (Boateng and
Comeau b) (Figure ).

The Fireweed Complex occurs in virtually all
biogeoclimatic zones of British Columbia, as long
as moisture is sufficient (McLean ). It tolerates
a wide range of environmental conditions, but
grows best on mesic and subhygric sites under full
light conditions (Haeussler et al. ). The Fire-
weed Complex is common in the ICH, ESSF, and
MS zones of the southern interior, and to a lesser
extent in the IDF zone.

Development of the Fireweed Complex  

The Fireweed Complex is likely to be present on
moist, cool sites following any type of disturbance
that increases light levels and disturbs the forest
floor, particularly if mineral soil is exposed. There-
fore, sites that are summer-logged are more likely
to develop a vigorous fireweed community than
sites that are winter-logged (Haeussler et al. ).

Fireweed is an extremely successful colonizer of
newly disturbed sites because of its vigorous repro-
ductive strategies, both sexual and vegetative. It
competes poorly with established vegetation, how-
ever, and will not colonize sites that are already
fully occupied (Mosquin ; Haeussler et al. ,
citing Watson et al. ). A single fireweed stem
can produce  –  lightweight, plumed
seeds (Myerscough ), which, once airborne,
can travel hundreds of kilometres (Solbreck and
Andersson ). Following germination, fireweed
plants grow rapidly, and can reach their full height
of – m and flower in a single season (Myerscough
; Haeussler et al. ). Once a site is colonized
by young fireweed, the population expands mainly
by means of a perennial rhizome system that
spreads horizontally outward from the parent
plant, producing new shoots from buds along its
length.

Although fireweed colonies are capable of living
for decades, their longevity depends on rates of
succession. As a canopy of shrubs and conifers
develops, fireweed dies out or persists at only low
densities (Mosquin ; Haeussler et al. ). In
the southern interior of British Columbia, fireweed
may overtop slow-growing seedlings for  or more
years (Haeussler et al. ). On cedar-hemlock
sites, it reaches peak abundance about  years after
disturbance (Boateng and Comeau b).

Interactions with Conifer Seedlings

The Fireweed Complex is one of the early seral
plant communities identified as a serious competi-
tor to conifer seedlings in the southern interior of
British Columbia (Kimmins and Comeau ).
Fireweed affects seedling performance mainly by
reducing the availability of light, and once seedlings
have become spindly, they are easily damaged by
snow and vegetation press. A dense fireweed
canopy can reduce light levels to less than % of
full sunlight (Comeau ), and can do so earlier
in the growing season than other competing
species, such as thimbleberry (DeLong ). In
addition to reducing light availability, dense vegeta-
tion also slows and reduces soil warming (Spittle-
house and Stathers ; Balisky and Burton ),
which contributes to poor seedling performance at



INTRODUCTION

  The Fireweed Complex prior to manual
cutting treatment at Bugle Creek (Site 108) in
the ESSFwc1 variant in the Arrow Forest
District. Photo credit: JMJ Holdings Inc.



higher elevations. In British Columbia, competi-
tion by the Fireweed Complex for soil water and
nutrients appears to be minor in comparison with
competition for light.

Competition thresholds for fireweed have previ-
ously not been well defined, but Comeau et al.
() suggest that either competition indices or
measurements of light transmittance are potentially
useful. These authors found that % of the varia-
tion in Engelmann spruce growth on a fireweed-
dominated site could be explained by late-July light
transmittance. Lindeburgh () reported that
even moderate levels of fireweed competition
reduced seedling growth, whereas survival tended
to be affected mainly on subhygric to hygric sites
that were associated with lower slope position,
probably because competition was more severe.

The incidence of insect damage to conifer
seedlings may increase as a result of vegetation
control in the Fireweed Complex. Following brush-
ing, Lindeburgh et al. () found a higher inci-
dence of spruce gall aphid (Adelges cooleyii) on
Engelmann spruce and Douglas-fir seedlings, and a
higher incidence of spruce leader weevil (Pissodes
strobi) on spruce. Greater weevil attack may have
occurred because seedlings were more visually
obvious above the fireweed, their leaders were
larger and more attractive for oviposition, and/or
the environment may have changed in favour of
overwintering adults (Gara et al. ).

Importance to Wildlife and Range

Fireweed is of low to moderate importance to
wildlife in British Columbia. It is browsed to some

extent in the summer by deer, moose, and elk
(Kufeld ; McLean ; Haeussler et al. ),
and by snowshoe hares in the spring (Wolff ).
However, the Fireweed Complex likely increases in
importance to wildlife as shrubs become established.
The berries of thimbleberry and red raspberry are
favoured by many wildlife species (Haeussler et al.
), and tall shrubs such as alder and willow pro-
vide cover for large mammals. Fireweed flowers are
also utilized by bees for honey production.

Cattle have low preference for fireweed, but find
it most palatable while it is flowering. It may be
part of their diet from spring until fall frost
(McLean ). Fireweed, especially when young
shoots are present, is a preferred species for sheep
(Newsome ).

Common Brushing Treatments in the
Fireweed Complex 

In the southern interior British Columbia, the Fire-
weed Complex is generally brushed manually or
with glyphosate, although grazing is also a com-
mon treatment in some areas (Table ). Decisions
about whether to brush the Fireweed Complex are
generally made on the basis of visual estimates of
competition levels. However, field staff reportedly
have difficulty identifying a need for seedling
release at lower levels of fireweed abundance, even
though seedlings could be receiving as little as %
of full midsummer sunlight (Comeau et al. ).

    





  Common brushing treatments applied to the Fireweed Complex in the southern interior of B.C.

Suggested Average
Optimum number of cost per Potential

Treatment Objectives timing treatments Tools haa disadvantages

Manual cutting 1. Reduce light Mid- to late-June 2–3 1. Weed whacker $511 Repeat treatments

competition to reduce light 2. Motorized brush saw $538 are costly

2. Reduce snow- and competition and after  3. Machete $511

vegetation-press the first frost to reduce

vegetation pressb 

Glyphosate 1. Reduce light Mid-July to mid-August c 1 1. Backpack sprayer $700 Cannot apply near 

(1.4–2.1 kg ai/ha) competition 2. Fixed-wing plane $311 waterways 

2. Reduce snow- and or helicopter (aerial) 

vegetation-press

3. Increase soil warming

Grazing 1. Reduce light competition As soon as possible after 2–3d 1. Sheep $248 Potential for conifer damage

2. Reduce snow- and seedlings harden off d 2. Cattle if flocks or herds are not

vegetation-press carefully managed

a Based on average costs in the Kamloops and Nelson forest regions for single-entry treatments (B.C. Ministry of Forests )
b J. Wright, pers. comm., 
c Lloyd and Heineman (a)
d Newsome et al. ()



    

The responses of Engelmann spruce, lodgepole
pine, and vegetation to manual brushing of the
Fireweed Complex in the ESSF and ICH zones are
described in this section. The responses of Engel-
mann spruce and vegetation to foliar glyphosate
treatment of the ESSF Fireweed Complex are also
presented.

Manual Cutting

This section describes third-year Engelmann spruce
and vegetation responses to manual cutting of the
Fireweed Complex in the ESSF zone and upper
portions of the ICH zone (n = ). Spruce were –

years old at the time of treatment. It also describes
fifth-year responses of lodgepole pine and vegeta-
tion to manual cutting of the Fireweed Complex in
the ICH zone (n = ). Pine were – years old at
the time of treatment.

Engelmann spruce in the ESSF zone and
higher-elevation ICH zone
We have third-year results demonstrating the
effects of manual brushing of the Fireweed Com-
plex in the ESSF zone and higher-elevation ICH
zone on vegetation and Engelmann spruce
seedlings.

Description of the study sites and treatments
This treatment cell includes four study sites: three
in the Nelson Forest Region and one in the
Kamloops Forest Region. The Bugle Creek and
Murphy Creek sites are in the Arrow District, 

and  km southwest of Castlegar, respectively. The
O’Brien Creek site is  km north of Kaslo in the
Kootenay Lake District, and the Craigellachie site is
 km north of Malakwa in the Salmon Arm Dis-
trict. Physiographic features, site histories, and
conifer and vegetation characteristics for each site
are summarized in Table . Two of the sites are
located in the Columbia Wet Cold ESSF variant
(ESSFwc), one in the Wells Gray Wet Cool ICH
variant (ICHwk), and one in the Shuswap Moist
Warm ICH variant (ICHmw). ESSF and ICH zone
sites were grouped together in this treatment cell
because the two ICH sites were close in elevation
to the boundary of the ESSF zone and had similar
vegetation and physiography to the ESSF sites.

The study sites range in elevation from  to
 m, and have moderate slopes (–%) and
variable aspects (east, west, south). Two sites are in
lower slope positions (one mesic and one subhy-
gric) and two are at mid-slope (mesic). Soils are
loamy-textured (silt-loam to loam) Brunisols and
Podzols.

Two of the sites (Bugle Creek and O’Brien
Creek) were clearcut in –, broadcast
burned within  year of harvest, and planted with
spruce within  years of burning. A third site
(Murphy Creek) was clearcut in  and spot-
burned in . The fourth site (Craigellachie) had
a somewhat different site history. It was clearcut in
 and did not receive any further treatment until
it was mechanically prepared in . All four sites
were planted within  years of site preparation.
Brushing took place (and  was initiated)
– years after site preparation, at which time seed-
lings were – years old. At that time, total conifer
stocking on the three sites ranged from  to
 stems/ha, of which – stems/ha were
well spaced.

Immediately prior to brushing, fireweed domi-
nated the vegetation on all four sites, with mean
cover values ranging from  to % and mean
heights from  to  cm. On two of the sites, red
raspberry was also common. Vegetation overtopped
seedlings on all sites. Vegetation was cut in a .–
. m radius around target spruce seedlings on the
four sites, on dates in early July through October
(Table ). The objectives of brushing were primar-
ily to reduce vegetation press and secondarily to in-
crease the transmittance of light to seedlings. Three
sites received only a single manual cutting treat-
ment, and one received treatments  years in a row.

Conifer response
Survival and vigour Three years after manual cut-
ting, survival of the - to -year-old spruce
seedlings (– years old at the time of treatment)
was excellent in both the treatment and control
(average %, p = .) (Table ). A variety of fac-
tors were responsible for the small amount of mor-
tality that did occur, but only one seedling across
all four sites was recorded as dying from compet-
ing vegetation.

Manual brushing did not affect Engelmann

RESULTS





  Characteristics and history of the four replicate study sites where the ESSF/ICH Fireweed Complex was manually cut in Engelmann spruce plantations
prior to treatment

Characteristics of Conifer stocking
Site characteristics and history target conifers at  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. (years) Originb Stock (years) (cm) and heightd (cm) Total spaced

Craigellachie ICHwk1 01 1160 E Podzol/ Clearcut 1981 14 6 2 P PSB 313A 4 63 (16) Fireweed cover: 27 (15) 1281 873

PROBE 56 (mesic) 45% loam MSP 1989 1990/91 PSB 415B Fireweed height: 73 (13)

Salmon Arm Raspberry cover: 12 (12)

District Raspberry height: 40 (13)

Bugle Creek ESSFwc1 04 1680 W Podzol/ Clearcut 1988 6 4 2 P PSB 313 2 24 (6) Fireweed cover: 63 (17) 1022 919

PROBE 108 (subhygric) 50% loam Burned 1988 1990 Fireweed height: 125 (14)

Arrow District

Murphy Creek ICHmw2 01 1370 S Brunisol/ Clearcut 1987 5 3 0 P PSB 313B 3 42 (11) Fireweed cover: 58 (16) 1531 972

PROBE 112 (mesic) 25% silt loam Spot burned 1989 Fireweed height: 139 (22)

Arrow District 1989

O’Brien Creek ESSFwc1 01 1200 W Brunisol/ Clearcut 1988/89 4 3 1 P PSB 313B 2 59 (13) Fireweed cover: 32 (24) 1472 1136

PROBE 124 (mesic) 35% silt loam Burned 1990 1991 Fireweed height: 104 (28)

Kootenay Lake Lady fern cover: 24 (26)

District Lady fern height: 64 (23)

Raspberry cover: 13 (14)

Raspberry height: 59 (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)



    

spruce vigour (Figure ), which improved in both
the treatment and control during the -year moni-
toring period. Prior to cutting, an average of %
of seedlings were of moderate vigour, % were

poor, and % were good. The proportion of
seedlings of good vigour increased during the -
year monitoring period (to % in the control and
% in the manual cutting treatment), while the
proportion of poor-vigour seedlings remained con-
stant in the treatment and dropped slightly in the
control.

Growth Three years after manual cutting of the
Fireweed Complex, there were no significant effects
on spruce height, leader length, stem diameter,
stem diameter increment, or height:diameter ratio
(p>.) (Table , Figure ). Prior to manual

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

Initial Treatment Treatment Repeat
Site treatment date radius tool treatment

Craigellachie Late August 1995 1.0 m Brush saw None

Bugle Creek Mid-August 1992 0.7 m Weed whacker None 

Murphy Creek October 1992 0.5 m Brush saw None 

O’Brien Creek July 5, 1993 1.0 m Brush saw June 24, 1994

  Survival and growth responses of Engelmann
spruce seedlings to manual cutting in the
ESSF/ICH Fireweed 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 99 1.235 0.72

3 yr post-treatment 94 97 1.196 0.29

Stem diameter (cm)

Pre-treatment 0.93 0.96 0.065 0.78

1 yr post-treatment 1.18 1.28 0.104 0.55

3 yr post-treatment 2.14 2.28 0.152 0.57

Diameter increment (cm)

1 yr post-treatment 0.27 0.33 0.055 0.47

3 yr post-treatment 0.41 0.41 0.023 0.96

Height (cm)

Pre-treatment 46.7 47.6 0.868 0.54

1 yr post-treatment 59.1 62.1 1.389 0.22

3 yr post-treatment 94.0 96.2 2.982 0.63

Leader length (cm)

Pre-treatment 12.0 11.4 0.731 0.60

1 yr post-treatment 11.3 12.7 0.844 0.31

3 yr post-treatment 16.1 14.7 0.992 0.40

Height: diameter ratio

Pre-treatment 49.9 50.8 2.371 0.80

1 yr post-treatment 51.4 50.1 3.164 0.78

3 yr post-treatment 45.1 44.5 1.397 0.81

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, treat-
ment of the ESSF/ICH Fireweed 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.





cutting, seedlings averaged . cm tall in the con-
trol and manual cutting treatment (p = .).
Three years later they averaged . cm tall (p =
.), with .-cm leaders (p = .). Stem diame-
ter more than doubled within the -year measure-
ment period, from . cm pre-treatment to .

cm in year , but there were no differences between
the treatment and control (p = .). There were
no significant differences between the treatment
and control in height:diameter ratio, which aver-
aged . prior to cutting (p = .) and . in
year  (p = .).

Spruce diameter and height distributions were
similar in the brushing treatment and control
before treatment, and remained similar through 
years post-treatment (Figures  and ). Height and
diameter distributions became increasingly normal
as time passed, and frequency counts in the differ-
ent classes varied little between the treatment and
control. The distributions agree with  results
that manual cutting had no effect on spruce height
or diameter growth.

Competitive status Manual treatment of the
Fireweed Complex had no lasting effect on the
competitive status of spruce seedlings (Figure ),
but the proportion of seedlings that were above
surrounding vegetation was increasing gradually in
both the treatment and control. Prior to treatment,
the majority (average %) of seedlings were either
overtopped or threatened by vegetation. Three
years later, an average % of seedlings were free of
vegetation, with the transition taking place equally
in the treatment and control. As of year , an

average % of seedlings continued to be over-
topped by the Fireweed Complex, but seedling
height (. cm) was approaching that of the
approximately -m-tall vegetation canopy.

Plant community response
Abundance Fireweed was the primary brushing
target in this study, but manual cutting had no
effect on its height or cover after either  or  years
(p>.) (Table , Figure ). Neither were there
any differences in height and cover of all vegetation
or the herb layer as a result of treatment. Shrub
cover in the treatment and control were similar in
year  (p>.), but, in year , cover in the control
had increased relative to the treatment (.% in
the control versus .% in the treatment, p =
.) (Figure ). It is unclear whether this differ-
ence was related to the cutting treatment. There
were pre-treatment differences in shrub height
between the treatment and control, which disap-
peared in years  and .

Richness and diversity of individual species and
vegetation structural groups Manual cutting of the
Fireweed Complex had no effect on either species
richness or species diversity (p>.) (Table ). Prior
to manual cutting, an average of  vascular plant
species were present, and  years later there was an
average of  species, but the increase occurred
equally in the treatment and the control. Diversity
indices fluctuated somewhat, being slightly higher
in the first-year assessment than in the pre-treatment
or third-year assessments, but again, the changes
occurred similarly in the treatment and the control.

  Engelmann spruce seedlings in the (a) treatment and (b) control 5 years following manual cutting at Bugle
Creek. The treatment had no effect on spruce performance. Note: Although the photo shows fifth-year
responses, we report statistical 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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  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/ICH Fireweed 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 total height classes (µ = 0; s.d. = 1; n = 4 for the
control and treatment combined) for Engelmann spruce in the ESSF/ICH Fireweed 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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  Comparison of Engelmann spruce competi-
tive status between the manual cutting
treatment and control before, and 1 and 3
years after, treatment of the ESSF/ICH
Fireweed Complex. Seedlings were classified
as free of vegetation when the leader was
well above surrounding vegetation, and
classified as overtopped when the leader
was overtopped. Threatened seedlings had
leaders at approximately the same height as
surrounding vegetation.

  The Fireweed Complex 1 year following
manual cutting at Bugle Creek. Vegetation
was cut in a 0.7-m radius around seedlings,
and had recovered to control levels within
1 year of treatment. Photo credit:
JMJ Holdings Inc. 

  Cover and height of vegetation in the ESSF/ICH
Fireweed Complex before and after manual
cutting in Engelmann spruce plantations

Means

Response Manual Standard
variable cutting Control error p-value

Fireweed

Cover (%)

Pre-treatment 44.9 44.7 3.228 0.98

1 yr post-treatment 44.7 45.8 3.720 0.84

3 yr post-treatment 45.8 42.2 5.237 0.66

Height (cm)

Pre-treatment 115.0 105.5 3.561 0.16

1 yr post-treatment 99.1 96.9 5.348 0.80

3 yr post-treatment 104.8 101.4 3.882 0.58

All vegetation

Cover (%)

Pre-treatment 76.4 75.9 5.687 0.95

1 yr post-treatment 77.7 79.9 1.431 0.35

3 yr post-treatment 80.7 74.0 2.938 0.21

Height (cm)

Pre-treatment 99.1 90.2 3.606 0.18

1 yr post-treatment 79.4 92.1 10.901 0.47

3 yr post-treatment 95.2 97.8 5.792 0.77

Herbs

Cover (%)

Pre-treatment 67.5 64.8 3.629 0.63

1 yr post-treatment 69.6 71.5 2.774 0.67

3 yr post-treatment 67.9 59.9 3.182 0.17

Height (cm)

Pre-treatment 99.8 92.9 3.392 0.24

1 yr post-treatment 82.5 86.4 8.769 0.78

3 yr post-treatment 93.5 92.1 5.084 0.86

Shrubs

Cover (%)

Pre-treatment 14.2 18.3 4.680 0.58

1 yr post-treatment 13.2 14.5 3.423 0.80

3 yr post-treatment 18.6 23.9 1.095 0.04*

Height (cm)

Pre-treatment 70.6 53.8 3.954 0.06*

1 yr post-treatment 53.6 59.3 6.818 0.66

3 yr post-treatment 66.9 73.0 4.756 0.87

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 covariance
was applied where there were pre-treatment differences accord-
ing to analysis of variance.





There were no significant differences in the rich-
ness or diversity of structural vegetation groups
(p>.) (Table ).

Manual cutting treatments are prescribed for the
Fireweed Complex to reduce the abundance of tall
herbaceous vegetation in the neighbourhood of
conifer seedlings. However, cover estimates for indi-
vidual species in the eight diversity plots failed to
show that that had occurred. Fireweed abundance
decreased in the treated plots of two sites, but was
unaffected on the other two sites.  results
also showed that manual cutting had no effect on
fireweed abundance. Pearly everlasting (Anaphalis
margaritacea) was the only herb species that tended
to change in abundance following manual cutting
(Table ); its cover increased in the treated plots
on two of four sites. Shrubs were affected more by
the cutting treatment. Abundance of devil’s club
(Oplopanax horridus) decreased in the treatment
following cutting on two of four sites, while false-
box (Pachistima myrsinites) and thimbleberry
increased on two of four sites. Berry-producing
shrubs such as black huckleberry (Vaccinium mem-
branaceum) and red raspberry were common on
these sites, but their abundance was not affected by
the manual cutting treatment.
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  Comparison of mean shrub cover between
the manual cutting treatment and control
before, and 1 and 3 years after, treatment
of the ESSF/ICH Fireweed 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).

  Richness and diversity of vascular plant species
in the ESSF/ICH Fireweed Complex before and
after manual cutting in Engelmann spruce
plantations

Means

Response Manual Standard
variable cutting Control error p-value

Richness

Pre-treatment 30.00 31.25 1.168 0.50

1 yr post-treatment 30.50 31.00 2.492 0.90

3 yr post-treatment 37.00 38.50 1.837 0.60

Shannon-Weaver Diversity Index

Pre-treatment 1.85 1.97 0.088 0.41

1 yr post-treatment 1.96 2.00 0.080 0.80

3 yr post-treatment 1.87 1.91 0.116 0.80

Simpson’s Diversity Index

Pre-treatment 0.71 0.74 0.022 0.31

1 yr post-treatment 0.73 0.74 0.020 0.64

3 yr post-treatment 0.69 0.68 0.034 0.88

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/ICH Fireweed 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 6.25 0.339 0.64

1 yr post-treatment 5.75 6.00 0.177 0.39

3 yr post-treatment 5.75 6.00 0.177 0.39

Shannon-Weaver Diversity Index

Pre-treatment 0.94 1.06 0.085 0.39

1 yr post-treatment 0.99 1.02 0.053 0.78

3 yr post-treatment 0.93 0.95 0.086 0.88

Simpson’s Diversity Index

Pre-treatment 0.50 0.57 0.038 0.27

1 yr post-treatment 0.52 0.54 0.026 0.71

3 yr post-treatment 0.47 0.50 0.040 0.70

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



    

Competition thresholds
Fireweed competition thresholds for Engelmann
spruce were derived separately for the ICH and
ESSF zones because we hypothesized that spruce
tolerance of competition would change with cli-
matic conditions and growth-limiting factors. The
threshold information presented below includes all
of our ICH or ESSF spruce plantations, regardless
of the brushing treatment applied. Consequently,
the following analysis includes not only sites that
were brushed manually, but also those that were
treated with gylphosate, mulch mats, or grazing.

Engelmann spruce in the ICH zone This section
summarizes thresholds for ICH spruce plantations
where fireweed was brushed using either manual or
glyphosate methods (n = ). The fireweed cover
and  thresholds for Engelmann spruce diame-
ter growth in the ICH zone were  and %,
respectively, where  = (fireweed cover * fire-
weed modal height)/spruce height (e.g., Figure ).
There was little variation in thresholds among
sites, which may be related to the narrow range in
stand (– years) and spruce ages (– years)
(Table ). The cover thresholds were generally
diffuse and high (i.e., on some sites, equivalent to
the maximum localized fireweed cover), whereas
the  thresholds were generally sharp (e.g.,
Figure ).

A small proportion of trees (–%) were grow-
ing in neighbourhoods above the thresholds, and
may therefore benefit from further selective brush-
ing. There was a fairly even proportion of control
and treated trees overall both above and below the
thresholds. Most treated trees (–%) fell below
the thresholds, indicating that brushing successfully
reduced fireweed abundance below the competition
thresholds, at least temporarily. However, only
–% of treated trees that occurred below the fire-
weed thresholds achieved ≥% of the maximum
diameter measured on the site. In addition, both
the means (p>.) (Table ) and the distributions
of spruce diameters across fireweed neighbour-
hoods (e.g., Figure ) were similar between the
control and manual treatment, indicating that
spruce diameter had not responded to the short-
term fireweed reductions. An exception was found
on one of the glyphosate-treated sites, however,
where the largest-diameter trees were treated trees
that fell below the competition thresholds. This
result suggests that glyphosate treatments have the
potential to improve spruce growth in the ICH
Fireweed Complex.

Linear regressions of spruce diameter versus fire-
weed cover were significant (p<.) for four of
the six sites (Table ). Of the significant regres-
sions, coefficients of determination were very low

  Vascular plant species that exhibited trends of increasing cover, decreasing cover, or no change in cover
following manual cutting of the ESSF/ICH Fireweed 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 Acer glabrum

Salix spp.

Short shrubs Pachistima myrsinites Oplopanax horridus Ribes lacustre

Rubus parviflorus Rubus idaeus

Sambucus racemosa

Vaccinium

membranaceum

Herbs Anaphalis margaritacea Actaea rubra

Athyrium filix-femina

Carex spp.

Epilobium ciliatum

Grass spp.

Lupinus sericeus

Thalictrum occidentalis





(adjusted r2 .–.) and the slopes were negative
but shallow (β1 -. to -.). These results
reflect the wide variability in spruce diameter
across the broad range in localized fireweed covers
(–%) that occurred in all plantations. Similarly,
linear regressions between spruce diameter and
 were significant (p<.) for all of the seven

sites, but their coefficients of determination were
low (adjusted r2 .–.) and the slopes were
shallow (β1 -. to -.). Fitting a negative
exponential function to the diameter- relation-
ship on one site marginally improved the adjusted
r2 from . to .. The low adjusted r2 values and
shallow, negative slopes of the regressions suggest
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  Relationship between stem diameter of Engelmann spruce growing amongst the ICH Fireweed Complex and
(a) fireweed cover or (b) CRH, where CRH = (fireweed cover * fireweed modal height)/spruce height. Data
points include both treatment and control subplots for PROBE site 79 (n = 68). 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.










 











 












  Competition thresholds, regression equation parameter estimates, p-values, and adjusted r2 values for predicting Engelmann spruce stem diameter from
the competition indices, fireweed cover and CRH, in the Fireweed Complex in the ICH 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 for linear regression regression regression
# of trees diameter diameter diameter Linear regression regression predicting equation predicting

in the Conifer Cover from from from equation predicting predicting diameter predicting diameter
regression age threshold fireweed fireweed fireweed CRH diameter from diameter from diameter from

Site (n) (years) (%) cover a cover cover a threshold CRHb from CRHb CRHb from CRHc CRHc

56 72 4 40 y = 2.312 - 0.009 x 0.04 0.05 38 y = 2.509 - 0.011 x 0.17 0.00 y = 2.619 e (-0.006*x) 0.20

59 70 1 57 y = 1.138 + 0.004 x 0.01 0.21 66 y = 1.356 - 0.002 x 0.03 0.08

63 71 1 70 y = 1.529 - 0.002 x 0.00 0.31 86 y = 1.554 - 0.002 x 0.04 0.05

79 68 0 40 y = 0.694 - 0.002 x 0.14 0.00 100 y = 0.683 - 0.001 x 0.24 0.00

82 62 4 30 y = 3.264 - 0.017 x 0.03 0.07 18 y = 3.297 - 0.026 x 0.12 0.00

112 67 3 40 y = 3.414 - 0.013 x 0.09 0.01 50 y = 3.661 - 0.016 x 0.24 0.00

mean  46 (6) 60 (12)

(s.e.)

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



that fireweed competition on these sites was of
low importance and intensity to the plantations as
a whole.

Engelmann spruce in the ESSF zone Fireweed
competition thresholds for Engelmann spruce in
the ESSF zone were derived using all ESSF spruce
plantations regardless of the brushing treatment
applied. As a result, this section summarizes
thresholds for ESSF spruce plantations where fire-
weed was brushed using either manual, glyphosate,
grazing, or mulch mat methods (n = ). The fire-
weed cover and  thresholds for Engelmann
spruce diameter growth in the ESSF zone were
 and %, respectively, where  = (fireweed
cover * fireweed modal height)/spruce height.
There was little variation in thresholds among sites,
even though the ranges in stand (– years) and
spruce ages (– years) were fairly wide (Table ).
The cover thresholds were generally diffuse and the
 thresholds were sharp, but above both thresh-
olds there was a consistent decline in spruce diam-
eter (e.g., Figure ).

A moderate proportion of trees (–%) were
growing in neighbourhoods above the thresholds,
and 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 (–%) fell below the thresholds,
indicating that brushing was moderately successful
at reducing fireweed abundance below the competi-
tion thresholds, at least temporarily. However, only
% of treated trees that occurred below the fire-
weed thresholds achieved ≥% of the maximum
diameter measured on the site. In addition, both
the means (p>.) (Tables , , and ) and the
distributions of spruce diameters across fireweed
neighbourhoods (e.g., Figure ) were similar
between the control and the manual, grazing, or
glyphosate brushing treatments, indicating that
spruce diameter had responded little to the fire-
weed reductions resulting from those treatments.

Linear regressions of spruce diameter versus fire-
weed cover were significant (p<.) for only four
of the  sites (Table ). Of the significant regres-
sions, coefficients of determination were low
(adjusted r2 .–.) and the slopes were negative
but shallow (β1 -. to -.). These results
reflect the wide variability in spruce diameter
across the broad range in localized fireweed covers
(–%) that occurred in all plantations. In

contrast, linear regressions between spruce diame-
ter and  were significant (p<.) for eight of
the  sites, and their coefficients of determination
moderately high compared to other sites (adjusted
r2 .–.). Fitting a negative exponential func-
tion to the diameter- relationship did not
improve the adjusted r2 values. The low adjusted r2

values and shallow, negative slopes of the diameter-
cover relationships suggest that competition, as
measured by fireweed cover, was of low importance
and intensity to the plantations as a whole. How-
ever, the improvement in the regressions where
 was used as an index of fireweed competition
may reflect the importance of fireweed height in
resource competition processes.

Lodgepole pine in the ICH zone
We have -year results demonstrating the effects of
manual brushing on the Fireweed Complex and
lodgepole pine in the ICH zone (Figure ). Third-
year measurements were not carried out on one of
the three sites due to funding shortages that year.
Instead, measurements took place in year , and
those data have been included with fifth-year data
from the two other sites (n = ).

Description of the study sites and treatments
Three sites in the Kamloops Forest Region are
being studied. The Eagle Bay site is  km north
of Salmon Arm, in the Salmon Arm Forest Dis-
trict, and the Birk Creek site is  km southeast
of Barriere, in the Kamloops Forest District. Both
are in the Thompson Moist Warm ICH variant
(ICHmw). The Trophy Mountain site is in the
Northern Monashee Wet Cold ESSF variant
(ESSFwc), but its vegetation characteristics make
it more suitable for analysis with ICH sites than
other ESSF sites. It is  km northeast of Clear-
water, in the Clearwater Forest District.

The three sites range in elevation from  to
 m and have either northerly or easterly
aspects, with slopes of , , and % (Table ).
Slope positions are variable (upper slope, crest,
level). Soils are either Brunisolic or Podzolic and
loamy in texture (silt clay loam to sandy loam). All
three sites have submesic moisture regimes.

Two of the three sites were burned by wildfires
prior to clearcutting and one was broadcast
burned, but other than that the histories were vari-
able. One had been logged  years prior to 
initiation and planted three times. On the other












 











 












  Competition thresholds, regression equation parameter estimates, p-values, and adjusted r2 values for predicting Engelmann spruce stem diameter from
the competition indices, fireweed cover and CRH, in the Fireweed 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 regression for linear regression regression regression
# of trees diameter diameter diameter equation regression predicting equation predicting

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

Site (n) (years) (%) cover a cover cover a threshold CRHb from CRHb CRHb from CRHc CRHc

11 72 5 30 y = 2.822 - 0.011 x 0.05 0.03 23 y = 2.808 - 0.007 x 0.09 0.01

13 37 0 10 y = 0.684 + 0.004 x 0.03 0.14 36 y = 0.763 - 0.001 x 0.00 0.69

37 60 0 60 y = 1.308 - 0.003 x 0.03 0.12 100 y = 1.438 - 0.001 x 0.37 0.00

47 67 2 5 y = 1.397 - 0.006 x 0.20 0.00 8 y = 1.393 - 0.003 x 0.29 0.00

48 32 0 60 y = 0.573 + 0.001 x 0.00 0.49 100 y = 0.613 - 0.000 x 0.00 0.44

70 72 0 25 y = 0.427 + 0.000 x 0.00 0.70 100 y = 0.428 - 0.000 x 0.00 0.37

73 71 5 70 y = 1.952 - 0.000 x 0.00 0.93 76 y = 2.523 - 0.006 x 0.26 0.00

107 66 3 30 y = 2.921 - 0.018 x 0.13 0.00 34 y = 2.988 - 0.019 x 0.36 0.00

108 68 2 35 y = 1.400 - 0.007 x 0.02 0.13 24 y = 1.552 - 0.009 x 0.31 0.00

109 24 1 20 y = 1.657 + 0.004 x 0.00 0.80 15 y = 2.010 - 0.013 x 0.03 0.20

122 63 3 50 y = 2.373 - 0.008 x 0.13 0.00 38 y = 2.438 - 0.006 x 0.34 0.00 y = 2.481 e (-0.003*x) 0.35

124 66 2 40 y = 2.264 + 0.002 x 0.00 0.75 31 y = 2.544 - 0.007 x 0.04 0.08

mean 36 (6) 49 (10)

(s.e.)

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





two sites, only – years had passed since logging
or site preparation disturbance. Seedling age was
similar, however, since all three sites had been
planted or re-planted with lodgepole pine within
 years of  initiation.

Prior to manual brushing, pine seedlings had
mean heights of , , and  cm on the three
sites, and were between  and % as tall as

surrounding vegetation. Total conifer stocking
ranged from  to  stems/ha, of which 

– stems/ha were well-spaced. Fireweed domi-
nated the vegetation at all three locations, although
its abundance was variable. It was most abundant
on the Eagle Bay site (% cover;  cm tall), and
least abundant at the Birk Creek site (% cover; 

cm tall). In spite of the relatively light herb cover
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  Relationship between stem diameter of Engelmann spruce growing amongst the ESSF Fireweed Complex
and (a) fireweed cover or (b) CRH, where CRH = (fireweed cover * fireweed modal height)/spruce height.
Data points include both treatment and control subplots for PROBE site 108 (n = 68). 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.



at Birk Creek, it was estimated that % of
seedlings had been bent by snow- or vegetation-
press, and would benefit from treatment. Vegetation
was cut in a .-m radius around target pine
seedlings on two sites, and broadcast cut on a third
site (Table ). Cutting was carried out in July to
release seedlings and reduce vegetation-press. A
repeat treatment the following year was applied on
one site because work quality had been poor in the
initial treatment.

Conifer response
Survival and vigour Five years after the Fireweed
Complex was manually cut, mean survival of - to
-year-old lodgepole pine seedlings (– years old
at the time of treatment) was %, and there was
no difference between the control and treatment
(p = .) (Table ). Most mortality in both the
control and treatment occurred at a single site
(Eagle Bay), and was predominately caused by

competing vegetation. Other factors responsible for
minor amounts of mortality were wildlife damage,
root disease, and unknown agents (<%). Silvicul
ture survey information collected in year  indicates
there were an average  stems/ha that were free-
growing, with no significant difference between the
treatment and control (p = .). The survey was
done according to the old free-growing guidelines
(B.C. Ministry of Forests a), and on some
sites, it took place prior to the early assessment date.

Manual cutting resulted in a minor improvement
in seedling vigour in the first year after treatment,
but this disappeared by year  (Figure ). Immedi-
ately prior to treatment, most seedlings were of
moderate vigour and fewer than % were poor.
Twenty-two percent of treatment seedlings and
% of control seedlings were of good vigour
before manual cutting;  year later the proportion
had increased to % in the cutting treatment and
% in the control. However, by year  the propor-
tion of seedlings of good vigour had returned to
about % in both the treatment and control, and
most seedlings were again of moderate vigour.

    

  The Fireweed Complex prior to manual
cutting treatment at Eagle Bay (Site 50) in
the ICHmw3 variant in the Salmon Arm
Forest District. Photo credit: Silver Ring
Forestry Ltd.
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  Comparison of lodgepole pine vigour
between the manual cutting treatment and
control before, and 1 and 5 years after,
treatment of the ICH/ESSF Fireweed
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.





  Characteristics and history of the three replicate study sites where the ICH/ESSF Fireweed Complex was manually cut in lodgepole pine 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 delay a Agec Heightd cover (%) Well
location unit (m) slope texture history harvest prep. (yr) Originb Stock (years) (cm) and height d (cm) Total spaced

Trophy Mtn. ESSFwc2 04 1500 N Podzol/ Clearcut 9 3 0 P 1991 PSB 313B 3 57 Fireweed cover: 44 (14) 1714 1061

PROBE 49 (submesic) 0% silt clay 1981, 1985 (15) Fireweed height: 78 (13)  

Clearwater  loam Burned 1987 

District MSP 1991

Eagle Bay ICHmw3 04 800 N Brunisol/ Wildfire 1991 2 n/a 2 P 1993 PCT 313B 1 25 Fireweed cover: 82 (20) 1845 1103

PROBE 50  (submesic) 60% silt loam Clearcut 1992 (5) Fireweed height: 131 (46) 

Salmon Arm

District 

Birk Creek ICHmw3 05 1100 E Brunisol/ Wildfire 1964 11 n/a 10 P 1986 PSB 313 1 28 Fireweed cover: 9 (5) 1956 1200

PROBE 65 (submesic) 45% sandy Clearcut 1977– P 1989 PSB 415 (6) Fireweed height: 61 (14)

Kamloops loam 1984 P 1994 Thimbleberry cover:

10 (8)

District Thimbleberry ht: 41 (14)

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)



    

Growth Five years after manual cutting of the
Fireweed Complex, there were no significant differ-
ences in pine seedling height, leader length, stem
diameter, stem diameter increment, or height:

diameter ratio (p>.) (Table , Figure ). In
year , height:diameter ratio was significantly lower
in the manual cutting treatment (.) than the con-
trol (.), suggesting that seedlings were becoming
sturdier in response to treatment (p = .). How-
ever, by year , this effect had disappeared and
height:diameter ratio was similar in the treatment
and control (average .). Pine seedlings were
– years old at that time and averaged . cm tall,
with .-cm leaders and .-cm stem diameters.

Frequency counts in lodgepole pine standardized
stem diameter and height classes were reasonably
normally distributed prior to brushing, and were
similar in the manual cutting treatment and the
control (Figures  and ). The distributions
changed little during the -year measurement
period, which is consistent with  results that
the cutting treatment had no effect on pine dia-
meter or height growth.

Competitive status Manual cutting improved the
competitive status of lodgepole pine seedlings for 
year, but by year  seedlings in the treatment and
control were outgrowing vegetation equally well
(Figure ). Prior to manual cutting, fewer than
% of lodgepole pine seedlings were above the
Fireweed Complex. One year later, one-third of
seedlings in the manual cutting treatment were free
of surrounding vegetation, compared with % of
control seedlings. However, by year , % of treat-
ment seedlings and % of control seedlings were
above the canopy and almost none continued to be
overtopped.

Plant community responses
Abundance Prior to manual cutting, fireweed
dominated the plant community with an average
cover of .% (Table ). Manual cutting had no
significant effect on height or cover of fireweed
after  or  years (Figure ), nor did it affect

  A description of manual cutting treatments applied to the three replicate study sites to release lodgepole pine
seedlings growing in the ICH/ESSF Fireweed Complex

Initial Treatment Treatment Repeat
Site treatment date radius tool treatment

Trophy Mtn. July 1994 Broadcast Weed whacker None

Eagle Bay July 14, 1994 1.0 m Weed whacker None 

Birk Creek July 23, 1995 1.0 m Weed whacker and August 1996

hand-pulling

  Survival and growth responses of lodgepole
pine seedlings to manual cutting in the
ICH/ESSF Fireweed Complex

Means

Response Manual Standard
variable cutting Control error p-value

Survival (%)

Pre-treatment 100 100 0.000 1.00

1 yr post-treatment 95 84 7.856 0.42

5 yr post-treatment 94 81 6.645 0.33

Stem diameter (cm)

Pre-treatment 0.65 0.68 0.027 0.45

1 yr post-treatment 1.15 1.10 0.053 0.55

5-yr post-treatment 3.86 3.75 0.296 0.82

Diameter increment (cm)

1 yr post-treatment 0.51 0.43 0.030 0.19

5 yr post-treatment 0.80 0.75 0.056 0.60

Height (cm)

Pre-treatment 35.7 36.9 1.527 0.64

1 yr post-treatment 57.2 60.0 4.659 0.71

5 yr post-treatment 181.6 180.7 10.778 0.96

Leader length (cm)

1 yr post-treatment 20.0 22.0 2.880 0.68

5 yr post-treatment 36.8 40.0 1.778 0.33

Height:diameter ratio

Pre-treatment 57.9 56.7 1.375 0.60

1 yr post-treatment 51.1 56.1 0.905 0.06*

5 yr post-treatment 48.7 51.7 1.102 0.20

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.





  Lodgepole pine seedlings in the (a) treatment
and (b) control 5 years following manual
cutting at Eagle Bay. The treatment had no
effect on pine performance. Photo credit:
Silver Ring Forestry Ltd.

  Cover and height of vegetation in the ICH/ESSF
Fireweed Complex before and after manual
cutting in lodgepole pine plantations

Means

Response Manual Standard
variable cutting Control error p-value

Fireweed

Cover (%)

Pre-treatment 43.6 46.6 0.216 0.01*

1 yr post-treatment 36.2 42.6 1.788 0.89

5 yr post-treatment 28.1 31.5 1.692 0.30

Height (cm)

Pre-treatment 85.2 94.5 6.512 0.42

1 yr post-treatment 102.2 126.5 7.317 0.14

5 yr post-treatment 86.0 98.9 6.183 0.28

All vegetation

Cover (%)

Pre-treatment 72.7 78.4 3.290 0.35

1 yr post-treatment 80.6 84.9 4.105 0.53

5 yr post-treatment 84.6 86.7 3.000 0.67

Height (cm)

Pre-treatment 79.4 89.6 6.559 0.39

1 yr post-treatment 79.4 101.6 8.751 0.21

5 yr post-treatment 85.7 87.0 11.448 0.94

Herbs

Cover (%)

Pre-treatment 58.5 69.4 5.940 0.32

1 yr post-treatment 62.5 74.5 7.635 0.38

5 yr post-treatment 57.9 66.3 7.034 0.49

Height (cm)

Pre-treatment 72.7 86.0 5.116 0.21

1 yr post-treatment 70.1 90.9 8.009 0.21

5 yr post-treatment 64.2 60.7 12.364 0.86

Shrubs

Cover (%)

Pre-treatment 19.9 13.3 1.860 0.13

1 yr post-treatment 20.9 17.9 2.814 0.53

5 yr post-treatment 27.1 25.6 2.217 0.67

Height (cm)

Pre-treatment 48.2 56.6 1.059 0.03*

1 yr post-treatment 54.0 53.4 7.244 0.55

5 yr post-treatment 98.4 99.0 6.681 0.96

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 covariance was
applied where there were pre-treatment differences according to
analysis of variance.

a
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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 lodgepole pine in the ESSF/ICH Fireweed Complex before and after manual
cutting. Graphs are for: (a) pre-treatment; (b) 1 year post-treatment; (c) 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 = 3 for the
control and treatment combined) for lodgepole pine in the ESSF/ICH Fireweed Complex before and after
manual cutting. Graphs are for: (a) pre-treatment; (b) 1 year post-treatment; (c) 5 years post-treatment.
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height or cover of all vegetation, the herb layer, or
the shrub layer (p>.). One year after manual
cutting, fireweed averaged .% cover and was
. cm tall. Mean overall vegetation cover and
height were .% and . cm, respectively.
Vegetation abundance was essentially the same in
year .

Richness and diversity of individual species and
structural vegetation groups Manual cutting of the
Fireweed Complex had no effect on either species
richness or species diversity (p>.) (Table ).
Average species richness increased between the pre-
treatment ( species) and first-year ( species)
assessments, but this is likely due to differences in
the assessment date. Pre-treatment assessments for
manually brushed Fireweed Complex sites are often
carried out early in the season to accommodate
brushing schedules, whereas subsequent assess-
ments are carried out when vegetation is at its
peak. By year , richness in the control had
increased further in comparison to the treatment,
but because of variability between sites the differ-
ence remained statistically insignificant (average 

species, p>.). There were no significant differ-
ences in richness or diversity of structural vegeta-
tion groups between the treatment and control
(p>.) (Table ).
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  Comparison of lodgepole pine competitive
status between the manual cutting treat-
ment and control before, and 1 and 5 years
after, treatment of the ICH/ESSF Fireweed
Complex. Seedlings were classified as free
of vegetation when the leader was well
above surrounding vegetation, and classified
as overtopped when the leader was
overtopped. Threatened seedlings had
leaders at approximately the same height as
surrounding vegetation.

  The Fireweed Complex 1 year following
manual cutting at Eagle Bay. Vegetation was
cut in a 1.0-m radius around seedlings, and
had recovered to control levels within 1 year
of treatment. Photo credit: Silver Ring
Forestry Ltd.

  Richness and diversity of vascular plant species in
the ICH/ESSF Fireweed Complex before and after
manual cutting in lodgepole pine plantations

Means

Response Manual Standard
variable cutting Control error p-value

Richness

Pre-treatment 24.33 23.67 0.471 0.42

1 yr post-treatment 31.00 33.00 1.080 0.32

5 yr post-treatment 31.00 37.00 2.121 0.30

Shannon-Weaver Diversity Index

Pre-treatment 1.67 1.85 0.111 0.38

1 yr post-treatment 1.84 1.90 0.041 0.44

5 yr post-treatment 2.08 2.05 0.013 0.32

Simpson’s Diversity Index

Pre-treatment 0.64 0.69 0.041 0.48

1 yr post-treatment 0.69 0.70 0.003 0.34

5 yr post-treatment 0.75 0.74 0.004 0.52

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



Manual treatments had very little effect on the
abundance of individual shrub and herb species
associated with the Fireweed Complex on the three
sites in this treatment cell. Willow increased in the
treated plots relative to the control on two of three
sites, but otherwise there were no trends for indi-
vidual species that could be followed across multi-
ple sites (Table ). Cover estimates for individual
species tended to be higher in the first year than
the pre-treatment assessment, but the frequency of
increases was similar in the treatment and the con-
trol, suggesting that differences were related to
either the timing of assessment or to assessor sub-
jectivity. Berry-producing shrubs such as black
huckleberry, thimbleberry, and red raspberry were
present in varying amounts on these sites, but
manual cutting did not affect their abundance.

Competition thresholds
This section summarizes thresholds for ICH/ESSF
pine plantations where fireweed was brushed using
either manual or glyphosate methods (n = ). The
fireweed cover and  thresholds for lodgepole pine
diameter growth in the ICH/ESSF zones were  and
%, respectively, where  = (fireweed cover *
fireweed modal height)/pine height (e.g., Figure ).

The thresholds varied widely among sites, which
may be related to the range in stand ages (– years)
(Table ). The thresholds for fireweed cover and,
to a lesser extent , were generally vague (e.g.,
Figure ).

A small proportion of trees (–%) were
growing in fireweed neighbourhoods above the
thresholds, and may therefore benefit from further
selective brushing. Most trees above the thresholds
were control trees (–%), whereas over half
below the thresholds were treated trees (–%).
Most treated trees (–%) fell below the



  Richness and diversity of structural vegetation
groups in the ICH/ESSF Fireweed Complex
before and after manual cutting in lodgepole
pine plantations

Means

Response Manual Standard
variable cutting Control error p-value

Richness

Pre-treatment 6.67 6.00 0.236 0.18

1 yr post-treatment 6.67 6.67 0.000 1.00

5 yr post-treatment 7.00 7.00 0.000 1.00

Shannon-Weaver Diversity Index

Pre-treatment 1.02 1.03 0.094 0.94

1 yr post-treatment 1.10 1.03 0.023 0.16

5 yr post-treatment 1.23 1.17 0.100 0.74

Simpson’s Diversity Index

Pre-treatment 0.51 0.51 0.055 0.97

1 yr post-treatment 0.56 0.51 0.013 0.13

5 yr post-treatment 0.59 0.57 0.039 0.75

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 ICH/ESSF Fireweed Complex in lodgepole
pine plantations. Species included in the list
exhibited a common trend in the treated plots
of at least two study sites, based on a subjec-
tive evaluation (see Methods, Section 3).

Increasing Decreasing No change
cover cover in cover

Broadleaves Populus tremuloides

(< 2m)

Tall shrubs Salix spp.

Low shrubs Pachistima

myrsinites

Ribes lacustre

Rubus idaeus

Rubus parviflorus

Sambucus racemosa

Vaccinium

membranaceum

Herbs Anaphalis

margaritacea

Cirsium vulgare

Clintonia uniflora

Cornus canadensis

Epilobium

angustifolium

Grass spp.

Hieracium

albiflorum

Smilacina racemosa

Taraxacum

officinale










 











 












  Competition thresholds, regression equation parameter estimates, p-values, and adjusted r2 values for predicting lodgepole pine stem diameter from the
competition indices, fireweed cover and CRH, in the Fireweed Complex in the ICH/ESSF zones

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

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

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

Site (n) (years) (%) cover a cover a cover a threshold CRHb from CRHb CRHc

11 72 5 20 - - - 43 - - -

35 71 3 20 y = 3.776 - 0.012 x 0.03 0.09 30 y = 3.931 - 0.036 x 0.18 0.00

49 72 3 55 y = 3.16 - 0.016 x 0.05 0.03 34 y = 3.945 - 0.019 x 0.02 0.10

50 49 1 85 y = 1.985 - 0.006 x 0.02 0.17 112 y = 1.972 - 0.003 x 0.27 0.00

65 72 0 20 y = 1.014 - 0.014 x 0.13 0.00 24 y = 0.993 - 0.005 x 0.26 0.00

mean 40 (13) 49 (17)

(s.e.)

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

height.
c General form of non-linear equation is: y = a e (b x), where y is pine stem diameter, x is , a is the intercept, and b is the shape parameter.





thresholds, indicating that brushing successfully
reduced fireweed abundance below the competition
thresholds, at least temporarily. However, only %
of treated trees that occurred below the fireweed
thresholds achieved ≥% of the maximum diame-
ter measured on the site. In addition, both the
means (p>.) (Table ) and the distributions of

pine diameters across fireweed neighbourhoods
(e.g., Figure ) were similar between the control
and manual treatment, suggesting that pine diame-
ter had not responded to the short-term fireweed
reductions. On the glyphosate-treated sites, how-
ever, % of the largest-diameter trees were treated
trees that fell below the competition thresholds
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  Relationship between stem diameter of lodgepole pine growing amongst the ICH/ESSF Fireweed Complex
and (a) fireweed cover or (b) CRH, where CRH = (fireweed cover * fireweed modal height)/pine height. Data
points include both treatment and control subplots for PROBE site 35 (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).



    

(Figure ). This result suggests that glyphosate
treatments have the potential to improve lodgepole
pine growth in the Fireweed Complex.

Linear regressions were significant (p<.) for
three sites where fireweed cover was used as the
competition index, and four sites where  was
used (Table ). Of the significant regressions,
coefficients of determination were very low
(adjusted r2 .–. for cover regressions,

.–. for  regressions) and the slopes were
negative but shallow (β1 -. to -. for cover
regressions, -. to -. for  regressions).
These results suggest that there were weak relation-
ships between pine diameter and our two measures
of fireweed competition. The low adjusted r2 values
and shallow, negative slopes of the regressions sug-
gest that fireweed competition was of low impor-
tance and intensity to these plantations as a whole.
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  Relationship between stem diameter of lodgepole pine growing amongst the ICH/ESSF Fireweed Complex
and (a) fireweed cover or (b) CRH, where CRH = (fireweed cover * fireweed modal height)/pine height. Data
points include both treatment and control subplots for PROBE site 65 (n = 72). 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).



Ground Foliar Glyphosate Application

This section describes fifth-year responses of
Engelmann spruce seedlings and vegetation to
broadcast ground foliar glyphosate applications in
the ESSF Fireweed Complex (n = ) (Figure ).
Spruce seedlings were – years old at the time of
treatment.

Engelmann spruce in the ESSF zone
Description of the study sites and treatments
Three study sites are being measured for this treat-
ment cell. Two of the sites are in the Vernon Dis-
trict of the Kamloops Forest Region; the Chase
Creek site is  km northeast of Falkland in the
Thompson Dry Cold ESSF variant (ESSFdc) and
the Torrent Creek site is  km northeast of Lumby
in the Northern Monashee Wet Cold ESSF variant
(ESSFwc). The Bush River site is  km northwest
of Golden, in the Golden District of the Nelson
Forest Region. Although it was in the Golden Moist
Warm ICH variant (ICHmw), it is more similar to
the ESSF sites than other ICH sites.

Physiographic features, site histories, and conifer
and vegetation characteristics for each site are sum-
marized in Table . The three sites are located
between  and  m elevation, on shallow
slopes (–%). Aspect was variable (northwest,
north, east), and so was slope position (mid,
upper-mid, toe). All three sites were mesic, and
had Brunisolic soils of silt-loam texture.

History of the three sites was variable. They were
all clearcut – years prior to the initiation of
, and two were mechanically prepared prior
to planting. The delay between harvesting or site
preparation and planting ranged from  to  years.
When  was initiated, spruce seedlings were ,
, and  years old on the three sites, and ranged in
height from  to  cm. Total conifer stocking on
the three sites ranged from  to  stems/ha, of
which – stems/ha were well spaced. Seedlings
in the -year-old plantation were almost as tall as
fireweed, while those in the two younger plantations
were only about one-third as tall. Fireweed had
mean pre-treatment cover values of –% and
was between  and  cm tall on the three sites. It
was the dominant species at all locations, although
Sitka valerian cover was extensive at Torrent Creek.

Glyphosate was applied to the Fireweed Complex
in mid-August at rates of .–. kg ai/ha, using
either backpack sprayers or aerial spray (Table ).
It was sprayed around individual seedlings at one
site, and broadcast sprayed at the other two.

Conifer response
Survival and vigour Five years after glyphosate
application, survival of the - to -year-old Engel-
mann spruce seedlings (– years old at the time of
treatment) averaged %, and there was no differ-
ence between the treatment and control (p = .)
(Table ). Competing vegetation was responsible
for approximately three-quarters of the mortality in
the control and half the mortality in the treatment.
The remainder of seedling mortality was caused by
unidentified agents. Silviculture survey information
collected in year five indicates there were  and
 free-growing stems/ha in the treatment and
control, respectively (p = .). The surveys were
conducted according to the old free-growing guide-
lines (B.C. Ministry of Forests a), and on some
sites, they took place before the early assessment date.

Seedling vigour declined during the -year moni-
toring period, but to a greater extent in the control
than the treatment (Figure ). Prior to glyphosate
application, % of the - to -year-old seedlings
were of good vigour, % were of moderate vigour,
and % were of poor vigour. One year later, the
proportion of seedlings of good vigour had
decreased to about % in both the control and
treatment, while the proportion of poor seedlings
had increased to % in the treatment and % in
the control. By year , % of treated seedlings



  The Fireweed Complex prior to glyphosate
treatment at Bush River (Site 122) in the
ICHmw1 variant in the Golden Forest
District. Photo credit: JMJ Holdings Inc.










 











 












  Characteristics and history of the three replicate study sites where the ESSF/ICH Fireweed Complex was treated with foliar glyphosate spray 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. (years) Originb Stock (years) (cm) and heightd (cm) Total spaced

Chase Creek ESSFdc2 01 1400 NW Brunisol/ Clearcut 1978 13 n/a 8 P 1986 2+0 BR 5 52 (14) Fireweed cover: 25 (24) 3569 1190

PROBE 11 (mesic) 25% silt loam Fireweed height: 72 (13) 

Vernon District 

Torrent Creek  ESSFwc2 01 1600 N Brunisol/ Clearcut 1983 11 3 3 P 1986 PSB 415 2 29 (6) Fireweed cover: 58 (20) 1892 1148

PROBE 47 (mesic) 10% silt loam Pile and burn 2+0 Fireweed height: 105 (19) 

Vernon District 1991 Valerian cover: 33 (15)

Valerian height: 80 (21)

Bush River ICHmw1 01 1100 E Brunisol/ Clearcut 12 2 2 P 1985 PSB 415B 1 40 (6) Fireweed cover: 77 (12) 1283 897

PROBE 122 (mesic) 18% silt loam 1981/82 P 1988 PSB 312A Fireweed height: 138 (15)

Golden District Windrow 1984 P 1992 

Chemical 1991

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)





were of good vigour compared to % of control
seedlings. Most of the remainder were of moderate
vigour, although there continued to be a greater
proportion of poor seedlings in the control than
the treatment ( versus %).

Growth Five years after glyphosate treatment,
there were no significant differences in Engelmann
spruce height (average . cm), leader length
(average . cm), stem diameter (average . cm),
or diameter increment (average . cm) between

  A description of foliar glyphosate treatments applied to the three replicate study sites to release Engelmann
spruce seedlings growing in the ESSF/ICH Fireweed Complex

Application Weather Precipitation
Initial Application Application rate at after

Site treatment date method tools (kg ai/ha) treatment treatment

Chase Creek August 15–18, Spot ground Backpack 1.4 Unknown None

1993 foliar spray sprayer

Torrent Creek August 23, Broadcast ground Backpack 1.78 Overcast  None

1994 foliar spray sprayer 74–100% RH 

Bush River August 22–23, Broadcast aerial n/a 2.1 9.5–13oC August 23 

1994 spray 80–86% RH 5.8 mm 

No wind August 24–30 
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  Comparison of Engelmann spruce vigour between the glyphosate treatment and control before, and 1, 3,
and 5 years after, treatment of the ESSF/ICH Fireweed 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.



the control and treatment (p>.) (Table ).
Height:diameter ratio was lower in the treatment
than control in year  (. versus ., p = .),
year  (. versus ., p = .), and year  (.
versus ., p = .). Engelmann spruce stem
diameter was larger in the glyphosate treatment
than in the control in year  (. versus . cm,
p = .) (Figure ), but the difference was no
longer significant in year .

The standardized distributions of spruce diame-
ter were more or less normal in both the treatment
and control prior to treatment. During the -year
measurement period, control seedlings tended to
shift into smaller-diameter classes, whereas treated
seedlings tended to shift into larger classes (Figure
). This suggests that the glyphosate treatment
improved growing conditions for some spruce, rela-
tive to those in the control, but the continued pres-
ence of numerous treated trees in the - to -

diameter classes indicates that the response to
glyphosate was not universal. The diameter distrib-
utions suggest that the response to treatment
became more pronounced between years  and ,
which differs from  results, in which differ-
ences in stem diameter between the treatment and
control were significant in year , but not year .
The frequency of spruce in smaller height classes
also increased in the control during the -year
measurement period, while some treated spruce
shifted into taller classes (Figure ). According
to , there were no differences in spruce
height by year , but it is possible that the trend

    

  Survival and growth responses of Engelmann
spruce seedlings to foliar glyphosate spray in
the ESSF/ICH Fireweed Complex

Means Standard
Response variable Glyphosate Control error p-value

Survival (%)

Pre-treatment 100 100 0.000 1.00

1 yr post-treatment 98 97 0.653 0.42

3 yr post-treatment 95 92 3.642 0.55

5 yr post-treatment 94 88 3.645 0.34

Stem diameter (cm)

Pre-treatment 0.80 0.74 0.025 0.25

1 yr post-treatment 0.95 0.88 0.018 0.11

3 yr post-treatment 1.75 1.43 0.077 0.09*

5 yr post-treatment 2.80 2.06 0.189 0.11

Diameter increment (cm)

1 yr post-treatment 0.27 0.20 0.030 0.23

3 yr post-treatment 0.41 0.28 0.048 0.20

5 yr post-treatment 0.53 0.34 0.061 0.15

Height (cm)

Pre-treatment 40.9 40.1 0.693 0.46

1 yr post-treatment 48.0 48.2 1.015 0.87

3 yr post-treatment 73.7 69.1 3.385 0.44

5 yr post-treatment 116.0 95.0 8.258 0.22

Leader length (cm)

Pre-treatment 4.3 4.5 0.151 0.38

1 yr post-treatment 7.7 8.3 0.297 0.31

3 yr post-treatment 15.9 10.4 2.744 0.29

5 yr post-treatment 20.7 13.7 1.913 0.12

Height:diameter ratio

Pre-treatment 51.4 53.4 1.231 0.36

1 yr post-treatment 52.2 57.1 0.552 0.02*

3 yr post-treatment 42.1 48.3 0.465 0.01*

5 yr post-treatment 41.9 46.9 0.865 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.
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  Comparison of Engelmann spruce stem
diameter between the glyphosate treatment
and control before, and 1, 3, and 5 years
after, treatment of the ESSF/ICH Fireweed
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).





-4

-3

-2

-1

0

1

2

3

4

010203040 10 20 30 40

St
an

da
rd

iz
ed

 d
ia

m
et

er

No. trees No. trees

(a)

Control Treated

-4

-3

-2

-1

0

1

2

3

4

010203040 10 20 30 40

St
an

da
rd

iz
ed

 d
ia

m
et

er

No. trees No. trees

(c)

Control Treated

-4

-3

-2

-1

0

1

2

3

4

010203040 10 20 30 40

St
an

da
rd

iz
ed

 d
ia

m
et

er

No. trees No. trees

(d)

Control Treated

-4

-3

-2

-1

0

1

2

3

4

010203040 10 20 30 40

St
an

da
rd

iz
ed

 d
ia

m
et

er

No. trees No. trees

(b)

Control Treated

  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/ICH Fireweed Complex before and after
glyphosate treatment. 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 = 3 for the
control and treatment combined) for Engelmann spruce in the ESSF/ICH Fireweed Complex before and after
glyphosate treatment. Graphs are for: (a) pre-treatment; (b) 1 year post-treatment; (c) 3 years post-
treatment; (d) 5 years post-treatment.





illustrated by the distributions may eventually
become statistically significant.

Competitive status Brushing with glyphosate
improved the competitive status of Engelmann
spruce seedlings in year  and the effect lasted
through year  (Figure ). Prior to treatment,
approximately two-thirds of seedlings were over-
topped by vegetation in both the control and
glyphosate treatment. One year after glyphosate
application, % of seedlings were overtopped in
treated plots compared to % in the control;
after  years, % of treated seedlings were over-
topped compared with % of control seedlings.
At the start of the trial, approximately one-third
(%) of seedlings were above surrounding vegeta-
tion. Five years later, % of treated seedlings were
free of vegetation, compared to % of control
seedlings.

Plant community response
Abundance Glyphosate reduced cover and height
of fireweed for at least  years (Table , Figure ).
Prior to treatment, fireweed cover and height

averaged .% and . cm, respectively. One year
later, fireweed cover was reduced to .% in the
treatment compared to .% in the control (p =
.) (Figure ), and fireweed height was reduced
to . cm in the treatment compared to . cm
in the control (p = .) (Figure ). Fireweed
recovered slowly, and, by year , differences in
cover (.% in the glyphosate treatment versus
.% in the control, p = .) and height (. cm
in the glyphosate treatment versus . cm in the
control, p = .) continued to be significant.

Glyphosate also reduced abundance of the herb
layer, in comparison to the control, for  year. In
the first post-treatment assessment, herb height was
reduced by approximately two-thirds (p = .)
and herb cover by about one-quarter (p = .);
however, by year  both height and cover had com-
pletely recovered. Overall vegetation height and
cover were similarly reduced for  year (p<.),
but while height recovered to control levels by
year , differences in cover continued to be margin-
ally significant in year  (p = .). Glyphosate
also affected abundance of the shrub layer, but
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  Comparison of Engelmann spruce competitive status between the glyphosate treatment and control before,
and 1, 3, and 5 years after, treatment of the ESSF/ICH Fireweed Complex. Seedlings were classified as free
of vegetation when the leader was well above surrounding vegetation, and classified as overtopped when
the leader was overtopped. Threatened seedlings had leaders at approximately the same height as
surrounding vegetation.



    

  Cover and height of vegetation in the ESSF/ICH
Fireweed Complex before and after glyphosate
treatment in Engelmann spruce plantations

Means Standard
Response variable Glyphosate Control error p-value

Fireweed
Cover (%)

Pre-treatment 47.5 58.6 11.145 0.55
1 yr post-treatment 11.3 54.0 2.512 0.01*
3 yr post-treatment 17.4 57.6 0.384 0.00*
5 yr post-treatment 15.3 45.5 5.808 0.07*

Height (cm)
Pre-treatment 85.5 123.5 18.581 0.29
1 yr post-treatment 41.3 106.9 8.076 0.03*
3 yr post-treatment 103.3 125.7 3.902 0.06*
5 yr post-treatment 99.5 114.8 2.396 0.05*

All vegetation
Cover (%)

Pre-treatment 76.6 87.4 7.688 0.42
1 yr post-treatment 61.2 85.3 3.565 0.04*
3 yr post-treatment 80.8 87.7 2.290 0.17
5 yr post-treatment 82.0 89.1 1.665 0.09*

Height (cm)
Pre-treatment 72.9 102.7 17.260 0.35
1 yr post-treatment 37.9 104.0 4.069 0.01*
3 yr post-treatment 81.9 126.7 13.429 0.14
5 yr post-treatment 80.5 115.7 10.012 0.13

Herbs
Cover (%)

Pre-treatment 72.0 80.9 7.453 0.49
1 yr post-treatment 58.6 79.7 3.609 0.05*
3 yr post-treatment 74.6 80.2 4.014 0.43
5 yr post-treatment 72.8 72.3 3.445 0.93

Height (cm)
Pre-treatment 70.5 104.9 18.157 0.31
1 yr post-treatment 35.2 103.3 6.115 0.02*
3 yr post-treatment 80.5 125.8 13.822 0.15
5 yr post-treatment 76.1 113.2 12.177 0.16

Shrubs
Cover (%)

Pre-treatment 9.2 16.6 2.715 0.19
1 yr post-treatment 3.7 18.3 3.736 0.11
3 yr post-treatment 13.9 24.8 7.053 0.39
5 yr post-treatment 19.5 40.1 2.948 0.04*

Height (cm)
Pre-treatment 58.1 70.9 5.348 0.23
1 yr post-treatment 50.7 73.0 3.180 0.04*
3 yr post-treatment 58.5 86.6 4.624 0.05*
5 yr post-treatment 65.7 101.5 8.237 0.09*

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.

  Effects of broadcast aerial glyphosate
application on the Fireweed 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. Vegetation abundance was
reduced by glyphosate for 5 years. Photo
credit: JMJ Holdings Inc.
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differences in cover did not become significant
until year  (p = .). Shrub height was reduced
in years  through  (p<.) (Figure ). Shrub
cover and height in the control gradually increased
during the  years of the study.

Richness and diversity of individual species and
structural vegetation groups Brushing the Fireweed
Complex with glyphosate had no effect on either
species richness or diversity (p>.) (Table ).
Species richness remained relatively constant
between the pre-treatment and fifth-year assess-
ments (average  species), but there were fluctua-
tions in the presence and relative abundance of
individual species. The richness but not the diver-
sity of structural vegetation groups differed
between the treatment and control (Table ).
Three years after the application of glyphosate,
there was a larger number of vegetation groups in
the control than in the treatment, and this differ-
ence persisted through year  (p = .). The
greater number of vegetation groups in the control
was due to tall broadleaves (trembling aspen) dis-
appearing from the treated plot on one of the sites
following glyphosate application.

The application of glyphosate reduced the abun-
dance of several shrub and herb species, while the
presence of grasses and purple-leaved willowherb
(Epilobium ciliatum) tended to increase (Table ).
Fireweed was the main brushing target in this
treatment cell, and its cover was substantially
reduced by the herbicide on all three sites for 
years. Pearly everlasting (Anaphalis margaritacea)
was not abundant on these sites, but its cover was
briefly reduced on two of three sites for  year fol-
lowing glyphosate treatment. The abundance of
two small-stature herbs was also reduced by the
herbicide treatment on two of the three sites.
Queen’s cup (Clintonia uniflora) cover was reduced
for  year on one site and at least  years on a sec-
ond site. Oak fern (Gymnocarpium dryopteris) was
moderately abundant on two of three sites, and its
presence in treated plots was reduced by glyphosate
for at least  years.

The abundance of four shrubs was also reduced
by glyphosate on at least two of the three study
sites. Black gooseberry (Ribes lacustre) cover
decreased over the -year monitoring period on
two sites, and, on a third site, its minor presence
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between the glyphosate treatment and
control before, and 1, 3, and 5 years after,
treatment of the ESSF/ICH Fireweed
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in the treated plot disappeared within  year of
glyphosate application. Sitka mountain ash (Sorbus
sitchensis) was also present in the low shrub layer
on at least two of these sites, and it decreased in
abundance in the treated plots for  or more years
following glyphosate application. White-flowered
rhododendron (Rhododendron albiflorum) was
present on two of the three sites, and on both
sites, glyphosate reduced its abundance for at least 
years. Oval-leaved blueberry (Vaccinium ovalifolium)
tended to decline on two sites as a result of the
glyphosate treatment. Other berry-producing
shrubs were inconsistently present on these sites,
but their cover was not noticeably reduced by
glyphosate.

Sheep and Cattle Grazing

Engelmann spruce in the ESSF zone
This section describes first-year responses of Engel-
mann spruce seedlings and the ESSF zone Fireweed
Complex to grazing by sheep and cattle (n = )
(Figure ). Seedlings were from  (newly planted)
to  years old at the time of grazing.
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  Richness and diversity of vascular plant species
in the ESSF/ICH Fireweed Complex before and
after glyphosate treatment in Engelmann
spruce plantations

Means Standard
Response variable Glyphosate Control error p-value

Richness
Pre-treatment 30.33 31.33 2.483 0.80
1 yr post-treatment 25.00 29.00 2.160 0.32
3 yr post-treatment 28.33 32.33 1.080 0.12
5 yr post-treatment 31.00 30.67 1.650 0.90

Shannon-Weaver Diversity Index
Pre-treatment 2.12 2.13 0.025 0.89
1 yr post-treatment 2.00 1.97 0.094 0.83
3 yr post-treatment 2.18 2.06 0.155 0.63
5 yr post-treatment 2.21 2.11 0.176 0.73

Simpson’s Diversity Index
Pre-treatment 0.79 0.80 0.009 0.60
1 yr post-treatment 0.78 0.75 0.035 0.62
3 yr post-treatment 0.79 0.72 0.049 0.42
5 yr post-treatment 0.81 0.79 0.047 0.42

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/ICH Fireweed Complex
before and after glyphosate treatment in
Engelmann spruce plantations

Means Standard
Response variable Glyphosate Control error p-value

Richness
Pre-treatment 6.00 6.00 0.000 1.00
1 yr post-treatment 5.33 6.00 0.236 0.18
3 yr post-treatment 5.33 6.33 0.000 0.00*
5 yr post-treatment 5.33 6.33 0.000 0.00*

Shannon-Weaver Diversity Index
Pre-treatment 1.03 1.01 0.038 0.73
1 yr post-treatment 1.08 0.98 0.055 0.36
3 yr post-treatment 1.02 1.02 0.078 0.97
5 yr post-treatment 1.17 1.02 0.078 0.32

Simpson’s Diversity Index
Pre-treatment 0.57 0.57 0.023 0.91
1 yr post-treatment 0.57 0.52 0.045 0.56
3 yr post-treatment 0.53 0.54 0.039 0.94
5 yr post-treatment 0.60 0.54 0.048 0.43

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.



Description of the study sites and treatments
Two of the three study sites are in the Clearwater
District of the Kamloops Forest Region, in the
Northern Monashee Wet Cold ESSF variant
(ESSFwc). The Otter Creek site is  km east of
Clearwater and the Patricia Creek site is  km
northwest of Clearwater. The third site (Scott
Road) is in the Arrow District of the Nelson Forest
Region, in the Columbia Wet Cold ESSF variant
(ESSFwc). The three sites have variable aspect
(north, west, east), but are reasonably similar in
slope (–%) and elevation (– m) (Table
). All are in mid-slope position. Two of the sites

are mesic and one is subhygric, and soils are
loamy-textured Podzols and Brunisols.

The sites were logged between  and  years
before  studies were initiated, and on one of
the sites there was a -year establishment delay
between the “pile and burn” site preparation treat-
ment and planting. Another of the sites was broad-
cast burned  years after logging and planted the
following year, and the third site (Otter Creek) was
grazed as a site preparation treatment prior to
planting.

Vegetation was abundant on all three of the
study sites prior to grazing, although this was not
apparent on one of the sites because of the early
pre-treatment assessment date. Average vegetation
cover prior to grazing was %, and vegetation
height was approximately  cm. Fireweed domi-
nated the vegetation, with –% cover. Seedling
age was variable at the time of brushing; on one
site seedlings were newly planted, and, on the other
two sites, they were  and  years old. Almost %
of seedlings were overtopped prior to grazing, and,
again, this estimate would have been higher but for
the early assessment date on one site. On two of
the sites, it was estimated that virtually all seedlings
were in need of release, and vegetation competition
was observed to be “heavy” on the third site.
Conifer stocking was adequate on the three sites at
the time of brushing. Total conifers numbered
– stems/ha, of which approximately –
 stems/ha were well spaced.



  Vascular plant species that exhibited trends of increasing cover, decreasing cover, or no change in cover
following glyphosate treatment of the ESSF/ICH Fireweed 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

Low shrubs Ribes lacustre Rubus parviflorus

Sorbus sitchensis

Rhododendron albiflorum

Vaccinium ovalifolium

Herbs Epilobium ciliatum Anaphalis margaritacea Actaea rubra

Grass spp. Clintonia uniflora Athyrium filix-femina

Epilobium angustifolium Mitella spp.

Gymnocarpium dryopteris Rubus pedatus

Smilacina racemosa

Veratrum viride

  The Fireweed Complex prior to sheep
grazing at Scott Road (Site 109) in the
ESSFwc1 variant in the Arrow Forest District.
Photo credit: JMJ Holdings Inc.










 











 












  Characteristics and history of the three replicate study sites where the ESSF Fireweed Complex was grazed 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 delay Agec Heightd cover (%) Well
location unit (m) slope texture history harvest prep. (years)a Originb Stock (years) (cm) and heightd (cm) Total spaced

Otter Creek ESSFwc2 07 1220 W Podzol/ Clearcut 1985 9 0 0 P 1994 PSB 415B 0 25 (5) Fireweed cover: 25 (18)   1908 856

PROBE 48 (subhygric) 40% silt loam Grazed 1994 Fireweed height: 94 (18)

Clearwater Lady fern cover: 22 (19)

District Lady fern height: 96 (23)

Thimbleberry cover:

28 (17)

Thimbleberry height:

87 (21)

Patricia Creek ESSFwc2 01 1460 N Brunisol/ Clearcut 1979 18 6 1 P 1992 PSB 313B 5 50 (12) Fireweed cover: 32 (11) 1417 995

PROBE 73 (mesic) 20% sandy loam Burned 1991 Fireweed height: 47 (7)

Clearwater

District

Scott Road ESSFwc1 1450 E Brunisol/ Clearcut 1983 9 8 7 P PSB 415D 1 41 (7) Fireweed cover: 30 (30) 2084 993

PROBE 109 03/04 35% loam Piled and burned 1985, 1991 Fireweed height: 138 (17)

Arrow District (mesic) 1984

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)



The Otter Creek site was grazed by cattle and
the other two sites were grazed by sheep, but all
three sites received only a single grazing pass for
purposes of brushing (Table ). However, the
Otter Creek site was also grazed once by cattle, in
late June , as a site preparation treatment.
Grazing treatments for conifer release were applied
from late June to mid-August. We recognize the
potential for sheep- and cattle-grazing effects to be
different, and hope to be able to analyze them sep-
arately in the future. At present, inspection of the
data suggested that the effects on vegetation, at
least, were similar enough to include the three sites
in a single treatment cell.

Conifer response
Survival and vigour One year after grazing, mean
survival of - to -year-old Engelmann spruce
seedlings (– years old at the time of treatment)
was %, and there were no differences between
the treatment and control (p>.) (Table ). All
mortality was attributed to competing vegetation.
However, overall seedling vigour was reduced
within a year of brushing in both the treatment
and control (Figure ). Prior to grazing, % of
seedlings were of good vigour, % were moderate,
and % were poor. One year later, only % of
grazed seedlings were of good vigour, % were
moderate, and % were poor. Similarly, in the
control, only % of seedlings continued to be of
good vigour, % were moderate, and % were
poor. Seedlings in the control were affected
mainly by competing vegetation, whereas those in
the treatment were damaged primarily by live-
stock. Cattle damaged % of seedlings on the
Otter Creek site, but sheep caused no damage to

the - and -year-old seedlings on the other two
sites.

Growth One year after grazing by cattle and
sheep, there were no significant differences in
Engelmann spruce seedling stem diameter, diameter
increment, height, leader length, or height:diameter



  A description of grazing treatments applied to the three replicate study sites to release Engelmann spruce
seedlings growing in the ESSF Fireweed Complex

Initial Livestock Grazing Repeat
Site grazing date type effect grazing

Otter Creek July 1994 (site prep.) Cattle Vegetation reduced to None

and late June 1995 ground level by 

browsing and trampling

Patricia Creek late June 1997 Sheep Treatment specs None

adhered to

Scott Road Mid-August 1992 Sheep Unknown None

  Survival and growth responses of Engelmann
spruce seedlings to grazing in the ESSF
Fireweed Complex

Means Standard
Response variable Grazing Control error p-value

Survival (%)

Pre-treatment 100 100 0.000 1.00

1 yr post-treatment 93 95 3.401 0.62

Stem diameter (cm)

Pre-treatment 0.75 0.79 0.024 0.34

1 yr post-treatment 1.08 1.08 0.030 0.96

Diameter increment (cm)

1 yr post-treatment 0.34 0.31 0.013 0.29

Height (cm)

Pre-treatment 38.3 38.9 1.188 0.75

1 yr post-treatment 47.5 45.3 4.149 0.74

Leader length (cm)

Pre-treatment 14.5 13.5 1.191 0.60

1 yr post-treatment 8.5 9.7 1.098 0.51

Height:diameter ratio

Pre-treatment 54.0 53.8 1.774 0.94

1 yr post-treatment 47.5 47.0 6.051 0.97

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



ratio between the treatment and control (p>.)
(Table ). Prior to grazing, seedlings averaged .
cm tall, with .-cm stem diameters. One year
later, they were . cm tall, with .-cm stem
diameters.

Standardized distributions of spruce stem diame-
ter and height (Figures  and ) confirm the lack
of seedling response to grazing. Prior to grazing,
distributions for diameter and height were approxi-
mately normal, and were similar in the treatment
and control. They changed very little within the
first year post-treatment.

Competitive status Grazing caused immediate
reductions in abundance of the Fireweed Complex,
but the effects on spruce seedling competitive sta-
tus had disappeared within a single season (Figure
). Twenty-six percent of seedlings were consid-
ered free of surrounding vegetation prior to graz-
ing, largely because of the early assessment date on
at least one site. One year later, only % of
seedlings in the grazing treatment, and none of
the control seedlings, were free of vegetation. Prior
to grazing, % of seedlings were overtopped, and
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  Comparison of Engelmann spruce vigour
between the grazing treatment and
control before and 1 year after treatment of
the ESSF Fireweed 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.
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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 com-
bined) for Engelmann spruce in the ESSF
Fireweed Complex before and after livestock
grazing. Graphs are for: (a) pre-treatment;
(b) 1 year post-treatment.



 year later this had increased to % in the treat-
ment and % in the control.

Plant community response
Abundance One year after grazing, there were
no significant differences in height or cover of fire-
weed, overall vegetation, or the shrub layer
(p>.) (Table ). Herb cover was also unaffected
by grazing, but herb height was reduced in com-
parison to the control (. cm in the control ver-
sus . cm in the grazing treatment, p = .).
In spite of the lack of significant effects on vegeta-
tion abundance as a result of grazing, there was
variation between sites. For example, vegetation at
the Scott Road site was dramatically reduced for
 year, but had completely recovered after  years
(Figure ).

Richness and diversity of individual species and
structural vegetation groups Sheep and cattle graz-
ing of the Fireweed Complex had no effect on
either species richness or species diversity (p>.)
(Table ). Species richness increased slightly
between the pre-treatment assessment ( species)
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  Frequency of control and treated trees in
standardized total height classes (µ = 0;
s.d. = 1; n = 3 for the control and treatment
combined) for Engelmann spruce in the
ESSF/ICH Fireweed Complex before and after
livestock grazing. Graphs are for: (a) pre-
treatment; (b) 1 year post-treatment.
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  Comparison of Engelmann spruce com-
petitive status between the grazing
treatment and control before and 1 year
after treatment of the ESSF Fireweed
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
surrounding vegetation. 



and the first-year assessment ( species), but the
increase was found equally in the treatment and
the control. As with individual species, there were
no significant differences in the richness of struc-
tural vegetation groups (p>.) (Table ), but
the diversity of groups in year  was marginally
higher in the grazing treatment than in the control
according to Simpson’s Diversity Index (p = .).

One year after the Fireweed Complex was grazed
by sheep and cattle, there were no trends of
increasing or decreasing abundance of individual
herb or shrub species (Table ). Even preferred
forages such as fireweed and grass were not
reduced in abundance following the grazing treat-
ments. Berry-producing shrubs, which are an
important wildlife food, were also unaffected by
sheep and cattle grazing.

    

  Cover and height of vegetation in the ESSF
Fireweed Complex before and after grazing in
Engelmann spruce plantations

Means Standard
Response variable Grazing Control error p-value

Fireweed

Cover (%)

Pre-treatment 21.4 36.8 13.616 0.51

1 yr post-treatment 34.7 52.0 12.086 0.42

Height (cm)

Pre-treatment 91.1 95.1 7.737 0.75

1 yr post-treatment 74.2 116.3 20.926 0.29

All vegetation

Cover (%)

Pre-treatment 82.0 81.0 3.818 0.87

1 yr post-treatment 81.5 92.0 4.216 0.22

Height (cm)

Pre-treatment 70.5 86.7 18.611 0.60

1 yr post-treatment 74.6 105.5 12.888 0.23

Herbs

Cover (%)

Pre-treatment 69.9 66.5 2.471 0.43

1 yr post-treatment 66.2 74.1 4.659 0.35

Height (cm)

Pre-treatment 62.3 85.1 21.058 0.52

1 yr post-treatment 54.2 102.5 9.956 0.08*

Shrubs

Cover (%)

Pre-treatment 17.2 21.2 4.133 0.57

1 yr post-treatment 21.4 25.4 1.948 0.29

Height (cm)

Pre-treatment 102.5 85.1 9.178 0.31

1 yr post-treatment 82.3 82.3 11.166 1.00

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 vascular plant species
in the ESSF Fireweed Complex before and
after grazing in Engelmann spruce plantations

Means Standard
Response variable Grazing Control error p-value

Richness

Pre-treatment 29.67 30.67 2.550 0.81

1 yr post-treatment 31.67 32.00 0.850 0.81

Shannon-Weaver Diversity Index

Pre-treatment 2.13 2.09 0.045 0.63

1 yr post-treatment 2.33 2.23 0.029 0.13

Simpson’s Diversity Index

Pre-treatment 0.81 0.80 0.006 0.41

1 yr post-treatment 0.84 0.81 0.010 0.15

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





  Effect of sheep grazing on the Fireweed Complex (a) immediately, (b) 1 year, (c) 3 years, and (d) 5 years
following treatment. The control (e) is shown 5 years post-treatment for comparison. The plant community
at Scott Road had recovered to control levels by 3 years post-treatment. Note: Although the photo shows
fifth-year responses, we report statistical results for only 1 year because not all replicate sites had been
measured for 5 years. Photo credit: JMJ Holdings Inc.
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  Richness and diversity of structural vegetation
groups in the ESSF Fireweed Complex before
and after grazing in Engelmann spruce
plantations

Means Standard
Response variable Grazing Control error p-value

Richness

Pre-treatment 5.67 5.00 0.236 0.18

1 yr post-treatment 5.33 5.33 0.000 1.00

Shannon-Weaver Diversity Index

Pre-treatment 1.10 1.07 0.019 0.31

1 yr post-treatment 1.19 1.13 0.028 0.25

Simpson’s Diversity Index

Pre-treatment 0.59 0.59 0.023 0.99

1 yr post-treatment 0.63 0.60 0.009 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 grazing in the ESSF Fireweed 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

Low shrubs Oplopanax horridus

Ribes lacustre

Rubus idaeus

Sambucus racemosa

Vaccinium membranaceum

Herbs Anaphalis margaritacea

Circaea alpina

Epilobium angustifolium

Grass spp.

Mitella spp.

Tiarella trifoliata



In southern interior British Columbia, the wide-
spread Fireweed Complex is brushed to increase the
availability of light to seedlings and to prevent
physical damage from snow- and vegetation-press.
Manual and chemical brushing are the most com-
mon treatments, but grazing is also considered a
useful technique in some areas. At present, there
is sufficient replication of  installations on
fireweed-dominated sites to discuss the responses
of Engelmann spruce and lodgepole pine seedlings
to manual cutting in the ESSF and ICH zones, of
Engelmann spruce seedlings to glyphosate applica-
tion in the ESSF zone, and of Engelmann spruce
seedlings to grazing in the ESSF zone.

Manual Cutting

Conifer response
Manual cutting in a .- to .-m radius around
seedlings had no lasting effects on abundance of
the Fireweed Complex in either the ESSF or ICH
zones, and it did not result in significant improve-
ments in survival or growth of Engelmann spruce
or lodgepole pine seedlings. Survival was excellent
among spruce in ESSF (and higher-elevation ICH)
zones (% after  years) and good among pine in
the ICH zone (% after  years). Jobidon and
Charette () similarly found that black spruce
(Picea mariana) survival was not improved by
manual treatment of a fireweed community in
Quebec, but in that study seedling stem diameter
and height increased in response to the brushing
treatment. In our study, competing vegetation was
identified as the primary cause of mortality among
ICH pine in both the manual cutting treatment
and control, but the low mortality of spruce in the
ESSF/ICH zones was due to a variety of other fac-
tors. On one site, spruce sustained considerable
damage during the cutting treatment, which is con-
sistent with other studies citing physical damage
during manual cutting as an important cause of
mortality (e.g., Hart and Comeau ; Whitehead
and Harper ).

The lack of response of both vegetation and
conifer seedlings to a single manual cutting treat-
ment observed in this study is supported by
other, longer-term trials in British Columbia. For
instance, an ICH vegetation community dominated

by thimbleberry, raspberry, and fireweed was mini-
mally affected by manual cutting, and there was no
response among Engelmann spruce seedlings over a
period of  years (Whitehead and Harper ).
Similarly, on a fireweed- and shrub-dominated site
in the ESSF, manual cutting had a short-lived effect
on vegetation, and produced no lasting improve-
ments in seedling growth (Harper et al. ).
Comeau et al. (a) concluded that a single cut-
ting treatment was of little benefit to Engelmann
spruce seedlings, but cutting two or three times
could improve stem diameter. If cutting took place
in summer rather than spring, height was also
improved. In contrast, Jobidon and Charette ()
found that  years after a single manual cutting
treatment, black spruce seedlings growing among a
fireweed and raspberry complex in Quebec had
% larger stem diameters and were % taller
than seedlings in an untreated control. Repeated
brushing treatments in subsequent years did not
increase seedling response in that study. This con-
tradicts the conclusions of Wagner et al. (),
who found that keeping black spruce continually
free of competing vegetation for – years after
planting was required to improve seedling growth.

In our study, manual cutting treatments were
applied in July to mid-August, suggesting that the
objectives of brushing were primarily to reduce
the physical effects of snow- and vegetation-press
and secondarily to increase light availability to
seedlings. The lack of treatment effects on seedling
survival and growth, as well as on vegetation, sug-
gest that these objectives may not have been achieved.
However, untreated spruce, which were – years
old at the time of the third-year assessment, were
increasing in height at an annual rate of . cm,
which is acceptable according to Vyse (), and
increasing in stem diameter at an annual rate of
. cm. Untreated lodgepole pine, which were –

years old at the time of the fifth-year assessment,
averaged . cm tall and were increasing in height
at . cm/yr, which is similar to average growth
rates reported by Vyse and Navratil (). They
were increasing in stem diameter at . cm/yr.

Plant community response
Manual cutting of the Fireweed Complex had only
a short-lived effect on its abundance, so that within



DISCUSSION



 year of cutting there were no significant differ-
ences between the treatment and control in the
abundance of fireweed, the herb layer, or overall
vegetation. In our study, about three-quarters of
all sites received only a single manual cutting treat-
ment. Repeated treatments were applied on only
two sites, but again, they appeared to have little
effect on the plant community. Unfortunately,
replication of sites with repeated treatments was
insufficient to test for related seedling performance
effects. The timing of manual treatments varied
from early July to October in our study, depending
on whether the brushing objective was to increase
light availability (mid-summer treatments) or
reduce the effects of snow- and vegetation-press
(late summer/fall treatments). Rapid recovery of
the Fireweed Complex makes it difficult to accom-
plish both objectives with a single cutting treat-
ment. Between-site variability in height and cover
of fireweed tended not to increase dramatically
following treatment, suggesting that differences in
cutting date had little effect on the ability of this
complex to recover.

Manual treatment of the Fireweed Complex did
not change the richness or diversity of either indi-
vidual plant species or structural vegetation groups
in the ICH and ESSF zones. Neither did manual
cutting reduce the abundance of berry-producing
shrubs such as red raspberry, thimbleberry, elder-
berry, black huckleberry, and black gooseberry,
which is an important consideration for wildlife
habitat management.

Glyphosate

Conifer response
Brushing with glyphosate reduced the abundance of
fireweed and overall vegetation for at least  years;
however, this had no effect on survival of Engel-
mann spruce seedlings (average %), and only a
minor effect on seedling growth. Spruce
height:diameter ratio was reduced in the treatment
relative to the control in years  through , but
even the control H:D was below  (. in year ).
Otherwise, there were no other consistent growth
responses as a result of glyphosate application.
Differences in spruce seedling stem diameter were
marginally significant in year  (. cm in the
treatment versus . cm in the control, p = .)
and marginally insignificant in year  (. cm
in the treatment versus . cm in the control,

p = .). Stem diameter commonly responds to
brushing before height (Lanner ; Lanini and
Radosevich ; Simard and Heineman a,
c), but further study is required to determine
whether early differences in stem diameter will
translate into significant size differences over the
long term. In other studies, spruce seedlings treated
with glyphosate had at least % (.–. cm)
greater stem diameter and were –% (– cm)
taller than control seedlings after a decade (Harper
et al. ; Whitehead and Harper ).

Five years after glyphosate application, spruce
seedlings in our study had not increased in height.
Engelmann spruce and Douglas-fir seedlings have
been known to exhibit a negative height response
following brushing with glyphosate (e.g., Harper et
al. ; Mather and Simard j), suggesting that
they may be negatively affected by the herbicide,
even when it is applied within the recommended
treatment window (Lloyd and Heineman a).
An alternative explanation is that the reductions in
height growth were a physiological response to the
sudden increase in light. According to Chen (),
both Engelmann spruce and Douglas-fir are plastic
in their ability to allocate resources to shoot or
root growth, and, under low light conditions, shoot
growth is favoured. It is possible that the increase
in light availability following glyphosate treatment
stimulated a predominance of root growth over
shoot growth until a favourable root:shoot ratio
was achieved.

Plant community response
Ground foliar application of glyphosate at .–.
kg ai/ha in mid- to late August significantly
reduced height and cover of fireweed for at least
 years. This is consistent with other reports on
glyphosate efficacy for treating fireweed (e.g.,
Expert Committee on Weeds ; Newsome ;
Lloyd and Heineman a). The herbicide treat-
ment also reduced height and cover of the herb
layer for  year, and overall vegetation cover for 
years. Shrubs were a relatively minor vegetation
component at the start of this study, and the effects
of glyphosate application were not immediately
obvious. However, by year , it was apparent that
glyphosate had slowed the increase in shrub
abundance, so that shrubs occupied only half as
much cover as in the control, and were only two-
thirds as tall.

Neither species richness nor species diversity

    



were affected by brushing the ESSF Fireweed Com-
plex with glyphosate. However, several species
decreased in abundance following glyphosate appli-
cation, particularly in the first year after treatment.
Fireweed was the main brushing target and it was
reduced in abundance for at least  years. Several
berry-producing shrubs (oval-leaved blueberry,
black gooseberry, and Sitka mountain-ash) were
also reduced during the -year monitoring period,
which may have implications for the availability of
food for wildlife. The abundance of purple-leaved
willowherb and grasses increased following gly-
phosate application, likely because of greater light
availability. Although some grasses compete strongly
for light as they increase in cover (Lieffers and
Stadt ), we have not observed these communi-
ties to be common in the southern interior.

Sheep and Cattle Grazing

Conifer response
A single grazing pass by sheep or cattle had little
effect on abundance of the Fireweed Complex in
the ESSF zone, and, within  year, had not
improved survival or growth among Engelmann
spruce seedlings (newly planted to  years old at
the time of grazing). Caution should be taken in
interpreting these results, however, since the wide
variability in age and time since establishment on
these sites could reduce significance of the growth
and survival responses. In addition, we currently
have only  year of data, which reduces our ability
to extrapolate these results. One year after grazing,
% of seedlings survived, but vigour was consid-
erably reduced by competing vegetation in both
the treatment and control, as well as by cattle
trampling in the grazed portion of one of the
study sites. The vigour reductions suggest that
there will be further mortality in both the treat-
ment and control. Although grazing by sheep and
cattle were analyzed together in our study, cattle
damaged far more seedlings by trampling than did
sheep. Neither sheep nor cattle browsed the Engel-
mann spruce seedlings.

Only first-year results are currently available for
our study, but the effects of grazing on the vegeta-
tion community were minor and short-lived, and
conifers are not expected to respond over the
longer term. It is commonly accepted that more
than one grazing pass is required to release conifer

seedlings growing among vigorous herbaceous
vegetation (Newsome et al. ). However, seedling
responses may also be minor if competition for
resources is not serious. For instance, Newsome
() found that increases in seedling growth
were smaller than anticipated after grazing had
reduced the abundance of an ICH zone Fireweed
Complex, and concluded that vegetation competi-
tion had not been as severe as originally thought
(Newsome ).

Plant community response
Height of the herb layer was reduced in relation to
the control  year after the Fireweed Complex was
grazed by cattle or sheep. However, there were no
significant reductions in the abundance of either
fireweed or total vegetation. These results support
recommendations by Newsome et al. (), that
two to three seasons of sheep grazing are required
to reduce the abundance of vegetation sufficiently
to release seedlings. In the ICH zone of the Cari-
boo Forest Region, three grazing passes have had
an effect on vegetation that was comparable to a
single application of glyphosate (Newsome ).

Grazing affects herbaceous vegetation similarly
to manual cutting in that animals clip off shoots;
however, grazing appears to be more specific in its
effects on particular plant species. For instance,
fireweed is a preferred forage for sheep, and
repeated grazings can reduce its abundance, allow-
ing less competitive species to gain dominance. In
one study, low-stature species such as bunchberry
(Cornus canadensis) increased in abundance as fire-
weed decreased (Newsome et al. ). The authors
suggest that potential species shifts be considered
before grazing is prescribed, since they may not
always favour seedling performance.

Effects of the Community on Resource Availability

The Fireweed Complex is an important early seral
vegetation community throughout much of the
southern interior. It contributes organic matter to
disturbed sites and may also retard the develop-
ment of more competitive shrub communities.
However, the Fireweed Complex can occur at high
densities and have negative effects on conifer
seedling performance, particularly on subhygric and
wetter sites (Lindeburgh ) in the ICH and ESSF
zones. Competition for light and the physical





effects of snow- and vegetation-press are the most
significant factors on most sites, but the effects of
dense vegetation on the soil thermal regime are
also important at higher elevations (Balisky and
Burton ). Competition for soil water and
nutrients is considered of little consequence on
most southern interior sites dominated by this
complex.

Fireweed is a particularly strong competitor for
light because its canopy develops earlier in the
growing season than many other species. For
example, a dense fireweed community reduced the
amount of photosynthetically active radiation
reaching seedlings to about % of above-canopy
radiation by mid-June, whereas thimbleberry and
lady fern canopies did not have such a profound
effect until about  weeks later (Spittlehouse and
Stathers ; DeLong ). The light saturation
point for interior spruce in British Columbia is
approximately  µmol m2s-1, which is usually
reached at about one-quarter to one-half of full
sunlight on a clear day (Coates et al. ).
Although spruce seedlings can survive in heavy
shade, they become spindly (Binder et al. ),
and are increasingly susceptible to physical injury
from snow- and vegetation-press. In our study,
fireweed abundance was apparently too low to
reduce seedling survival or to reduce growth rates
to unacceptable levels. Manual cutting took place
between early July and mid-August, and vegetation
had fully recovered by the following growing
season. This implies that the amount of light
reaching seedlings increased for only the late part
of a single growing season, and helps explain the
lack of seedling growth response. In contrast,
glyphosate significantly reduced fireweed abun-
dance for at least  years, which presumably
increased light availability throughout that
period.

In addition to reducing the availability of light,
a dense vegetation canopy restricts soil and air
warming in the seedling microenvironment. In
colder environments, such as in the ESSF zone,
management of thermal regimes is a particularly
important consideration (Farnden ). Abundant
research has shown that the physiological func-
tioning of spruce is inhibited at low soil tempera-
tures (e.g., Carter et al. ; Grossnickle ;
Örlander et al. ), and Coates et al. () sug-
gest that increasing soil temperatures above a soil

temperature threshold of –oC is a priority for
managing spruce plantations. Manipulation of
vegetation structure and composition can alter the
soil thermal regime to some extent, but in field
studies it is difficult to know whether seedlings are
responding primarily to improved soil thermal
regime, increased light availability, warmer air tem-
peratures, or some combination of factors (A. Vyse,
pers. comm., ). However, the effects of brush-
ing on soil temperature are likely most critical on
sites with harsher environments than those domi-
nated by the Fireweed Complex. For instance,
complete removal of vegetation and forest floor
material increased soil temperature and improved
seedling growth on a high-elevation ( m) ESSF
site dominated by ericaceous shrubs (Coates et al.
), but, on a lower-elevation ( m) ICH site
with dense fireweed cover, Stathers () found
little difference in root zone temperature between
the control and a glyphosate treatment. Brushing is
far less effective than many mechanical site prepa-
ration techniques as a tool for altering soil thermal
regime (Spittlehouse and Stathers ), but not
all ESSF sites require such radical treatment. Soil
temperature data were not collected in our study,
but significant reductions in vegetation abundance
for – years following glyphosate application in
the ESSF zone may have marginally improved soil
temperature regime as well as increased the avail-
ability of light to seedlings. Newsome et al. (,
in review) found that soil temperature increased
as a result of applying glyphosate to a herb-
dominated community in the ESSF for purposes of
site preparation.

Manipulation of the vegetation canopy can affect
the occurrence of summer frost injury, but, in our
study, no seedling frost damage was recorded in
either the treatment or the control. Low vegetation
canopies have a variable effect on the occurrence of
frost injury; in some cases they improve the tem-
perature at seedling height by restricting radiative
heat loss from the ground and in other cases they
restrict air mixing, which exacerbates the potential
for frost damage (Stathers ). Our study sites,
however, tended to have at least moderate slopes,
which would have stimulated the downslope move-
ment of cold air and reduced the potential for frost
damage. On an ICH site, Stathers () found that
minimum daily air temperatures at seedling height
were approximately °C warmer under a dense

    



fireweed canopy than where vegetation had been
removed with glyphosate.

Competition Thresholds

The competition thresholds for stem diameter of
- to -year-old Engelmann spruce in the ESSF and
ICH zones, and for - to -year-old lodgepole pine
in the ICH zone (where fireweed cover was used as
a competition index), were , , and % cover,
respectively. Where  (fireweed cover * fireweed
modal height)/conifer modal height was used as
an index, the thresholds were , , and  for
ESSF spruce, ICH spruce, and ICH pine, respec-
tively. Above the thresholds, fireweed competition
appeared to be the most important factor limiting
tree growth, setting the upper limit for spruce and
pine diameter. Below the thresholds, stem diameter
was highly variable among both treated and control
trees, probably because trees were constrained more
by factors such as genetics, microsite or damaging
agents than by fireweed competition. Reducing
neighbouring fireweed abundance to values below
the thresholds should increase conifer growth rates.
Trees below the thresholds should maintain good
but variable growth rates without treatment, and
further reductions in fireweed abundance are not
expected to improve their growth predictably.

The fireweed cover and  thresholds suggest
that Engelmann spruce tolerated slightly higher
levels of fireweed competition in the ICH than in
the ESSF zone. Better growing conditions due to
warmer temperatures, a longer growing season, and
possibly greater soil resource availability may allow
spruce to compete more effectively with fireweed
at lower elevations. In other words, spruce may
maintain diameter growth rates at slightly lower
light levels in the ICH than in the ESSF zone
because resources are more readily available over a
longer growing season. Nevertheless, warmer sum-
mers in the ICH zone are also associated with
more frequent drought stress than in the ESSF
zone. Other studies have shown that diameter and
height growth vary with both light availability and
climatic region (Wright et al. ). Juvenile hybrid
spruce in a moist temperate (ICH) climate, for
example, achieved % of maximum diameter
growth (diameter growth in full sunlight) at %
of full sunlight, whereas hybrid spruce in a transi-
tional subalpine (ESSF) climate achieved only
% of maximum diameter growth at that light

intensity (Wright et al. ). Reductions in light
had less effect on height than on diameter growth,
and there was less effect on height in the subalpine
than in the moist temperate climate. Those authors
suggest that the patterns among climatic regions
are correlated with temperature but they may also
be causally related to other environmental factors.
Their results support our finding that spruce toler-
ates slightly higher fireweed levels, and likely lower
light levels, in the ICH than in the ESSF zone.

The lower cover and  thresholds in the ESSF
than in the ICH zone may also have resulted from
growth-inhibiting temperatures and a shorter
growing season at the higher-elevation sites. Air
temperatures that drop below °C have been asso-
ciated with lower rates of net photosynthesis, stom-
atal conductance, and diameter growth (Dykstra
; Running ; Coates et al. ), and growing
season frost damage can also occur on sites where
cold air pools and dense vegetation restricts air
mixing at seedling height. Frost damage was not
observed on our ESSF sites, but it is known to be
more problematic on ESSF than on ICH sites that
are both dominated by fireweed (Stathers ,
). In the Cariboo Forest Region, T. Newsome
(pers. comm., ) reports that frost damage is
rare on fireweed-dominated sites in the ESSF zone,
and is much less of a growth-inhibiting factor
than the effects of low air temperature and short
growing season.

Lodgepole pine had slightly lower fireweed cover
and  thresholds than Engelmann spruce in
the ICH zone. Traditionally, lodgepole pine has
been ranked as more shade intolerant than spruce
(Krajina et al. ), which may explain its slightly
lower tolerance of overtopping fireweed. A recent
study in the ICH zone, however, showed consider-
able variability and overlap in growth rates of
lodgepole pine and hybrid spruce at moderate light
levels (–% full sunlight) (Coates and Burton
), which probably encompass the light levels
under the fireweed thresholds identified in this
study. This may help explain why the differences
between our pine and spruce fireweed thresholds
were very small. At high levels (>% full sun-
light), Wright et al. () and Coates and Burton
() have shown that growth responses of lodge-
pole pine were greater than those of hybrid spruce.
Their results imply that, although pine may out-
grow spruce under high light conditions (such as
when fireweed abundance is dramatically reduced),





the two tree species are likely to grow at similar
rates under intermediate light conditions (such as
when fireweed abundance is reduced to the moder-
ate threshold levels identified in this study).

When fireweed densities are very high, brushing
may be more critical for survival of lodgepole pine
than of spruce. Kobe and Coates () showed,
for example, that -year survivorship of lodgepole
pine (<%) was considerably lower than that of
hybrid spruce (approximately %) at very low
light levels (% full sunlight). In our study, survival
of spruce (%) and pine (%) was excellent,
except on one lodgepole pine site where dense fire-
weed was associated with high seedling mortality.
These results indicate that fireweed densities were
too low on most sites to reduce light below com-
pensation levels.

Competition thresholds have not previously been
identified for the Fireweed Complex. However,
DeLong () found that low to moderate cover of
fireweed did not greatly reduce the photosynthetic
potential of white spruce seedlings, whereas a
dense canopy reduced it by more than %. The
thresholds identified in our study are below the
fireweed covers where DeLong () found reduc-
tions in spruce photosynthesis. Based on the study
of Coates and Burton (), it is possible that
spruce and especially pine may respond to further
reductions in fireweed cover below our thresholds.
However, neither spruce nor pine growth increased
significantly in response to glyphosate or manual
treatments, in spite of long-term fireweed reduc-
tions following the glyphosate treatment. In addi-
tion, only –% of treated spruce and pine that
were growing in neighbourhoods below the fire-
weed thresholds achieved ≥% of the maximum
growth measured on the sites, indicating that
growth of most trees remained limited by factors
other than fireweed competition. In the case of
manual cutting, rapid recovery of the fireweed may
also have slowed conifer growth. These results indi-
cate that there is a need to experimentally test
competition thresholds derived from individual tree
measurements, particularly the levels and period
over which thresholds must be maintained.

Competition thresholds often define levels of
vegetation that affect conifer seedling growth rather
than short-term survival. However, survival is a
critical issue for operational silviculturists, and
criteria for identifying sites at risk would be useful.
Lindeburgh () identified soil moisture regime

as an important factor in the ICHmw, since sur-
vival tended to be reduced by the dense fireweed
stands that develop on subhygric to hygric sites,
but not by the moderately dense stands that develop
on mesic sites. In that study, most seedling mortal-
ity occurred when seedlings were very young,
implying that brushing of high-risk sites should
occur promptly after planting. The time span
between logging or site preparation and planting is
likely also important. Most  sites had been
planted within – years of site preparation, so that
seedlings were established before the Fireweed
Complex was fully developed. There is also evi-
dence that early survival of moderately shade
tolerant species such as Engelmann spruce and
interior Douglas-fir is not determined by light
availability alone (Chen ), and that physical
damage probably also contributed to mortality on
our sites.

Effectiveness of Treatments at Meeting
Management Objectives

One of the common operational objectives of
brushing, in addition to improving conifer perfor-
mance, is to assist seedlings in meeting height and
stocking requirements for free-growing, as specified
by the Forest Practices Code (B.C. Ministry of
Forests a) and Free Growing Guidelines (B.C.
Ministry of Forests ). On our ESSF study sites,
the Code and Guidelines specify that target stock-
ing is  (minimum ) well-spaced stems/ha,
and within – years of establishment, spruce
must be a minimum of . m tall and pine a mini-
mum of . m tall, and seedlings must be % as
tall as surrounding vegetation. On our ICH sites,
they specify that target stocking is  (minimum
) well-spaced stems/ha, and within – years
of establishment, spruce must be a minimum of
. m tall and pine a minimum of . m tall, and
seedlings must be % as tall as surrounding
vegetation.

In our study, untreated spruce (– years old at
the time of the third-year assessment) and pine
(– years old at the time of the fifth-year assess-
ment) were increasing in height at the same rate as
seedlings in the manual cutting treatments. Spruce
in the manual cutting treatment averaged % as
tall as the overall vegetation height, and control
seedlings averaged % as tall. Average seedling
height in both the treatment and control was only

    



slightly below the minimum height requirement for
the ICH (. m), and, at current growth rates, we
predict the conifer:vegetation height ratio require-
ments will be met in both treatment and control at
approximately the same time (about  years after
manual cutting was applied) (Figure ). Spruce

seedlings are therefore predicted to meet free-
growing criteria when they are – years old, on
average, which is earlier than both the ICH and
ESSF early free-growing assessment age. Lodgepole
pine in both the manual cutting treatment and
control averaged slightly more than twice as tall as
the overall vegetation height in the fifth-year
assessement. At the growth rates measured in year
five, both treated and control seedlings were
expected (on average) to meet the minimum height
of . m by year  after brushing, when they were
– years-old (Figure ). According to the year-

silviculture survey, which was conducted according
to the old free-growing guidelines (B.C. Ministry of
Forests a), an average  stems/ha met free-
growing requirements, with no significant differ-
ences between the treatment and control.

Brushing with glyphosate is predicted to
decrease the time required for spruce to meet free-
growing, but control seedlings are also predicted to
meet the criteria well within the free-growing
assessment window. Five years after brushing,
spruce were – years old, and those in the
glyphosate treatment (on average) fulfilled the min-
imum height requirement and were % as tall as
the overall vegetation height, thereby suggesting
that the criteria for free-growing were likely to be
met within  year of the early free-growing assess-
ment age. In comparison, control seedlings also
met the minimum height requirement, but aver-
aged only % as tall as the overall vegetation
height. At the current rate of height growth, con-
trol seedlings are predicted to meet the conifer:veg-
etation height ratio requirement about  years later
than treated seedlings (about  years after the
glyphosate treatment was applied) (Figure ).
Control seedlings are therefore predicted to reach
free-growing when they are – years old, which is
well within the ICH free-growing window. The fifth-
year silviculture survey indicated there were signifi-

cantly more free-growing trees in the treatment
( stems/ha) than the control ( stems/ha),
which supports our predictions.

Various studies in the southern interior suggest
that both treated and untreated seedlings outgrow
surrounding vegetation within the required time to
meet free-growing, except in tall communities such
as the Mixed Broadleaf-Shrub Complex (Simard and
Heineman a, b, c; Simard, Heineman,
and Youwe ). In our study, we predict that
neither manual nor chemical brushing will have



  Comparison of average spruce and fire-
weed height profiles in (a) the brushing
treatment and (b) the control in the years
following manual cutting in the ESSF/ICH
Fireweed Complex. Heights for years
0 through 3 are based on actual data (the
value for year 2 was interpolated), and the
height for year 4 is projected on the basis
of height growth rates in year 3. The vertical
broken line indicates the most recent assess-
ment year. Spruce are predicted to outgrow
fireweed between years 3 and 4 after treat-
ment in both the manual cutting treatment
and the control.
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been necessary for Engelmann spruce or lodgepole
pine growing among the Fireweed Complex on
circum-mesic sites to achieve free-growing, even
where brushing resulted in improved seedling
growth.

There is growing recognition that brushing treat-
ments should be applied only when a quantifiable
and lasting seedling response can be obtained;
however, it is difficult to predict whether early
significant differences in growth, even those that
occur over a decade, are economically or ecologically

cost-effective over the long term. Various studies
suggest that conifer growth improves when abun-
dance of the Fireweed Complex is reduced for at
least – years. For instance, – years after
glyphosate application, spruce seedlings had signifi-

cantly greater stem diameter and were taller than
control seedlings (Harper et al. ; Whitehead
and Harper ; Comeau et al. a), but the
absolute differences in size were relatively small,
and it is difficult to predict whether they will
increase over time or gradually fade into insignifi-

cance. One long-term study found that early weed
control continued to have a positive effect on white
spruce growth for  decades, with height advantages
of – cm at age  increasing to – cm by
age , and stem diameter advantages of .–. cm
increasing to .–. cm (Sutton ). However,
even treatments that produce statistically significant
growth improvements may still give trees only a -
to -year advantage over those that were untreated
(Burton et al. ).

In view of both the financial constraints cur-
rently affecting the forest industry and the necessity
for protecting other resource values, silviculturists
have more need than ever to focus brushing expen-
ditures on sites where they can expect a measur-
able response in seedling survival and/or growth.
Brushing the Fireweed Complex can be expensive,
particularly where the use of herbicides is undesir-
able and two or three manual brushings are
required to release seedlings (the average cost for
three manual cutting passes is $ stems/ha in
British Columbia (B.C. Ministry of Forests )).
 results to date support the conclusions of
Comeau et al. (a) that there is little benefit to
applying a single manual cutting treatment; money
is likely better spent treating fewer, more problem-
atic sites with repeated treatments. Efforts should
be made to more clearly characterize those sites
where competition will be particularly severe, and
where seedlings will exhibit the greatest response
to brushing.

    

  Comparison of average lodgepole pine
and fireweed height profiles in (a) the
brushing treatment and (b) the control in
the years following manual cutting in the
ICH/ESSF Fireweed Complex. Values for
years 2 and 4 were interpolated from
actual data. Pine outgrew fireweed approxi-
mately 3 years after the manual cutting
treatment and after 4 years in the control.
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  Comparison of average spruce and fireweed height profiles in (a) the brushing treatment and (b) the control
in the years following foliar glyphosate application in the ESSF/ICH Fireweed Complex. Heights for years
0 through 5 are based on actual data (values for years 2 and 4 were interpolated), and the height for years
6 and 7 are projected on the basis of height growth rates in year 5. The vertical broken line indicates the
most recent assessment year. Spruce outgrew fireweed approximately 4 years after the glyphosate treatment
and are predicted to do so after 7 years in the control.



A single manual brushing treatment had very little
effect on the Fireweed Complex on circum-mesic
sites in the ESSF and ICH zones, and, as a result,
did not improve either survival (which was good to
excellent) or growth of conifer seedlings. In con-
trast to manual cutting, ground foliar glyphosate
application on circum-mesic sites in the ESSF zone
reduced fireweed and overall vegetation abundance
for at least  years, resulting in improvements in
seedling height:diameter ratio. Again, there was no
effect on seedling survival, which was high in both
the treatment and control. Competition thresholds
identified in this study suggest that spruce tolerated
slightly higher levels of fireweed competition in
the ICH than in the ESSF zone. Similarly, spruce
appeared to tolerate slightly higher fireweed com-
petition than did lodgepole pine in the ICH zone.
Regardless of these zone and species differences, the

threshold results support the conclusion that
conifer seedlings grow well under moderate levels
of fireweed competition (–% cover) on circum-
mesic sites.

Rather than applying single manual brushing
treatments to sites with moderate development of
the Fireweed Complex, money allocated for brush-
ing may be better spent applying higher-efficacy
treatments (e.g., repeated manual treatments,
glyphosate, or repeated grazing treatments) to sites
where competition is heavy and conifer perfor-
mance is threatened. On sites where fireweed levels
generally fall below the competition thresholds,
most seedlings are predicted to achieve free-
growing status (B.C. Ministry of Forests )
within the assessment window without brushing
intervention.

    

CONCLUSIONS



. Manual or chemical brushing of the Fireweed
Complex on our mesic sites in the ESSF and
ICH zones was not required for adequate sur-
vival of spruce or lodgepole pine seedlings.
Further study is required to identify sites where
competition from this community is so intense
that it threatens seedling survival.

. A single manual cutting treatment was of little
value for releasing seedlings from competition
in the Fireweed Complex. Other studies indicate
that three repeat treatments, best applied in
summer, are necessary for improvements in
spruce growth.

. A single glyphosate treatment (.–. kg ai/ha)
decreased seedling height:diameter ratio in our
study, but neither treated nor control seedlings
reached stressful levels.

. It is predicted that spruce and pine seedlings will
reach free-growing on circum-mesic sites in the
ICH and ESSF zones within the free-growing
assessment window (B.C. Ministry of Forests
), regardless of whether the Fireweed Com-
plex is brushed or not.

. Competition thresholds averaged , , and
% cover, and , , and  , for Engel-
mann spruce in the ESSF zone, Engelmann
spruce in the ICH zone, and lodgepole pine in
the ICH zone, respectively. These thresholds, as
well as other competition and light studies, pre-
dict that adequate growth rates of spruce and
pine can be maintained under moderate levels
of fireweed.

. Vascular plant diversity in the Fireweed Complex
was not affected by manual, chemical, or graz-
ing brushing treatments. In general, manual
brushing had very little effect on the abundance
of individual species, even fireweed. Brushing
with glyphosate, on the other hand, reduced
the cover of some species, including berry-
producing shrubs that are important to wildlife,
for  or more years.



MANAGEMENT IMPLICATIONS


