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Changes to natural landscapes and ecosystems can
occur naturally or as the result of human activities.
Changes may be directed towards improving habi-
tat conditions for wildlife or livestock, or may be
associated with the activities of other resource
users.

In British Columbia, these habitat activities
have not been consistently monitored under a com-
mon system of data collection and analysis. The
provincial ministries of Environment, Lands and
Parks and Forests have recognized a need to work
co-operatively on questions of resource allocation.
The procedures for monitoring activities that affect
wildlife habitat and rangelands were developed as
a joint undertaking by these two ministries.

The goal of this manual is to provide a standard
system for monitoring changes to natural eco-
systems that result from operational activities, and
will:

Enhance our ability to make informed
decisions on resource-use questions
that pertain to range and wildlife habi-
tat management.

This manual documents procedures for moni-
toring and assessing all conventional habitat
enhancement techniques. Building on standardized
approaches and definitions for the collection of
ecological data, the objectives of the manual are to:

» Standardize a set of operational-level proce-
dures for the documentation and sampling of
pre-treatment conditions, the treatment activ-
ity, and the post-treatment response of the site
and vegetation to the prescribed treatment.

« Ensure habitat project goals and objectives are
adequately and measurably defined.

* Provide standard data needs for each treatment.

» Develop a reliable, uniform database for habi-
tat management monitoring.

e Facilitate and encourage the transfer of in-
formation among resource users to improve
communication and integration of resource
objectives.

Our ability to achieve integrated resource man-
agement objectives and greater accountability in
the cost-effectiveness of operational programs de-
pends on building knowledge and improving
communications. Treatments should be tailored to
suit different ecological conditions. Good resource
stewardship must address both the primary pro-
gram objectives and secondary effects on
non-target resources. This can be accomplished
through the use of these procedures, and the com-
panion data system that houses the information
collected.

The intended users are technical and profes-
sional field staff and their contractors. The
emphasis is on the monitoring of operational ac-
tivities rather than research-level monitoring. The
procedures integrate existing data-collection meth-
odologies within the two ministries as much as
possible, as the intent of this manual is to comple-
ment rather than replace existing methodologies.

The procedures in this manual should be ap-
plied to a representative sample of operational
activities in order to help to refine techniques
within an ecological framework and provide infor-
mation on both their effectiveness and impact on
other resources and resource users. The procedures
should also be applied to exploratory projects in
which the treatment effects on wildlife habitat or
rangelands are a concern.
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1 Introduction

A significant portion of the natural landscape
in British Columbia has been changed by resource-
use activities during recent decades. The greatest
impact on vegetative cover is from ongoing
activities related to forestry, such as timber har-
vesting, site rehabilitation, prescribed burning,
planting, brushing, and stand tending. Other activi-
ties, such as range and wildlife habitat
enhancement, also change the vegetation and
some physical site characteristics. Wildfires, tree
diseases, insects, and animals also change habitat.

The Wildlife Branch of the Ministry of Envi-
ronment, Lands and Parks supports many of its
habitat enhancement activities with funding from
the Habitat Conservation Fund (HCF). In recent
years, most projects carried out provincially for
wildlife and funded from the HCF were directed
towards habitat enhancement. Several other
programs, including volunteer efforts and govern-
ment-funded, job-creation programs, have resulted
in an increase in the number of habitat enhance-
ment activities.

Activities related to achieving the silvicul
tural objective of renewing timber production on
presently non-producing sites, especially those in-
volving mechanical and chemical brushing and
weeding, could have an impact on wildlife and
livestock forage and on habitat structure.

District offices of the Ministry of Forests
conduct a range improvement program to meet
grazing management objectives in areas where

range is an important resource. These projects.

usually directly involve enhancement of forage
quality and quantity through such activities as
prescribed burning, grass seeding, and stand tend-
ing. Range utilization checks are routinely
undertaken to determine whether the forage alloca-
tion in a grazing management plan is appropriate
and correctly implemented.

A Habitat Monitoring Committee was formed
in 1985 within the Wildlife Branch of the Ministry
of Environment, Lands and Parks, with subsequent
participation from the Range Management Section
of the Range, Recreation and Forest Practices
Branch, the Protection Branch and the Research
Branch of the Ministry of Forests, to standardize
methods to monitor activities that affect wildlife
habitat and rangelands. Version 4.1 of the
Procedures for Environmental Monitoring in

~ Range and Wildlife Habitat Management was

produced by the Habitat Monitoring Committee
in 1990 after considerable review and field testing.

In 1995, the Habitat Monitoring Committee up-
dated the manual (Version 5.0) to ensure that it
reflected the standards developed under the Re-
sources Inventory Committee, and that it was
consistent with terminology in the Forest Practices
Code whenever appropriate. Version 5.0 of Proce-
dures for Environmental Monitoring in Range
and Wildlife Habitat Management also contains
the addition of the Daubenmire (EM-10) and Line
Intercept (EM-11) vegetation sampling methods
and forms, as well more statistical details on sam-
ple design for these methods. A short form
(EM-3s) version of the EM-3 Vegetation Descrip-
tion form has been added to Version 5.0 to simplify
recording vegetation data. And finally, the Site
form (EM-2) has been subdivided into three parts
so that the data recorded is defined by the sampling
method used.

Management of habitat is a component of both

- wildlife and range management programs. This

management may be defined as the art and science
of providing habitat for a desired level of animal
production consistent with conservation of the
land’s resources. The objective of habitat manage-
ment may be to optimize production or to maintain
sufficient habitat to ensure viable populations.
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Habitat is therefore the key to management of
forest or range for wildlife or livestock. Mainte-
nance of appropriate habitat is the foundation of all
animal management programs.

The term habitat has been applied to several
different concepts of the living environment
(Coulombe 1978). Daubenmire (1968) defined
habitat as:

A rather specific kind of living space
or environment, i.e., a constellation of
interacting physical and biological
factors which provide at least mini-
mal conditions for one organism to
live or for a group (of organisms) to
appear together.

In this manual, the basis for stratifying
sampling sites are “ecosystem units.” These are
land areas of various sizes that are relatively
homogeneous in topography, landform, present
vegetation, and soil, as measured by the way that
the animals in question use their living space or
environment. -

Habitat management is the intervention and
manipulation of the environment for the achieve-
ment of desired habitat objectives. Changes
in habitat components may also occur during ef-
forts to meet other resource objectives (e.g.,
herbicide use to remove vegetation competing with
seedlings; fuel hazard abatement), or during natu-
ral patterns of vegetation succession. These
activities, for whatever objectives, may involve a
wide variety of techniques, and are collectively
considered habitat management.

Once land management objectives are defined,
they must be evaluated at all stages of manipula-
tion. This evaluation is defined as habitat
monitoring. Monitoring is designed to provide
qualitative and quantitative information needed to
assess cost effectiveness and appropriateness of the
manipulative actions taken in achieving stated
objectives.

1.1 Scope and Objectives of the
Manual

The World Commission on Environment and De-
velopment (1987) enunciated the principle that a
sustainable economy is possible only when the
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supporting ecosystems are sustainable. The basis
for sustainable management of ecosystems is the
maintenance of ecological processes and biological
diversity. Biodiversity is a cornerstone of the ob-
jectives of both the Ministry of Environment,
Lands and Parks and the Ministry of Forests. It is
recognized as a major component in the Forest
Practices Code and in the standards developed by
the Resources Inventory Committee. Forest and
range practices may affect biodiversity as well as
water quality, water supply, and run-off regimes.
Fish habitat and aquatic ecosystems are also af-
fected by activities in the upland, riparian areas, or
wetlands. These effects must be considered and
measures taken to prevent possible adverse im-
pacts. Monitoring efforts (parameters and
intensities) should be placed in the context of inte-
grated ecosystem management, reflecting the risks
and uncertainties associated with each land-use
activity.

While many of the techniques and requirements
specified in this manual are focused on specific
land uses, they should always be considered within
the context of sustainability that marks ecosystem-
based land management

Monitoring is essential to determine the effec-
tiveness of management activities and also may
help to resolve resource-use conflicts. It is impor-
tant to document successes and failures so that
managers acquire improved knowledge about
operational programs over time.

In British Columbia, the Ministry of Forests
and the Ministry of Environment, Lands and Parks
have accepted standards for general descriptions of
environmental units or ecosystems (Luttmerding et
al. 1990). This present manual is designed to pro-
vide a common system for the collection and
analysis of data to measure changes in habitat that
result from resource management activities.

Monitoring of habitat change can involve a
wide selection of sampling intensities, plot layouts,
data attributes, precision and accuracy margins, -
and statistical complexities at both a research and
operational level. It is therefore important to have
accepted standards for monitoring habitat change
so that different projects and different techniques
can be compared. .

Potential users of this manual are forest, range,
and wildlife managers, technicians and contractors,
who wish to monitor changes in habitat that result
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from their activities. These procedures will greatly
enhance the ability of the Ministry of Forests and
the Ministry of Environment, Lands and Parks to
achieve integrated resource management objectives
by increasing our knowledge, improving communi-
cations, and facilitating problem-solving. By using
these standardized procedures, knowledge about
operational programs will improve and projects
from various resource agencies can be compared.
A data system to handle the information collected
with these procedures has been developed. This
data system will further aid effective communica-
tion through the standardization and sharing of
data.

Building on standardized approaches and defi-
nitions for the collection of ecological data, the
following points are the specific objectives of this
manual.

1. Ensure that habitat project goals and objectives
are adequately and measurably defined.

2. Standardize a set of operational-level proce-
dures for the documentation and sampling of
pre-treatment conditions, the treatment activity,
and the post-treatment response of the site and
vegetation to the prescribed treatment.

3. Provide a standard set of data requirements and
definitions linked to a range of prescribed treat-
ments.

4. Develop a reliable, uniform database for habitat
management monitoring.

5. Facilitate and encourage the transfer of infor-
mation among resource users so as to better
improve communication and integrate resource
objectives.

1.2 Organization and Use

This manual has three components:

1. A description of major habitat management
techniques and the data required to monitor

those activities successfully.

2. A standardized sampling system.
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3. Specific data attributes and a methodology for
data collection.

In Section 2, the following habitat management
techniques are described:
» prescribed burning
» stand management
- slashing
- juvenile spacing
- site rehabilitation
- thinning
- improvement cutting
- coppice
- shelterwood cut
- selection cut
- seed tree cut
- clearcut
- grazing
* herbicide application
» seeding and planting
e tillage and scarification
e fertilizer application
e water-level manipulation

For each technique, information is included on:
* definitions
» purpose and objectives
» scope of application
* monitoring requirements

Form requirements for each habitat manage-
ment technique are provided to guide, the user in
collection of standard data sets (Table 1).

Section 3 contains guidelines for site selection
and two alternative sampling strategies. The
sampling sections provide information on appro-
priateness of reconnaissance and multiplot
sampling strategies, methodologies, and minimum
data requirements.

Described in Section 4 are each form and their
data attributes. Rules of data encoding are provided
to ensure consistency among users and to assist in
entering data into the Habitat Monitoring Data-
base. Special data sampling methodologies are
included where appropriate (e.g., clipping or use of
comparison charts).

Additional information on standards of meas-
urement, prescribed burning, calculation of animal
unit (AU) equivalents and Ministry of Forests
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TABLE 1. Habitat monitoring form requirements by habitat management technique.

Habitat Monitoring Number Prescribed Stand Grazing Grazing Grazing Herbicide Seeding Tillage Fertilizer Water-level
Form burning mgmt. level 1 level 2 level 3 app. planting scar. app. man.
Project description EM-1 X X 0 X X X X X X
Site description EM-2 X X X X X X X X
Vegetation description EM-3 X X X X X X X X
Prescribed fire EM-4 X
Herbicide/fertilizer EM-5 X X
Forage utilization and
use zone summary EM-6 X X X
Forage utilization EM-7 X X
Seeding and planting EM-8 X
Photographic record EM-9 0] o) (0] 0 (0] (0] (0] -0 (0] (6}
Daubenmire description ~ EM-10 (0] (0] (0] (6} (0] (0] (0] (0]
Line intercept description EM-11 0. (0] (0] (0] (0] (0] (0} (0]
Soil description ENV1895 (0] (0] (0] (0] (0]
Wildlife data ENV1960 (0] (0] (0] (0] (0] (0] (0] (0]
Tree mensuration FS 1086H- O (0] (0] (0] (0] (0]
290 '
X = minimum standard O = optional

Range administration units can be found in the
appendices.

The glossary provides definitions of technical
terms used in the manual. In some cases, defini-
tions have been revised to reflect Forest Practices
Code wording.

1.3 Summary of Monitoring
Requirements

Various combinations of the Habitat Monitoring
forms are required, depending upon the habitat
management technique being monitored. Project
Description, Site Description and Vegetation
Description forms are to be completed for each
habitat management technique except grazing.
For grazing, the Project Description form is the
minimum requirement. After this, only the form
or forms for the monitoring of the specific habitat

management technique need be completed. Com-
pletion of the Photographic Documentation form
is optional for all techniques. Detailed information
on soil, tree mensuration, or wildlife, which is
also optional, is to be recorded on the forms
ENV 1895, FS 1086H-290, and ENV 1960, respec-
tively. Instructions for completing these forms can
be found in Describing Ecosystems in the Field
(Luttmerding et al. 1990).

Specific form requirements in using Proce-
dures for Habitat Monitoring for each habitat
management technique are presented in Table 1.
On a broader level, a matrix of monitoring and
reporting forms used by the Ministry of Environ-
ment, Lands and Parks (Wildlife Program), and
Ministry of Forests (Range, Silviculture, and
Protection Programs) to address various treatment
objectives can be found in Appendix H.
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L a2 2 Habitat Management
saiso e Techniques

Zen

2.1 Prescribed Burning

2.1.1 Definition

Prescribed fire has historically been considered as
the knowledgeable application of fire to a specific
land area to accomplish designated land manage-
ment objectives (Muraro 1975). The emphasis,
therefore, was placed on planned ignitions based
on a prescription and to confine the fire within a
predetermined area.

With consideration also being given to un-
planned ignitions, the definition of prescribed fire
was later expanded to include any fire that achieves
management objectives, ignition being both sched-
uled and unscheduled (Pyne 1984). Thus, as long
as the fire is confined to a designated area and be-
haves within a predetermined prescription, it will
be permitted rather than suppressed. This definition
encompasses all potential prescribed fires, from
small-scale, planned burning on selected sites to
large-scale, natural lahdscape management such as
might occur in parks or wilderness areas.

2.1.2 Purpose and objectives

For wildlife and range habitat management, pre-
scribed fire is used to open the canopy and thin
dense forest stands by underburning; to remove
decadent stems and rejuvenate old, less palatable
shrub and herb species by stimulating vegetative
regrowth; to reverse or retard succession; to main-
tain meadows and access routes; and to attain type
conversion. Where site preparation burning is car-
ried out to permit establishment of a new forest
crop, opportunities for grass seeding to establish
forage may exist.

Usually, the use of prescribed fire in wildlife
and range habitat management involves the

manipulation of vegetation succession and is car-
ried out through a knowledge of specific fire
effects on particular structural components or spe- -
cies. In other words, for-a given ecosystem, a
tree-shrub mixture can be directed towards a shrub-
dominated type and a shrub-herb mixture can be
directed towards a herb-dominated type through
the timely or repeated application of prescribed
fire. A particular type may be maintained in place

“through continued application of prescribed fire at

the appropriate interval. Even within one of the
generic types (tree, shrub, or herb) it may be possi-
ble to encourage certain species and discourage
others as the management objectives require. Thus,
type conversion, maintenance, and manipulation
are possible. 4

The objectives of prescribed fire use relate to
the control of fire spread, intensity, size, effects,
timing, and frequency. These aspects are managed
by the use of control lines, fire prescription, fuel
preparation, ignition patterns, and timing of appli-
cation. The specific objectives are stated in terms
of desired effects such as: the reduction of a certain
class of fuels by a specified amount; the conversion
of one type to another; the maintenance or im-
provement of a stand; elimination of unwanted
plants (such' as trees in a meadow); the improve-
ment of quality, quantity, or availability of a
particular plant species or group; as well as chang-
ing the distribution of animals by altering
vegetation characteristics.

The major factors that influence the application
of fire are weather, fire behaviour, fuel characteris-
tics, plant ecology, and fire ecology. The fire
prescription specifies what conditions are required
to produce the desired fire intensity and effects.
The prescription is usually expressed as weather
parameters, such as wind speed and direction,
relative humidity, temperature, and historic
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precipitation, as well as the moisture contents of
fuels and duff layers (or their translation into fire
weather, indexes and/or codes).

The timing of fire application is important as it
relates to the phenology of the vegetation (season-
ally) and fire behaviour and effects (seasonally and
diurnally). Depending on the situation and the type
of fire employed, factors such as flame length and
scorch height may be important parts of the pre-
scription. Fire intensity and fire effects should be
distinguished because a low-intensity burn, which
slowly consumes a thin, organic layer over bed-
rock, can actually produce total environmental
impacts as significant as those produced by a high-
intensity crown fire. '

Scheduling of prescribed burns should also
take into account smoke management concerns, as
off-site impacts can be substantial. Current and
predicted local and regional winds, as well as the
ventilation index, should be used to predict smoke
plume trajectories.

2.1.3 Scope of application

Between 1984 and 1993, prescribed burning for
wildlife and range habitat improvement has ranged
from 9 to 68% of all prescribed burning in British
Columbia, the average being 44% annually. In
some areas, such as the northern forest types,
this method of wildlife habitat enhancement is
‘dominant.

Prescribed burning is often carried out on sites
where no alternative mechanical treatment would
be as cost-effective and produce as few unwanted
side-effects. As fire has played an historic role on
most of these sites it may be an appropriate treat-
ment. It is probably not an appropriate treatment
on those sites that are sensitive to burning. Pre-
scribed fire can also be applied to achieve
concurrent objectives, such as opening stands to
permit access by domestic stock and wildlife, reju-
venating forage and browse species, and reducing
hazardous fuels.

2.1.4 Monitoring requirements

Pre-burn — Before the prescribed burn, the
type and distribution of fuels are noted. Fine fuels
and ladder fuels are visually estimated; woody fuel
loading may also be estimated similarly if the
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surveyor is experienced. Alternatively, fuel loading
can be physically measured or assessed with photo
series guides. When underburning forest stands,
more detail is required on the forest overstorey.
This information is coded onto the vegetation
form.

Where prescribed fire objectives primarily re-
late to the elimination of large quantities of
downed fuels, appropriate sampling procedures

 and data forms are outlined in Trowbridge et al.

(1994). Data forms and calculations from those
measurements should be kept in the project file.
Depth-of-burn pins are put in the macroplots to
determine.the degree of fire impact on the moss/
litter and duff. The importance of determining this
impact is related to the specific objectives of the
site treatment. Duff refers to partially and well-
decomposed organic materials (i.e., ‘the F and H
horizons) lying between the moss/litter layer and
the uppermost mineral soil horizon.
~ Depth-of-burn pins will be of limited applica-
bility where prescribed burning is used in
grasslands or wetlands. The litter and duff layers
may be non-existent (grasslands) or so deep or wet
(wetlands) that the fire prescription will not relate
to effects on the layer.

Fire weather — Weather readings are taken be-
fore and during ignition of the prescribed burn to
tie in the fire behaviour and impact with historical
and current weather conditions.

Ideally, weather should be monitored from a
station located on-site for the entire fire season.
Turner and Lawson (1978) describe requirements
for locating weather stations and recording fire
weather (Appendix B). Daily, on-site weather ob-
servations should be made for a minimum of 3
weeks in advance of the prescribed burn. A
weather station located in a suitable opening adja-
cent to, or near, the prescribed burn is acceptable
if differences in slope, aspect, and elevation are
minor. If the weather station is located nearby
where it has little risk of being damaged by an es-
cape, weather observations can be taken there
during the prescribed burn. ) l

Fire weather observations needed to calculate
component moisture codes and indices of the Ca-
nadian Forest Fire Weather Index (FWI) System
(Canadian Forestry Service 1984) are temperature,
relative humidity, wind speed, and precipitation;
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these are measured at noon local standard time.
Append all observations and calculations of the
FWI System fuel moisture and fire behaviour indi-
ces as these may aid future research work.

If weather data collection begins midway
through the fire season, start-up codes must be
taken from the most representative permanent sta-
tion and adjusted to on-site conditions. Procedures
to adjust permanent weather station fire weather
index codes to on-site conditions are available
from the Ministry of Forests (Bell 1980).

Include in the project file the weather record
for the full season for the permanent station where
the start-up values for the on-site weather station
were derived. Mi‘ssing weather data that have been
estimated should be clearly indicated with a circle
drawn around the estimated observations.

A recording or standard rain gauge should be
placed on-site for the entire season if daily on-site
weather observations cannot be taken over the full
season. Precipitation data, even on a weekly or
monthly basis, are useful for making adjustments
to a Drought Code derived from a weather station
that is nearby but not on-site. Three weeks of daily
on-site precipitation observations will provide ad-
equate data for the calculation of a Duff Moisture
Code that is representative of on-site conditions.

In addition to the fire weather observations
taken at 1200 local standard time (LST) on the
burn day from the representative weather station,
observations of temperature, relative humidity, and
wind speed and direction should be taken just prior
to ignition. These observations are required for ad-
justing the Fine Fuel Moisture Code (FFMC). If
the weather station must be removed before igni-
tion, hand-held weather instruments will be
needed. These readings should be taken in the open
at the weather station site and thus indicated on the
weather record form.

For underburns, the wind speed below the
canopy is more important than that above the
canopy, at least as far as the behaviour of the fire
under the canopy is concerned. Thus, wind speeds
taken in a nearby opening and/or on an anemom-
eter mast may not relate very well to the conditions
under the canopy. Some measurements of wind-
speed both above the canopy (or in a suitable
opening nearby) should be taken and compared
to wind speed measurements under the canopy,
which could be taken with portable, hand-held
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instruments. The wind speed above the canopy will
still be an important consideration in the event of
fire getting up into the crowns.

Calculations of the fire weather codes and indi-
ces for time of ignition and location of the burn
relative to the weather station involve adjustments
for time, slope, and aspect as shown in Appendix
C. If a nearby weather station has hourly weather
data available for the period of the prescribed
burning operation, try to obtain these data, espe-
cially if fire-control problems are encountered.

Burn — Where a steady-state rate of fire
spread is achieved or approximated, the rate of
spread should be measured in metres per minute.
This may not be possible where centre or perimeter
ighition patterns are used or on narrow strip

" headfires, but is possible with other ignition

methods. Steady-state rates of spread are relatively
easy to obtain in fine fuels such as needles and
grasses found in the understorey of forest stands
being underburned.

Direction of spread, in relation to the slope and
wind, is also noted as these factors are direct and
important determinants of fire behaviour.

Flame length is defined as the distance between
the tip of the flame and the ground, or remaining
fuel surface, midway in the zone of active flaming.
Although measurements of flame length are of
little benefit when attempted on large burns with
masses of flame, they permit estimation of frontal
fire intensity on line fires. Also, the determination
of heat release per unit area is made possible with
both flame length and rate-of-spread measure-
ments.

To be able to devote full attention to the moni-
toring activities, personnel responsible for
monitoring the prescribed burn should be inde-
pendent of ignition and suppression crews, and
should be included in the briefing before ignition

" so that they are aware of the proposed ignition

pattern and sequence.

Observation points should be selected for best
view while ensuring crew safety. At least one per-
son should be designated as an official observer,
but two people are preferable if photography and
videotaping are planned. A photo or video record
is helpful in documenting aspects of fire behaviour,
ignition pattern and techniques, and control
problems. Photos taken every 10 minutes (from
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start-up to complete ignition and thereafter as
necessary) will document the treatment well. The
minimum information collected should be an accu-
rate map of the ignition pattern and the burn day’s
1200 LST weather readings.

Post-burn — Ease of ignition is noted based on
a subjective estimate, and a summary is given of
the ignition equipment used as well as details on
the type and amount of fuel used.

Average depth-of-burn may be determined by
relocating all of the depth-of-burn pins, measuring
the amount of material consumed, and calculating
an arithmetic average.

Height of bark char is related to fire intensity,
flame length, and potential tree mortality. The
maximum height of bark char is measured and an
average value recorded.

Procedures for Habitat Monitoring - Version 5.0

For underburning (burning under standing tim-
ber), calculate the scorch height to assess the
impact of the fire on the tree canopy. Scorch height
can be anticipated to some extent and manipulated
to affect the height to live crown of trees by burn-
ing under different temperature and wind-speed
conditions. Scorch height is recorded in the pre-
burn section under fire behaviour as it may be part
of the fire prescription. :

An additional procedure is to establish control
plots in adjoining, unburned areas that have similar
characteristics. The pre-burn information should be

" collected on these areas as if they were going to be

treated. Initial post-burn as well as periodic reas-
sessment of these control plots will give an
indication of the impact of the burn treatment and
the longer-term development of the treated and
untreated areas.
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2.2 Silviculture and Stand
Management

The Forest Practices Code distinguishes between
silviculture, which applies to treatments for estab-
lishment through to “free to grow,” and stand
tending, which applies to stands that have already
reached “free-to-grow” stature.

Stand management consists of two compo-
nents: the manipulation of immature stands and the
harvesting of mature stands. Figure 1 shows the
stand structural stages and the approximate ages
when different stand management techniques are
usually applied.

Traditionally, stand tending has included juve-
nile spacing, thinning, and improvement cutting.
Stand tending is now equated with all intensive for-
estry practices, and includes site rehabilitation and
brushing. Additional stand-tending methods, such
as fire, herbicides, and grazing are described in
other sections of this manual.
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Stand tending for wildlife and range enhance-
ment may include retaining selected trees or
groups of trees for cover and snow interception,
preserving wildlife trees for nesting and perching,
and creating openings to enhance forage produc-
tion. After regeneration has been established,
intermediate cuttings are carried out at various in-
tervals to manipulate the stand structure to meet
desired objectives. Stand tending removes trees
and sometimes shrubs to permit better growth of
the remaining stand or to enhance understorey for-
age production.

Removal of part of the stand results in changes
to evapotranspiration, thus stand-tending practices
can be used to increase available soil moisture dur-
ing the growing season, and lengthen the annual
growing period. Stand tending is a forestry prac-
tice, but may also be used to create habitat
diversity or to improve habitat for a particular spe-
cies of livestock or wildlife. Harvesting is
primarily the cutting of mature timber; however,

~<—— JUVENILE SPACING —

<«— THINNING —
< [MPROVEMENT»®—— CLEARCUTTING——>

<— CUTTING —>

SEED TREE—>

SHELTERWOOD —

- SELECTION —— >

|—— COPPICE —-—>|

<— S| ASHING —»|-«———SITE REHABILITATION

~
I
| m g A
M%MQM@“ ® 2 i
SHRUB-HERB- SAPLING POLE MATURE OLD GROWTH
SEEDLING: 20-40 years 40-(80)120 yrs | (80)120-250 yrs| over 250 years
1-20 years

FIGURE 1. Stand management techniques at various stageé of forest succession (after Hamilton 1987).
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TABLE 2. Suggested forms to be used with stand management techniques.

Objectives
Species Herbaceous Forest % Plant Woody fuels/
composition standing v canopy Forage cover slash accum-
Technique (list) crop Plant vigour  cover utilization  (succession) ulation
Slashing X X 0] X X X
Juvenile spacing X X 0 X X X
Commercial thinning X (6] (0} (6} X
Improvement cutting X (0] (o) 0] X
Site rehabilitation X X (0] X X X
" Clearcut X X 0 X X 0
Seed tree X X (0] X X (0]
Shelterwood X X (0] (0] X
Selection X (0] (0} (o} X
Coppice X X (0] X
Form to be used EM-3 or EM-2 EM-3 or EM-3 EM-6 or EM-3 - EM-4 or
EM-10 or EM-Tor EM-7 EM-9
EM-11
X = minimum standard O = optional

stands may be harvested at an earlier age to
control damage by insects or disease or to salvage
affected timber. Five forest-harvesting methods
described in this section are clearcutting, seed
tree, shelterwood, selection, and coppice.

Often, the primary objectives of stand treat-
ments relate to characteristics of the residual
commercial tree species or the establishment of a
new crop of trees. Monitoring techniques to assess
these treatment effects on commercial tree species
are documented in the Inventory and Silviculture
Manuals of the Ministry of Forests (1982, 1983,
1988), (see also section 4.14). The matrix of moni-
toring and reporting forms (Appendix H) also
outlines which forms are used depending on treat-
ment objectives. These Procedures for Habitat
Monitoring are designed primarily to assess the ef-
fects of treatment on habitat for livestock and
wildlife, and that is the focus of the monitoring
requirements as set out in this section.

The stand management techniques do not have
unique forms. When assessing sites to be treated,

the Project Description Form EM-1 is to be filled

. out as noted in Table 1, placing emphasis on Item

12, Project Objectives, and the corresponding Item
13, Habitat Technique Utilized. Table 2, which is
to be used in conjunction with Table 1, indicates
forms to be used when assessing the various stand
management treatments.

2.21 Slashing

Definition

Slashing (brushing) is a cultural operation used to
remove selected individuals from early succes-
sional stages to free the remaining stems from
competition. In addition, this procedure can refer
to the post-harvesting “cleaning-up” of the site.

" The removal of the competing vegetation is pre-

dominantly done by manual methods using a
wide range of tools such as brush saws, clippers,
and machetes. Occasionally, chemicals are used to
retard or remove competing vegetation.
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Purpose and objectives

The principal purpose of slashing is to manipulate
the composition of the stand selectively, releasing
the remaining trees and forage species from shad-
ing, soil moisture, and/or nutritional competition.
Slashing may be repeated as often as necessary so
that the young stand can reach a free-growing
state.

Slashing is also used to enhance forage produc-
tion for wildlife and livestock by stimulating
re-sprouting of shrub and tree species and encour-
aging herbaceous growth. Selected trees or groups
of trees may be left for cover, nesting, and perch-
ing purposes. :

Scope of application

Slashing, as a silvicultural practice, has been car-
ried out in most parts of the province. Recently, the
concerns for animal use have been incorporated
into the brushing program. This practice has been
used to enhance wildlife habitat in the interior of
the province. To some extent, it is also being em-
ployed in the boreal forests of the Peace River
area.

Monitoring requirements

To evaluate the effects of slashing, the original
stand should be assessed by monitoring the vegeta-
tion species composition, forage production and
utilization. After treatment, the stand should be as-
sessed for species composition, forage production
and utilization, survival of the residual trees, slash
depth, and rate of slash breakdown and decomposi-
tion.

2.2.2 Juvenile spacing
Definition

Juvenile spacing (pre-commercial thinning, waste
thinning) reduces tree density in shrub-herb- or
ﬁole—sapling-aged stands. The remaining trees are
freed from stagnation or slow growth caused by
overstocking. The result is improved growth and
crop-tree quality with increased value at harvest
time, and initially increased understorey forage
production.
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Purpose and objectives

The purpose of spacing is to thin out the stand to a
desired stocking level, leaving the remaining stems
adequately spaced and free to grow. Juvenile spac-
ing reduces rotation length and can change species
composition. Integrated management benefits, such
as canopy enhancement for show interception or
increased forage production, can be achieved with
planned stand manipulations.

Juvenile spacing can be carried out by the
manual use of such tools as power saws, brush
saws, and clippers; the application of chemicals to
individual trees; mechanized crushing or slashing;
or a combination of these methods. Occasionally, a
cool underburn may be used.

Scope of application

Juvenile spacing is a silvicultural technique used to
allow trees showing better height, form, and over-
all quality to occupy the site. Treatment is typically
undertaken when the stand age is somewhere be-
tween 10 and 30 years.

With planning, other resource values can be en-
hanced while using this system by creating or
maintaining as much structural diversity as is prac-
tical. This technique is being used to improve the
forage capabilities in some stands in dry climate
regions. :

If not properly treated, deep accumulations of
slash (associated with many spacing programs) can
be detrimental to the site. This slash can create
ideal habitats for high populations of small mam-
mals such as mice, voles,- and rabbits. These
animals, by feeding on the remaining trees,.can
cause additional mortality. The heavy slash accu-
mulations can also increase the fire hazard, impede
the movement of large mammals, and increase
their energy requirement for locomotion, and re-
duce the amount of available forage.

Monitoring requirements

Vegetation species composition and forage produc-
tion should be monitored before and after the
treatment. Post-treatment monitoring should in-
clude an assessment of vegetation response, short-
and long- term forage production, slash depth, rate
of slash breakdown and decomposition, and animal
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use (see section 4.13). There is also a need to as-
sess the site to predict its successional trends and
future capabilities.

2.2.3 Thinning

Definition

Commercial thinning is the selective removal of
merchantable timber from older, immature stands.
This practice provides an interim harvest and fi-
nancial return while maintaining or restoring a
high rate of growth on well-spaced, better-quality,
final-crop trees.

Purpose and objectives

The purpose of thinning is to regulate the distribu-
tion of growing space for the advantage of the
existing crop of trees. By promoting better growth,
merchantable volume yield may be increased.

Other integrated management benefits include
canopy enhancement for snow interception and for-
age enhancement through selective tree removal
and the creation of openings. By redistributing the
growth potential of the stand, thinning increases
the maturation rate, thereby shortening the rotation
period. In this regard, a new successional cycle
would be initiated sooner and the shrub-herb stage,
which is the major forage-producing stage, could
be realized earlier. Methods to retain or extend this
period of forage production for animal use, espe-
cially on sites with poor to low forest productivity
should be considered. Surplus trees can be re-
moved by several conventional logging methods,
including horse logging.

Scope of application

Although thinning is a forestry practice concerned
with timber production, maintaining structural di-
versity should be considered. Thinning can
temporarily increase forage production until crown
closure occurs. Selective thinning can also be used
to accelerate canopy development for snow inter-
ception in winter range areas, and in the dry
climate regions to accelerate the harvest time and
therefore the return of the site to the forage-
producing, shrub-herb stage.
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Monitoring requirements

Since thinning is carried out in older, immature
stands that presently have some commercial value,
the growth response of the trees may be the pri-
mary monitoring concern (see section 4.14).
Monitoring species composition and forage pro-
duction and utilization may also be necessary.

2.2.4 Improvement cutting
Definition

Improvement cuttings (sanitation spacing) are
made in stands past the pole-sapling stage (Figure
1) to improve the composition and quality of the
remaining stand. This procedure removes trees of
undesirable species, form, or condition from the
main canopy. '

Purpose and objectives

The principal purpose of improvement cutting is to
remove undesirable trees from the stand and to re-
duce competition, encourage growth, and improve
the volume for the next cut. Other benefits of im-.
provement cutting include temporarily increased
forage production. This technique is being carried
out to a limited extent in the dry climate regions.
Winter logging in Douglas-fir stands will provide
some wildlife with an additional short-term forage
in the form of fallen branch tips and lichen. The
undesirable trees can be removed by conventional
harvesting methods, or if suitable, girdled or poi-
soned and left standing and dead for wildlife use.
As well, suitable dead and down material could be
left for habitat enhancement.

Scope of application

Although  improvement  cutting  removes
overtopped young trees or larger, defective or dis-
eased stems, its prime objective is improving
overall stand condition. It may be important to re-
tain some of these trees for wildlife use and for
stand structural diversity.
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Monitoring requirements

Since improvement cutting is carried out in olde
immature stands that presently have some commer-
cial value, the survival and growth response of
residual trees may be the primary monitoring con-
cern (see section 4.14). Other monitoring
requirements include the response of understorey
vegetation to the additional light and the charac-
terization of dead and down material as potential
habitat or as fuel.

2.2.5 Site rehabilitation

" Definition

Site rehabilitation is the conversion of potentially
productive land presently occupied by undesirable
stands, or by shrubs, back to a condition appropri-
ate for the establishment of the desired species.

Purpose and objectives

The purpose of site rehabilitation is to prepare the
site for the re-introduction of forest crop trees or
the rejuvenation of browse for wildlife. Rehabilita-
tion projects normally include combinations of
treatments such as salvage logging, tree knock-
down, bunching or windrowing of slash, either
alone or in combination with herbicides, and/or
prescribed burning.

Scope of application

Site rehabilitation is done throughout the province,
primarily on highly productive sites for tree
growth. Many areas are also rehabilitated for wild-
life purposes to return the site to the
forage-producing, shrub-herb stage and increase
the site’s carrying capacity.

An area of concern is the management of those
sites having high values for both tree growth and
forage production. These areas may require relaxed
site preparation and stocking standards to accom-
modate wildlife needs. '
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Monitoring requirements

Because site rehabilitation requires the removal of
the present stand, the effectiveness of the removal
needs monitoring. Seedling survival and condition,
species composition, distribution and vigour of
resprouting shrubs, successional change over time,
and forage utilization can be monitored.

2.2.6 Clearcut

Definition

The clearcutting method of harvesting is the re-
moval of virtually all trees from the stand in a
single pass.

Purpose and objectives

Clearcutting may occur in even-aged stands, or in
stands that contain several age classes, the young-
est of which contains trees large enough to be of
merchantable size. All trees are cut in one pass,
even those occasional trees below merchantable
size, cull trees, and non-commercial species. In ar-
eas of low precipitation, maintenance of soil
moisture is important to provide for growth and a
longer growing season. To improve the moisture
condition of the cut-over areas, the size, shape, and
orientation of cutblocks should be well-planned to
reduce the drying effect, especially by wind. This
is particularly important on poor- and low-produc-
tivity sites such as shallow to bedrock, coarse
glaciofluvial, and colluvial areas.

Clearcuts can be created to provide forage for
wildlife; however, the cover requirements for win-
tering ungulates adjacent to these forage areas
must be addressed. The design of openings and the
selection of post-harvesting treatments in clearcut
areas must consider the long-term impacts on for-
age production and wildlife use.

Clearcutting can result in large accumulations
of logging debris, which may be so abundant as to
interfere with seeding or planting, constitute a fire
hazard, or represent a breeding ground for insect
pests. It may also interfere with animal movement
and reduce browse production. If required, slash
disposal methods such as broadcast burning,
windrowing, piling, or lopping and scattering are
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used. Also, with full tree logging, the accumula-
tions of slash can be disposed at the landings.

Logging debris, especially large stems, can be
beneficial for seedling establishment as nurse logs
for late successional species, and provide habitat
for small mammals and other organisms. The re-
tention of snags for nesting and perching is also a
consideration, as is proper slash management to re-
tain site productivity.

Scope of application

Clearcutting, which leads to the establishment of
an even-aged forest, is practiced throughout the
province. Uneven-aged stands of Douglas-fir and
ponderosa pine are harvested by other methods.

Monitoring requirements

To understand the successional changes that will
take place after clearcutting, and the effect on ani-
mal and plant populations, species composition
and forage production and utilization can be moni-
tored before and after logging.

227 Seed tree

Definition

The seed-tree method of harvesting is the cutting
of all trees in a stand in one pass except for a small
number of seed trees left singly or in small groups.

Purpose and objectives

As with clearcutting, the seed-tree harvesting
method is usually applied to even-aged stands. It
can also be used in stands that contain several age
classes, the youngest of which contains trees of
merchantable size. All trees, except for the seed
trees, are cut, including those occasional trees
below merchantable size, cull trees, and non-
commercial species. ’

Seed tree methods are applicable to species
such as western larch and interior Douglas-fir,
whose seeds can be wind-disseminated and are
able to become established in exposed locations.

Proper selection of seed trees with regard to
form and ability to withstand windthrow could
have some benefit to wildlife by providing
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replacement snag habitats for nesting and perching,
as well as future dead and down material.

Slash is disposed of in the same manner as in
clearcutting.

Scope of application

Seed tree methods are carried out in areas that have
good western larch or Douglas-fir as seed-tree
sources. These methods lead to the establishment
of an even-aged forest.

Monitoring requirements

To understand the successional changes that will
take place after harvesting, and the effect on ani-
mal and plant populations, species composition
and forage production and utilization can be moni-
tored before and after logging.

2.2.8 Shelterwood

Definition

The shelterwood method of harvesting removes the
stand in a series of partial cuttings that extend over
a part of the rotation.

Purpose and objectives

The shelterwood method is usually applied to
even-aged stands, although it can be used in those
of irregular form where merchantable age classes
predominate. The cuttings in the shelterwood
method resemble thinnings and require at least two
passes. This method is applicable to species that
are shade-tolerant when natural regeneration starts
under the protection of the older stand. Slash is
scattered and crushed during the scarification
process.

This method of harvesting is useful when other
resource values, such as wildlife cover, are consid-
ered in the harvesting plan. A commercial
harvesting pass can be made through a stand and
still retain sufficient cover for other resource inter-
ests. This harvesting system can also be an
effective tool in stand modification, such as creat-
ing uneven-aged stands in critical habitat areas for
wildlife or streamside cover. It can also provide
snow interception by retaining groups of trees with
closed canopies.
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Scope of application

The shelterwood method is not commonly used in
British Columbia. In the interior Douglas-fir
stands, this method occasionally results in an even-
aged stand of advanced regeneration once the
overstorey has been removed.

Monitoring requirements

To understand the vegetative changes that occur
when part or all of the crop trees are removed, the
species composition, production and utilization
should be documented before and after each log-
ging pass. The effects of site treatment should be
monitored as well as the regeneration response.

2.2.9 Selection

Definition

In the selection method of harvesting, trees are se-
lected and harvested periodically throughout the
rotation.

Purpose and objectives

The objective is to create and perpetuate an un-
even-aged stand. The trees cut in any pass may
occur singly or in small groups, but the whole
stand is never cleared completely. This method is
applicable to species that are shade-tolerant as
natural regeneration starts in the small openings
under the protection of the overstorey. Intermediate
cuttings may be made while the crop trees are be-
ing removed or at an alternative time to relieve
competition among the younger trees.

This method of harvesting has the most positive
benefits for wildlife by maintaining stand diversity,

increasing forage production, and maintaining

cover, all within a relatively small area.
Scope of application

Most of the selection cutting occurs in uneven-
aged stands of Douglas-fir and ponderosa pine. In
the past, and to some extent now, stands of spruce
and subalpine fir were also selectively cut. To in-
crease efficiency and to improve results in the

B-11

selection logging method, the faller-selection
program was instituted. Guidelines have also been
introduced for logging in important deer winter
ranges in the Cariboo Forest Region (Armleder et
al. 1986).

Monitoring requirements

To document the changes that take place after log-
ging, species composition, forage production and
utilization should be monitored, and snow inter--
ception should be assessed before and after logging
where these factors are important to wildlife. The
extent and severity of site preparation should be
monitored, as well as the regeneration survival,
condition, and growth.

2.2.10 Coppice
Definition

The coppice method (suckering) is harvesting
where dependence is on vegetative reproduction.

Purpose and objectives

In this method stump sprouts or root suckers are
relied upon as the main source of regeneration, al-
though some seedlings and sprouts may form part
of the main crop. Sprouting is obviously an impor-
tant requirement, and most hardwoods, such as
trembling aspen, poplar, cottonwood, alder, willow,
and birch meet this requirement. Broadcast burn-
ing, cutting or herbicide application may be used to
induce sprouting.

Scope of application

In British Columbia, the coppice method is carried
out on deciduous stands. Stands treated are vari-
able in composition and size.

Monitoring requirements

The coppice method of vegetative reproduction de-
pends on the stand being logged. Assessment of the
species composition and forage production and uti-
lization before and after logging should be
monitored.
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2.3 Grazing

Definition

Grazing is defined as the consumption of standing
herbaceous or woody vegetation by livestock or
wildlife (Kothmann 1974). Grazing can maintain
or alter the condition of a plant community. Live-
stock grazing, applied as a specific treatment, can
provide benefits to other resources such as tree re-
generation and wildlife.

Purpose and objectives

All grazing has an impact on the resource compo-
nents: plant, soil, and water. The livestock-grazing
management systems administered by the Ministry
of Forests were established to optimize the use of
the forage resource while maintaining or improv-
ing the present range condition. Monitoring the
seasonal use of rangelands documents the changes
that occur, provides a basis for evaluating the im-
pact of grazing on the resource over time, and
assists managers in improving the present grazing
system. '

The objectives of grazing management include
achieving desired changes in both range condition
and animal distribution. Grazing animals may be
managed to achieve desired responses from vegeta-
tion. Domestic grazing animals can be used within
a silvicultural prescription to control competing
vegetation.

Forage utilization is the proportion of annual
usable production that has been removed by ani-
mals throughout a grazing season and is expressed
in percent (Stoddart et al. 1975). For grasses and
forbs, percent use is a measure of that portion of
the above-ground growth of the entire plant that
has been consumed. In shrubs and tree seedlings,
only the current annual growth of twigs and leaves
is considered.

Scope of application

The extent of the grazing activity of domestic ani-
mals in the province consists of about 2,100 range
tenures totalling close to 1 million animal unit
months (AUM). Authorized livestock grazing, un-
der a range tenure, occurs in 39 of the 43 forest
districts in B.C.
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Grazing can be used as a tool for vegetation
manipulation, and monitoring the response of
range ecosystems to grazing applications will al-
low managers to optimize allocation of the forage
resource. Removal of old forage growth can im-
prove the forage availability for deer and cattle
(Williams et al. 1980). Forage conditioning by cat-
tle, to improve forage quality for wintering elk, has
been a practice on many ranges in the East
Kootenay region (Allaye-Chan 1986). Grazing by
domestic sheep is being used as a tool in all forest
regions of the province to control grasses, herbs,
and shrubs that can compete with newly planted
conifers. Additional applications of grazing treat-
ments that require further study and monitoring
are:

A. Late fall grazing to facilitate the dispersal of
grass seeds for range rehabilitation.

B. Removal of forage to reduce fuel loading and
thus fire hazard.

C. Heavy grazing as a silvicultural alternative to
herbicide use.

Monitoring requirements

The distribution of grazing animals within small
pastures or large range areas is seldom uniform
owing to complex factors such as topography,
range sites, location of fences and salt, distance to
water, and the types and behaviour of grazing ani-
mals. Grazing can be concentrated and restricted,
resulting in zones of utilization called “use zones”
(Anderson and Currier 1973). These use zones
range from areas of nil or slight use (0 to 15%)
where key indicator species are slightly grazed to
areas of extreme use (>80%) where plants are very
heavily grazed.

Monitoring and evaluation of the distribution
and degree of grazing use within a range area is
known as a “range inspection.” A Ministry of For-
ests range inspectioh also assesses the tenure
holders’ salting practices, riding schedule, mainte-
nance of improvements, adherence to tenure
conditions, and comments on the overall condition
of the range area. Evaluating and mapping the use
zones following grazing and/or browsing of a
range/habitat area is the primary, but not the only
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objective of these guidelines. This information in-
dicates how the grazing resource is being used,
what improvements are required, what adjustments
to animal numbers are needed, and what progress
is being made over time.

These procedures can be used in three increas-
ing levels of intensity to carry out a utilization
assessment. The intensity of the utilization assess-
ment will depend on factors such as reasons for the
inspection, range condition, area being inspected,
and grazing history. A utilization assessment can
be done for a habitat type, one to several pastures,
a range unit, or some other defined inspection area.

A level 1 utilization assessment is carried out to
assess the utilization and management of an identi-
fied inspection area. For this level complete the
Forage Use Inspection Form (EM-6) and map the
area identifying the use zones with specific colour
codes.

The level 2 assessment involves identifying the
use zones within each ecosystem unit or range site.
A Forage Utilization Form (EM-7) is completed
for each ecological unit identified on the range/
habitat area. Utilization information is collected for
the key grasses, forbs, shrubs, and trees by use
zone. The collected information is summarized on
an EM-6 form, and a utilization map.

If the goal is other than use monitoring, com-
plete the Goals and Objectives section of EM-1.
Where detailed information is required on species

composition range condition and trend (i.e., ex-.

treme use areas, riparian areas, grazing leases), a
level 3 assessment is done. For this level, in addi-
tion to EM-6 and EM-7, a Project Description
Form (EM-1), a Site Description Form (EM-2),
and a Vegetation Description Form (EM-3) are
completed, using multiplot sampling, with either
standard microplots or Daubenmire frames (EM-
10). Photographs are encouraged to be taken with
all three levels of utilization assessment to docu-
ment trends in range condition (EM-9).

Pre-grazing — Prior to grazing by livestock,
determine the pastures, range unit, or inspection
area to be covered. For wildlife and livestock areas,
determine the size and boundaries of the area to be
inspected. To start with, become familiar with the
grazing system, period of use, class of livestock
and/or wildlife, and the location and type of

B-13

improvements. If grazing is to be used as a vegeta-
tion management technique, establish objectives,
assess the site, determine a grazing system, class of
stock, management requirements, and the type and
location of improvements needed.

When detailed information is required, use
grazing exclosures or exclosure cages to provide
controls for comparison of grazed and non-grazed
areas. Level 3 utilization assessment is most appro-
priate when grazing exclosures are used. '

Grazing — To implement the grazing treat-
ment, pasture the animals within the defined area
for the prescribed time, or level of use. Assess the
treatment after the grazing period, except where an
interim inspection to note utilization and distribu-
tion of use zones may be required. When grazing is
used as a management treatment, an interim in-
spection or “management check” will determine if
the grazing system is correct and if the improve-
ments are functioning as intended.

Post-grazing — Decide on the intensity of utili-
zation assessment to be done. For a level 1
assessment, map the use zones on a map or air
photo and complete the Forage Use Inspection
Form (EM-6) while traversing the area. For a level
2 assessment, prestratify t-he area into ecosystem
units on aerial photographs or maps (see section
3.1.1), and transfer the ecosystem unit boundaries
to the use zone map prepared in level 1. Within
each ecosystem unit locate a minimum of one
monitoring site for each use zone, and complete a
Forage Utilization Form (EM-7). Locate the moni-
toring site on the use zone map for future
reference. The relative proportion of use zones
within each ecosystem unit and over the entire in-
spection area can be summarized at the end of
form EM-7.

To initiate a level 3 utilization assessment,
complete a Project Description Form (EM-1). For
each ecosystem unit, complete a Site Description
Form (EM-2), and a Forage Utilization Form (EM-
7). Identify specific use zones or areas of concern
and complete a Vegetation Description Form (EM-
3) (see section 4.5). Collection of vegetation data is
done before grazing and at pre-determined inter-
vals, depending on the investigators’ goals and

~ objectives (see section 3).
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2.4 Herbicide Application
Definition

Herbicide application refers to the use of chemicals
to kill or alter the normal development of selected
plants.

Purpose and objectives

When used as a management technique, herbicide
application is primarily aimed at the suppression of
undesirable plant species in an attempt to enhance
conditions for the growth of one or more favoured
plant species. Other habitat management uses of
herbicides include increasing the dry fuel load to
improve conditions for prescribed burning, and pe-
riodically curtailing the growth of plants on
powerline and transportation rights-of-way.
Presently, the objectives of herbicide applica-
tion are primarily silvicultural or range
management related. The objective of using herbi-
cides in silviculture is to enhance conifer survival
and growth through the control of undesirable
plant species. On grasslands, herbicides are used to

control the spread of undesirable plant species that

may seriously reduce forage production.
Scope of application

Herbicide use in British Columbia increased during

the latter half of the 1980s, peaked in 1989 and

then decreased in the early 1990s. In 1991, the to-
tal area treated by the forest industry and the
Ministry of Forests was 35603 hectares
(Humphreys 1992). Most of this area was treated
to manage vegetation as part of silvicultural opera-
tions, the remainder was for range management.

The most common methods of herbicide appli-
cation are aerial spraying, stem injection, and
ground application. The main herbicides used for
vegetation management in British Columbia are
glyphosate, picloram, 2,4-D, and hexazinone.
Glyphosate (trade name Vision) is by far the most
commonly used herbicide; approximately 93% of
the forestry-related use of herbicides in 1991 in-
volved this chemical (Humphreys 1992).
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Glyphosate is a relatively broad-spectrum her-
bicide that is foliar-active, with little if any
absorption by plant roots. Almost all broadcast
spraying in British Columbia involves the use of
this herbicide, as do most stem injection applica-
tions. Because it depends on leaf absorption,
broadcast spraying of glyphosate is usually con-
fined to middle to late summer when leaves are

" fully formed and when the chance of rainfall after

treatment is low.

Picloram (trade name Tordon) is a liquid or
granular formulation herbicide with a long, re-
sidual toxicity in the soil. Picloram cannot be used
for conifer release, and in British Columbia its
main use has been to control range weeds.

2,4-D (trade names Forestamine and For-Ester)
is used in both amine and ester formulations, al-
though in British Columbia almost all present use
is with the amine formulation. 2,4-D amine is uti-
lized primarily as a stem injection (hack and
squirt) herbicide in coastal British Columbia.

Hexazinone (trade name Velpar) acts as a foliar
and soil-active herbicide in its liquid state, and
strictly as a soil-active chemical in granular form.
Because of the soil-active nature of hexazinone, it
tends to move downslope on moderate to steep
slopes. The main methods of application are broad-
cast ground spraying and undiluted spot
treatments. Because hexazinone is ineffective on
soils with a deep humus layer, it is mostly used in
the interior of the province.

Little is known about the impact of herbicides
on wildlife habitat, and the application of herbi-
cides is not presently used directly as a wildlife
habitat management technique. A review by
Balfour (1989) of the susceptibility of wildlife for-
age species to herbicides concluded:

A. Wildlife forage plants particularly sensitive to
the use of glyphosate are: trembling aspen,
saskatoon, redstem ceanothus, ocean-spray,
black twinberry, wild cherry, elderberry,
snowberry, and sedges.

B. Wildlife forage plants shown to be moderately -
to highly tolerant to glyphosate are: salal,
falsebox, Douglas-fir, true firs, western
redcedar, western hemlock.
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The possibility of herbicide use as a wildlife
habitat enhancement technique was studied in the
Prince Rupert Forest Region (Lloyd 1989). In this
study, glyphosate had a variable effect, ranging
from low to high damage, on two important wild-
life forage species, red-osier dogwood and willow.
However, late August/early September applications
of glyphosate caused slight to moderate initial im-
pact, and increased lateral and basal sprouting,
which may have increased the available browse
from these two species.

Monitoring requirements

The use of herbicides for habitat management is

still experimental, and because of considerable

variability in their use and impacts, the monitoring
of results must be given a high priority. The vari-
ability referred to depends upon the type and
amount of herbicide used, the weather conditions
around the time of application, the amount and
evenness of the herbicide reaching the individual
plants, the method of herbicide application (e.g.,
aerial or hack and squirt), the physiological re-
sponse by each plant species to the herbicide, the
phenology and the vigour of the actual plants being
treated, and the effects on non-target biota of the
application and residual derivative.
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Pre-application — Pre-treatment assessment
requires full identification of specific enhance-
ment objectives and the development of a sampling
strategy.

The standard multiplot sampling system should
be used wherever feasible to increase reliability of
results. In any event, a minimum of one plot per
ecosystem unit is essential, as is a “control” area, a
representative portion of the general treatment area
excluded from treatment.

In conjunction with the pre-treatment sampling,
the vegetation assessment should involve most spe-
cies groups present (e.g., trees, shrubs, grasses,
forbs). Also, as part of the vegetation assessment, a
few researchers select some key individual plants
and tag them for specific post-treatment evaluation.

Application — Immediately after the area has
been sprayed, record specific details of the herbi-
cide application, as variations in the application
can alter the effectiveness of a herbicide.

Post-application — Monitor the vegetation the
year after treatment and again 2-5 years after treat-
ment. Any tagged plants will require a specific
evaluation.
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2.5 Seeding and Planting
Definition

Seeding and planting are methods of establishing
or re-establishing plant species (grasses, forbs,
shrubs, or trees) by distributing seed or transplant-
ing seedlings.

Purpose and objectives

The techniques of seeding and planting are used
for stocking or re-stocking disturbed habitat for
one or more of these specific objectives:

* To increase wildlife or cattle forage quality,
quantity, or availability.

¢ To control weeds.

e« To improve cover for wildlife, particularly
nesting cover for birds.

«  To control erosion on disturbed soils.

« To prepare site for establishment of native '

species (nurse crop seeding).
e To rehabilitate overgrazed grasslands.
*  To improve the aesthetics of an area.
» To alter animal distribution.

As seeding and planting are relatively expen-
sive enhancement techniques, they should not be
used as a substitute for proper vegetation manage-
ment or natural regeneration. Where it becomes
necessary to seed or plant to introduce or restore a
species to an area, carefully consider site selection,
site preparation, planting depth, and soil moisture.

Scope of application

Seeding and/or planting are used by a number of
different agencies and individuals in British Co-
lumbia: the Ministry of Forests uses grass seeding
to improve forage production and to control ero-
sion on cutblocks, landings, or roadsides after
burning or other disturbance; the Ministry of Envi-
ronment, Lands and Parks promotes the use of
native grass and shrub seeding and shrub planting
to improve forage and habitat for wildlife; the Min-
istry of Agriculture, Fisheries and Food assists in
the selection of grass seed mixtures in their range
extension programs; the Ministry of Transportation
and Highways uses grass seeding to control ero-
sion and beautify highway rights-of-way; the
Ministry of Energy, Mines and Petroleum
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Resources uses or assists in seeding and planting
as part of their reclamation program; British Co-
lumbia Hydro and Power Authority uses grass
seeding for erosion control and vegetation manage-
ment; and many ranchers in British Columbia use
grass seeding in wetlands or on other rangeland to
improve cattle forage.

Monitoring requirements

Pre-seeding and planting — Pre-treatment as-
sessment should include an examination of
precipitation patterns in the area, soils, and present
vegetation cover. Information on these parameters
aids in determining whether or not seeding or plant-
ing should be done, which species should be planted,
and if any site preparation needs to be done.

The minimum level of pre-treatment monitor-
ing required uses reconnaissance-level vegetation
plots. If time permits, however, establish vegeta-
tion macroplots and photoplots in the proposed
treatment area. Depending on objectives, consider
establishing a control (untreated) area or control
plots in a portion of the general treatment area.

Seeding and planting — 1If site preparation is
done before seeding or planting, assess it by using
the procedures discussed under tillage and scari-
fication, herbicides, or prescribed burning,
whichever technique is utilized.

Record information on the seed or seedling
source, the species mix, the pure live seed content,
the condition of seedlings (flushed or not flushed),
the height of seedling stock, the seeding rate (kg/
hectares) or the density of planting (stems/
hectares), the seeding or planting technique, and
the weather (wind speed, temperature, precipita-
tion) at the time of planting.

Post-seeding and planting — Assess the suc-
cess of seeding or planting at intervals determined
by individual project objectives. Assess projects
one year after treatment, and make additional as-
sessments two to three years after. An assess-
ment includes re-visiting established vegetation
macroplots and photoplots to assess species com-
position and forage production. Where browse
species have been transplanted, measure the
number of live stems per hectare. Where animal
use or damage of the plantation occurs, complete a
forage utilization form.
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2.6 Tillage and Scarification

Definitions

Tillage is the process of mechanical penetration of
the soil surface to prepare seed and root beds (Soil
Conservation Society of America 1976). Scarifica-
tion is the process of abrading, scratching or
modifying the soil surface (Soil Conservation Soci-
ety of America 1976). Scarification consists of
removing or mixing the organic layer with mineral
soil by mechanical action.

Purpose and objectives

Tillage and scarification are most commonly used
on forestland in British Columbia to improve site
conditions for the re-establishment of crop trees af-
ter logging. Both aim to improve seedbed
conditions for the re-establishment of either crop
trees or forage species.

The specific objectives of tillage are to:

e Break a sod or compact soil.

e Turn under vegetative material and residues.

* Kill competing vegetation.

* Loosen the top 20 to 30 cm of the soil profile.
e Incorporate organic matter.

The objectives of scarification are to:

» Expose mineral soil to provide an adequate
seedbed for conifer regeneration or forage
seeding establishment.

»  Promote conifer seed shed and distribution by
crushing and dispersing slash and by exposing
the cones to direct sunlight, which' increases
cone temperature.

¢ Improve soil moisture conditions for conifers
or forage species through removal of compet-

- ing vegetation.

Tillage and scarification can be used directly as
habitat enhancement techniques for wildlife and
livestock where sites have been depleted of native
forage species. Under these circumstances, the pri-
mary purposes of tillage and scarification are to:

¢ Provide adequate mineral soil exposure to
promote germination and to establish desirable
native or domestic forage plants.
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* Improve soil water relations.

* Remove vegetation that may compete with
the desired forage species either planted or
naturally regenerated (Vallentine 1971).

Scope of application

From 1992 to 1993, approximately 88 672 hectares
of forestland in British Columbia were mechani-
cally treated for natural restocking and planting on
Crown land. Concurrently, approximately 1278
hectares of disturbed forestland and 6459 hectares
of grassland were seeded to domestic forages for
livestock (British Columbia Ministry of Forests
1994). - :

Quantitative guidelines, which recommend the
amount of exposed mineral soil required to achieve
prescribed densities of domestic species, are not
available for some vegetation types and soils in
British Columbia. Recommendations for tillage
and scarification are based largely on those found
in agricultural literature and on practical experi-
ence in British Columbia and adjacent U.S. states.

In British Columbia, little research on the sec-
ondary effects of tillage and scarification on forage
conditions for wildlife and livestock has been con-
ducted. Perhaps the most significant impacts of
these techniques on ungulate use is the temporary
loss of forage value on treated sites. Over a longer
period, however, the secondary effects of these site
preparation methods are not well understood. In-
deed, von Schuckmann (1986) postulated that
mechanical methods to control brush generally
have either no effect, or they result in vigorous
resprouting of deciduous species, which increases
available forage. Moreover, these techniques may' -
enhance forage production for both domestic live-
stock and wildlife by altering the species
composition and productivity of the understorey
vegetation. Conversely, suppression of competing
vegetation for crop trees may reduce the suitability
of some sites for many wildlife species, because
herbs and shrubs that compete with trees are often
desirable forage species.

Adequately prepared soils are essential for suc-
cessful seeding on grassland or on forest habitats.
On semi-arid grasslands, seedings often fail be-
cause of:

* Insufficient moisture.
* High temperature.
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e High evaporation rates.

*  Wind damage to seedlings.

e  Slow growth during the seedling stage.

e Frost heaving.

¢ Competition from
(Vallentine 1971).

other plant species

Also, seedling growth is impeded by the
compaction of landings, skidtrails, and logging
roads that restrict water penetration and infiltration
(Nordstrom 1984). Moreover, scarified sites can be
commonly nutrient deficient in situations where
the topsoil is removed and not replaced (Mitchell
1982).

Besides the amount of mineral soil exposed, an
ideal seedbed for grassland or forest seedings
should be:

e  Very firm below the seeding depth.

*  Well pulverized and loose textured.

* Not cloddy or puddled.

*  Free from live, resident plant competition.

» Free from seed of competitive species.

e Moderately supplied with mulch on the soil
surface (Vallentine 1971).

These requirements may vary among sites de-
pending upon the type of soil and vegetation.

Monitoring requirements

Pre-tillage/Scarification — Collect data on
percent cover by species, production of key
understorey forage species, and vigour of key spe-
cies before the treatment is applied. Additional
data, such as the number and classification of
snags, a measure of coarse woody debris, and the
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thickness of the organic layer may also be
recorded.

Tillage/Scarification — The principal require-~
ment in monitoring tillage and scarification is an
assessment of the mineral soil exposed after treat-
ment and the condition of the seedbed. The amount
of mineral soil exposed can be visually estimated
using the comparison charts. Detailed sampling for
scarification is described in the section on Seeding
and Planting (see section 4.10.6, item 34). No as-
sessment of seedbed conditions or mineral soil
exposure is required if the primary objective of the
tillage or scarification treatment is to provide a
seedbed for conifer regeneration and no subsequent
seeding or planting is intended. However, a de-
tailed assessment of soil erodibility may be
required.

Other attributes, such as percent cover by spe-
cies, forage production, spatial distribution of
plants or species groups, and plant vigour may be
collected to determine the direct effects of scarifi-
cation on natural regeneration of key species for
wildlife or domestic livestock.

Post-tillage/Scarification — Post-treatment
monitoring should re-sample all attributes meas-
ured before tillage or scarification, including
percent cover by species, forage production,
spatial distribution of plant or species groups, and
plant vigour. Once again, additional information
may be recorded on the number and classification
of snags, a measure of coarse woody dcbris, and
thickness of the organic layer, particularly if
these data were collected before the treatment was
applied.
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2.7 Fertilizer Application
Definition

Fertilization is the application of organic or inor-
ganic chemicals or manure sludge to enhance the
natural levels of soil nutrients available for plant
growth. '

Purpose and objectives

Fertilization aims to improve the nutrient
environment for each plant on a particular soil
and within the constraints of local weather and
other site characteristics. Most often the objectives
of fertilization on rangeland and wildlife habitat
are to:

» Increase seasonal or total forage production.

« Improve the nutritional quality of forage.

* Improve forage palatability.

e Alter animal distribution.

« Enhance seedling establishment.

e Alter vegetation composition.

* Rehabilitate depleted areas.

¢ Increase animal gain or gain per unit area
(Heady 1975).

Scope of application

Fertilization, as a forest and habitat improvement
technique, is not widespread in British Columbia.
Intensive forest management probably accounts for
most of the fertilizer application on Crown land.
Although only 3242 hectares of Crown forest land
were fertilized by the Ministry of Forests in 1992-
1993, the provincial total was 7829 hectares when
all funding sources are included (B.C. Ministry of
Forests 1994).

Addition of fertilizers to natural ecosystems
can provide significant biological benefits to
wildlife and domestic livestock under some cir-
cumstances. However, adverse impacts on some
plants, animals, and aquatic ecosystems can also
occur. Several factors affect the biological success
of fertilization on rangeland and wildlife habitat.
Undoubtedly, the most important single factor is
the interaction between effective soil moisture and
soil fertility. Other factors include the soil type, the
growth habit of plant species, the fertilizer rates
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and types, the season of fertilizer application, and
the means by which the fertilizer was applied
(Heady 1975).

Research on fertilization in British Columbia
has produced variable results. Nitrogen fertilizers
have enhanced forage quality and increased pro-
duction for up to 10 years or longer on 'some
grassland types, but yield responses have varied
among sites and years. On forested sites, forage
production and quality were only improved for 2-4
years depending on the soil type, soil texture, or-
ganic matter content of the soil, and the length of
growing season (Nordstrom 1984).

Monitoring requirements

In monitoring fertilizer application, the attributes
of greatest interest are:

Forage and/or browse production.
» Frequency, cover, and density of plant species.
»  Forage quality per unit area of individual species.

Carefully consider the need for forage quality
assessment in an operational monitoring program
because the analysis of samples is time-consuming
and expensive.

Secondary attributes that can be measured
include:

¢ Plant 'vigour.

¢ Seed production and germination.
*  Plant basal area.

* Changes in soil nutrient regime.

Additional measurements, such as the extent of
browsing on conifer laterals and terminal shoots,
and physical damage on crop trees should be con-
sidered when fertilizers are applied in areas where
forests are regenerating.

Pre-fertilization — Before fertilizers are ap-
plied, a soil test is recommended to determine the
inherent levels of specific nutrients on the site.
These values provide the baseline information
needed to prescribe the rate and type of fertilizer
required.

Pre-fertilizer assessment of forage production,
vegetative species composition, forage quality,
plant vigour, seed production and germination, and
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plant basal area for key forage species can be col-
lected as required.

Fertilization — Visually estimate the applica-
tion rate and uniformity of spread when the
fertilizer is applied. Record weather conditions
such as precipitation, wind speed and direction,
relative humidity and soil surface conditions.

Post-fertilization — Repeat the pre-fertiliza-
tion vegetation measurements on the sampled
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macroplots. Similarly, take conifer measurements
on the same trees sampled before the fertilizer was
applied. If information is required on the rate of

loss of the applied nutrients, collect additional soil

samples annually using the same procedures as in
the pre-fertilization assessment. The methods out-
lined for the assessment of herbicide application on
selected key shrub species (see section 4.7.5)
should work for fertilizer application, if measure-
ments of increased growth were made on tagged
plants, including controls, over a period of time.
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2.8 Water Level Manipulation
Definition

Water-level manipulation is the control of water
levels in wetlands, lakes, or reservoirs to achieve
specific vegetation management goals. The princi-
ple of the technique is that plant species vary in
their tolerance and adaptability to the soil condi-
tions of low oxygen and low aeration caused by
water saturation. Different flood and drawdown re-
gimes result in different water levels, and favour
different species.

Purpose and objectives

Water levels are usually manipulated for flood con-
trol, reservoir creation, or agricultural irrigation.
Vegetation management in the flood/drawdown
zone is generally a secondary concern.

As a vegetation management tool, water-level
manipulation can be used to achieve some of these
objectives:

A. Selection of suitable flood/drawdown regimes
to encourage the production of target wildlife
plant species, such as shrubs, for ungulate
browse, and non-shrub species for the provi-
sion of food, cover and nesting sites for many
bird species.

B. Encouragement of plant growth on lake or res-
ervoir margins for erosion control or bank

stability.

C. Encouragement of plant growth in flood/
drawdown zones for aesthetic values.

Scope of application

Water-level manipulation is carried out in
British Columbia by a number of organizations and
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individuals for a variety of purposes: British
Columbia Hydro and Power Authority builds dams
and creates reservoirs for hydroelectric power gen-
eration; Ducks Unlimited of Canada undertakes
projects that impound water for creating or im-
proving waterfowl habitat; and ranchers flood
irrigate to produce hay crops.

Water-level manipulation can be most readily
achieved on small-scale, water impoundment
projects, e.g., those undertaken for waterfowl en-
hancement, where the length and time of
drawdowns can be more easily controlled.

Monitoring requirements

Pre-water level manipulation — Sample veg-
etation for species composition on proposed
flooding margins. Depending on the target species
and the timing and duration of flooding, the nature
and extent of plant response to conditions of flood
and drought must be monitored. Monitoring re-
quirements should also address effects on organic
terrain and aquatic ecosystems.

Also, in this margin, establish modified
photoplot(s). Photos should be taken from a dry-
land location no further than about 20 m from the
plot centre. Record and mark the spot from which
the photo is taken. Place a graduated stake, from
which water depth could be determined, in the plot
centre.

Flooding/Drawdown — Each year revisit the
modified photoplot(s) during flooding and
drawdown stages to obtain a record of water levels.
Record the dates of flooding and drawdown, if pos-
sible.

Post-assessment — Vegetation responses to
changes in soil moisture and soil oxygen can take
several years to occur. Therefore, re-sample veg-
etation plots and photoplots 2-3 years after a
flooding/drawdown regime has been initiated.
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