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 (PRotocol for Operational Brushing Eval-
uations) is a large-scale vegetation management
study examining the effects of operational brushing
treatments on conifers and plant communities in
the southern interior of British Columbia (Simard
). It was developed and funded in  in
response to a request to quantify the costs and
benefits of operational brushing by the forest dis-
tricts and licensees, in view of the increasing
expenditures for brushing in the Kamloops and
Nelson forest regions. In /, brushing opera-
tions were carried out on  ha in the Kamloops

Forest Region (Figure ) and  ha in the
Nelson Forest Region (Figure ), at costs ranging
between $ and $ per ha (Table ), for an
estimated total expenditure of approximately
$. million.

Brushing programs had grown enormously
between  and  (Figures  and ), and
increased even further through , mainly due to
efforts to prevent plantation loss on backlog sites
(pre-). Brushing treatments on current sites
(post-) were also becoming more common,
however, which contributed to the overall growth
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  Brushing trends in the Kamloops Forest Region from 1981 to 1998 (B.C. Ministry of Forests 1995b, 1996,
1997, 1998).



of vegetation management programs. However,
insufficient data were available to say whether
brushing treatments were improving conifer perfor-
mance or helping meet free-growing objectives
with regard to stocking, conifer size, and the height
relationships between conifers and surrounding
vegetation. Increases in brushing programs were
largely funded by the Canada-British Columbia
Forest Resource Development Agreement ()
and Forest Renewal British Columbia (),
which were aimed at returning backlog 
(Not Satisfactorily Restocked) areas to conifer
production.

 is designed to determine the effects of

brushing treatments on the performance of young
conifers. It also documents treatment effects on
species and structural diversity of the vascular
plant community. Silviculturists wished to know
how the structure, composition, and vigour of
plant communities were affected by common
brushing treatments, particularly where herbicides
were applied. Maintenance of biodiversity is
becoming increasingly important in British Colum-
bia forest management as a result of public pres-
sure (Burton et al. ), the enactment of the
Forest Practices Code (B.C. Ministry of Forests
a), and the development of certification stan-
dards (Upton and Bass ; Kimmins ). The
need for measuring short- and long-term effects
of basic and intensive silviculture activities on the
forest resource, both expected and unintended, is
increasingly recognized by the B.C. Ministry of
Forests and Forest Renewal BC. In an economic
assessment of Forest Renewal BC silviculture pro-
grams, the Auditor General of British Columbia
found there was “a lack of understanding of the
real biological impacts” of its silviculture treat-
ments, and recommended that the corporation
“conduct further monitoring to ensure there is ade-
quate information about the short-term impacts of
its programs, both positive and negative” (B.C.
Office of the Auditor General ).  is one
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  Brushing trends in the Nelson Forest Region from 1981 to 1998 (B.C. Ministry of Forests 1995b, 1996,
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  Average brushing costs per hectare in
1997–98a

Kamloops Nelson Average across
Region Region British Columbia

Motorized manual $474 $601 $531

Non-motorized manual $499 $522 $562

Ground chemical $799 $601 $735

application

Grazing $248 n/a $359

a Annual report, B.C. Ministry of Forests ()



program aimed at measuring these impacts with
regard to operational brushing.

The objectives of  are to study the effects
of vegetation management treatments on survival,
growth, health, and free-growing status of conifers,
and on the structure, diversity, and condition of the
plant community. Brushing effects are being stud-
ied within  vegetation complexes that potentially
threaten the performance of conifer seedlings in
southern interior British Columbia (Kimmins and
Comeau ). The brushing treatments being
tested have been commonly applied during the
study period from  to . To ensure that the
most problematic plant communities, common
brushing treatments, and commonly planted
conifer species were being studied, site selection
was guided by a treatment sampling matrix estab-
lished in consultation with the forest districts and
licensees (Table ).

 differs from most vegetation management
research studies in its objectives and methods,
which has important implications for interpretation
of results. The differences help explain why the
magnitude of conifer response to brushing mea-
sured in  is usually less than that measured
in some research studies. First, the overarching
objective of  is to evaluate silviculture treat-
ment effectiveness at reaching ecological and opera-
tional objectives. In contrast, research objectives
often focus on quantifying inter- and intra-specific
competition, determining the underlying competi-
tive mechanisms, and examining how and why var-
ious ecosystem components are affected. Second,
 reaches its objectives by comparing opera-
tionally treated areas with an untreated control,
whereas many vegetation management research
studies examine response to a broad range in com-
petition levels, including maximum and minimum
vegetation abundance. Consequently,  mea-
sures response to “average” treatment conditions,
whereas many research studies measure “potential”
response (e.g., potential growth response of
conifers to complete vegetation removal). Third,
 tests brushing treatment effectiveness under
operational conditions, which are characterized by
variability in plant community and treatment
attributes, whereas research studies usually attempt
to minimize confounding factors by selecting for
uniformity in vegetation complexes and treatment
application. The latter approach helps identify
mechanisms that underlie conifer response, but the

results are not directly applicable to highly variable
operational conditions. Fourth, approximately one-
third of the sites evaluated with  were cur-
rent (harvested post-), where improved site
preparation and planting have reduced vegetation
competitive environments. In contrast, much
British Columbia vegetation management research
has historically been conducted on backlog sites
(harvested pre-), where vegetation communities
were more fully developed and competition much
more severe. Finally,  replicates treatments
across several geographically distinct sites, whereas
most research studies are located on one or two
sites that are in close proximity.  replicates
of a particular treatment cell are comparable in
ecosystem, vegetation complex, conifer target
species, and brushing treatment, but they may vary
in site history and year of establishment. Conse-
quently,  treatment cells are comprised of
more variable replicates than most research studies,
which can reduce power of the statistical test, but
they also have broader scope of inference. The
experimental design used in  is equally as
rigorous, and actually avoids pseudo-replication
and the narrow scope of inference that characterize
some vegetation management research studies.

The  program is designed to evaluate sil-
viculture treatment effectiveness at reaching ecolog-
ical and operational objectives, and the results
should be used accordingly to modify stand-level
silviculture prescriptions. It was not designed to
monitor growth and yield of treated stands, and
therefore cannot be used directly in timber supply
analysis () or assimilated in allowable annual
cut () determinations for two reasons, which
apply equally to all silvicultural research trials.
First, growth and yield monitoring for  and
 purposes requires random selection of stands
from a defined population of stands, random selec-
tion of monitoring areas within stands, and ran-
dom assignment of treatments and controls within
the monitoring areas.  randomly selects
stands from a list of candidate stands being treated
in a particular year, but it cannot randomly select
from the entire population of similarly treated
stands because not all stands are treated or sam-
pled in a single year. However,  does ran-
domly assign treatments and controls within a
stand. Second,  measures early stand
responses to treatment (– years) and therefore
does not include growth and yield measurements

   





  Treatment matrix used to guide selection of PROBE sites. Shading indicates treatment cells where PROBE installations presently exist (number of replicate
sites and number of measurement years, in parentheses, to the end of 1999) or where they have not yet been established due to lack of opportunity or
funding (indicated by “0”). In unshaded areas, “U” indicates treatments that are uncommonly applied to a particular vegetation complex and “X”
indicates treatments that are not appropriate for the complex.

BEC Tree Manual Partial Glyphosate Cut stump Cut and spray Basal Mulch
Complex zone species cuttinga manualb Girdling c sprayd glyphosatee glyphosatef triclopyrg Grazingh matsi

Herb and low-elevation shrub complexes

Fireweed ICH, ESSF Pl 3 (5 year) X X 2 X X X 0 0

Sx 3 (3 year) X X 3 (5 year) X X X 3 (1 year) 2

Fd 2 X X 1 X X X 0 0

Fern ICH Sx 0 X X 3 (5 year) X X X 0 0

Subalpine herb ESSF Se 0 X X 0 X X X 1 0

Pinegrass IDF, MS Pl 1 X X 1 X X X 0 0

Fd 0 X X 0 X X X 0 0

Mixed shrub ICH, ESSF Sx 3 (3 year) X X 0 X X X 3 (1 year) X

Fd 1 X X 1 X X X 0 X

Pl 0 X X 0 X X X 0 X

Cw 1 X X 1 X X X 0 X

Dry shrub IDF, ICH Pl 1 X X 0 X X X 0 X

Fd 0 X X 0 X X X 0 X

High-elevation shrub complexes

Ericaceous shrub ESSF Pl 0 X X 0 X X X 0 X

Se 4 (5 year) X X 2 X X X 0 X

Tall shrub complexes

Dry alder IDF, MS Pl 3 (5 year) X X 1 U U U X X

Sx 1 0 U U U X X

Wet alder ICH, ESSF Sx 3 (3 year) X X 0 0 0 U X X

Pl 0 X X 0 0 0 U X X

Willow IDF, ICH, Fd 0 X X 1 U 0 U X X

MS, ESSF










 


















  Continued

BGC Tree Manual Partial Glyphosate Cut stump Cut and spray Basal Mulch
Complex zone species cuttinga manualb Girdling c sprayd glyphosatee glyphosatef triclopyrg Grazingh matsi

Broadleaf complexes

Aspen IDF, MS Pl 3 (3 year) 1 0 0 0 0 2 X X

Fd 0 0 0 0 0 0 0 X X

ICH Pl 1 2 0 0 0 1 0 X X

Fd 2 0 2 0 0 0 0 X X

Mixed Broadleaf-Shrub IDF, ICH Fd 3 (5 year) 2 3 (5 year) 0 3 (5 year) 1 2 X X

Pl 3 (5 year) 0 0 1 0 0 0 X X

Sx 2 0 0 1 0 0 0 X X

Cw 0 0 0 0 1 0 0 X X

Cottonwood–Shrub IDF, ICH Se 0 0 0 0 0 0 0 X X

a Manual cutting = using motorized or non-motorized tools to cut vegetation
b Partial manual = using motorized tools to cut vegetation, leaving a designated density of standing broadleaves (i.e., , , or  stems/ha)
c Girdling = using a chain girdler to cut through the bark around the circumference of each broadleaf stem
d Glyphosate spray = broadcast or spot application of glyphosate solution (usually .–. kg ai/ha) using backpack sprayers or broadcast aerial application
e Cut stump–glyphosate treatment = manual cutting followed by the application of glyphosate solution to cut stumps
f Cut and spray glyphosate treatment = manual cutting  year, followed by application of glyphosate solution to sprouts the following year
g Basal triclopyr application = wiping triclopyr in an oil carrier onto broadleaf stems
h Grazing = the use of sheep or cattle to reduce the abundance of vegetation around seedlings
i Mulch mats = mats are laid around seedling stems to prevent growth of vegetation 



as defined by the Silviculture Working Group
(). However,  trials were designed to
accommodate growth and yield plots, and some
trials have had growth and yield plots established
within them using the  protocol (Biring et
al. ).

A large network of growth and yield plots is cur-
rently in place in British Columbia and the data
are used in  and  determinations. However,
there are a number of reasons why it is not useful
in detecting silviculture treatment effects. First, the
strict requirements of the growth and yield pro-
gram for randomization and replication preclude
comparisons of silviculturally treated and untreated
stands, as is done in , because silviculture
treatments are not randomly allocated across the
landscape. As a result, silviculture treatment effects
are inextricably confounded with site and initial
stand conditions. Second, detection of significant
differences between treatments at the accuracy
required for silviculture treatment adjustments is
not possible because the number and distribution
of growth and yield monitoring plots is too small
to address the variability in stand attributes. For
these reasons, it has been recommended that moni-
toring growth and yield responses to silviculture
treatments at the forest or stand level is not
feasible. Instead of using the growth and yield
monitoring program, it has been recommended
that treatment response estimates be obtained from
statistically designed trials outside the growth and
yield monitoring program (J. S. Thrower & Asso-
ciates Ltd. ). These trials can be established
with operationally applied treatments to quantify
“real-world” responses (e.g., ), or they can
be research trials where many stand factors are
controlled to isolate specific treatment or stand
attribute effects and determine causal relation-
ships.  meets all of the criteria for statistical
inference (randomization and replication of treat-
ments and controls), and has been reported as
using an excellent experimental design for measur-
ing silviculture treatment response and inferring
silviculture treatment effectiveness to the sampled
population (Bergerud ).

Five programs besides  are examining
effects of operational brushing treatments on crop
tree responses and other ecological and operational
attributes in British Columbia. These programs are
Operational Herbicide Monitoring () (Hays
), Northern Interior Vegetation Management

Association () Unified System of Silviculture
Monitoring () ( ),  Treat-
ment Regime Evaluation—Numerical Decision
Support () ( ), Experimental
Design Protocol for Long-term Operational
Response Evaluations () (Biring et al.
), and Regional Vegetation Management Model
() (Shula and Knowe ). These programs
have been reviewed from a vegetation management
perspective by Biring et al. () and Simard
(). Most of the vegetation management pro-
grams, as well as the Intensive Forest Management
() Installations and the Silviculturally Treated
() program, have also been reviewed from a
growth and yield monitoring perspective by J. S.
Thrower & Associates ().  is most
similar to  in that operationally brushed
treatments are compared with controls using ran-
domly assigned paired plots replicated in geograph-
ically distinct blocks (allowing for measurement of
treatment response). It differs from 
mainly in the absence of growth and yield mea-
surements, although  trials are designed to
accommodate growth and yield plots when they
reach the appropriate age. However, few 
plots have yet been installed. The  and
 programs differ from  in that con-
trol plots are not required, thus treatment response
cannot be determined. In the case of  at
least, installation blocks are randomly selected from
defined populations of harvested blocks. Several
attributes of these programs are compared in
Table .

At present, the  program includes  per-
manent installations in the Kamloops and Nelson
forest regions that have been measured for –

years post-treatment. In , there was adequate
replication of sites (i.e., at least three replicate sites
per treatment unit) to carry out inductive paramet-
ric statistical analysis (e.g., analysis of variance) for
five brushing treatments in eight of the  targeted
vegetation complexes (Table ).

This report is organized into  sections. Imme-
diately following this Introduction (Section ) is a
description of the objectives (Section ) and meth-
ods of  (Section ). The main body of the
report is comprised of eight sections (Sections
–), one for each vegetation complex. For each
complex, results are presented on a brushing
treatment–ecosystem–target conifer species–specific
basis. For organizational purposes, descriptions of












 


















  Comparison of programs used to monitor brushing efficacy in British Columbia (modified from Biring et al. 1998)

Characteristic OHM USSM PROBE RVMM TRENDS EXPLORE

Protection buffer ≥ 10.0 m 50.0 m 30.0 m – variable 30.0 m

Treatment plot area 1.21 ha 0.36 ha 0.81 ha – variable 0.49 ha

Treated buffer 20.0 m 15.0 m 20.0 m – variable 10.0 m

(within treatment plot area)

Treatment evaluations mandatory optional mandatory mandatory optional mandatory

Pre-harvest assessments – – – – yes yes

Pre-treatment assessments yes no yes – yes yes

Tree measurement plot size 1.21 ha* 0.005 ha 0.49 ha† 0.05 ± 0.01 ha 0.09 ha 0.10 ha

(50 m2)

Vegetation monitoring plot size 0.0005 ha 0.0005 ha 0.001 or 0.004 ha 0.023 ha 0.005 ha

(5 m2) (5 m2) 0.002 ha (40 m2) (50 m2)

(10 or 20 m2)

Vegetation monitoring plot number 20 2 36 4 4 4

Gridpoints per treatment 100 16 36 no 36 36

Soil disturbance assessment plot – – 36 subplots – 2–180 m 50 m 

(site preparation) (r = 1 m) transect lines transect lines

Habitat monitoring plots per treatment 2 – 4 – no 4

Habitat monitoring plot size 0.02 ha – 0.005 ha – – 0.005 ha 

(200 m2) (50 m2) (50 m2)

Coarse woody debris assessments – – yes – yes yes

Vascular plant biodiversity assessment yes optional yes – yes yes

Compatibility with growth and yield no no no‡ yes yes yes

 = Operational Herbicide Monitoring
 = Unified System of Silviculture Monitoring
 = Protocol for Operational Brushing Evaluations
 = Regional Vegetation Management Model
 = Treatment Regime Evaluation—Numerical Decision Support
 = Experimental Design Protocol for Long-term Operational Response Evaluations
* Seedling assessments are done on  trees distributed over a .-ha (-m grid) plot
† Seedling assessments are done on  trees distributed over a .-m plot
‡  plots (. ha) are large enough to accommodate growth and yield plots, such as those described by Biring et al. ()



relevant sites and treatments are included within
each results section. A description of the vegetation
complex is included in the introduction to each
section, and a comparison of  results with
those of other research studies is made in each dis-
cussion. The report ends with an overall summary
(Section ) that summarizes the main findings and
discusses their application in silvicultural decision-
making. Information about vegetation complexes

and treatment cells that were not analyzed because
adequate replication had not yet been achieved is
provided in the Appendices. Data or observations
from individual  sites that were not included
in the analysis are occasionally cited to support
discussion issues.
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