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Abstract
Recently the use of sheep as a vegetation manage-
ment tool has increased in British Columbia.
However, information on how to effectively use this
treatment on vegetation complexes in British
Columbia is still limited. Studies have shown that
sheep are effective in removing some species of veg-
etation. Sheep will graze on Epilobium angustifolium
and different grass species. Some limited infor-
mation suggests they will also graze on Populus
tremuloides, Salix spp., and Valeriana sitchensis. Other
vegetation, such as the Rubus spp., are not grazed
consistently and therefore sheep are not
recommended for control of these species. Forage
quality, conifer species, and site characteristics must
all be acceptable for a successful sheep-grazing
project. Seedling response data have been limited
to date, although some data indicate that seedling
response to sheep grazing should be similar to a
repeated cutting treatment or a herbicide
application. There is also a need for further studies
to address wildlife and environmental concerns.

Introduction
In the 100 Mile House Forest District sheep grazing
on forest plantations began in 1984. At first, grazing
on plantations was a way to extend the limited range
available for sheep. However, after one summer, the
usefulness of this technique for vegetation control
became apparent. Vegetation, primarily fireweed, was
removed from around spruce seedlings, which were
left untouched. As a result, the next year the project
became a brushing treatment and sheep grazing is
now used throughout British Columbia to control
competing vegetation on forest plantations. In 1992,
26 700 sheep grazed over 6000 hectares.

Why is there interest in using sheep for vegetation
control? Primarily because sheep grazing is an
effective method for controlling vegetation. Sheep
can be used as an alternative to herbicides although
they cannot always replace herbicides. Sheep can also
be used where herbicides cannot be applied, for
example, on sites with frequent overland streams. The
use of sheep is a good example of integrated resource
management and is generally well accepted by the
public.
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Vegetation Species
Sheep are selective in the species of vegetation they graze.
They will start grazing on their most preferred food, finish
it and then move on to the next most desired food.
Information from studies in British Columbia, Alberta, and
Oregon is summarized in Tables 1 to 3. Although sheep
will browse on a wide variety of vegetation, there are only
a few species they will effectively control. Table 1 lists
species that were successfully controlled in several studies.
Table 2 lists species that are sometimes, but not consis-
tently, browsed by sheep. Sheep like variety in their diet
and there are species they prefer that are not generally
considered competitors with conifer seedlings (Table 3).
Sheep will usually graze these species before they graze
other vegetation.

Table 1. Vegetation that competes with conifers and is
preferred forage for sheep

Species Common name Studiesa

Grass spp. grass 3, 5, 6, 7, 8, 9, 11, 12

Epilobium fireweed 1, 2, 3, 4, 5, 6, 7, 8,
angustifolium 10, 11

Populus trembling aspen 5, 11
tremuloides

Salix spp. willow 2, 3, 11

Valeriana Sitka valerian 3
sitchensis

a The following studies are referenced by number: 1 –
Sutherland 1987; 2 – Tweedhope 1985; 3 – Ellen 1988; 4 –
Bancroft 1992a; 5 – Dewar and Greene 1992; 6 – Negrave
1992; 7 – Erickson 1992; 8 – Lousier 1990; 9 – Lousier and
Lousier 1991; 10 – Bancroft 1992b; 11 – O’Brien and Bailey
1987; 12 – Sharrow and Leininger 1983.

Table 2. Vegetation species that may compete with
conifers that sheep have grazed either
minimally or inconsistently

Species Common name Studiesa

Rubus thimbleberry 4, 5, 10, 12
parviflorus

Rubus raspberry 1, 4, 5
idaeus

Rubus salmonberry 10, 12
spectabilis

Rubus black raspberry 9, 12
leucodermis

Rubus trailing blackberry 8, 9, 12
ursinus

Vaccinium huckleberry 5, 12
spp.

Lonicera twinberry 2
involucrata

Prunus western 12
emarginata chokecherry

Alnus Sitka alder 2, 3, 5
viridis

Alnus red alder 9, 12
rubra

Pteridium bracken fern 2, 3, 4, 8, 9
aquilinumb

Veratrum Indian hellebore 2, 3
viride

Betula paper birch 11
papyrifera

Acer bigleaf maple 5, 10
marcophyllum

Acer vine maple 5, 10
circinatum

Corylus beaked hazelnut 12
cornuta

a The following studies are referenced by number: 1 –
Sutherland 1987; 2 – Tweedhope 1985; 3 – Ellen 1988; 4 –
Bancroft 1992a; 5 – Dewar and Greene 1992; 6 – Negrave
1992; 7 – Erickson 1992; 8 – Lousier 1990; 9 – Lousier and
Lousier 1991; 10 – Bancroft 1992b; 11 – O’Brien and Bailey
1987; 12 – Sharrow and Leininger 1983.

b Mainly trampled and not browsed.
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Table 3. Vegetation readily grazed by sheep but not
usually considered a conifer competitor

Species Common name Studiesa

Lathyrus purple peavine 2, 7
nevadensis

Vicia American vetch 11
americana

Lathyrus creamy peavine 11
ochroleucus

Trifolium clovers 3, 11
spp.

Lupinus lupines 2, 3
spp.

Aster showy aster 11
conspicuus

Hypochaeris hairy cat’s ear 8, 12
radicata

Dicentra bleeding heart 10
formosa

Montia Siberian 10
sibirica miner’s-lettuce

Gymnocarpium oak fern 4
dryopteris

Anaphalis pearly everlasting 12
margaritacea

Taraxacum common dandelion 2
officinale

Galium bedstraw 8
spp.

a The following studies are referenced by number: 1 –
Sutherland 1987; 2 – Tweedhope 1985; 3 – Ellen 1988; 4 –
Bancroft 1992a; 5 – Dewar and Greene 1992; 6 – Negrave
1992; 7 – Erickson 1992; 8 – Lousier 1990; 9 – Lousier and
Lousier 1991; 10 – Bancroft 1992b; 11 – O’Brien and Bailey
1987; 12 – Sharrow and Leininger 1983.

Two studies in the Cariboo Forest Region demonstrated
the preference sheep have for different vegetation types.
These blocks were grazed in 1993. Surveys were completed
on staked plots before and after grazing to determine what
the sheep consumed. Only vegetation over 15 cm in height
and 5% cover was recorded. At both sites, the majority of
the fireweed was grazed but only a small portion of the

thimbleberry was browsed. Three other species were grazed:
cow-parsnip, false Solomon’s-seal, and horsetail (Figures
1 and 2).

Forage quality also has to be acceptable before the sheep
will graze it. Sheep will not browse on woody portions of
the vegetation, including mature fireweed stems. They will
generally not graze vegetation over one metre in height, or
any vegetation that has been damaged by frost or drought.
Sheep do prefer new succulent growth, whether it is the
spring flush or regrowth after an initial graze.
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Figure 1. Changes in vegetation species immediately
after grazing, Moffat Creek 1993. Grazing
occurred during mid-July. The before and
after grazing assessments were completed just
prior to and immediately after grazing.
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Conifer Species
As sheep have preferences for different species of
vegetation, they also have preferences for different species
of conifers. Spruce (Picea spp.) is the least desired species,
next is Douglas-fir (Pseudotsuga menziesii) and last are pines
(Pinus spp.). Therefore, spruce is least likely to be damaged
by browsing and pine most likely. Pine plantations have
been treated successfully with sheep, but a number of
projects have reported serious damage to pine seedlings.
Therefore, treating plantations with a pine component is
not currently recommended, but it may be possible under
very good sheep management. Western redcedar (Thuja
plicata) and grand fir (Abies grandis) have been treated with
sheep grazing on one project, and seedling damage was
minimal. However, more work is required to demonstrate
that such low levels of damage can be consistantly achieved.

Under certain circumstances, any species of conifer seedling
can be damaged by sheep grazing regardless of the species.

Seedlings are more susceptible to damage when they are
flushing or when they are newly planted. Small seedlings
can be damaged more easily and trials in Oregon found it
is better to wait until the seedlings are over one metre tall
before sheep are used to control the competing vegetation
(Sharrow et al. 1992). In interior British Columbia,
brushing usually needs to be initiated before seedlings are
one metre tall. Poor sheep management can result in
increased seedling damage, and sheep-travel over the block
should be kept to a minimum. Sheep will browse on
seedlings if the quantity of target vegetation is too low or
if the forage becomes unpalatable due to frost or drought.
For example, within 48 hours, sheep ate most of the laterals
and terminals of 70% of the spruce seedlings on a project
in the Cariboo Forest Region because the fireweed had
been degraded by frost (Sutherland 1987).

Site Characteristics
The site characteristics must also be acceptable for sheep
grazing. The following criteria should be met:

• less than 50% slope

• sufficient water without using major water courses,
to prevent contamination of streams

• slash not be abundant or not very high, as it will block
or injure the sheep

• minimal shrubs or gullies that would reduce the
visibility of the sheep flock

• access for a livestock liner close to the grazing area

• close to alternative blocks in case of unacceptable
seedling damage

• close to other plantations requiring treatment by
sheep to minimize the need for transporting sheep
during the season

Alternative blocks are sites where sheep cannot damage
seedlings; for example, a power line or an older plantation
where the seedlings are over one metre in height.

Management of a
Sheep Grazing Project

The primary goal of a vegetation management technique
is to remove vegetation from the site. To be most effective,
grazing should begin as early as possible on new sprouts or
on re-growth of vegetation after an initial graze. Ensure
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Figure 2. Changes in vegetation species immediately
after grazing, Boss Creek 1993. Grazing
occurred from late July to mid-August. The
before and after grazing assessments were
completed just prior to and immediately
after␣ grazing.
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the quantity of vegetation on the site is sufficient to feed
the sheep and that no poisonous plants are present. Young
vegetation is higher in nutrition and more palatable for
the sheep (Negrave 1992; Bancroft 1991). At this stage
the sheep will most effectively weaken the target species
by consuming most of the plant. It is important to leave
some of the target vegetation on the site, as once the desired
food source is eliminated, the sheep will graze on the next
most desirable vegetation, which may include the conifer
seedlings. Leaving 5 to 15% cover of the target vegetation
is recommended. At least two passes, and probably three,
will be required for grazing to effectively control the target
vegetation. The time over which these passes should occur
is not well defined. One pass per year for three years has
been effective, but more work is required to determine the
best combination.

Good sheep management is essential for a successful
project. Since this topic is covered in more detail by
Schwantje (1992) and Newsome et al. (1995), only some
of the major considerations are summarized here.
Shepherds should be experienced in sheep management
and have some knowledge of grazing on forest plantations.
When the sheep are grazing they should be kept together
as a cohesive unit to prevent stray sheep attracting predators.
Therefore, flocking varieties of sheep are usually preferred
and good herding dogs are required. Night corrals should
be placed where the shepherds can camp next to the sheep.
These corrals should be next to a road system or a set of
trails that the sheep can be herded along to prevent sheep
from travelling over the plantation as they move to and
from the grazing areas. On the site, sheep should be moved
as a unit over the block like a large lawn mower so they do
not travel over the same portion of the block more than
once. Repeated sheep movement over portions of the block
will result in trampling damage to the seedlings. Finally,
sheep must be kept healthy. A protocol for sheep
management has been established by the Ministry of
Agriculture, Fisheries and Food (Lange 1993).

Sheep grazing costs are generally higher than those for
herbicide treatments but lower for manual treatments
(Table 4). As with any project, these cost estimates can
vary considerably from site-to-site.

Table 4. Costs of some vegetation management methods

Number of Total cost to
Treatment treatments free growing ($)

Herbicide – aerial 1 248

Herbicide – backpack 1 524

Manual – weedwack 2 1482

Manual – power tool 2 1534

Sheep 2 930

Farnden (1992)

Environmental and Wildlife Concerns
Sheep grazing projects must not seriously affect any wildlife
species, especially threatened or endangered species such
as the grizzly bear. Interactions with predators must be
minimized to prevent unnecessary destruction of wild
animals. Domestic sheep should also be kept away from
any wild sheep flocks to avoid disease transmission. There
is some concern that sheep grazing will reduce the forage
available for wildlife. A double graze in one year may
significantly reduce the available forage on the site.
However, a single pass may result in improved forage for
the wildlife as the resprouting vegetation is more nutritious.
The effects of sheep grazing projects on wildlife are difficult
to assess and studies are currently underway to address some
of these concerns.

Sites must not be detrimentally affected by sheep. Water
quality must be maintained and sheep should be kept away
from any major water courses. Soil compaction and erosion
arising from sheep grazing has been minimal but should
be closely monitored.

Results from
Sheep Grazing Projects

A trial was begun at Doreen Creek in the Horsefly Forest
District in 1986 and the site was grazed in 1986, 1987,
and 1989. A herbicide application of VISION™ in August
1986, was also used for comparison. In 1993, the site was
surveyed and all vegetation species that were over 5% in
cover and 15 cm in height were recorded. The silvicultural
objective of most vegetation management projects is to
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control the competing vegetation to improve crop seedling
response. Cover of total vegetation and the target
vegetation, fireweed, have been tracked over time. Figures
3 and 4 show the results. Both the grazing and herbicide
treatments have reduced the amount of fireweed, but the
total vegetation cover returned to the same level as the
control, or higher, the year after treatment was finished for
both herbicide and grazing treatments. In 1993, the site
was surveyed to determine the remaining vegetation species
(Figure 5).

Initially when sheep grazing was considered, there was
concern that after the target species was controlled, another
species might be released that could also compete with the
conifers and be even more difficult to control. Raspberry
was left on the Doreen Creek site after the fireweed was
removed. However, by 1993, the raspberry had only
increased slightly in the grazed treatment and is not
considered a problem. Invasions by more detrimental
vegetation have not been reported, but the possibility should
always be considered when planning a grazing project.
Other changes to the vegetation complex were noted on
the Doreen Creek project, such as the elimination of
dandelion on the grazed treatment and a small increase on
the herbicide treatment. Grasses showed a slight increase
on the grazed and herbicide blocks. Although the results
reported in percent cover are small, differences in the
frequency of occurrence were larger. Grass only occurred
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Figure 3. Total vegetation cover as a percent of the
control (Control = 100%), Doreen Creek.

Figure 4. Fireweed cover as a percent of the control
(Control = 100%), Doreen Creek.
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Figure 5. Differences in vegetation species on three
treatments, six years after the final grazing
treatment, Doreen Creek.
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in half the number of plots on the control as compared to
the herbicide or grazed treatments. Thimbleberry did not
change much in percent cover. Overall a decrease in
vegetation over 15 cm in height was observed. A previous
survey indicated that Cornus canadensis (bunchberry) had
increased in cover. Therefore, results on this site indicate
that sheep grazing does not increase the cover of other
competitors.

Seedling response from either the herbicide or grazing
treatments was not large. The data show a slight increase
in height and diameter growth over six years, from 1987 to
1992, on both brushing treatments, although the differences
are not statistically significant (Figure 6). The vegetation
competition was not as serious as initially thought on this
site and the control seedlings were not greatly affected by
the competing vegetation. Other grazing projects have not
shown a large increase in seedling response for a variety of
reasons. The early projects had problems with seedling
damage that limited interpretation of growth response data.
On other projects, the seedlings were under considerable
stress and little immediate response was observed, or the
variation in seedling growth was too high to detect a
significant response. Much larger responses would be
expected where initial seedling vigour is good and
vegetation competition is high.

Current Knowledge
In summary, sheep grazing appears to be a viable brushing
tool that can be used on conifer plantations in British
Columbia. Some highlights of the current knowledge are
given below.

• Sheep will control some species of vegetation, such
as fireweed and grass.

• New sprouts are more palatable and nutritious to
sheep.

• Potential seedling damage varies by species. Spruce
is the least susceptible to damage, followed by
Douglas-fir and pine.

• Grazing with two to three passes can achieve veg-
etation control results comparable to VISION®
herbicide, but at a higher cost.

• Proper management of sheep on the block is essential
to successful vegetation management by grazing.

A more complete summary of the current knowledge is
available in Schwantje (1992) and Newsome et al. (1995).

Future Information Needs
Further refinement of this brushing method should include
work in the areas listed below.

• Define the number of times a site should be grazed
to control a given vegetation complex and the most
effective grazing frequency combination (e.g., two
grazes in one year or grazing in year 1, 2, and 4).

• Document seedling response.

• Explore the management of sheep for grazing mixed
species plantations (e.g., spruce and pine).

• Improve our knowledge of the effects of sheep brows-
ing on other coniferous species (e.g., Thuja and Abies).

• Compile a more complete list of vegetation species
that can be controlled by sheep.

• Continue studying the effect of sheep grazing in
forest plantations on other resources in the area,
especially wildlife.
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Figure 6. Effects of treatments on spruce diameter and
height growth over six years at Doreen Creek.
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Abstract
Many non-native plant species have been
intentionally or accidentally introduced into British
Columbia. Several of these weed species are prolific
reproducers and aggressive competitors and have
expanded their distribution dramatically. These
weeds now pose a serious threat to significant areas
of rangelands throughout British Columbia. Over
90 000 hectares are infested with noxious weeds,
which have reduced levels of forage for wildlife and
livestock and have negatively impacted native plant
communities. While the primary threat is from
diffuse and spotted knapweed (Centaurea diffusa
Lam. and C. maculosa Lam.), other weed species
such as Canada thistle (Cirsium arvense L. Scop.),
hound’s-tongue (Cynoglossum officinale L.),
dalmatian toadflax (Linaria dalmatica (L.) Miller),
leafy spurge (Euphorbia esula L.) and sulphur
cinquefoil (Potentilla recta L.) pose significant
problems. The Ministry of Forests range program
integrates the use of chemical, cultural, and
biological control treatments to meet their weed
management objectives. These objectives include:
protecting presently non-infested areas; preventing
the establishment of new weed species presently
not found on Crown range in British Columbia;

and introducing biological control agents to reduce
target weed species density, to a level where they
no longer pose an ecological threat to resources or
a socio-economic threat to the public using those
resources. Disturbed areas are revegetated to
minimize the opportunity for new weed infest-
ations. Small weed infestations and transportation
corridors are targeted for chemical and cultural
treatments and large infestations of weeds are
targeted for biological control as biocontrol agents
become available.

Introduction
One of the Forest Service’s Range Resources Program
priorities and goals is the protection, conservation,
and enhancement of forage and other vegetation on
Crown rangelands, thereby promoting healthy,
diverse, and self-sustaining range resource. One of
the obstacles in the protection of rangeland resources
has been the invasion of non-native plant species.
Although a few of these species were intentionally
introduced into British Columbia, most were
accidental introductions, either as contaminants of
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forage or cereal grain seed or as contaminants in ship ballast.
Since their introduction, several of these non-native weed
species have expanded their distribution dramatically and
now pose a serious threat to significant areas of rangeland
throughout British Columbia. A noxious weed containment
and biocontrol program has been implemented to protect
and reduce the impact of these non-native weed species on
rangeland resources and to ensure that the Ministry’s
obligation under the Weed Control Act of British Columbia
is met. Some problem species are discussed and the control
strategy and treatments used by the Range Resources
Program have been outlined.

Problem Species
Although the primary threat is from diffuse and spotted
knapweed (Centaurea diffusa Lam. and C. maculosa Lam.),
other weed species such as Canada thistle (Cirsium arvense
L. Scop.), hound’s-tongue (Cynoglossum officinale L.),
dalmatian toadflax (Linaria dalmatica (L.) Miller), leafy
spurge (Euphorbia esula L.) and sulphur cinquefoil
(Potentilla recta L.) pose significant problems.

Diffuse knapweed and spotted knapweed were first reported
in British Columbia in 1936 and 1893 respectively and are
suspected of having been introduced with imported alfalfa
seed. Since their initial reports the two species have spread
to infest in excess of 60 000 ha (Muir 1986). Harris and
Cranston (1979) suggested that, in the absence of control
measures, the two species potentially could infest over 1.1
million ha of grassland and an undetermined area of fringe
forest land in British Columbia. Diffuse knapweed is a
biennial to monocarpic perennial; spotted knapweed is a
short-lived perennial species. Reproduction by seed is the
main means of dissemination for both species. The soil
seed bank is considered a major factor in the survival and
spread of knapweed but no data are available documenting
the number of years that seed can remain viable in the soil
(Muir 1986). Both diffuse and spotted knapweed are
pioneer species and any soil disturbance may provide a
suitable site for establishment. Although generally
associated with disturbance, when established in an area
the two species can move into non-disturbed sites. Forcella
and Harvey (1983) noted the ability of spotted knapweed
to dominate relatively undisturbed vegetation in grasslands
and ponderosa pine habitat types. Once established,
knapweed can have significant impact on forage production
(Cranston et al. 1983), and therefore impact overall
management of rangeland grazing systems. Many of the

heavily infested areas of the province are not only critical
for spring and fall livestock grazing, but are also important
winter ranges for deer, mountain sheep, and elk. Low
palatability enhances knapweed competitive ability, so when
it is growing with more palatable species, it dominates the
stand. This prevents the more valuable forage species and
native plants from encroaching on the knapweed. Although
there is only limited documentation on the impacts of non-
native weeds on native plant communities, Tyser and Key
(1988) reported a reduction in the plant diversity of native
rough fescue grasslands in Glacier National Park because
of spotted knapweed invasion.

Canada thistle is a perennial weed that can spread either by
wind-borne seed or by a creeping root system. Dewey (1901,
cited by Moore 1975) believed that Canada thistle was first
introduced into North America with 17th-century French
settlements. Moore (1975) indicates that Canada thistle can
be found in all provinces of Canada and, although it is most
common in agricultural areas, it can be found as far north as
58 to 59°N. Although the main concern is associated with
intensive field crop production, Canada thistle can establish
in moister habitats on rangelands and compete with native
vegetation. As well, infestations on non-crop land areas can
be seed sources for infestation of cropland. Therefore, control
is undertaken on rangelands close to intensive agricultural
areas. Areas of concern include areas in the Peace River and
McBride regions and other scattered infestations throughout
the province.

Hound’s-tongue is a biennial to short-lived perennial weed
that was first reported in the Keremeos area of B.C. in
1922 (Upadhyaya and Cranston 1991). Cranston and
Pethybridge (1986) reported that over 2000 ha are infested
with hound’s-tongue and that it is distributed throughout
the Interior Douglas-fir, Ponderosa Pine, and Bunchgrass
biogeoclimatic zones. Lesser amounts are encroaching on
the Cariboo Aspen–Lodgepole Pine zone in the Empire
Valley–Dog Creek areas. Hound’s-tongue is a pioneer
species and any soil disturbance may provide a suitable site
for establishment. The weed is found on forest sites and
does very well in openings in the forest that have been
cleared by logging operations and road construction.
Although the weed can be found on wetter grasslands and
moist draws in drier sites it is not well adapted to the drier
grasslands that receive less than 30 cm of precipitation
(Upadhyaya and Cranston 1991). Hound’s-tongue
produces more than 600 burred seeds per plant which can
attach to fur and hair of wildlife and livestock. Upadhyaya
and Cranston (1991) believe the attachment of burred seeds
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to domestic and wild grazing animals and human clothing
has contributed to the rapid and widespread dispersal of
the weed. There is presently no documentation relating to
the impact of hound’s-tongue burs on wildlife, however,
reported impacts to domestic livestock included: reduced
sale price, increased grooming and increased veterinary costs
due to eye irritation. Hound’s-tongue contains large
quantities of toxic pyrrolizidine alkaloids (Knight et␣ al.
1984) and several reports of livestock poisoning have come
from other countries. There are no reports of livestock
feeding on green hound’s-tongue and no documented cases
of poisoning in British Columbia. Baker et al. (1991) state
that the plant is not palatable to cattle or horses under
range conditions; however, when dried and mixed with hay
it is readily consumed. They reported that calves died
following a single dose of dried, ground hound’s-tongue
equivalent to 60 mg per kg of total pyrrolizidine alkaloids
per day.

Dalmatian toadflax is a short-lived perennial that spreads
by seed and creeping rootstalks. Due to the plant’s bright
yellow, snapdragon-like flowers it was cultivated in Europe
as an ornamental and brought to North America for
ornamental trials in 1894 (Alex 1962). The weed is now
found in six provinces and its competitive ability has
rendered it a problem in pastures, rangelands and roadsides
with dry rocky or gravely soils. Robocker (1974) reported
up to 62% reduction in dry weight of perennial grasses and
forbes in a heavily infested grassland. Heavy infestations
of toadflax are found in the Princeton and Canoe Creek
areas of British Columbia, and scattered patches are found
throughout the province.

Leafy spurge is a deep-rooted perennial weed that spreads
by seed and a creeping rootstalk. A native of Eurasia, the
weed is believed to have been introduced into eastern North
America through ship ballast, and into the central plains
and western provinces through cereal grain and grass seed
shipments. Leafy spurge is an aggressive weed that can
displace and dominate other vegetation in pasture and
rangeland habitats. Belcher and Wilson (1989) found that
canopy coverage and occurrence of native species decreased
as leafy spurge infestations increased in mixed-grass
communities. Excluding sheep and goats, most range
animals avoid eating the growing plants. Low palatability
may be related to the latex sap in the plant that can cause
blistering in the mouths of animals that consume it. Lym
and Kirby (1987) reported that cattle partially, or totally,
avoid leafy-spurge-infested sites on rangelands. Therefore,
when leafy spurge becomes established in an area, forage is

lost due not only to direct weed competition, but also to
livestock avoidance of leafy spurge infested areas. At present
there are over 2000 ha infested with leafy spurge in B.C.
Heavy infestations are located in the Invermere, Canoe
Creek, Deer Creek, Kamloops, Vernon, and Rock Creek
areas. Small scattered infestations can also be found in other
areas of the province.

Sulphur cinquefoil is a long-lived perennial that is
unpalatable to most livestock, possibly due to a high tannin
content. Although some grazing has been reported, it is in
small pastures where grazing is intense. At low-stocking
levels on open range livestock preferred spotted knapweed
to sulphur cinquefoil. In 1991, sulphur cinquefoil was placed
on Montana’s Noxious Weed List as a Category 2 weed
species. Category 2 weeds are those that are rapidly
expanding and have the potential for significant economic
and environmental impact. Sulphur cinquefoil produces up
to 1650 seeds per plant per year, and they can survive in
the soil for as long as three or four years. Rice (1991)
speculated that because sulphur cinquefoil is a long-lived
perennial and spotted knapweed is a short-lived perennial,
the population dynamics favour the replacement of spotted
knapweed with sulphur cinquefoil. He stated that regardless
of which of these non-native weed species was most
successful, the abundance of native forbs and grasses would
continue to decrease. Heavy infestations of sulphur
cinquefoil are located in the Vernon and Kelowna areas
and small scattered infestations are found in other areas of
the province.

Weed Management
Goal and Objectives

The primary goal of the weed management strategy, for
the Range Resources Program, is to prevent or reduce
noxious weed impact on the range resources. The weed
management strategy has three main objectives:

• to prevent or slow the spread of noxious weeds to
presently non-infested areas within the province;

• to prevent the establishment of new noxious weed
species not presently found on B.C. rangelands;

• to introduce biological control agents that will reduce
targeted weed species to density levels where they no
longer pose an ecological threat to the Crown
resources, or a socio-economic threat to the public
using those resources.
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Containment and
Control Strategies

Although all weed sites are targeted for treatment, the
treatment they receive is dependent on the district, regional,
and provincial strategy for the targeted weed. Noxious weed
infestations that occur on Crown rangelands are treated as
outlined:

• Large infestations that occur in the main area of
infestation are targeted for biological control, as
biocontrol agents become available.

• To protect presently non-infested rangelands, small
infestations of the noxious weed within the main
infestation, infestations along transportation
corridors, and any infestation outside of the main
infestation are targeted for control. Depending on
the weed species and location either chemical or
cultural control treatments are used.

• All infestations of newly introduced noxious weeds
such as Yellow star-thistle (Centaurea solstitialis L.)
are controlled when identified, by either chemical or
cultural treatments.

For example, the provincial weed management strategy for
diffuse and spotted knapweed is to slow or prevent the
spread of these two weed species into the Cariboo, East
Kootenay, and the Nicola grasslands and open forest ranges,
while trying to reduce the impact of the heavy infestations
in the West Kootenay and Okanagan. Large infestations
are targeted for biological control using available agents,
while the transportation corridors and small infestations
found in the Cariboo, East Kootenay, and the Nicola
grasslands are treated with chemical and cultural control
treatments. These treatments are done to slow the spread
of the weed species until the biocontrol agents have time
to bring the weed under control. Similar strategies have
been developed for other problem weed species. District
and regional weed strategies incorporate the provincial
strategy, as well as outlining strategies to protect smaller
non-infested areas on a local basis.

Weed Control Treatments
To meet the weed control objectives, an integrated weed
control program is undertaken and a combination of
chemical, cultural, and biological control measures are
utilized. The control measure used on a site depends on

the weed species, location, and size of the infestation. The
total area of noxious weeds treated with cultural and
chemical treatments by the Range Resources Program in
1993 is outlined in Table 1. Although the total area treated
with chemical and cultural treatments is relatively low, the
areas selected for treatment are critical for preventing or
slowing the spread of targeted weed species.

Most weed species are opportunistic and take advantage
of sites that have been bared or disturbed through
construction, logging, fire, or clearing. Therefore, a program
of seeding disturbed sites with approved grasses and
legumes is undertaken to minimize the opportunity for
establishment of weed species. Similarly, rangeland areas
that receive heavy use, such as recreation sites and areas
where livestock or wildlife congregate, will often be in a
deteriorated state and susceptible to weed invasion. Heavy
or over-use may be controlled by spreading the activity out
over a larger area and/or decreasing the duration of the
activity on the site. Altering the time and level of use can
allow the native vegetation to recover, improving the
condition and making the site less susceptible to weed
invasion. The importance of sound range management that
maintains native species vigour and minimizes the
opportunity for weed invasion cannot be over stated.

Cultural control treatments include mowing, mechanical
cultivation, and hand pulling. Cultural control treatments
are used on weed infestations in critical areas on
transportation corridors or presently non-infested areas
where site characteristics make it unsuitable for herbicide
applications, such as pesticide-free zones. An example is
the handpulling and cutting program on islands in the St.
Mary’s River, which is done to slow the invasion of spotted
knapweed downstream. Cultural control may also be used
in combination with herbicide treatments to control a weed
species on a site. Hound’s-tongue infestations in some areas
are treated by cutting bolted plants that are in the early
flowering stage while treating unbolted rosettes with
herbicide. When bolted plants are at an advanced stage
where seed may be set, the cut material is bagged and
removed from the site for deep burial or burning.

Chemical control treatments include the use of the
herbicides BANVEL®, 2,4-D®, ROUNDUP®, and
TORDON 22K®. The herbicide selected for use depends
on the targeted weed species, application stage, and season
of application for the targeted weed species, as well as site
characteristics. Herbicide applications are done under
Pesticide Use Permit by licensed applicators. All herbicide
applications on rangelands are done using ground



79

Integrated Forest Vegetation Management: Options and Applications

equipment. Although broadcast applications using boom
and boomless nozzles have been used, herbicide
applications for noxious weed control mainly involve the
use of backpacks, handguns, and wiper applicators for spot
treatment of small weed infestations.

Biological control uses a weed’s natural enemies to reduce
its density below an economic threshold. Biological control
can be divided into two basic approaches:

• Inundative biocontrol: where an organism is applied
“en masse” to achieve temporary control of a weed.
The agent of choice is normally a pathogen.

• Classical biocontrol: where an organism or organisms
from the weed’s native habitat is established to give
continuing control of the weed. The agent of choice
is most often host-specific insect species.

Classical biocontrol is believed to offer the greatest chance
for success against noxious weed infestations on British
Columbia rangelands. The goal of the weed biological
control program is to reduce targeted weed species densities
to levels where they no longer pose an ecological threat to
Crown resources, or a socio-economic threat to the public
using those resources.

The Forest Service’s Range Resources program is involved
in a cooperative weed biocontrol program with the Ministry
of Agriculture, Fisheries and Food, Agriculture Canada,
the B.C. Cattlemen’s Association, and the International
Institute of Biological control (I.I.B.C.). The weed
biocontrol program in British Columbia includes selection
and screening of candidate agents, collection and

propagation of approved biocontrol agents, primary and
secondary redistribution of biocontrol agents, and
monitoring of establishment and impact of the biocontrol
agents.

Although biocontrol of weeds appears to be receiving more
attention, it is not new. Weed biocontrol in Canada had its
beginnings in 1956, with the introduction of the defoliating
beetles Chrysolina hyperici and C. quadrigemina for control
of St. John’s-wort (Hypericum perforatum) in B.C. Although
initial results were discouraging, within 13 years agent
populations had increased to bring the weed under control.
Today two problem species, St. John’s-wort and nodding
thistle, are considered to be under biological control.
Presently, there are 20 weed species targeted for biological
control in B.C., with 50 different biocontrol agents at
various stages of screening, propagation, and redistribution.
In 1993 a total of 298 new releases were made on five weed
species by the Range Resources Program (Table 2).

Screening is a cooperative effort, with most work done in
Europe by I.I.B.C. to determine the host range of potential
biocontrol agents. Once host-specificity testing is done, a
report is written for review by committees in Ottawa and
Washington, D.C. They may approve or reject the release,
or require further testing. As well, the agents are reviewed
by the Biocontrol Committee of the B.C. Plant Protection
Advisory Committee and approved or rejected for release
in the province.

If approved for release, agents are released in the field or in
propagation facilities at the Kamloops Agriculture Canada

Table 1. Chemical and cultural treatments utilized and hectares treated for noxious weed control on forest
rangelands␣ in B.C.

Cariboo Kamloops Nelson Prince George Prince Rupert Provincial total
Treatment (ha) (ha) (ha) (ha) (ha) (ha)

TORDON 22K® 6.00 243.00 99.35 26.13 2.04 376.52

ROUNDUP® 0.00 1.50 0.23 0.28 0.00 2.55

BANVEL® 0.00 0.00 2.50 0.00 0.10 2.60

2,4-D® 0.00 0.00 17.60 0.00 0.00 17.60

Cultural 1.00 31.00 33.00 4.50 2.13 71.63
(Mowing and
handpulling)

Total area treated (ha) 7.00 275.50 152.68 31.45 4.27 470.90
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Research station. Once established, a cooperative program
is initiated to redistribute the biocontrol agent throughout
the targeted weed species range. Since its early beginnings
in B.C., there have been over 1500 releases of various
biocontrol agents, either as initial release or as part of the
redistribution program. As a result of the redistribution
program and natural dispersal, several of the agents are
now distributed throughout the target weed species range.
Since their introduction in 1970 and 1972, the Urophora
affinis and U. quadrifasciata seedhead flies on knapweed
have dispersed and can now be found on knapweed
throughout the province. Similarly, through an intensive
redistribution program initiated in 1986, the root boring
beetle Sphenoptera jugoslavica, first released on diffuse
knapweed in 1976, can now be found throughout most of
what is presently considered the insect’s potential habitat
range.

Once biocontrol agents have been established and the
redistribution program has begun, the last stage of the
biocontrol program is to document the impact the

biocontrol agent has on the targeted weed species, or the
reason for its failure. With the successful establishment
and redistribution of several biocontrol agents on knap-
weed, leafy spurge, bull thistle, and other targeted weeds,
the Range Resources program has initiated field mon-
itoring to document the impact on targeted weed species
and to evaluate the ecological limits of the agents.
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Forest Vegetation Management

Sylvia von Schuckmann
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Integrated Management Branch

Maintaining and protecting biodiversity is recognized world-wide as a necessary conservation goal for achieving
healthy ecosystems and sustainable resource management. In British Columbia, the present government’s
commitment to protecting biodiversity is a major shift from previous land management goals. For example, the
provincial Protected Area Strategy goal is to protect representative ecosystems on 12% of the province’s landbase.

Resource management activities on the remaining 88% of the landbase are also critical for maintaining healthy
ecosystems and protecting biodiversity throughout the province. Traditional forest management goals have focused
primarily on timber values and production. Changes in forest management goals towards maintaining biodiversity
along with timber values will influence all aspects of forestry from planning at the regional, sub-regional, and
landscape level to harvesting and stand-tending activities. Managing for biodiversity will also allow maximum
flexibility for supplying future markets with innovative forest products.

At present, there is limited research and experience to guide resource managers on how to best maintain biodiversity
in the working forest. Until more research becomes available, resource managers are encouraged to use adaptive
management techniques. Current guidelines provide general principles rather than specific prescriptions.
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Accident Prevention

Operating decisions in any enterprise are ideally made
on the basis of economics, efficacy, availability of
methods and human resources, and worker and public
safety. All of this, even safety of workers and the
public, is usually of little interest to the general public.

Forestry, particularly vegetation management, is
different. Decisions are influenced by public
perception, particularly in the realm of safety and risk.
The usual belief outside forestry is that the use of
herbicides carries a high health risk, and control of
brush species by hand and power tools is “safe.”
Policies driven by such beliefs may impose high risk
through intent to avoid what may be a relatively
low␣ risk.

The Ministry of Forests is developing safety and risk
guidelines for the various vegetation management
methods. For the herbicides used in Canadian forestry
there are extensive and detailed data on toxicology,
environmental behaviour, and worker exposure. Data
on the safety of the non-chemical methods for
vegetation management are limited, partly because
they are so familiar that risks are ignored.

Studies have recently been initiated of injury
frequency and time lost from injuries during manual
brushing and backpack application of herbicides,
beginning with the accident experience of the Job-
Trac program of 1987–88. We have found that injury
frequency was very high in the manual herbicide
program. The data indicate that a person who
remained in the program a full six months had an
80% chance of requiring emergency attention. About
44% of the injuries resulted from falls and sprains.
Chainsaw wounds accounted for 15% of cases. Data
from Ontario also show a high frequency of injuries
associated with manual brushing. Other work in
progress indicates a very high risk associated with
exposure to chainsaw exhaust, which contains several
known carcinogens, neurotoxic hydrocarbons, carbon
monoxide, and various respiratory irritants.

It is clear that worker risks associated with the
herbicides used in B.C. forestry are very low. It is
also clear that use of manual methods for controlling
vegetation are dangerous to workers. The implications
of using high-risk work as a means of job creation
and income support in British Columbia requires
careful consideration.
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Adopting an integrated approach is the key to a
successful and efficient forest vegetation management
program that is compatible with sustainable
ecosystem management objectives. An integrated
approach must be based upon a recognition of the
dynamic nature of forest ecosystems and of the
interplay between components of the ecosystem.

The four major components of an integrated forest
vegetation management program are:

• vegetation and forest dynamics;

• impacts and importance of non-crop species;

• treatment strategies; and

• monitoring.

An understanding of vegetation and forest dynamics
is important in developing strategies to avoid
problems through use of preharvest or site preparation
treatments and in identifying the ideal timing of
treatments. Knowledge of the impacts of non-crop
species on crop performance is critical to the efficient
application of treatments where they are needed.
Knowledge of the role of non-crop species in the
ecosystem and of their importance to non-timber
resources is essential to using management practices

that are conducive to sustainable forest management.
Selection of appropriate treatment strategies must be
based on a knowledge of the effectiveness, the
duration of effect, and the impact of each available
treatment option. Monitoring provides essential
feedback to the practitioner regarding the
effectiveness and impacts of the selected methods,
and provides a basis for improving future practices.

Presentations and discussions at this workshop have,
I hope, provided you with some new information that
you can apply in implementing an integrated forest
vegetation management program. The key to future
activities is in continuing to improve our knowledge
in the broad range of areas that influence forest
vegetation management decisions. It is important that
we continue to develop and evaluate promising new
treatment options, and that we continue to apply the
best knowledge and tools in implementing integrated
programs that contribute to the sustainable
management of forest ecosystems.
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Differential Conifer Establishment
in Pure and Mixed Neighbourhoods of

Early Successional Post-logging Vegetation

Philip J. Burton
University of British Columbia
Department of Forest Sciences

Abstract
One-year-old seedlings of Douglas-fir (Pseudotsuga
menziesii), western redcedar (Thuja plicata), and
western hemlock (Tsuga heterophylla) were planted
into various competitive neighbourhoods
characteristic of early successional post-logging
vegetation in the Coastal Western Hemlock zone
of southwestern British Columbia. Neighbourhood
treatments consisted of 15 kinds of monospecific
vegetation, naturally occurring mixtures of these
same species, and control plots with no vegetation.
Three years of monitoring showed that survival of
all tree species was constrained by soil moisture
availability, while growth was related to subcanopy
irradiance only on deep-soiled sites. Cedar was least
sensitive to competition, but was severely browsed
by black-tailed deer (Odocoileus hemionus
columbianus) in some neighbourhoods and not in
others. Seedling growth in some neighbourhoods
(that of Douglas-fir in pearly everlasting [Anaphalis
margaritacea] patches, and cedar and hemlock
under young black cottonwood [Populus balsamifera

ssp.], for example) was greater than growth in
control plots. Growth in mixed patches was not
readily predictable from performance in
monospecific patches, due to the effects of
competitors on each other. Statistically
demonstrable examples of facilitated and tolerated
interactions refute the regulatory definition that
“free-growing” conifers (required for logged forest
lands to be designated as adequately regenerated)
are only those with no overtopping vegetation,
which assumes that all vegetation is inhibitive.

Introduction
Observations suggest that plants are not equivalent
in their competitive effects. Can we refine the
identification and measurement of “brush problems”
during forest regeneration? Should all non-crop
plants more than two-thirds or four-fifths the height
of crop tree seedlings necessarily be removed?
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Methods
A total of 750 seedlings (1+0 PSB 313B stock) of Douglas-
fir (Pseudotsuga menziesii var. menziesii [Mirb.] Franco),
western redcedar (Thuja plicata Donn), and western
hemlock (Tsuga heterophylla [Raf.] Sarg.) were planted into
various competitive patches found across a variable six-year-
old clearcut block at the U.B.C. Malcolm Knapp Research
Forest near Maple Ridge, B.C. (in the Coastal Western
Hemlock dry maritime biogeoclimatic subzone).
Treatments consisted of 15 kinds of monospecific
vegetation, naturally occurring mixtures of these species,
and control plots with no vegetation. Herbivory, survival,
and growth were monitored for three years, after which
seedlings were harvested for biomass determination.

Competition treatments were characterized in terms of the
cover and height of each species found within a 0.5 m radius
plot (0.39 m2) centred on each seedling. Also measured in
each treatment was total vegetation biomass (in a subset of
plots), soil moisture during a summer drought, light
attenuation, and red:far-red ratios at seedling level.

Results
There were strong differences in the effects of different
competitors, and these effects vary with the crop species
under consideration.

Douglas-fir growth rates (Figure 1a) were equivalent in
pearly everlasting (Anaphalis margaritacea [L.] B. & H.)
patches and in control plots; performance was slightly less
under young cottonwood (Populus trichocarpa Torr. & Gray)
and Scouler’s willow (Salix scouleriana Barratt) crowns;
performance was worst under young birch and amidst dense
hemlock ingress. Survivorship was likewise highest (>92%/
yr) in pearly everlasting, cottonwood, bare, and willow
neighbourhoods, with poorest survival (<75%/yr) in
haircap-moss (Polytrichum juniperinum Hedw.), fescue
(Festuca occidentalis Hook.), salal (Gaultheria shallon Pursh),
and birch (Betula papyrifera Marsh.) patches. Herbivory
(primarily by black-tailed deer, Odocoileus hemionus
columbianus) was quite high (>35%/yr) in haircap-moss,
bracken (Pteridium aquilinum [L.] Kuhn), hardhack
(Spiraea douglasii Hook.), and birch neighbourhoods, and
was <10%/yr in rush (Juncus effusus L.), salal, cottonwood,
and hemlock environments.

Western redcedar growth was outstanding under young
cottonwood trees (Figure 1b). Performance was essentially

equivalent in all other neighbourhoods (including bare
ground), with the lowest growth rates observed in bracken,
salal, salmonberry, birch, and hemlock patches. Survivorship
was greatest (>95%/yr) in the company of rush, hardhack,
cottonwood, and hemlock. In contrast, survival was poorest
(<75%/yr) in haircap-moss, fescue, fireweed (Epilobium
angustifolium L.), and salal patches. Cedar experienced the
greatest herbivory of all crop species, especially (>50%/yr)
in bare ground, pearly everlasting, salmonberry (Rubus
spectabilis Pursh.), and birch treatments; herbivory rates
were lowest (<30%/yr) with rush, salal, alder (Alnus rubra
Bong.), and hemlock neighbours.

The average growth of western hemlock (Figure 1c) was
equivalent under cottonwood and bare-ground treatments,
and was slightly less in pearly everlasting patches;
performance was poorest under birch, hemlock, and mixed
competitors. Survival seemed highly sensitive to available
soil moisture, with less than 55% survival per year in
haircap-moss, fescue, salal, and alder patches, in contrast
to >80%/yr in bare, cottonwood, bracken, salmonberry, and
willow patches. Herbivory was highest (>25%/yr) in
bracken, hardhack, willow, and birch neighbourhoods, and
was less than 10%/yr in all other treatments.

At 93 randomly chosen locations dominated by mixtures
of these species, conifer seedling performance was typically
poor. Using the abundance of different species (as raw or
competitively weighted scores) in a multiple regression
analysis was not effective at predicting crop seedling growth
rates (highest R2 = 0.18, with 10 or more independent
variables).

Interpretations and Applications
It is clear that some species, such as black cottonwood and
pearly everlasting, have negligible or even positive effects
on conifer seedling establishment. Brush encroachment by
these species need not be controlled in order to ensure
conifer establishment.

Despite strong differences in crop tree performance in
different competitive environments, competition may not
be the most important factor in explaining the performance
of seedlings across any given block (see Weldon and Slauson
1986). Different competitors proliferate on different site
types, and these abiotic factors may be more important to
conifer performance, as shown by the survival of hemlock
when related to soil moisture regime (Figure 2). Vegetation
assessments are based on above-ground observations,
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Figure 1. The effects of competitive neighbourhoods on growth of conifer seedlings.
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1b.

Key to Competitive Neighbourhoods

No vascular plants
BG = bare ground
PJ = Polytrichum juniperinum

Herbs
FO = Festuca occidentalis
JE = Juncus effusus
AM = Anaphalis margaratacea
EA = Epilobium angustifolium
PA = Pteridium aquilinum

Shrubs
GS = Gaultheria shallon
RS = Rubus spectabilis
RP = Rubus parviflorus
SD = Spiraea douglasii
SS = Salix scouleriana

Young trees
PT = Poplus balsamifera ssp. trichocarpa
AR = Alnus rubra
BP = Betula papyrifera
TH = Tsuga heterophylla

Mixtures

MX = natural mixtures consisting mostly
of the above species



94

Integrated Forest Vegetation Management: Options and Applications

implying that shading is the primary mechanism of
interference. But direct measurements of irradiance at
seedling level show a significant, but very slight effect on
crop tree growth (Figure 3).

If we can rely on the degree of suppression experienced by
tree seedlings in different patches (whether due to
competitive or microsite effects), then the crop tree tests
in single-species neighbourhoods represent “bioassays” of
competitive effects. Can these competitive weightings
(Table 1) allow us to predict the performance of crop trees
growing in mixtures? In fact, these weights did not enhance
the fit of the multiple regression equations reported above.

Another mechanism for predicting crop tree performance
is the calculation of a “competition index” based on the
amount of vegetation around each seedling. Figure 4 shows
the relationship of Douglas-fir growth to a standard
competition index (Comeau and Braumandl 1991; Comeau
et al. 1993). This relationship had an R2 of 0.38 if expressed
as the natural log of the competition index, and when poor
sites were excluded. Simply multiplying species’ cover values
by their Table 1 weightings resulted in no improved
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Figure 2. The relationship between soil moisture
regime and survival of western hemlock.

Figure 3. The relationship between relative irradiance
and growth of Douglas-fir.

prediction of Douglas-fir growth. The combined
competitive effects of several species are clearly not additive.
We need to know the effects of non-crop species on each
other, as well as their effects on crop trees. This is a
drawback of most competition indices, and prevents the
use of simple species weighting approaches in evaluating
vegetation mixtures.

While non-additive methods of evaluating competitive
effects in mixture are still being developed to improve the
predictability of vegetation influences, the strong treatment
differences should prompt an immediate rethinking of the
concepts of “suppressed” and “free-growing” seedlings. As
indicated in Figure 4, seedlings that meet the regulatory
definition of free-growing do not necessarily perform better
than others that are defined as not free-growing (Silvi-
culture Interpretations Working Group 1993). More work
is needed for the evaluation of crop species × vegetation
complex × site type combinations, or, alternatively, the
development of bioassay or phytometer protocols for the
assessment of competition stress (Burton␣ 1993).
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Table 1. Competition weighting factors* for overall effect of different non-crop neighbourhoods, as measured by
the growth of three species of conifer seedlings

Competitive for for for Overall
neighbourhood Douglas-fir redcedar hemlock average

No vascular plants:

bare ground 0.00 0.00 0.00 0.000

Polytrichum juniperinum 0.87 0.59 0.80 0.753

Herbs:

Festuca occidentalis 0.84 0.37 0.87 0.693

Juncus effusus 0.60 0.19 0.70 0.497

Anaphalis margaritacea -0.03 0.48 0.38 0.277

Epilobium angustifolium 0.55 0.52 0.87 0.647

Pteridium aquilinum 0.69 0.98 0.74 0.803

Shrubs:

Gaultheria shallon 0.57 0.95 0.88 0.800

Rubus spectabilis 0.55 0.89 0.77 0.737

Rubus parviflorus 0.82 0.56 0.66 0.680

Spiraea douglasii 0.79 0.37 0.85 0.670

Salix scouleriana 0.43 0.11 0.59 0.377

Young trees:

Populus balsamifera ssp. 0.17 -1.57 -0.06 -0.487
trichocarpa

Alnus rubra 0.75 0.45 0.79 0.663

Betula papyrifera 0.99 1.00 1.00 0.997

Tsuga heterophylla 1.00 0.90 0.97 0.957

Natural mixtures:

mixtures 0.83 0.72 0.96 0.837

Averages:

Overall, unweighted 0.613 0.441 0.693 0.582

Overall, wt. by sample size 0.686 0.517 0.772 0.657

Overall intermed. monospecific 0.614 0.401 0.701 0.572
(excluding bare ground, maximum, and mixtures)

* To be used as species-specific, multiplicative coefficients in competition indices such as that of Comeau et al. (1993), such that a
low value denotes a minor competitive effect (a negative value indicating an enhancing or facilitative effect) and a large value close
to 1.0 denotes a major, detrimental effect of the neighbourhood species on the crop species growth.
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Spawning habitat degradation is often cited as a
contributing factor to declining salmonid fishstocks
in British Columbia. The federal Department of
Fisheries and Oceans (D.F.O.) has initiated salmon
spawning habitat restoration projects at several
locations in B.C. including the Salmon River
watershed near Salmon Arm.

Restoration efforts include fencing of riverbanks in
farm and range lands in order to preclude livestock
grazing of native riparian vegetation. After fencing,
native plant species frequently reinvade. Sometimes
however, planting is required to speed the
revegetation process.

Beginning in January of 1993, Kalamalka Forestry
Centre research staff and a local contractor joined
efforts with the D.F.O., the Environmental
Management Committee, District of Salmon Arm,
and the Water Stewardship Project to produce native
plants for planting along selected portions of the
lower Salmon River. This work consisted of the

growing and outplanting of some 1200 plants of
twelve native species on seven sites.

Species grown and planted were:
red-osier dogwood Cornus stolonifera

red elderberry Sambucus racemosa

Douglas maple Acer glabrum var.
douglasi

Sitka alder Alnus sinuata

prickly rose Rosa acicularis

serviceberry Amelanchier alnifolia

western black Populus balsamifera ssp.
cottonwood trichocarpa

thimbleberry Rubus parviflorus

snowberry Symphoricarpus albus

western redcedar Thuja plicata

Pacific willow Salix lasiandra

hardhack Spiraea spp.
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Microsite selection and preparation, planting, summer
watering, and control of competing vegetation were done
by B.C.F.S. Staff, a local contractor, members of the
Neskonlith Indian Band, and local school environmental
classes.

Much practical experience was gained in 1993 and a
considerably larger effort is planned for 1994—
approximately 10 000 plants on twelve or more sites. This
experience shows that government agencies, federal
(D.F.O.) and provincial (Ministry of Forests, Ministry of
Environment, Lands and Parks), Indian bands, and citizen
groups can join forces to accomplish common objectives.
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Utilizing Municipal Wastewater in the
Short-rotation Intensive Culture of

Hybrid Poplars near Vernon, British Columbia

The City of Vernon is located in the semi-arid
Okanagan Valley 175 km north of the international
border.  Annual precipitation averages 35 cm, daily
temperature averages in July and January are 20°C
and -5°C respectively, and the area has an accumu-
lated heat sum of about 2000 degree days on a 5°C
base.  Vernon’s frost-free growing season is about
170␣ days.

Vernon has irrigated nearby managed and wild
grasslands with treated municipal effluents for the
past 16 years with little or no discharge to nearby
waterways.  Vernon’s relatively warm, dry climate
coupled with a well developed effluent irrigation
system, available lands, and a need to experiment with
other uses for the nutrient rich wastewater led to the
establishment of a 13.6 hectare demonstration and
research plantation complex in 1988.

Site preparation began in fall 1987 with a glyphosate
spraying followed by plowing.  In spring of 1988 the
site was thoroughly disked and a solid set above-
ground irrigation system installed.  Forty thousand
cuttings of selected hybrid clones were planted in pure

clonal and mixed clonal blocks at two initial spacings.
Western conifer and eastern broadleaf species were
also outplanted in small plots near the poplar
plantings.

A U.B.C. forestry graduate student (George
Nercessian) has used a portion of the poplar plantings
to satisfy the following objectives:

• to determine groundwater quality
characteristics under tree stands versus pasture;

• to quantify nutrient cycling dynamics in an
irrigated hybrid poplar stand;

• to measure clonal and clonal-mix growth
responses to varying irrigated levels; and

• to estimate individual tree and stand growth
parameters at varying plant densities.

A thesis addressing these objectives will be available
in 1994.  Additional objectives of the forest service
research staff and the City of Vernon include
examining the postulated advantages of fast-growing
tree stands compared with pasture grass culture for
the utilization of municipal effluent:

M. Carlson
B.C. Ministry of Forests

Kalamalka Forestry Centre

E. Jackson
City of Vernon

G. Nercessian
University of British Columbia

Faculty of Forestry

V. Berger
B.C. Ministry of Forests

Kalamalka Forestry Centre



100

Integrated Forest Vegetation Management: Options and Applications

• Trees can be managed on ground topographically and
edaphically ill-suited for forage management.

• The deeper root system penetration of trees should
improve percolation and reduce surface runoff
probability.

• A high leaf-area index coupled with a large above-
ground surface area (stems, branches, and foliage)
should result in greater evaporation and transpiration
rates and thus greater wastewater disposal/utilization
rates.

• The longer growing season of some of the fast-
growing hybrid cottonwoods should result in longer
irrigation seasons.

• Irrigation system operation and maintenance costs
should be less with tree plantations due to heavier,
but less frequent, applications and thus less sprinkler
movement and maintenance.

After several seasons (six) of plantation irrigation,
observations and measurements are beginning to answer
the above questions.
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Ongoing testing and demonstration of promising
vegetation management treatment options is needed
to provide background data on treatment effectiveness
and to improve on the biological and cost
effectiveness of available treatments as well as
reducing impacts of treatments on biodiversity and
non-timber resources. This program is directed
towards testing promising chemical and non-
chemical options for forest vegetation management
in British Columbia.

E.P. 1135.01 – Effectiveness of repeated manual
cutting for release of Engelmann spruce from mixed-
shrub communities in the Revelstoke District.

Location: The trial was established in 1991 at a
site located in the Revelstoke Forest District near
Mica, B.C., along Soards Creek within the Interior
Cedar Hemlock very wet cool subzone (ICHvk).

Objectives: The objective of this experiment is to
compare the effectiveness of single and repeated
manual cutting treatments and a single herbicide
(VISION®) application for controlling mixed-shrub-
herb communities and for releasing established
Engelmann spruce seedlings in the ICH zone.

Study description: The trial consists of two
experiments; 1) the main study and, 2) the circle study.
The main study consists of eight treatments replicated
three times with treatments randomly assigned to
30␣ m × 30 m plots (24 in total) (Table 1). Manual
cutting treatments were applied over the entire plot.
Grass whips, hand shears, and machetes were used
to cut the vegetation to ground level. VISION®
(glyphosate @ 2.1 kg a.i./ha) was applied with a
backpack sprayer August 20, 1992.
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Table 1. A description of the eight treatments for the main study (EP 1135.01)

Treatment Timing Treatment year Date treatments applied

a spring 1992 only June 92 + 93

b summer 1992 only July 92 + 93

c spring 1992 + annually June 92 + 93

d summer 1992 + annually July 92 + 93

e spring + summer 1992 + annually June + July 92 + 93

f spring + summer 1993 + annually June + July 93

g VISION® herbicide Aug. 20/92

h control

The circle study consists of five treatments randomly
assigned to 12 Engelmann spruce seedlings (Table 2).
Manual cutting of vegetation to ground level at the required
clipping radius was applied using grass whips. Two types
of commercially available plastic mulch mats were used:
the ARBORTEC® 90 cm × 90 cm, and the
TREDRGAR® 90 cm × 90 cm.

Progress: After two years of manual brushing treatments,
vegetation competition has been reduced by varying
degrees. No significant growth responses are evident as yet.
Treatments and monitoring will continue.

Table 2. A description of the five treatments for the
circle study (EP 1135.01)

Treatment Date treatments applied

a control

b 0.7 m clipping radius June, July, + Aug./92,
June + July/93

c 1.26 m clipping radius June, July, + Aug./92,
June + July/93

d ARBORTEC® June 92
mulch mat

e TREDEGAR® June 92
mulch mat

E.P. 1135.02 – A comparison of manual, biological, and
herbicide treatments for controlling bigleaf maple.

Location: A recently cut-over area containing numerous
bigleaf maple sprout clumps was located in the Holt Creek
area of the Duncan Forest District on Vancouver Island.

Objective: The objective is to compare and demonstrate
the effectiveness of cutting, cutting with application of
selected strains of Chondrostereum purpureum (a native
fungal pathogen), cutting followed by application of
VISION® (glyphosate) herbicide, cutting followed by
application of RELEASE® (triclopyr ester) herbicide, and
basal stem application of RELEASE® herbicide.

Study Description: 120 individual maple clumps were
randomly assigned to 12 treatments (Table 3).

Progress: Cut stump applications of triclopyr ester or
glyphosate and low volume basal application of triclopyr
ester in diesel (30% v/v) gave excellent control of bigleaf
maple. Application of Chondrostereum purpureum culture
to cut stumps did not have any significant effect on maple
sprout clumps during the first year after treatment.
However, rainfall after treatment may have seriously
reduced the effectiveness of this treatment. Cutting by itself
significantly reduced height and crown width but
significantly increased the number of live sprouts over that
of uncut sprout clumps. Leaving one sprout at the time of
cutting did not significantly reduce first year height, crown
width, or number of sprouts when compared to cutting all
sprouts.

E.P. 1135.03 – A comparison of mulch mat and herbicide
treatments for reducing grass competition in the Interior
Douglas-fir wet warm subzone (IDFww).

Location: Nahatlatch River drainage, north of Boston Bar,
Chilliwack Forest District. Interior Douglas-fir wet warm
subzone (IDFww).
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Table 3. Maple clump treatments at Holt Creek (EP1135.02) + first-year results

Height (cm) Crown width (m) Sprout
Treatment Timing Sept. 93* Sept. 93* Sept. 93*

a control – 606a 5.29a 30c

b Chondrostereum purpureum - strain 1 Oct. 92 365b 3.99ab 41abc

c C. p. strain 2 “ 383b 4.50ab 56a

d C. p. strain 3 “ 360b 3.86c 46ab

e sterile culture medium “ 389b 4.25ab 46ab

f cutting once “ 376b 3.91ab 39bc

g cutting repeated annually “ 394b 3.94ab 44abc

h thinning clump to one shoot “ 344b 4.05ab 43abc

i RELEASE® – low volume basal application “ 0c 0.0d 0d

j RELEASE® – low volume basal application Feb. 93 0c 0.0d 0d

k RELEASE® – cut stump application Oct. 92 66c 0.54d 3d

l VISION® – cut stump application “ 3c 0.02d 0d

* LSD 5%

Objectives:

1. To compare the effectiveness of VISION®
(glyphosate), VELPAR L® (hexazinone), and porous
mulch mats for reducing grass competition and
improving survival and growth of Douglas-fir
seedlings.

2. To compare the effectiveness of different rates of
application of glyphosate (0.7, 1.4 and 2.1 kg a.i./ha)
for reducing grass competition and improving survival
and growth of Douglas-fir seedlings.

3. To compare the effectiveness of two types and two
sizes of porous mulch mats (ARBORTEC® Brush
Blanket and TREDEGAR® Tree Mat) for reducing
grass competition and improving survival and growth
of Douglas-fir seedlings.

Study Description: This project is composed of two studies.
Study 1 consists of five treatments (Table 4) replicated four
times and randomly assigned to 15 m × 15 m treatment
plots. Herbicide applications were broadcast with a R+D
backpack sprayer and 4 m boom. Mulch mats were installed
with five metal staples, one at each folded corner and one
at the centre.

Table 4. Nahatlatch River (EP1135.03) study 1
treatments

Treatment

a VISION® (glyphosate @ 2.1 kg a.i./ha) application
immediately prior to planting

b VISION® (glyphosate @ 1.0 kg a.i./ha) application
immediately prior to planting

c VELPAR L® (hexazinone @ 2.1 kg a.i./ha)
application immediately after planting

d TREDEGAR® mulch mats (90 cm × 90 cm)
(May␣ 93)

e untreated control

Study 2 consists of seven treatments (Table 5) randomly
assigned to 20 single tree replicates. Spot applications of
herbicide were applied around seedlings using a backpack
sprayer.
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Table 5. Nahatlatch River (EP1135.03) study 2
treatments

Treatment

a control

b TREDEGAR® – 90 cm mat

c TREDEGAR® – 120 cm mat

d ARBORTEC® – 90 cm mat

e ARBORTEC® – 120 cm mat

f VISION® – 3% solution spot application

g VELPAR L® – 5% solution spot application

Progress: Both study areas were established, planted, and
treated in early May 1993. Vegetation assessments were
completed in June and seedling measurements in
October␣ 1993.
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Introduction
Red alder (Alnus rubra Bong.) occurs on a variety of
low to mid-elevation forest sites in the Pacific
Northwest region of North America. Its range
extends along the coast from southeastern Alaska to
southern California. Red alder has commercial timber
value, it can contribute to short-term and long-term
site productivity through symbiotic nitrogen fixation,
and it can contribute to the structural diversity of
forests, as well as to non-timber resource values.

Juvenile height growth of red alder is more rapid than
that of most conifers, it can rapidly overtop conifers,
and can maintain height dominance in a stand for
up to 30 or 40 years. Depending on its density in the
stand and site factors, red alder can compete with
conifers for light and water, and can cause physical
damage to conifers.

This poster describes results obtained using the
FORCYTE-11 ecosystem simulation model to
explore the potential effects of different amounts of

red alder on stemwood biomass yields of pure and
mixed stands. FORCYTE-11 is a hybrid empirical/
process stand level model. The model uses empirical
data on tree and plant biomass accumulation over
time, together with data on key processes such as
photosynthesis, detrital decomposition, and nutrient
cycling as a basis for simulations.

Model Calibration
FORCYTE-11 requires information on biomass
accumulation and distribution for each species to be
simulated, on the turnover of detrital materials, and
on nutrient cycling for each site class simulated. For
the purposes of these simulations, existing datasets
for Douglas-fir and red alder provided by Forestry
Canada were supplemented with unpublished data
from sample plots, and yield tables characterizing
coastal B.C. sites.
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Simulations
Three sets of simulations were completed to examine:

1. effects of initial alder density on stemwood yield over
a single 80 year rotation;

2. effects of delaying planting of red alder until year 5
on stand yield; and

3. effects of five management strategies on total yield
over a 240-year period.

For these simulations, 1000 Douglas-fir were planted in
year 1 for all but pure red alder simulations. Red alder
regenerated naturally at the various densities in year 1 for
all but the second set of simulations. Red alder were
harvested in years 40 and 80 and Douglas-fir were harvested
in year 80 of the simulation. At the time of harvest, 85% of
total stemwood and 80% of stembark was removed from
the site. Branches, leaves, and roots were left on site.

Effect of Initial Density of Red Alder
Maximum yield of Douglas-fir stemwood biomass at 80
years was predicted in mixed stands with red alder densities
of 100 to 200 trees ha-1 (for a site with Douglas-fir SI50=30
m (site index at 50 years) and red alder SI50=17 m) (Figure
1). In these mixed stands, Douglas-fir yield was 13% higher
than that of Douglas-fir grown without alder. Total
(Douglas-fir + red alder) stemwood biomass yield was 30%
higher in stands with 200 alder than in pure Douglas-fir
stands. At 300 and 400 alder ha-1 total stemwood biomass
yield exceeded that of Douglas-fir grown alone, however,
Douglas-fir yield was reduced compared to that of Douglas-
fir grown without alder.

On a better quality site (Douglas-fir SI50=40 m and red
alder SI50=25 m) simulations suggest that maximum
stemwood biomass yield of Douglas-fir would be achieved
when red alder densities are below 100 trees ha-1 (Figure␣ 2).
Because of the greater availability of nitrogen on this better
quality site, the presence of red alder did not provide any
increase in Douglas-fir stemwood biomass yield. For this
better site, total (Douglas-fir + red alder) stemwood biomass
yield was greatest in mixed stands with an initial density
of 200 red alder and 1000 Douglas-fir.
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Figure 1. Effects of initial red alder density on
cumulative stemwood biomass yield of
Douglas-fir and red alder for a site with
Douglas-fir site index (SI) of 30 m at 50
years and red alder SI of 17 m at 50 years.
Results are based on simulations using
FORCYTE-11.

Effects of Underplanting Red Alder
Delaying the establishment of red alder (for a site with
Douglas-fir SI50=30 m and red alder SI50=17 m) until five
years after planting of Douglas-fir gave a small
improvement in Douglas-fir biomass yield (6.5%) and total
yield (3%) over that obtained by planting alder and
Douglas-fir at the same time (Figure 3). (Treatment 1 =
no red alder; Treatment 2 = 200 red alder at year 1;
Treatment 3 = 200 red alder planted in year 5; for all
treatments 1000 Douglas-fir were planted in year 1.)
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Figure 2. Effects of initial red alder density on
cumulative stemwood biomass yield of
Douglas-fir and red alder for a site with
Douglas-fir site index (SI) of 40 m at 50
years and red alder SI of 25 m at 50 years.
Results are based on simulations using
FORCYTE-11.
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Effects of Five Management Strategies
on Long-term Yield
Mixedwood management regimes utilizing 200 red alder
per hectare appear to be the most appropriate of five
management strategies (for a site with Douglas-fir SI50=30
m and red alder SI50=17 m) for maintaining sustainable
stemwood production over a 240-year simulation
(Figure␣ 4). The five management strategies simulated were:

1. Six 40-year rotations of red alder, red alder naturally
regenerating at 2000 trees ha-1;

2. Two cycles of alternating rotations of red alder (2000
trees ha-1, 40 years) and Douglas-fir (1000 trees
ha-1, 80 years);

3. Three 80-year mixedwood cycles, red alder
regenerating at 200 trees ha-1 and Douglas-fir planted
at 1000 trees ha-1 in year 1, red alder harvested year
40 and year 80 (if present), Douglas-fir harvested
year␣ 80;

4. Three 80-year mixedwood cycles, Douglas-fir planted
at 1000 trees ha-1 in year 1 and red alder planted at
200 trees ha-1 in year 5, red alder harvested year 45,
Douglas-fir harvested year 80; and

5. Three 80-year rotations of Douglas-fir, 1000 trees
ha-1.

Little or no decline in yield was predicted after three cycles
of mixedwood management regimes (3 and 4) or after 6
cycles of red alder (regime 1). However, alternating
rotations of red alder and Douglas-fir (management regime
2) and management for pure Douglas-fir (regime 5) resulted
in declines in stemwood biomass yield with each successive
rotation.

Cumulative stemwood biomass yield over the 240-year
period was highest with management of mixedwood stands
with 200 red alder planted at year 5 (Figure 5). This regime
maximized both Douglas-fir and total (Douglas-fir + red
alder) stemwood biomass yield. Three rotations of Douglas-
fir provided lower total yields as well as lower yield of

Figure 3. Simulated effects of time of establishment of
red alder on cumulative stemwood biomass
yield over an 80-year period. (Treatment 1 =
no red alder; Treatment 2 = 200 red alder
planted at year 1; Treatment 3 = 200 red alder
planted in year 5. For all treatments, 1000
Douglas-fir were planted in year 1.)
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Douglas-fir than those achieved in mixedwood stands.
Growing either alternating crops of red alder and Douglas-
fir or rotations of red alder alone provided the lowest yields
of stemwood biomass.

Conclusions
Results of these simulations indicate that, on sites where
nitrogen deficiencies occur, retaining or establishing a small
amount of red alder (less than 200 trees per hectare) could
be beneficial to both short-term and long-term productivity
of Douglas-fir stands.
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Three 80-year rotations of Douglas-fir

Three 80-year mixedwood cycles

Three 80-year mixedwood cycles with
red alder planted in year 5

Six 40-year rotations of red alder

Two cycles of alternating rotations of red
alder and Douglas-fir

Figure 4. Predicted accumulation of stemwood biomass over time for five management strategies for a site with
Douglas-fir SI of 30 m at 50 years and red alder SI of 17 m at 50 years. The five strategies are: 1) six 40-year
rotations of red alder; 2) two cycles of alternating rotations of red alder and Douglas-fir; 3) three 80-year
mixedwood cycles; 4) three 80-year mixedwood cycles with red alder planted in year 5; and 5) three 80-year
rotations of Douglas-fir.

Simulations completed using FORCYTE-11 provide
results that are consistent with published information and
observations on the performance of pure and mixed stands
of red alder and Douglas-fir. This model shows potential
for exploring the consequences of a variety of mixedwood
management strategies. However, further verification of
model behaviour and validation of model predictions is
required before using model predictions as a basis for
operational decisions. A variety of field studies in pure and
mixed stands are required to acquire the data necessary for
improvements in model calibration and for model
verification and validation.
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Figure 5. Predicted stemwood biomass yield over 240
years for five management strategies. The five
strategies are: The five strategies are:
1)␣ six␣ 40-year rotations of red alder; 2) two
cycles of alternating rotations of red alder and
Douglas-fir; 3) three 80-year mixedwood
cycles; 4) three 80-year mixedwood cycles
with red alder planted in year 5; and 5) three
80-year rotations of Douglas-fir.
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A major challenge of the 1990s will be to insure that
conifer plantations in clearcuttings, intensive forestry,
and seedlings growing at the potential of the site are
recognized as being a key part of ecosystem
management. In a given landscape, for example, a
mature mixed-conifer forest will be needed at a
certain location 90 years from now to provide food
and cover for a certain species of wildlife. Intensive
forestry will be needed to achieve this goal.

Competing vegetation has the potential of not only
keeping a plantation from reaching full productivity,
but also of keeping it from yielding anything. This is
because of its dynamic nature. Through natural
selection over millions of years, many species of
shrubs, forbs, and grasses are superbly adapted to
dominate in newly disturbed areas. In many instances,
they are better adapted than pines and firs that are
planted in an often inhospitable environment without
part of their root systems.

The best weed control strategy is to prevent
competition during the establishment period, but if
that cannot be accomplished, then one should
minimize its effect by treating as soon as most
propagules have been committed. This usually is after

the first growing season. If vegetation redevelops from
seed or from sprouts, the treatment should be repeated
at age 2 and again at age 3 if needed. Of course the
competing vegetation is easier and less costly to
control when young.

Capability of controlling competing vegetation
depends on several factors. The first is to read the
landscape and have a good idea of what competing
species will occur and in what numbers they will be
present. The second is to have a plan that integrates
competing species, site characteristics, site
preparation, seedling dynamics, and kind and amount
of needed release. Grazing animals, manual control,
a new generation of herbicides, large machines with
rotary heads, and mulches (collars) are alternative
release techniques. Combinations of treatments such
as using a chemical, applying fire, and then another
chemical; or using a large machine followed by a
chemical spray, are often effective.

Based on our research program (begun in 1980),
comprising more than 35 studies in northern and
central California that address plantation release
alternatives, some findings are:



112

Integrated Forest Vegetation Management: Options and Applications

• Because competing vegetation almost always is
present, release is a must if conifer seedling growth is
to be at the potential of the site.

• The most effective time to release is the first year
after planting.

• Stem diameter of conifer seedlings is consistently the
best indicator of release.

• Treated radii smaller than 1.2 m are ineffective for
increasing conifer seedling growth.

• Of the five release methods evaluated, herbicides have
application in  most plant communities at a lower
cost.

• Manual release of most forbs and shrub seedlings is
effective but costly; if from vegetation that arises from
rhizomes or sprouts, it is not cost-effective.

• Use of large machines without follow-up chemical
treatment of sprouts is  not cost-effective.

• Grazing benefits animals, but does not significantly
enhance ponderosa pine seedling growth.

• Large durable sheet mulches (3 m × 3 m) show
promise for application in many plant communities,
including those that arise from sprouts and rhizomes.
They also significantly enhance conifer seedling
growth. High cost remains a problem.
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Introduction
Impacts of concentrated heavy equipment traffic on
forest soils and aspen regeneration were evaluated by
quantifying changes following logging on a site in
the Dawson Creek Forest District. The site was a
BWBSmw1/01 site series. The majority of the study
was cut during the winter of 1987/88. Portions of
the block were logged in the summer of 1988 using
rubber-tired skidders.

Aerial and ground observations of the block clearly
showed that skid trails were identifiable as open paths
through dense aspen sucker stands. Soils were a sandy
loam veneer (10–20 cm thick) over clay-loam till
deposits. Soils with no obvious harvesting disturbance
had granular or fine platey structure in the upper
mineral soil. Soils in skid trails had coarse platey
structure, and increased mottling.

The objectives of the study were to: quantify observed
differences in aspen regeneration between skid trials
and undisturbed soils; and assess if significant
differences in aeration porosity and bulk density
occurred between skid trails and undisturbed soils.

Methods
In September 1993, poorly regenerated skid trails
were selected in a well-stocked portion of the cut-
over area. Ten randomly selected points were located
in the wheel tracks of the skid trail. Each of these
was paired with a sampling point four metres away
in the sucker stands with no obvious soil disturbance.

Soil compaction was assessed by measuring bulk
density (500 cm3 cores) at the 8–15 cm depth, and
aeration porosity (@10 J/kg, 55 cm3 cores) at 8 and
12 cm depths. Outside of the skid trails, dense
networks of aspen lateral roots prevented soil
compaction assessment in the 0–8 cm profile. The
total numbers of aspen regeneration, plus the height
and basal diameter of the five largest dominants were
assessed in seven paired plots, with a 1.5 m radius.
Results were analysed using a paired “t”-test (alpha =
0.05).
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Results
Aspen density, height, and basal diameter were significantly
lower in the skid trails (Table 1). The differences in ages of
aspen dominants between the undisturbed areas and the
skid trails were two years or less. Age differences alone are
unlikely to account for the differences observed. Aspen
stumps and dead lateral roots in the skid trails indicate
that original stand conditions would have been very similar.

Table 1. Means and standard deviations (in
parentheses) of aspen regeneration density,
height, and basal diameters for skid trails and
undisturbed soils

Property Skid trail Undisturbed soil

Regeneration (st/ha) 9093 48 696
(12 136) (16 068)

Total height (cm) 86.8 375.7
(27.0) (29.6)

Basal diameter (cm) 0.97 3.30
(0.30) (0.34)

Skid trails had significantly lower aeration porosity and
greater bulk density than the undisturbed soils at the
sampled depths (Table 2). Mean aeration porosity was
consistently reduced in the skid trails at both sampling
depths. Aeration porosity of the undisturbed soils at the 8
cm depth ranged from 4.7% to 25.3%, with an average of
13.3%. In the skid trails, aeration porosity ranged from
0.06% to 6.3%, with an average of 3.0% at 8 cm (Table 2).
The relative decrease in aeration porosity was greater at
the 8 cm depth (72.9%) than at the 12 cm depth (47.4%).

Changes in bulk density, though significant, were not as
great as changes in aeration porosity. Bulk densities in the
skid trails averaged 1635 kg/m3 at 8 cm, compared to
1296␣ kg/m3 for undisturbed soil (Table 2). At the 8 cm
depth, relative bulk density changes were 34.2%, compared
to relative aeration porosity changes of 72.9%. At the 12
cm depth, the relative bulk density changes averaged 16.6%,
compared to relative aeration porosity changes of 47.4%.

Table 2. Means and standard deviations (in
parentheses) of bulk density and aeration
porosity for skid trails and undisturbed soils

Property Skid trail Undisturbed soil

Bulk density (kg/m3) 1607 1296
(85) (213)

Aeration porosity,
8 cm (%) 3.0 13.3

Aeration porosity,
12 cm (%) 5.5 10.7

Conclusions
Concentrated heavy equipment traffic during summer
harvesting had negative impacts on aspen regeneration,
productivity, and soil properties. Maintaining the long-term
productivity of aspen ecosystems will require careful
management of the soil resource.

The observed changes in soil structure of skid trails were
reflected in significant decreases in aeration porosity and
increases in soil bulk density. Aeration porosity would
appear to be a more sensitive indicator of changes in soil
properties than bulk density.
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Site
The study site is located approximately 80 km
southeast of Prince George in the Bowron River
valley. It is on a north aspect, 20% slope at 1000 m.
The site is in the SBSvk subzone but is transitional
to ESSF. The soil is medium textured, originating
from morainal till with a compacted layer at 0.5 m.
The moisture regime is subhygric and the nutrient
regime is permesotrophic. The area was winter-logged
in 1980 and lightly burned in 1981. An extensive fern
and shrub community, including lady fern,
thimbleberry, and raspberry (Athyrium filix-femina,
Rubus parviflorus, and Rubus idaeus respectively),
dominated the site after logging.

Objectives
This trial was established to examine the single and
combined effects of mounding and herbicide
treatments on the survival and growth of planted
white spruce seedlings.

Methods
The study design is a split-plot factorial replicated
six times in 0.16 ha blocks. The main plot factor is
mounding at two levels: unmounded (0); and
mounded (1). Herbicide treatment is the subplot
factor at three levels: no herbicide (0); a site
preparation spray in 1983 (1); and a brushing and
weeding spray in 1985 (2). Mounds were constructed
in the summer of 1983 by inverting 40 × 60 cm
patches of the LFH layer and capping them with 30
L of mineral soil. Glyphosate (ROUNDUP®) was
applied using two solo ‘425’ knapsack sprayers
attached to a 5 m boom, at a rate of 6 L/min, 0.6 m
above the target vegetation in 4.5 m swaths. White
spruce 2+1 bareroot transplant seedlings were planted
in May 1984. A treatment cell is a ten-tree row.

Individual tree measurements were analyzed with
SAS Proc GLM. One of the six blocks was deleted
from the data set when it was determined the block
area was heterogeneous. The data set was unbalanced
due to mortality but primarily because a fourth level
of herbicide treatment (B&W on demand) was not
needed. These data were pooled with the site
preparation spray in 1983.
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Table 1. Ten-year morphology and survival of white spruce seedlings in response to mounding and herbicide treatments

n Height (m) Diameter (cm) Stem volume (L) Survival

Mounded 200 2.36 5.6 2.26 100%
Not mounded 162 2.10 4.9 1.69 81%
Herbicide site prep. 193 2.38 5.7 2.37 96%
Herbicide B&W 86 2.24 5.2 1.87 86%

No herbicide 83 1.95 4.9 1.29 83%

Total cost per hectare ($)

Planting $/m3

1

Site prep.

2 3 4 5 6

Cost per cubic metre ($)

Treatment

Treatments:
1 mounded + herbicide site prep. 2 mounded + herbicide B&W
3 mounded 4 herbicide site prep.
5 herbicide B&W 6 untreated
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Figure 1. Cost-effectiveness of treatment combinations.

Results
Ten-year morphology and survival, for the main (mound-
ing) and subplot (herbicide) factors, are given in Table 1.
Herbicide levels, pooled across the mainplot factor, are
significantly different from each other with respect to stem
volume. Herbicide site preparation results in the largest
trees; they are 84% larger than no herbicide trees. Brushing
and weeding provides intermediate results. Mounding levels
pooled across herbicide are also significantly different. Stem
volume of mounded trees is 34% greater than unmounded.
100% of mounded seedlings survived.

The cost-effectiveness of individual treatment com-
binations is given in Figure 1. These values were calculated
by dividing plantation costs per hectare by treatment

productivity per hectare. Treatment productivity reflects
ten-year survival. Establishment costs are only represented
by site preparation and planting costs, because it is assumed
the numerous other expenses are required by all treatments.

Conclusion
It is apparent the typical use of herbicide as a brushing and
weeding treatment is misplaced. The most cost-effective
treatment is herbicide as a site preparation (0,1). In lieu of
herbicides, mounding provides a relatively cost-effective
alternative (1,0).
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A challenge of the 1990s will be to develop knowledge
about managed ecosystems that occur where the area
is managed intensively for commodities and
amenities. Clearcutting with intensive site
preparation (brush rake or broadcast burn) and
natural or planted conifer seedlings constitute an
ecosystem that is high in biodiversity. However,
biodiversity occurs in ways that are not always
recognized. Some of these include modifying the
environment, having vegetation that utilizes many
regeneration strategies and proceeds along several
succession pathways, and having numerous plant
species from many families present.

The clearcut environment is characterized by a wide
range of environmental variables, which in turn lead
to a wide range of animal, insect, and plant species.
Plant species from at least five regeneration strategies
(persistent seedbanks and seedlings, wind-blown
seeds, and rapid expansion above and below ground)
are present in most clearcuttings in northern and
central California. They lead to species richness in
the short term and probably beyond. Secondary

succession in clearcuttings often proceeds along at
least three different pathways (facilitation, tolerance,
and inhibition), which also enhances species diversity.
And a diversity and an abundance of plant species,
albeit of an early seral stage, provide a wide variety of
seeds, browse, and pollen for many species of animals
and insects.

In two of our studies, plant composition in small
openings (less than two acres) consisted of 61 species
two years following clearcutting, including over
50␣ forbs and grasses. After five years, plant species in
larger clearcuttings (over 8 acres) included 4␣ conifers,
6 hardwoods, 30 shrubs, 99 forbs, and 8␣ grasses. Birds
(30 species), mammals (26 species), and reptiles
(12␣ species) have been reported in young conifer
plantations in northern California. These numbers are
probably conservative.

The diversity of seral species in managed clear-
cuttings provides the manager with options for future
manipulation to achieve a wide range of future
desired␣ conditions.
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Introduction
Nutritional stress has been reported in planted and
naturally regenerated conifers growing in association
with an ericaceous species, salal (Gaultheria shallon),
in clearcuts previously occupied by old-growth
western redcedar (Thuja plicata) and western
hemlock (Tsuga heterophylla) (CH type) on northern
Vancouver Island. No such stress is apparent in
clearcuts previously occupied by natural second-
growth western hemlock and amabilis fir (Abies
amabilis) stands (HA type), that developed following
a windstorm in 1906.

It has been hypothesized that the better nutrition on
the HA type is due to the effects of soil mixing caused
by periodic windthrow. In January 1988 an experi-
ment was established to test this hypothesis and to
determine the operational feasibility of broad-scale
soil mixing.
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Materials and Methods
The experimental area was located in northern Vancouver
Island, and was logged in 1986 and slashburned in the
spring of 1987. A series of plots in a clearcut area contain-
ing both forest types were mechanically mixed in January
1988 using a backhoe with a three-tined rake attachment.
The two main factors investigated were: (1) CH and HA
forest types; and (2) untreated and treated plots. There were
four replicates (plots) for each treatment, and 6 to 13 obser-
vations within each plot, depending on the factor measured.
The objectives of the soil mixing were to: (1) remove salal
rhizomes; (2) simulate windthrow by mixing the organic
matter and mineral soil; and (3) remove or redistribute slash
to facilitate planting. Within each treatment, four plots
were planted with western hemlock and four with western
redcedar in February 1988.

In 1989 and 1992 (two and five years after soil mixing), a
number of soil properties, the above-ground biomass of
the non-crop vegetation, and the growth of conifer
seedlings were measured.

Results
Soil mixing resulted in reduced above-ground biomass of
salal on both CH and HA types, whereas the biomass of
fireweed (Epilobium angustifolium) and other species
increased slightly on the HA type. The regrowth of salal
above-ground biomass was rapid on both treatments and
both forest types. On the CH type, it went from 8 and 532
kg ha-1 in the first year to 705 and 4144 kg ha-1 in the
fifth year on treated and untreated plots, respectively. On
the HA type, salal went from 1.5 and 207 kg ha-1 in the
first year to 667 and 3619 kg ha-1 in the fifth year on treated
and untreated plots, respectively. Soil mixing decreased
fireweed and other species above-ground biomass on the
CH type.

Soil mixing significantly (P<0.05) decreased the percentage
of organic matter and increased the pH in the upper 20
cm on both forest types after two and five years. Soil mixing
increased soil temperature slightly (up to 1.5 oC, P>0.12)
on both types after two and five years. Microbial activity
and the cellulose loss rate were lower on mixed plots on
the CH type after two and five years (P< 0.01). Cellulose-
loss rate was higher on mixed plots on the HA type in
both years, but the difference was only significant (P<0.01)
five years after treatment. No observable differences in soil

water potential were found between CH and HA types
and treatments after two years.

On the CH type, soil mixing significantly (P<0.05)
decreased all of the soil nutrient availability indices after
both two and five years, except for resin N (NH4+ and
NO3-) which was slightly but significantly (P<0.05)
increased. On the HA type, soil mixing significantly
(P<0.05) decreased all of the soil nutrient availability indices
after two years, but no significant differences were found
after five years.

Western hemlock on both CH and HA types was
significantly taller (P< 0.001) on the mixed than the control
plots after two and five years. Western redcedar seedlings
were slightly taller in the mixed HA plots after five years.
Western hemlock seedlings were twice as high on the mixed
as on the control CH plots after five years. Western hemlock
was significantly (P<0.001) taller on the HA than the CH
plots after one, two, and five years for both treatments.
Western hemlock was significantly (P=0.001) taller than
western redcedar on the mixed CH plots, and on the mixed
and control HA plots after two and five years. Western
hemlock was significantly (P= 0.001) smaller than western
redcedar on the control CH plots after five years. Identical
conclusions can be made based on total root collar diameter.

Discussion
Soil mixing of forest floor and mineral soil decreased most
of the measures of N and P availability on both forest types
after two years, and on the CH type after five years.
However, resin N was increased by soil mixing in the CH
type. The reduced mobilization of N and P induced by soil
mixing could be partly explained by the lower amount of
organic matter found in the upper 20 cm of the soil of the
treated plots compared to the untreated plots. The larger
decrease in available and resin P caused by soil mixing could
be further explained by the reaction of H2PO4

- with Fe3+

and -Al3+, or with the hydrated oxides of these metals,
which are believed to be particulartly abundant in acidic
mineral soils. Mixing also brings to the surface a large
proportion of the H horizon, which affects the quality of
the substrate available to the decomposers. Prescott et al.
(1993) reported that the H horizon in these soils has lower
extractable nutrients than the L and F horizons. This could
also explain the lower microbial activity and cellulose loss
rate found on the treated CH type after two and five years.
The slight increase in pH in the mixed plots was presumably
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caused by the increase in mineral soil content. Soil temp-
erature and moisture were only slightly modified by soil
mixing, and presumably did not affect the soil nutrient
status.

Soil mixing did increase the early growth of conifer
seedlings, however it had a negative effect on the soil
nutrient status on the CH type, and no effect on the HA
types five years after treatment. The better early growth of
conifer seedlings on the mixed plots appears to be due to
reduced competition for nutrients by the non-crop
vegetation. Messier (1993) reported a strong below-ground
competition for nutrients by salal on some adjacent CH
sites. The higher values of resin N found on the treated
compared to the untreated CH types after two and five
years tend to support this explanation.

Operational Significance
There are conflicting opinions on the long-term merits of
soil mixing on tree growth. Several studies have reported
that the early advantageous effect of intensive soil
preparation may not persist throughout the rotation (Ross
and Malcolm, 1982; Pehl and Bailey, 1983). Although
longer periods of time are required to fully assess the
potential of soil mixing to stimulate mobilization of
nutrients on the CH sites, this study shows that after five
years its effect on soil nutrient status has largely been detri-
mental. Soil mixing has had a lasting effect on the regrowth
of competing vegetation, especially of salal, and this is the
likely cause of improved conifer growth. Considering the
cost of soil mixing, this method appears economically
suitable only if the aim is to improve early growth of western
hemlock on the low-productivity CH␣ sites.
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Operational Monitoring of
Silviculture Regimes

Operational management control device: Monitoring
installations can be used to measure the success of
silviculture programs. Monitoring using the USSM
procedure provides a means of controlling the degree
and variation in survival and growth in relation to
treatment regimes, site series, and vegetation species
competition or facilitation. The objective of
management is to achieve a high degree of success
(mean) a large percentage of the time (low standard
deviation) given:

• existing site conditions (site series, soil textures,
humus depth)

• silviculture regimes (species, stock type, site
prep, stand tending, etc.)

• degree of vegetation competition and
facilitation.

Low and/or highly variable success rates are indicators
of inadequate management and are areas where
silviculture regimes must be re-examined.

Database for construction of predictive tools: The
data collected can be used to calibrate models designed
to predict the consequences (survival, growth) of
applying different vegetation management
(silvicultural) regimes. Based on such predictive tools,
survey, assessment, and decision-making guidelines
(thresholds) can be developed to assist in making better
prescriptions with reference to the different site and
stand conditions commonly observed.

Policy evaluator: Given the implementation of
current or future yield management guidelines, impacts
could be assessed in terms of policies regarding:

• the definition of “free growing”

• the years required to meet some green-up
criteria
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• degree of funding and allocation of silviculture dollars

• other policies affecting or affected by silvicultural
practice.

To fulfill the above-mentioned objectives, plots should be
well distributed throughout the landscape and represent
the commonly occurring site series and silviculture regimes
and carefully applied new options. Plots should be
established on an ongoing basis in sufficient numbers to
represent a wide range of conditions. Ideally, potential
installations should be established prior to harvesting, with
description of the site and stand conditions at that time.
The plots would be added at the time of tree planting. This
does not yet occur in practice.

Replication is usually achieved at a broad descriptive level,
that being site series, site association, or some broad
grouping criteria. At the NIVMA Association level we will
be able to provide members with a summary by site
association and silviculture regime. Seedling survival,
vigour, height, and diameter along with vegetation data
and associated standard deviations could then be presented
by site association and silviculture regime. These tables
would provide information that would allow a comparison
of replicated silviculture regimes by site association. As
monitoring installations become well distributed, success
stories of innovative techniques will make new practices
more acceptable over the geographic area of our Association
and less successful regimes will be quickly identified.

Paired Installation
Establishment Objectives

In addition to monitoring for management control, model
calibration, and policy impact assessment, installations
could also be used to compare the benefits of one treatment
or treatment regime over another. In this circumstance one
or more pairs of installations can be established in
“identical” site conditions to represent a “treatment” and
“control” (with the control plot having no treatment or the
treatment that would normally be applied). Where possible,
treatment and control plots would be established alternately
within two installations combined to minimize the effects
of differences between sites (between installations). The
paired plots should be replicated in similar sites (same site
series or site association) to improve the statistical validity
of any comparison made and subsequent robustness of any
inferences.

Paired installations would not only allow the operational
forester a direct comparison of the success of different
treatments, but would also be a necessity to those involved
in research. Paired installations provide us with a more
statistically valid baseline against which to measure success
and failure. They give good comparitive data and can
identify gains from various treatments. A paired plot would
also be beneficial in determining the hows and whys of the
successes and failures in our silviculture regimes. They allow
for comparisons at a more well-defined treatment-specific
level and are a necessity to compliment the well-distributed
silviculture-regime plots. Monitoring specific treatments
without controls will have limited value at the Association
level and the utility will be limited to “in-house” evaluations.

Monitoring as Personal Observation
The mere act of measuring and remeasuring, particularily
if done by the same individual, provides a systematic
continuum of observation that can be of benefit when
developing prescriptions and making treatment decisions.
This aspect of monitoring is not often referred to and yet
is the most immediate direct benefit derived. This leads to
the conclusion that any monitoring is best done by the
Area Forester/Technician or at the very least a core group
of people that can be relied upon to do the work year after
year. By following this strategy, a degree of experience and
expertise will be developed that can be utilized to improved
management practices.

Photographic Monitoring
The need to record the effectiveness of silvicultural
treatments can also be provided by a system of photographic
plots. Members will have received the “Photographic
Monitoring Plot Establishment Procedure” as an addition
to the Monitoring Manual. The “Photographic Plot
Procedures” are not currently part of the USSM
photographic methods. These procedures can be applied
while using the USSM or as a stand-alone monitoring
system that will aid in internal and public demonstrations
on the effectiveness of treatments. This method, although
not accompanied by data collection, can provide the
silviculturalist with a time-line comparison of different
treatments, areas, and seasons.
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Sheep Grazing Controls
Calamagrostis canadensis-dominated

Vegetation in the Boreal Forest

Roderick Negrave
B.C. Ministry of Forests

Prince George Forest Region

Introduction
Competing vegetation, dominated by Calamagrostis
canadensis (bluejoint) and Populus tremuloides (aspen),
reduces the growth and survival of Picea glauca (white
spruce) regeneration in the boreal forest. To date,
bluejoint has been most effectively controlled by use
of the herbicide glyphosate. As an alternative to
herbicide use, grazing by sheep was used to control
bluejoint-dominated vegetation on a clearcut 40 km
northwest of Fort St. John during the summers of
1992 and 1993. The objectives of the study were as
follows:

1. to demonstrate if a two-pass system of sheep
grazing is effective in reducing bluejoint-
dominated vegetative competition for white
spruce seedlings in typical Boreal Black and
White Spruce (BWBS) plantations;

2. to assess the effects of sheep grazing on spruce
seedling growth and condition; and

3. to determine if sheep condition can be
maintained while grazing native vegetation in
a typical forest cutblock in the BWBS.

Site Description and Methods
The site was in the BWBSmw1/06 (white spruce–
current–bluebells) site series. Soils were silty clay with
clay accumulations about 30 cm below the soil surface.
This type of site has a very high potential for bluejoint
growth.

The 84 ha site was clear felled in the winter of
1988–89. A 10 ha area of the site was piled and
burned, while the remainder was ripper ploughed in
the winter of 1989–90. The site was planted with
1+0 313B white spruce stock in June of 1991.

Three experimental blocks were randomly located on
the site. Half of each block was grazed, while grazing
was excluded from the other half. In each block, fifty
round, (1 m diameter), seedling-centred plots were
located (25 in each of the two treatment areas).
Seedling mortality, height, current height increment,
basal diameter, and crown radius were recorded.
Vegetation species, absolute cover, and height were
also recorded. Analysis of variance was used to test
for significant differences between treatments (alpha
of 0.01). Seedling mortality difference was tested
using a chi-squared test (alpha of 0.01).
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A two-pass grazing system was used to remove
approximately 75% of the vegetation present on the site (50%
in the first pass and 27% in the second). The grazing period
was approximately 60 days each year. Grazing began June 8
in 1992 and May 21 in 1993. Results presented here are the
effects of two grazing seasons on the site (measurements
were taken after sheep left the site in August␣ 1993).

Results
For seedling height, no significant differences existed
between grazed (37.4 cm) and ungrazed (34.6 cm)
treatments. Current height increment was significantly
higher in the ungrazed (7.5 cm) compared to the grazed
(5.1 cm) treatment. Crown radius was significantly higher
in the ungrazed (107 mm) compared to the grazed (86␣ mm)
treatment. Basal diameter was significantly higher in the
grazed (8.07 mm) compared to the ungrazed (6.84)
treatment. Seedling mortality was significantly (alpha =
0.1) higher in the grazed (41%) compared to the ungrazed
(15%) treatment.

For bluejoint cover, no significant differences existed
between grazed (18.9%) and ungrazed (22.7%) treatments.
However, bluejoint height was significantly less in the
grazed (35.3 cm) compared to the ungrazed (80.3 cm)
treatment. Unlike many logged areas in the northeast, aspen
only occurred sporadically on the site and was thus not
included in the analysis. However, where locally present, it
was noted that the sheep completely defoliated and killed
the aspen in the first grazing season. Epilobium
angustifolium L. (fireweed) cover was significantly lower
in the grazed (0.3%) compared to the ungrazed (6.1%)
treatment. Fireweed height was also significantly lower in
the grazed (10.7 cm) compared to the ungrazed (56.8 cm)
treatment

Discussion and Conclusions
The impact of sheep grazing on the survival and growth of
seedlings was confounded by a severe winter, which
occurred after the first grazing season (winter of 1992–93)
and caused extensive damage to young white spruce
plantations throughout the B.C. Peace River area. It is likely
that mortality in the ungrazed treatments is less because
the combination of the tall, ungrazed vegetation and the
fences around these exclosures acted as snow traps. The
greater snow depth would have made conditions less

extreme in the ungrazed compared to the grazed treatment.
Thus, the high level of mortality observed in the grazed
treatments is a combination of winter mortality plus
mortality due to sheep damage and cannot totally be
ascribed to the grazing treatment. Other reasons for the
high mortality in the grazed treatments are:

1. a daily travel route ran, for a time, through a grazed
treatment in one of the blocks in the 1992 season;
and

2. the linear pattern created by the ripper ploughing
forced sheep to walk on the berms, which is where
the seedlings were planted.

Therefore, it is recommended that if a site is to be grazed
by sheep, appropriate mechanical site preparation will not
include those that create strongly defined linear patterns.

Sheep ate bluejoint better than was expected and ade-
quately controlled it. The sheep also maintained or
improved their body condition while grazing bluejoint-
dominated vegetation. However, two seasons of grazing
do not appear to give a lasting reduction in bluejoint cover.
Control of bluejoint lasting several seasons, from a single
grazing season, may perhaps be obtained if sites are grazed
in the first growing season following harvesting, when
bluejoint clones are establishing themselves, rather than
grazing established bluejoint stands. In order of preference,
sheep consumed aspen first, followed by fireweed, and then
bluejoint. For fireweed and aspen, it appears that one or
two seasons of grazing by sheep may give vegetation control
benefits in subsequent seasons.
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