
FIRE-ECOLOGICAL RELATIONSHIPS FOR THE
BIOGEOCLIMATIC ZONES OF THE NORTHERN

PORTION OF THE MACKENZIE TIMBER SUPPLY AREA

NORTHERN FIRE ECOLOGY PROJECT

John Parminter
Protection Branch
Ministry of Forests
1450 Government Street
Victoria, B.C. V8W 3E7

March 1984



ABSTRACT

Detailed information related to the fire-ecological relationships of
British Columbia's boreal and central northern forests has not been available

in the past. The extensive nature of the resource and the prevalence of
forest fires necessitates examination of basic ecological processes.

The northern portion of the Mackenzie Timber Supply Area contains a

variety of terrain and vegetative cover types. The majority of the forests of

the area have developed under a lightning-maintained regime of periodic forest
fires and much of the vegetation is in some way adapted to post-fire recovery.

Within a framework defined by the biogeoclimatic zones of the area the

post-fire successional development sequences for the major vegetative cover

types are described. Given a knowledge of ecosystem characteristics,

productivity levels, and response to fire, land managers can then consider the

desired land management objectives to develop land and fire management plans.
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PREFACE

The purpose of this report is to describe the fire-ecological

relationships of the vegetation types in the northern Mackenzie Timber Supply

Area (TSA) within a framework defined by the biogeoclimatic zones. Companion

documents to accompany this report are those describing the biogeoclimatic

zones; a summary report detailing the post-fire vegetation succession pathway

diagrams; and associated maps.

Initially the results obtained will permit more ecologically informed

decision-making in the north with respect to forestry practices and fire

management. In the long run more detailed and site specific fire management

plans could be developed as the fire ecology and vegetation ecology

information first provided is added to, refined, subjected to scrutiny in the

light of real time fire management situations, and related to forest land

management goals and objectives.

While all resources will be considered in the long run, the project is

initially timber oriented. However, the baseline data collected can also be

utilized by other agencies to provide interpretations for considerations such

as wildlife habitat requirements or prescribed fire application.

Time A the continuous Loop, the snakeskin with scales
endlessly overlapping without beginning or end, or time is
an ascending spiral if you will, like a child's toy Slinky.
0f course we have no idea which aria on the Loop is our time,
Let alone where the Loop itself i4, so to speak, or down
whose lofty flight of stairs the Slinky so uncannily walks.

The power we seek, too, seems to be a continuous Loop.
I have always been sympathetic with the early notion of a
divine power that exists in a particular place, or that

travels about over the face of the earth as a man might
wanders - and when he is "there" he is surely not here.
You can shake the hand of a man you meet in the woods; but
the spirit seems to roll along like the mythical hoop snake
with its tail in its mouth. There arse no hands to shake or
edges to untie. It rolls along the mountain ridges like a

fireball, shooting off a spray of spanks at random, and will
not be Chapped, slowed, grasped, fetched, peeled, or aimed.
...This is the hoop o6 game that shoots the rapids in the
creek or spins across the dizzy meadows; this is the arsonist
of the sunny woods: catch it if you can.

Annie Dillard: Pilgrim at Tinker Creek.
1974. Bantam Books, New York.
p. 77. 	 279 pp.



I. INTRODUCTION

The historical prevalence of fire in the boreal forest of North America
has been well documented over the past 25 years. Fire ecology studies have

been carried out from Alaska (Lutz 1955) to Ontario (Methven et al. 1975,
Methven 1977) and Quebec (Van Wagner and Methven 1978). Summary papers on the

role of fire in the boreal forest have also been published (Kayll 1968, Rowe
and Scotter 1973, Kelsall et al. 1977, Viereck and Schandelmeier 1980).

Prior to the arrival of man (especially European man) in the boreal

forest, the natural fire regime was maintained by lightning. While man-caused

fires are now more numerous, lightning fires account for a disproportionately

large segment of the total area burned. These lightning-caused fires range in

size from spot fires, to tens or hundreds of hectares, and up to hundreds of

thousands of hectares. The variation is in response to factors such as

topography, fire weather (before and during the fire), and fuel
characteristics (type, amount, and continuity).

Hazardous fire weather conditions are encouraged by lengthy summer days
which result in long diurnal drying periods as well as by extended periods of

low precipitation and relative humidity. The forest stands themselves are
often highly flammable due to an abundance of flammable lichens (e.g. Cladina 

spp.)*, mosses, and surface vegetation (e.g. Labrador tea); and dense tree

crowns extending to the forest floor (e.g. black spruce). The regional

climate as well retards the decomposition of fuels (Miller 1976).

Physical evidence of fire in the boreal forest is found in the form of

charcoal deposits in the humus and soil profiles; fire scarred trees and

charred snags; as well as in the mosaic character of the forest stands, their

age structure, and the morphological and reproductive characteristics of the

plant species present (Rowe and Scotter 1973). The forest mosaic may take on

the appearance of a patchwork quilt, with each unit being sharply

differentiated by abrupt changes in tree species composition and crown

*Common and scientific names for vegetation species are given in Appendix I.



heights. Within each component the stand structure and composition may be

remarkably uniform (Dix and Swan 1971).

This mosaic can appear to be a simple pattern of monotonously recurring

vegetation types. In fact, it is complex and is the result of a low number of
species responding to combinations of:

...(l) topography, microtopography, climate, microclimate, river
meanderings and floodings, varying occurrence and depths of occurrence of
permafrost, depths of organic matter, and fires of variable frequency,
intensity, and seasonality; (2) their own variations in productive
capacity, reproductive abilities and strategies, and distributional
patterns; and (3) chance. (Neiland and Viereck 1977).

The repetition of relatively simple communities over the landscape results in

low within-site diversity but a high between-site diversity. Fire continually

creates between-site diversity by renewing the spatial mosaic of community

types and age classes (Rowe 1979).

II. NEED FOR THE STUDY

The investigations previously described have conclusively documented the
important role that fire has historically played in renewing forest stands and

initiating secondary successional processes. Conspicuously absent, however,

has been a systematic study of fire-ecological relationships in the boreal

forest of northern British Columbia. Without such a study it would be

impossible to ascertain what proportion of the established literature is

pertinent to British Columbia and if there are situations unique to the study

area which have not been previously described.

The rational and effective use of wildland and prescribed fire to fulfil

the objectives of land management is predicated upon a knowledge of historical

fire regimes and fire effects in various forested and non-forested ecosystems.
This information is especially needed in northern British Columbia where fire

suppression costs are high, the annual area burned is often large, and the

value of most of the timber resource is relatively low.



In recognition of these factors, the Northern Fire Ecology Project was

initiated to investigate the ecology of fire in the lands roughly above

57o N latitude in the Fort Nelson, Cassiar, and northern Mackenzie Timber
Supply Areas of the Prince George and Prince Rupert Forest Regions

(see Figure 1). Historically, decisions have been made to suppress or not
suppress these fires in spite of the lack of a detailed understanding of fire

ecology in the northern forests.
Given the availability of fire-ecological knowledge certain applications

are then possible. A determination of fire effects in specific vegetation

types will permit more ecologically-informed fire suppression decisions and

prescribed burning activities. Stratification of vegetative cover within and

between biogeoclimatic zones and subzones based on desired or undesired fire
effects in relation to predetermined land management objectives will permit

both a priorization of the allocation of limited fire suppression resources
(manpower and materials) and a more effective application of prescribed fire.

Additionally, the impact of fire on the timber supply through destruction of
existing forest cover and post-fire regeneration delay can be accounted for

and incorporated into the Timber Supply Area analyses being carried out to

assess the short- and long-term timber supply.

III. OBJECTIVES

The ultimate goal of the project is to establish an ecological basis for

fire management activities in northern British Columbia based on a knowledge

of fire-ecological relationships within specific ecosystem types. This will

permit the development of fire management policies, guidelines, and procedures

which support multiple resource management objectives and recognize the

historical relationships between fire and the existing vegetation. The

fire-ecological component of the project therefore provides needed information

which will be incorporated into the overall fire and land management planning

process.
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Figure 1. Cassiar, Mackenzie, and Fort Nelson TSA's.



The Northern Fire Ecology Project is a co-operative venture of the

Protection and Research Branches of the British Columbia Ministry of Forests,

and the Canadian Forestry Service's Pacific Forest Research Centre and
Petawawa National Forestry Institute. Fieldwork in 1981 was carried out in

the northern portion of the Mackenzie TSA in the central northern interior of

the province. The objectives were as follows:

1)to delineate and describe the biogeoclimatic zones and subzones of
the northern portion of the TSA using standard 'reconnaissance
level' procedures in use by the Research Branch of the Ministry
of Forests,

2)to develop a sampling methodology to be employed in the
fire-ecological portion of the project,

3)to use the developed methodology to sample a wide range of sites
and times since fire within a framework defined by the
biogeoclimatic zonation,

4)to produce a set of written reports describing
-the biogeoclimatic zones of the northern portion of the TSA
-the determined fire-ecological relationships, with an emphasis
on post-fire vegetation succession, and

5) to produce a series of fire management decision-making aids based
on possible post-fire vegetation successional pathways.

This report fulfils and reports upon sections (2), (3), and the second

part of (4) from the list above. Reports on the other aspects of the study

are available separately.

IV. AREA DESCRIPTION

The Mackenzie TSA is located in the central northern part of the
province. It is bounded on the east by the Peace TSA, the northeast by the

Fort Nelson TSA, the northwest by the Cassiar TSA, and on the west and south

by the Prince George TSA. The northern portion alone rather than the entire

TSA was studied as the former area lacks an established significant
transportation network, has as yet seen little forest utilization, and is

geographically and ecologically similar to the other TSA's studied in the

project. The study area covers about 2 729 100 ha and is shown in Figure 2.



Figure 2. Northern Mackenzie TSA.



Other than local access roads to mining properties, forest operations at
the southern boundary of the study area, and around communities, the northern

portion of the Mackenzie TSA lacks a road network. The Finlay and Ingenika

rivers and their major tributaries are used for water-borne transport and

there are airstrips at Ingenika and Ware. Many of the lakes are also
accessible by float-equipped aircraft.

A. Physiography

By Holland's (1976) definitions the northern portion of the Mackenzie TSA

falls into the Rocky, Omineca, and Skeena mountains; Stikine Plateau; and

Rocky Mountain Trench physiographic subdivisions. These subdivisions are

shown in Figure 3. The area is drained to the Arctic Ocean through the Peace

- Mackenzie River watershed with the Finlay and Ingenika rivers (and their

tributaries) being the only river systems present.

The study area is essentially mountainous and contains some upper
elevation plateau landscapes in the vicinity of Thutade Lake where an

extension of the Spatsizi Plateau enters from the northwest. A prominent

feature is the Rocky Mountain Trench occupied by the Finlay Reach of the

Williston Lake impoundment as well as the Finlay and Fox rivers.

Elevations range from a minimum of 640 m at the level of the Williston

Lake reservoir to about 3 048 m at the summit of Mt. Lloyd George in the

Muskwa Ranges of the Rocky Mountains. The lower reaches of the Ingenika and

Finlay rivers range from 670 to 800 m, their tributaries generally run from

800 to 1 000 m with the uppermost perennial streams occupying valleys from

1 000 to 1 500 m. The summits of the majority of the mountain ranges peak at

between 1 900 and 2 300 m, with the Rocky Mountains being somewhat higher.

B. Climate

By Köppen's classification the climate of the study area ranges from Dfc

[microthermal cold continental humid submontane to montane boreal forest

(taiga)] to ET, alpine tundra [pseudo Arctic] (Krajina 1969). Precipitation
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and temperature data from the period 1951-1980 for two weather stations within

the study area are given next (Atmospheric Environment Service 1981):

Mean Daily Temperature (°C) 	 Precipitation
JANUARY 	 JULY 	 TOTAL ANNUAL (mm) 	 SNOWFALL (cm)

Ingenika Point -17.8 14.7 503.3 184.3
Ware -19.9 13.6 493.2 186.5

Average daily temperatures are below freezing for both stations between
November and March and snowfall has been recorded for all months but June,

July, and August.

C. Soil

On the plateaus and adjacent uplands frost plays an important part in soil

formation due to the prevailing very cold subarctic climate (Young and Alley

1978). Periglacial processes are active and have produced an area where the
soils are often pedogenically young. Slope and aspect determine the degree of

solar heating and cold air drainage in the broad upland valley floors is

common - these factors and others influence the occurrence of periglacial

features. Variations in bedrock geology can also influence the texture and

nutrient status of the soils which subsequently develop.

The study area contains four major soil orders (Canada Soil Survey

Committee, Subcommittee on Soil Classification 1978). These are the regosol,

brunisol, luvisol, and gleysol - summarized as follows (Valentine and

Lavkulich 1978):

regosol - these soils are weakly developed as a consequence of
youthfulness, instability, or the nature of the material and local
climate. They are often found on river alluvium or where geomorphic
processes such as mass movements are constantly altering the soil
structure, as at upper elevations on steep slopes.

brunisol - brunisols have experienced moderate development from the
original parent material and are considered to be transitional from
young soils to other types. Physical, chemical, and biological
weathering has transformed the morphology of the parent material but
no significant translocations or transformations have taken place.
Soil weathering may be restricted by long winters and low
temperatures; may result from the coarse texture of the materials; or
be a function of the youthfulness of the parent material.
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luvisol - luvisols have experienced more leaching of soil constituents and
weathering than brunisols and have a clay-rich B horizon where these
fine materials have accumulated. If the clayey layer is developed
enough it may restrict root and water penetration.

gleysol - these soils are subject to periodic or prolonged saturation
with water primarily as a function of topography, parent material,
high water tables, or impermeable soil layers. When not water
saturated gleysols may be well aerated and supporting aerobic
weathering processes.

Minor quantities of organic soils also occur. The soils of the study area had
not been systematically surveyed nor had any special studies been carried out

in recent times prior to the Northern Fire Ecology Project.

D. Vegetation

In general terms the vegetation present on a site reflects that site's
relief, parent material, climate, organisms, and time of development (Annas

and Coupe 1979). Fire plays such an important role in the boreal forest that

the type (e.g. surface or crown), intensity (amount of energy released),

severity (overall effect of fire on the ecosystem), frequency (number of fires

per unit time on a particular site), and time since the last fire have a

significant bearing on the vegetational composition of most sites. This is

also true for the upper elevation forests of the Spruce - Willow - Birch

Biogeoclimatic Zone and the Engelmann Spruce - Subalpine Fir Biogeoclimatic

Zone. However the time interval between successive fires on a given site are
longer in these latter zones.

The forest tree species present in the study area are subalpine fir, white

spruce, black spruce, lodgepole pine, and trembling aspen. Some willow

species such as Scouler willow may reach tree size.

By Rowe's (1972) classification the northern Mackenzie TSA falls within

the Subalpine Forest Region, consisting of the Interior Subalpine (SA.2)

Forest Section. After Krajina (1965, 1972) the study area is in the Boreal

White and Black Spruce (BWBS), Spruce - Willow - Birch (SWB), Sub-Boreal
Spruce (SBS), Engelmann Spruce - Subalpine Fir (ESSF), and Alpine Tundra (AT)

Biogeoclimatic Zones, as shown in Farley (1977).



The biogeoclimatic description is based on the prevailing regional

macroclimate and broad characteristics of the vegetation present on zonal

sites - those which are intermediate in soil texture, possess a medium or

mesic moisture regime, and a medium or mesotrophic nutrient regime. A
biogeoclimatic subzone has a distinct climatic climax or zonal ecosystem and

is influenced by one regional climate. The biogeoclimatic zone consists of a

grouping of subzones, covers a large geographic area, and is subject to a

broadly homogenous macroclimate. These zones are named for the climatic

climax communities on the zonal sites, which may or may not be an indication

of the existing vegetative cover.

The BWBS zone is the most diverse of the two most extensive zones (BWBS
and SWB) and contains a variety of vegetative types. For the purposes of

examination of the fire-ecological aspects of the project, these types were

broadly grouped into two major cover types: lodgepole pine - white spruce -

subalpine fir, and trembling aspen - lodgepole pine - black spruce - white
spruce. These species are listed generally in order of increasing shade

tolerance rather than abundance, which is variable. The species at the

beginning of the lists are seral and will give way to the latter species which

will form the climax communities. These are considered to consist largely of

white or black spruce and/or subalpine fir, depending upon site conditions and
history.

The SWB zone is characterized by white spruce, various willows, and bog
birch. Upland balsam poplar, lodgepole pine, trembling aspen, subalpine fir,

and black spruce may also be present in varying proportions depending on the

site characteristics. The climax community consists of an open white spruce

(and usually subalpine fir) forest with an understory of willows and bog birch.

The AT zone by definition contains little or no forest cover and is

therefore of minor importance to this study. No fire ecology plots were
established in this zone.
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E. Wildlife

The Mackenzie TSA contains a wide variety of wildlife species. These

range from small insectivorous mammals to large ungulates. Trapping and

hunting are important segments of the local economy and thus the following
species are of special importance: American beaver, muskrat, coyote, wolf, red

fox, American black bear, Grizzly bear, marten, fisher, short-tailed weasel,
wolverine, mule deer, American moose, Osborn caribou, mountain goat, and Stone

sheep (Cowan and Guiguet 1973). A list of indigenous mammals is given in

Appendix I.

Fire has been an important factor in determining the vegetative

composition of the landscape and thus the type, quantity, and distribution of

wildlife habitat. Prescribed burning for the promotion of desired wildlife
habitat has been carried out in many parts of the northern forests of B.C. but

has been less frequently employed in the Mackenzie TSA.

F.Fire History

The Ministry of Forests Protection Branch's Fire Atlas contains a record

of all fires known to have occurred in the Mackenzie TSA against which some

action was taken and an expenditure occasioned as well as other known fires.
The record cannot be considered complete as it dates only from 1942 and even

then some fires may have burned and extinguished themselves undetected by man.

Man-caused fires are common adjacent to favoured travel routes (the

established trails and major river systems such as the Finlay and Ingenika).

Lightning-caused fires have occurred over the entire northern section of the

TSA for the period of record and are distributed more or less evenly. The

pattern of fires by cause is shown in Figure 4.

An analysis of the records for the study area from 1950 to 1982 revealed a

total of 242 known fires. In Tables 1 and 2 these fires are broken down by

size, cause, and temporal distribution. The data were obtained from the

Ministry of Forests Protection Branch computer data base defined by Region

77. This approximates the study area but includes the Ospika River watershed
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as well as the slopes to the height of land on the west side of the Williston

Lake reservoir south to the vicinity of the Ospika River mouth. As this is

marginally larger than the area studied in this project the figures below are

slightly different than what would be obtained for an analysis based on the

true boundaries. Due to the structure of the data base the following

information is as close as one can get to the study area's true values.

Table 1. Number of fires by general cause,
for the period 1950 - 1982.

General cause Number of
fires

Total area
burned (ha)

Average fire
size (ha)

Lightning 128 164 298 1 284
Recreation 45 26 421 587
Railroads 0 0 0
Logging 12 238 20
R/W Construction 0 0 0
Industrial Operations 5 4 498 900
Land Clearing 9 17 2
Miscellaneous Known* 40 923 23
Unknown 3 1 0.3

TOTAL 242 196 396 811

*exact cause undetermined

Table 2. Number of fires per month by general cause,
for the period 1950 - 1982.

Month Number of fires
Lightning 	 Misc. known Recreation

April 0 1 1
May 5 17 14
June 25 3 7
July 56 8 9
August 41 11 8
September 1 4 0
October 0 0 1

TOTAL 128 49 45
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The miscellaneous known category may also include range burning fires but

is not all-inclusive as some fires against which no action was taken are
possibly not in the record. Similarly, lightning fires which burned

undetected and extinguished themselves naturally may also be missing. A

general trend is usually evident and indicates May as the peak month for
miscellaneous known and recreational fires and July for lightning fires.

The annual area burned has fluctuated from a high of 49 570 ha in 1961 to

a low of zero in both 1951 and 1954 for the period from 1950 to 1982

inclusive, as shown in Figure 5. The average annual area burned has been
5 950 ha. Total fire fighting costs have ranged from a low of $0 in 1950,

1953, and 1954 to a high of $2,126,743 in 1970, also shown in Figure 5. The

fire seasons of 1981 and 1971 were also significant, with totals of $1,422,756

and $544,194 respectively being spent. The average area burned per fire for

this period has been 811 ha, with the average total annual fire fighting costs

amounting to $203,537, or $27,755 per fire for the entire period (all values
are in 1982 dollars).

As previously mentioned, the historical evidence of the role of fire in
the forests of the TSA is very strong, based not only on the written records

but also on physical evidence such as the mosaic nature of the forest stands,

their age structure, and the presence of charcoal in the humus layer and soil

profile. The influence of fire showed up very strongly on the majority of the

landscape and, as expected, areas of fire-origin stands were found that were

not recorded. These fires pre-dated the arrival of modern man and his land

management activities and record keeping.

In a few instances live fire-scarred trees were located and sampled. Some

of these trees were found in remnant stands at the perimeter of burns and

could therefore be used to date the burn itself, or to confirm the date of

known fires. Other fire-scarred trees were found in areas subjected to

understory fires and provided dates of these fires as far back as 1842. Dates
of establishment of fire-initiated stands provided an indication of fires as

early as 1646. Specific fire histories are described in later sections.
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V. METHODS

As the main purpose of this work is to describe the range of potential

post-fire vegetation successional pathways, the field sampling methodology was

developed to collect reconnaissance level information on basic site

characteristics; pre-fire vegetation; fire behaviour and effects; and

post-fire vegetation. Ideally one would hope to have a pre-fire inventory of

the site with respect to all abiotic and biotic factors, observations on fire

behaviour, measurements of fire intensity, and detailed post-fire assessments

of fire effects on the site. This would be followed by periodic re-sampling

to describe the development of all abiotic and biotic site components up to

maturation of the community or the time of next disturbance.

Practical limitations ruled out the long term repeated sampling of

specific sites and therefore alternative strategies were employed. As a

result, a range of ecosystems was examined in the northern part of the

Mackenzie TSA and within similar ecosystems a post-fire vegetational
development sequence was identified by sampling at different points along the

successional time sequence, from recently burned to mature stands.

Stickney (1980) discussed the limitations of such studies of forest

succession, which have

...been reconstructions of community change derived by sampling forest
stands of different ages. This approach is a synthetic one that describes
forest succession as it is perceived to be, rather than as it is observed
to occur. The inherent variability between sites (stands) combined with
the fragmentary record of succession time (stand ages) permits only the
most generalized characterization of secondary forest succession.
Additionally, the lack of a continuous record of change in composition
prevents recognition of species development patterns within the succession.

However, the variations within similar ecosystem associations will be less

than the variations between dissimilar ecosystem associations (Klinka et al.

1979) and therefore the confounding effects can be accounted for by
interpolations and interpretations. These limitations are recognized and

accepted within the framework of the Northern Fire Ecology Project.
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Prior to the commencement of fieldwork a list of all burns greater than

2 000 ha in area was assembled, based on the available fire records. With

consideration given to accessibility, site type, and the elapsed time since

the fire, each burn was assigned a primary or secondary sampling priority.

Those with primary status were generally sampled first although this scheme

was modified if a particular burn was found to be essentially similar (with

respect to site type and post-fire vegetative status) to one previously
sampled.

Fire ecology sampling plots were subjectively located in areas judged to

be representative of average conditions (site type and fire effects) on each

burn. Others were established in older stands to provide an indication of the

endpoints of succession. Remnant stands adjacent to burns were often examined

to determine the probable composition and structure of the pre-fire stand
although full plots were not always installed in these remnant stands.

At each plot basic site characteristics such as aspect, slope, elevation,

and site position were noted following the standards described by Walmsley et

al. (1980) for ecosystem description work in British Columbia.*
Biogeoclimatic zones and subzones were assigned based on concurrent work by

the Ministry of Forests Research Branch team. Physiographic subdivisions

followed Holland (1976) and a terrain description was determined using the

Resource Analysis Branch (1978) classification system.

Each plot was square, 20 m on a side, with the distance from the

designated plot centre being estimated visually and occasionally checked for
accuracy with a pocket optical rangefinder. The plot size was chosen to

conform with the established procedures for ecosystem description (Walmsley et

al. 1980). Within and around this plot the percent cover of each surface

substrate was estimated, the soil described, and vegetation inventoried.

Soil pits were excavated in each plot and the profile described by naming

the horizons, measuring their respective depths, and determining texture by
hand texture analysis. Based on general soil properties and site

characteristics the Ecological Moisture Regime (relative available moisture

*plot forms are attached as Appendix II.
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supply) was estimated (Walmsley et al. 1980). Soil names were taken from The

Canadian System of Soil Classification (Canada Soil Survey Committee,

Subcommittee on Soil Classification 1978). Depths to features such as the
water table, lower limit of rooting, root restricting layer, permafrost, and

bedrock were measured.
Within the 20 by 20 m plot (400 m 2) individual plant species cover was

assessed by stratum as mosses, lichens, and liverworts; herbs; and low

shrubs. Tall shrubs and total shrubs as well as veteran, dominant, main

canopy, lower canopy, and total trees were estimated on a larger area
consisting of the plot and its immediate vicinity. Cover is taken to be

"...the percent of the ground area covered by a vertical projection of the

crown onto the ground surface" (Walmsley et al. 1980). A breakdown of the

individual strata is given in Table 3.

Wildlife utilization of forage plants was assessed according to the amount

of available leaf and current twig growth browsed back. Categories were: no

utilization, trace (l - 5% browsed), light (6 - 25%), moderate (26 - 50%), and
heavy (more than 50%). These conform to the standards drawn up by Walmsley et

al. (1980). Species were determined based on sightings, sign, and the

interpretation of browsed foliage.

In addition, specific items related to fire and fire effects were noted.

Evidence of fire such as the presence of charred snags (and which species);

fire-injured trees (basal fire scars or crown scorch); or charcoal in the soil
profile (and whether mixed in the duff layer or in a distinct band closer to

the mineral soil surface) was sought and noted. Fire behaviour was inferred

from the proportion of trees with crowns scorched or consumed, the height of

bole char, and the amount of duff layer consumption (on average throughout the

plot). Fire effects were examined on the basis of how much of the ground

surface was either not burned, lightly burned (blackened but little duff

consumed), deeply smouldered (substantial duff consumption), or burned to

mineral soil; each expressed as a percentage of the total area.
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Table 3. Designation of strata for vegetation description
(after Walmsley et al. 1980)

Trees

Total trees

Code 	 Description

	

V 	 Trees significantly older than those of
the main canopy, usually isolated and
extending well above the main canopy.

	

Al 	 The dominant trees of the main canopy.

	

A2 	 Composed of trees whose crowns form the
upper layer of foliage, above 10 m in
height.

	

A3 	 Trees over 10 m in height but not
reaching to the main canopy level.
These may be younger than the main
canopy or suppressed.

The collective percent cover of all
trees in the above layers - an estimate
of actual total tree cover, not an
addition of the individual values for
each stratum.

Stratum

Trees: Veteran

Dominant

Main canopy

Shrubs: Tall shrubs 	 B1 	 Includes all woody plants between 2 and
10 m height - shrubs and trees.

Low shrubs 	 B2 	 All woody plants less than 2 m high
-shrubs and tree regeneration older
than two years.

Total shrubs 	 The collective percent cover of all
plants in the 81 and B2 layers combined.

Herbs 	 C 	 Includes all herbaceous species
regardless of their height, and some
low woody plants.

Mosses, Lichens, 	 D
	

Includes mosses, lichens,
Liverworts, and
	

and liverworts, and tree seedlings
Tree Seedlings
	

(those less than two years old) found
on the dominant substrate.
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The nature of the pre-fire stand was generally described by noting which

tree species were present, the age range of the individuals, the proportion of

trees standing or fallen, and the stocking class if discernable. Forest tree

mensurational data relating to the pre- and post-fire stand conditions (if

applicable) were collected by establishing a rectangular transect running

through the 20 by 20 m plot.

These transects varied in width (1 to 4 m) and length (10 to 100 m)

depending upon the nature of the trees to be tallied. Many small trees

necessitated the use of narrow, short transects while fewer and/or larger

trees meant that wider, longer transects were needed. The average size used

was 4 by 60 m or 0.024 ha. Dividing the number of trees in each transect by
the fraction of a hectare that the transect represents gives the number of

stems per hectare. For example:

Transect width 	 4 m

Transect length 	 60 m

Area 	 0.024 ha

Number of trees in transect 	 22

Number of trees per hectare 	 22 = 917
0.024

Occasionally two 'nested' transects were laid out - a larger one to

sample the standing remnants of the pre-fire stand and a smaller one within it

to sample the post-fire tree regeneration. In all transects trees above 5.5 m

in height were tallied by diameter at breast height (dbh). Those below 5.5 m
height were placed into one of six height classes:
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Height 	 Height class

less than 0.5 m 	 saplings

0.5 m to l.5 m 	 1

1.5 m to 2.5 m 	 2

2.5 m to 3.5 m 	 3

3.5 m to 4.5 m 	 4

4.5 m to 5.5 m 	 5

greater than 5.5 m 	 dbh is measured

Forest tree seedlings (less than three years of age) were tallied separately
from the lowest height class called saplings.

The end product of the tree mensuration data can therefore be a summary by

species with average dbh and/or average height (depending on the circumstances)
and the number of stems per hectare (sph). A subsample of one or more trees

of each species present on a site was taken to provide age and height
information. Small trees were felled with a handsaw and aged on the stump and

the total height measured on the downed tree. Larger trees were aged with an

increment borer and heights taken with a Suunto clinometer and tape.

Where fire-scarred trees were encountered they were sampled according to
some of the procedures described by Arno and Sneck (1977). Complete

cross-sections of the bole were taken using a handsaw, or with larger trees a
powersaw. Partial cross-sections were also obtained by making multiple cuts

into the bole and removing the scarred material.

Wood samples were air dried, sanded on a continuous belt sander, and the

annual rings counted under a variable power binocular microscope. Master fire

chronologies (Rome 1980) were drawn up for the specific areas sampled. These

chronologies were not corrected with an established master tree-ring
chronology which, if available, would correct for past variations in tree ring

growth due to fluctuating climatic parameters.
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VI. RESULTS AND DISCUSSION

What follows is a description of the role of fire, fire effects on plant

species, and post-fire vegetation succession for the various vegetation types

in the biogeoclimatic zones of the study area. Although the area contains the
SBS, ESSF, BWBS, SWB, and AT biogeoclimatic zones, no fire ecology plots were

established nor were recently-burned areas examined in the SBS, ESSF, or AT

zones. This was a reflection of the relatively small areas represented by

some of these zones (SBS and ESSF), or a lack of much recent fire history and

absence of trees (AT). Mostly on the basis of a literature review, fire

ecology information is presented for the SBS and ESSF zones (not broken down
by vegetation types).

The majority of this report therefore covers the BWBS and SWB zones. The

results and discussion are based upon both the data formally obtained from the

plots as well as from semi-quantitative reconnaissance work and observations
by the team members. The tree species in the vegetation types are listed in

order of increasing shade tolerance rather than strictly by abundance. For

example, a lodgepole pine - white spruce - subalpine fir mixture indicates the

increasing shade tolerance of the species which may actually be present in any

one of six possible combinations of predominance.

From the standpoint of post-fire vegetation development, the primary

concern is the nature of the vegetation which is presently being affected by

fire. To address this, the vegetation within the BWBS and SWB zones has been

grouped into broad vegetative cover types when at all possible. This follows

the approach of Hansen et al. (1973) where the dominant and associated tree

species, successional trends, and site conditions are considered in grouping

the major tree species and describing developmental trends. This leads to

some duplication of discussion of the individual tree species but the context

of the cover type in question is unique in each case. More detailed post-fire

vegetation succession diagrams are contained in the fire ecology summary

report which is part of the total information package for the northern portion

of the Mackenzie TSA.
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A. Sub-Boreal Spruce Biogeoclimatic Zone

The SBS zone is located in the central interior and is transitional from

the southern montane to the northern boreal forests and to subalpine forests

at upper elevations. Elevations range from 500 to 1 300 m. The climate is
less continental than the more northern BWBS zone, with shorter winters and a

longer growing season (Meidinger and Pojar 1983).
The dominant tree species are hybrid spruce (Engelmann x white), white

spruce, and subalpine fir. Lodgepole pine and trembling aspen are pioneers

following fires, paper birch has a like role on moister sites. Advance growth

of spruce and subalpine fir is usually present under lodgepole pine and

trembling aspen stands, indicating an eventual species conversion as

succession proceeds (Eis 1963, Revel 1972). Subalpine fir and white spruce
exhibit their best growth on seepage and alluvial sites. Black spruce may

also occur in poorly drained areas.

Sites Examined

Three vegetation ecology reconnaissance plots were established in the SBS
zone just south of the defined study area in the northern Mackenzie TSA.

These were south of the Ingenika River mouth and on the slopes above Williston
Lake or in the Ospika watershed. The tree species found in the plots were

white spruce or a spruce hybrid (white x Engelmann), subalpine fir, lodgepole

pine, and paper birch. Dominance varied according to successional status - in

the younger stands lodgepole pine and spruce were predominant while in the

older stand subalpine fir was most abundant. Shrub and herb layers were well

developed with total cover values ranging from 10 to 60% for shrubs and 15 to

50% for herbs. The moss layer was made up of mosses, lichens, and liverworts

and cover values were between 95 and 100%.



- 25 -

Discussion

The presence of charcoal in the soil profiles and (in some cases) charred

stumps in the SBS plots attests to the influence of fire. The literature in

B.C. relating to the role of fire in the SBS zone primarily concerns the area

to the south of the Mackenzie TSA. Forest fires have also been common in this

central interior portion of the SBS (Revel 1972). Garman (1929) studied

natural regeneration following fires in standing timber in the SBS east of

Prince George. He found fireweed, willows, birch, and trembling aspen on most
burn sites with lodgepole pine prominent on drier sites. The decline in

vigour and loss of the seral species such as trembling aspen was noted in

stands of 60 to 70 years of age.

In the spruce - true fir type, a comparison of sites burned 4 to 22 years
previous with those burned 37 to 75 years previous showed an increase in

numbers of Engelmann spruce and true fir and a decline in the numbers of

lodgepole pine, Douglas-fir, black cottonwood, trembling aspen, and birch

(Garman 1929). Higher frequencies of certain herbaceous plants were found in

the older burns and some opportunists such as fireweed had dropped out

entirely in the older communities. The density and species of tree

reproduction on burns was found to be related to soil moisture conditions

after fire and the subsequent availability of seed. Eis (1963) also reported

a dependence of white spruce and subalpine fir seedlings on available soil

moisture in the SBS. On undisturbed humus seedbeds neither species survived;

mortality was heavy on exposed dry sites; and survival best on moist mineral

soils. Thus, the exposure of mineral soil after fire represents a preferred

seedbed but microclimatic conditions determine the levels of tree seedling

survival and growth.

The exact post-fire successional development of the forest types described
in this report cannot be estimated with a high degree of precision. The

specific plot locations were chosen to represent average conditions in the

individual burns and mature forests sampled but because of the inherent site

variability are not considered to represent the entire burn area in question.
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The synthesis of the field data collected provides a descriptive rather than a
quantitative assessment of ecosystem processes - the interpretation of

historical fire effects and vegetative development can be used to estimate
future processes but the exact course followed will be less precisely known

due to the potentially large number of site and fire-related variables
involved.

The post-fire vegetation successional sequences described are for what
could be considered to be the 'average' situations. As post-fire development

depends upon the type of pre-fire vegetation present and its state of

development; the season of fire occurrence; fire behaviour and intensity; the
depth of burn (degree of removal of surficial organic matter); fire size;

off-site vegetation; physical site characteristics; and post-fire

environmental conditions, the exact course which will be followed can only be

approximated but is accurate at an intermediate (stand by stand) level of
investigation.

With only three plots and little qualitative investigation of

fire-ecological relationships in the study area itself it is not possible to

detail the post-fire development of the vegetation in the SBS zone of the
northern Mackenzie TSA. However, based on available literature, the general

vegetation development over time for common types on 'average' sites (not

particularly dry or wet) in the SBS could be represented as follows:

shrubs-herbs_ 	Do hardwoods* 	 ___p.lodgepole pine**____go.white spruce
tree seedlings 	 lodgepole pine** 	 white spruce 	 hybrid spruce

white spruce 	 hybrid spruce 	 subalpine fir
hybrid spruce 	 subalpine fir\ \ \

\ subalpine fir** 	 shrubs-herbs
`\‘\ -- shrubs-herbs	 /

20 yr 	 50 yr 	 250 - 300 yr

succession without fire or disturbance

■OH----- fire disturbance which sets back succession

* trembling aspen and/or paper birch
** may or may not be present

herbs-shrubs
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B. Engelmann Spruce - Subalpine Fir Biogeoclimatic Zone

The ESSF biogeoclimatic zone is a high elevation zone located below the AT

zone and above the SBS at elevations ranging from 1 000 to 1 700 m (Coupe

1983). In the northern portion of the Mackenzie TSA it is found on the slopes

of Mount Ross (to the south of Ingenika Arm), in the upper reaches of the

Davis River, and in the Trident Peak area west of the Ospika River. The zone

is much more widespread in the southern portion of the Mackenzie TSA but is

uncommon in the area studied in this project. The climate is cold, dry, and

continental, resulting in a short growing season and long cold winters.

Engelmann spruce (or an Engelmann x white hybrid) and subalpine fir are

the dominant climax trees. Lodgepole pine is present as a seral species,

becoming more abundant on drier sites. Trembling aspen may also occur in

seral stands. At upper elevations the forest takes on an open parkland

appearance, with the distribution of trees related to available moisture
supply.

Sites Examined

Although no fire ecology plots were established in the ESSF of the study

area, four vegetation ecology plots were located on tributaries of the

Mesilinka River and adjacent to the Osilinka River in the Omineca Mountains.

In all plots subalpine fir was dominant in cover with white spruce or hybrid

spruce being secondary in the two plots in which it was found. Most stands
were 100 years or more in age and other cover was accounted for by shrubs

(10-35%); herbs (7-75%); and mosses, liverworts, and lichens (50-100%).

Discussion

The presence of charcoal in the soil of the ESSF plots indicates the

historic presence of fire in this zone as well. Studies elsewhere have

established that there is a definite role for fire in similar forests of



lodgepole pine
Engelmann spruce
subalpine fir
shrubs-herbs

subalpine fir
Engelmann spruce
shrubs-herbs
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mountainous western North America. Fire size in the ESSF may be limited by

topography or fuel discontinuities such as rock ridges, scree slopes, or less

flammable vegetation (eg. wet meadows).

Surface fires and more intense crown fires are both possible (Pfister et

al. 1977, Arno 1980) and fire may originate in the zone itself or be driven

into it from lower elevations. Well-established fires can travel through the

ESSF and timberline zones and have been known to cross the Continental Divide

(Habeck and Mutch 1973). The interval between fires probably averages 150

years or more (Arno 1980) and can significantly differ between aspects (Hawkes

1980).

In the spruce and true fir forests of the northern Rocky Mountains

successional development in the absence of fire favours the true firs over

spruce and lodgepole pine. On the other hand, fire favours the serotinous

lodgepole pine at the expense of the fire-sensitive true firs and spruces

(Lotan et al. 1981). On dry sites in the ESSF of the Cariboo Forest Region

lodgepole pine may be present in the climax community but is generally seral

(Annas and Coupe 1979).

Post-fire vegetation development may begin with a herb or shrub stage

(Fahnestock 1977). Engelmann spruce and subalpine fir may colonize a burned

site directly or there may be an intermediate successional stage of lodgepole

pine (Loope 1971). A mixture of all species at once is also possible (Habeck

and Mutch 1973). Succession without fire will lead from (1) non-forest to (2)

lodgepole pine; then to a (3) transition lodgepole pine - Engelmann spruce -

subalpine fir stand; and finally to climax (4) Engelmann spruce - subalpine

fir. Subsequent fires in types (2), (3), or (4) can put the community back to

its predecessor or perhaps from type (4) to type (2) or (1) (Reese et al.

1975). Diagrammatically this can be shown as:

shrubs-herbs 	 lodgepole pine
tree seedlinij--41111"-Engelmann spruce*

subalpine fir*
young trees

\\\\-- shrubs-herbs

35 yr 	 60 yr 	 400 + yr

-----4o-succession without fire or disturbance

-AN- fire disturbance which sets back succession

* may or may not be present
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Day (1972) found the communities described above in the ESSF of southern

Alberta but added a further stage, a low vigour forest where subalpine fir

dominates in an uneven- to all-aged subalpine fir - Engelmann spruce stand.

It was concluded that the old growth Engelmann spruce - subalpine fir type is

not a self-perpetuating climax type but rather is fire-dependent; the

continued absence of fire will result in its disappearance. This was

corroborated by Loope and Gruell (1973) who noted that subalpine fir seedlings

are 10 to 20 times as abundant as those of Engelmann spruce in old growth

stands. However, such stands are predisposed to fire because of heavy fuel

buildups and no pure subalpine fir stands could be found due to the historical

intervention of fire.

Recovery processes in this zone are extremely slow such that frequent fire
disturbance is not needed to maintain a diversity of types and age classes

(Habeck and Mutch 1973). Short interval "reburns" at higher elevations are

uncommon due to the discontinuous nature of the fuels (Gabriel 1976).
Although the majority of tree species in this zone are not well adapted to

post-fire establishment the discontinuous nature of the burn pattern will

leave islands of survivors to restock the burned area.

C. Boreal White and Black Spruce Biogeoclimatic Zone

The BWBS biogeoclimatic zone has its lowest elevations at roughly 640 m.

Where it is below the SWB zone the transition to that higher elevation zone

takes place at elevations between 915 and 1 220 m. Winters are long and very

cold, growing seasons are short and permafrost (although not encountered in

the plots) is potentially present on north slopes and on organic terrain. The

edaphic climax or seral tree species are lodgepole pine, trembling aspen,

black spruce, balsam poplar, white spruce, common paper birch, subalpine fir,

and sometimes tamarack and Alaska paper birch. Climatic climax species are

white and black spruce and subalpine fir. Two views of the BWBS are shown in

Plates 1 and 2.



- 30 -

Plate 1. View southwest from the Akie River to Mt. Tsaydizkun,
showing the Finlay River and the Rocky Mountain Trench.
Boreal White and Black Spruce zone.

Plate 2. Boreal White and Black Spruce zone below and Spruce -
Willow - Birch zone above. McCook River area.
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Although alluvial forest types influenced by primary successional

processes were identified in the Fort Nelson and Cassiar TSA's, these types

were not especially abundant in the northern Mackenzie study area. While

balsam poplar and alder/willow stands may be found adjacent to white spruce on

alluvial sites along the major rivers, such stands are not extensive in

nature, only amounting to narrow bands. However, other forest types located

on older and drier glacial outwash terraces adjacent to major rivers in this

area are subject to the periodic influence of fire and are discussed in

following sections.

a) Lodgepole pine - white spruce - subalpine fir type

The lodgepole pine - white spruce - subalpine fir type is widespread

throughout the BWBS zone in the study area and fire ecology plots in this type

were located in the valleys of the Ingenika, Akie, and Kwadacha rivers as well

as on smaller tributaries such as Tucha and Carcajou creeks. This type is
most common on glaciofluvial and morainal landforms with soils of medium to

moderately coarse texture and moderately-well to well drained. Soil types

encountered were Brunisols.

The most common tree species are lodgepole pine, white spruce, and

subalpine fir. Shrubs such as Bebb's, Scouler, glaucous, and other willows;

bog birch; Labrador tea; and prickly rose are common. Herbs include fireweed,

dwarf blueberry, kinnikinnick, and northern twinflower. Present in the moss

layer are various lichens, Schreber's moss, common haircap moss, and ribbed

bog moss.

White spruce and subalpine fir are considered to be the usual climax tree

species in this type. The preliminary stands containing mixtures of lodgepole

pine and perhaps common paper birch and trembling aspen are seral to the

eventual subalpine fir - white spruce - moss climax. Rapidly drained dry

sites may support fairly open lodgepole pine - lichen types which may have a

history of understory fires, evidenced by fire scars on some of the older

trees.
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Sites Examined

Four fire ecology plots were located in this type, as shown in Figure 6.
Ecological moisture regimes were mesic (water removed somewhat slowly in

relation to supply; soil may remain moist for a significant, but sometimes

short period of the year) or submesic (water removed readily in relation to

supply; water available for moderately short periods following precipitation)
(Walmsley et al. 1980).

The time since fire for the fire ecology plots was from 20 to 23 years.
Summaries of percent cover of lesser vegetation are given in Table 4 and tree

mensurational data showing the number of stems per hectare, and average dbh in
centimetres by species for the plots is given in Table 5.

Plot 81-43 was located in the POL burn of July - August 1961 to the east

of Tutachi Lake and on a terrace above the south bank of Tucha Creek. The

pre-fire stand consisted of lodgepole pine and one which was sampled aged to

327 years. No evidence of charcoal was found in the soil as the duff layer

was too thin to allow retention of this material. Charred wood from the last

fire was abundant on the ground. A fire-scarred lodgepole pine provided fire

dates of 1961 and 1941, confirming the POL burn and indicating another one

previous. The presence of older fire-scarred lodgepole pine, the absence of

young dead lodgepole pine, and the well-stocked nature of the new stand

suggested that there were two fires in succession - the first (1941) being a

surface fire and the second (1961) a crown fire which also took the form of a
surface fire nearby and scarred some older trees. As shown in Table 5 the

post-fire regeneration was predominantly lodgepole pine, with white spruce

being secondary. The latter species had seeded in from nearby mature white

spruce trees. Of the lesser vegetation only one species from each stratum had
achieved any predominance (see Table 4).

Plot 81-55 was in the ACK burn of August 1960 on the upper Akie River

southwest of the ridge running down from Cyclops Peak. The pre-fire stand

seemed to have consisted of white spruce, subalpine fir, lodgepole pine, and

trembling aspen. A few live residual white spruce were in the vicinity (some



5
-■

1., 'I'
1 7 /

/.-- 7
..- 	 ... , 	 / te 	 •

	

t 	 ■ 	 /

	

l 	 /
,,1 ( et)

."#$
fe	 r
o ■

I./
9.4

I.
V

/

•••• .16

At .

48

oteakli„
50

0 20 40 60 80 100 120

TooDoi f 	 4,4, 	 A551,-----..—___ CEP 	 /./
 eo
/ -

e
/ 	 /

I .0..".

/ 	 •■.%
=re'

• WARE

el
OW- 4./A.

S.

I NeENIKA

A
Kilometres

TS.A. Boundary

Plot Locations

A 7' p_
'Co*// KA

CR
k

THUTADE
LAKE 	 1.

/.4
4

rs11

NI •
43

/N seN/A at

WILL IS TON

LAKE

- 33 -

Figure 6. Plot locations for the lodgepole pine - white
spruce - subalpine fir type.
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Table 4. Percent cover* for the lesser vegetation in the
lodgepole pine - white spruce - subalpine fir
type plots.

Percent cover by plot
81-43

15

81-55

-

81-48

-

81-50

-
- - - 15
- 35 - -
- - 15 -
- - 60 -
- - 40 -
- - - 10

15 - - -
- - - 40
- - - 15
- - - 5

15
- 15 - _
- 10 - -
- 5 5 5
- 10 - -

5

Shrubs 
prickly rose
Salix spp. (unknown)
Bebb's willow
bog birch
Labrador tea
glaucous willow
Scouler willow

Herbs
kinnikinnick
fireweed
dwarf huckleberry
northern twinflower

Mosses 
Cladina spp.
Schreber's moss
Dicranum spp.
common haircap moss
ribbed bog moss
Peltigera spp.

* major species only, not all-inclusive



Plot 81-43
saplings* <0.5 m (sph)
trees** < 5.5 m (sph)
trees >5.5 m (sph)
avg. dbh (cm)
dbh range (cm)
BA (m2/ha)
height range (m)
age range (yr)

Plot 81-55
seedlings***
saplings <0.5 m (sph)
trees < 5.5 m (sph)
trees > 5.5 m (sph)
avg. dbh (cm)
dbh range (cm)
BA (m2/ha)
height range (m)
age range (yr)

Plot 81-48
saplings < 0.5 m (sph)
trees < 5.5 m (sph)
height range (m)
age range (yr)

Plot 81-50
seedlings
saplings < 0.5 m (sph)
trees < 5.5 m (sph)
height range (m)
age range (yr)
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Table 5. 	 Tree mensurational data for the lodgepole pine
- white spruce - subalpine fir type.

Lodgepole
pine

White
spruce

Subalpine
fir

Fire
year
1961

63 63
2 937 125

62
9.0
9.0
0.42

0.5-6.0
11-19 8-13

1960
9 666

666 41 500 333
2 833 5 833

160
22.0
22.0
6.5

0.5-3.9 0.5-2.5V
6-19 2-20V

1958
200 25

25 775
l.6 0.5-3.5
15 9-21 12

1958
350

1 700 350
100 50

2.5-5.5 0.5-1.5
14-18 5-15 8-17

Wsingle remnant tree) V(excluding remnant)
* saplings are considered to be less than 0.5 m in height
** trees are above 0.5 m in height and if greater than 5.5 m have basal

areas calculated
*** seedlings are those trees less than approximately three years of age

Where no range is given for dbh, height, or age there is only one
sample tree.
Age ranges are for those trees sampled and not necessarily representative
of conditions on the entire plot area.
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had basal charring) and one such tree was encountered on the mensurational
transect. As shown in Table 5 the post-fire regeneration was very heavily in

favour of white spruce, then lodgepole pine and subalpine fir. White spruce

as young as two years were in the plot, having germinated on thin moss or

mineral soil seedbeds in deeply smouldered areas at the bases of trees killed

in the fire. Lodgepole pine was more common than subalpine fir but it will be

the latter which will increase with time in the continued absence of fire.

Bebb's willow and mosses were more abundant on this plot than the previous one.

Plot 81-48 was in the HO burn of May - September of 1958 on a slope above

the Kwadacha River between Mt. Luke and Mt. Yuen. The pre-fire stand

consisted of white spruce and lodgepole pine and the post-fire regeneration

consisted of those two species plus some subalpine fir. Too much time had

elapsed to permit an assessment of the effects of the fire but it seemed that

regeneration was reasonably adequate (1 025 sph) and white spruce were still

becoming established on rotting wood substrates. Shrub cover was quite high

but was likely not interfering with tree establishment - suitable seedbed

would be the limiting factor as the stand was still quite open.

A similarly-aged stand to plot 81-48 was in plot 81-50, in the CRAE burn

of 1958 on Carcajou Creek northwest of Mt. McCrae. Charcoal above the mineral

soil indicated the presence of previous fires and the pre-fire stand seemed to

have consisted of white spruce, lodgepole pine, subalpine fir, and trembling

aspen. Once again, however, the passage of time made the interpretation of

fire effects difficult. As shown in Table 5 the regeneration consisted of

white spruce, subalpine fir, and lodgepole pine in decreasing order of
abundance. White spruce and subalpine fir were regenerating on rotting wood

and the latter species was also found on moss layers over organic matter.

Herb cover was largely due to fireweed and dwarf huckleberry while willows

accounted for the shrub cover.

Discussion

The lodgepole pine - white spruce - subalpine fir type is of fire origin

as shown by the presence of charcoal in the most of the soil horizons of the
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fire ecology and vegetation reconnaissance plots. The forest tree species

found in this type are susceptible to death from fire and possess fire

adaptations to varying degrees.
Lodgepole pine exhibits the post-fire reproductive strategy of serotinous

cones. A seed supply is always available on the trees and the seeds stay

viable for several decades. Some seeds may be released every year but the

majority are shed after the heat of the fire has opened the cones.

White spruce is thin-barked and shallow-rooted and is susceptible to being
killed by fire. Live roots up to 25 cm in diameter may be burned through such

that the trees soon fall. White spruce seed matures and is disseminated in

one year although the interval between good seed crops may be 10 to 12 years

(Viereck and Schandelmeier 1980), with some minor or medium crops in between

(Braathe et al. 1977). The seed is dispersed in the fall and winter and

germinates when temperatures become favourable in the spring (Zasada et al.

1977). However, seed may be retained until the next spring or summer and

contribute to regeneration following summer fires (Rowe 1970, Archibold 1980).

Germination following fire is best on mineral soil (Lutz 1955, Rowe 1970,

Viereck 1973) where the humus layer has been nearly or totally consumed and

competing vegetation eliminated. White spruce seed travel is restricted to
about twice tree height and is normally less than 100 m (Archibald 1980).

With minimal amounts of seed stored on the tree, restocking is dependent upon

seed provided by adjacent unburned stands or by residual islands of live

surviving trees within a burn.

In the initial stages of development herbs and shrubs may account for most

of the cover. These species may arise from the vegetative reproduction of

individuals on the site; the rapid increase in numbers of on-site species; or

invasion of many light wind-disseminated seeds from off-site sources. If they

are present in the pre-fire stand or are close enough to provide seed the

post-fire regeneration will contain both lodgepole pine and white spruce.

White spruce initially forms an understory to the shrub and hardwood species

and on most sites this reflects the conifer's slower rate of growth rather

than a later occupation of the site. White spruce may also form an understory

to the lodgepole pine and subalpine fir, then later overtop the dying

lodgepole pine and eventually die out to leave the climax subalpine fir stand.
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Subalpine fir itself is not very well-adapted to surviving fire as it has

very thin bark on old trees, a shallow rooting habit, a very low and dense
branching habit, a moderate to dense stand habit, and high relative foliage

flammability (Lotan et al. 1981). With a high tolerance of shade and the

ability to reproduce vegetatively the species forms a component of older

stands and eventually becomes the dominant or sole species. Individuals of

the species can begin to produce seed as young as 20 years and the seed can
germinate on a wide variety of substrates from organic material to exposed

mineral soil, presumably because of the relatively large size of the seed

(Fowells 1965).

However, the large seed size (and therefore limited dispersal distance)

and the susceptibility of the trees to death due to fire dictate that live

survivors will generally be needed nearby to restock burned areas. It is
possible that some seed will escape injury and be in place to germinate

following fire as some young trees were found in burned areas at considerable

distance from the nearest residual seed source. Although subalpine fir is

very shade tolerant and its ability to compete with Engelmann spruce is

drastically reduced by exposure to more than 50% of full sunlight (Fowells

1965), in the northern portion of the Mackenzie TSA the species appears to be

quite capable of post-fire establishment in full exposure to sunlight and

exhibits subsequent height growth which may surpass that of white spruce.

With a distinct abundance of younger stands sampled in this type it is

difficult to describe developmental trends and cover by stratum in the later
years of post-fire development. Based on experience in the Cassiar TSA it

seems that mosses are present in all age classes while herbs slowly increase
to about 140 years after the fire and then decline. Shrubs appear to form an

insignificant part of the vegetation until after 150 years, perhaps a function

of the opening up of the tree canopy at that time. Tree cover shows a general

increase with time until 135 years when a decline sets in, only to later

recover after 195 years post-fire. This may be a function of the nature of

the stands sampled in the Cassiar TSA or may reflect a loss in tree cover due

to the death of seral associates such as trembling aspen and common paper

birch which were present in minor amounts in the younger stands examined.
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Tree regeneration after fire was quite prompt in the stands sampled in the

Mackenzie TSA - as early as the year after the fire and continuing for up to

18 years later as long as suitable seedbeds existed and environmental factors
remain favourable for survival.

Plate 3 shows the ACK burn of 1960 (plot 81-55) and the HO burn of 1958

(plot 81-55) is illustrated in Plate 4. The successional development of the

lodgepole pine - white spruce - subalpine fir type can be shown as follows:

moss-herbs
----01- 

moss-herbs
--Am- 	 -bp'

lodgepole pine white spruce 	 subalpine fir
. tree seedlings young trees 	 white spruce 	 subalpine fir white spruce

shrubs 	 shrubs 	 subalpine fir 	 moss 	 moss
****_._ — __ / 	 herbs-shrubs 	 shrubs-herbs 	 shrubs-herbs\ \ _ 

\ 	 /
10 yr 	 30 yr 	 190 yr 	 250 + yr

succession without fire or disturbance

-4- — — fire disturbance which sets back succession

Cover trends by stratum for the fire ecology plots in this type could not
be determined as the plots were so similar in age. However, the cover trend

diagram from the same type in the Cassiar TSA is included as Figure 7.

Species were assigned to these categories on a lifeform rather than a

structure basis - all trees were placed in the tree component regardless of
size and likewise all shrubs were placed in the shrub category. The endpoint

of succession in this lodgepole pine - white spruce - subalpine fir type is

considered to be a nearly pure stand of subalpine fir with a somewhat open

canopy and a relative abundance of shrubs and herbs.

If fire is kept out for a long time period the subalpine fir will become

uneven-aged and likely reproduce by seed as well as by layering. It should be

noted that very old pure subalpine fir stands of this nature were not abundant

in the BWBS of the northern study areas as most stands contained seral

lodgepole pine and white spruce. However, should subalpine fir be able to

invade an established lodgepole pine - white spruce stand at some time during

its development the final result could very well resemble an older lodgepole

pine - white spruce - subalpine fir stand.
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Plate 3. 	 White spruce regeneration in the ACK burn of 1960,
Plot 81-55.

Plate 4. 	 Plot 81-48 in the HO burn of 1958, beside the Kwadacha River.
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Where lodgepole pine - lichen communities have developed on dry, well

drained landforms environmental conditions may be too harsh to permit the

occupation of the site by significant numbers of white spruce or subalpine

fir. In these cases the pine - lichen community will likely persist
indefinitely.

b) Trembling aspen - lodgepole pine - black spruce - white spruce type

The trembling aspen - lodgepole pine - black spruce - white spruce type is
apparently uncommon in the BWBS zone in the study area and only one fire

ecology plot and three vegetation ecology plots were located in this type and

these were in the Rocky Mountain Trench along the Finlay and Fox rivers. This

type was found on glaciofluvial and morainal landforms with soils of medium to
moderately coarse texture and moderately-well to well drained. Soils were
Brunisols.

The most common tree species are lodgepole pine, trembling aspen, white
spruce, and black spruce. Subalpine fir may be present but will likely be

minor. Shrubs such as Labrador tea, highbush-cranberry, and prickly rose are

common. Herbs include rock cranberry, bluejoint, Canadian bunchberry, and

northern twinflower. Present in the moss layer are various lichens,

Schreber's moss, and stepmoss.

White spruce and black spruce are considered to be the primary climax tree
species in this type. Subalpine fir may also be present but as was mentioned

it is an uncommon associate. The preliminary stands containing mixtures of
lodgepole pine and trembling aspen are seral to the eventual black spruce -
white spruce - (subalpine fir) - moss climax.

Sites Examined

One fire ecology plot (81-54) was located in this type, as shown in Figure

8. The ecological moisture regime was submesic and the time since fire for

this plot was 127 years, assuming that regeneration was immediate and the

oldest tree sampled is indicative of the date of the fire. A summary of
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percent cover of lesser vegetation is given in Table 6 and tree mensurational

data showing the number of stems per hectare, and average dbh in centimetres
by species for the plot is given in Table 7.

Plot 81-54 was located in a stand on a terrace above the Finlay River due

east of Foot Lake. No evidence of charcoal was found in the soil although a

fire-scarred lodgepole pine provided a fire date of 1888. As shown in Table 7

the post-fire regeneration was predominantly lodgepole pine, with white spruce

being secondary, followed by trembling aspen and black spruce. Of the lesser

vegetation only one species from each stratum had achieved any predominance
(see Table 6).

Discussion

If trembling aspen, lodgepole pine, black spruce, and white spruce are

present in the pre-fire stand or are close enough to provide seed the

post-fire regeneration will consist of these species. Trembling aspen is
generally well adapted to reproduce after fire, being capable of prolific

reproduction from vegetative parts by root suckering (Lutz 1955, Zasada et al.
1977). The hardwood is also a prolific seed producer, with the seeds being

dispersed great distances (Viereck 1973). The seeds are short-lived and have
very specific germination requirements, namely mineral soil and adequate

moisture, but these factors are countered by the large number of seeds
produced.

While individuals are readily killed, black spruce as a species is

extremely well adapted to fire. The cones are semi-serotinous, remaining on

the tree and shedding seed over a period of years (Viereck 1975, Zasada et al.

1979). Stands over 40 years of age thus have a nearly continuous seed supply

and seed crops seldom fail (Johnston 1977). Indeed, stands as young as 10 to

15 years may produce cones, although the optimum age for black spruce seed

production is after 50 to 150 years (Viereck and Schandelmeier 1980).

Seed reaches maturity late in the summer and is shed throughout the year.

If the cones survive a fire, the species is in place and able to reseed the

burn. The characteristic tuft of cones at the leader tip may escape total
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Figure 8. Plot location for the trembling aspen - lodgepole
pine - black spruce - white spruce type.



Trembling Lodgepole Black
aspen 	 pine 	 spruce

400
12.3

8.0-16.0
3.7

10.0-20.0

50
100

1 250
15.2

8.0-15.0
25.4

0.5-18.0
92-127

White 	 Fire

	

spruce 	 year@
=1854

(crown)

	

250 	 150 =1888

	

50 	 200 	 (surface)

	

17.0 	 8.3

	

17.0 	 6.0-11.0

	

l.l 	 l.2
1-17.0 	 2.5-16.0

	

81 	 71

Plot 81-54
saplings <0.5 m (sph)
trees <5.5 m (sph)
trees >5.5 m (sph)
avg. dbh (cm)
dbh range (cm)
BA (m2/ha)
height range (m)
age range (yr)
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Table 6. Percent cover* for the lesser vegetation in the
trembling aspen - lodgepole pine - black spruce -
white spruce type plot.

Percent cover
81-54

Shrubs 
Labrador tea
prickly rose
glaucous willow

Herbs
Canadian bunchberry
rock cranberry
fireweed
wild strawberry

Mosses 
Schreber's moss
Cladina spp.
Tgli5era spp.

* major species only, not all-inclusive

Table 7. 	 Tree mensurational data for the trembling aspen - lodgepole pine -
black spruce - white spruce type.

20
2
1

15
2
2
1

85
1
1

@ Fire years for the older plots were estimated based on the age of the
trees now present on the site, and no regeneration delay was assumed.
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destruction by a 'chimney effect' - the hot gases and flames swirling around

but not consuming the cone cluster. Fire-killed black spruce may continue to

shed seed for several years following death (Viereck 1975, Van Wagner and

Methven 1978), although Wilton (1963) found that just less than half of the

total seedfall occurred within 60 days after the fire. Preferred seedbeds are

mineral soil, compacted humus, or live sphagnum moss. Effective seeding

distance for black spruce is limited to two or three tree heights (Fowells

1965), up to 80 m (Johnston 1977).

White spruce regeneration will depend upon live survivors to provide seed

to the burned site - these may be in unburned stands nearby or unburned

islands within the burn. This regeneration can date to the year after the

fire although the input of germinants is usually spread over about a ten year

post-fire period. Recruitment can continue as the initial burn colonizers

themselves bear seed, adding to the total seed input, concurrently or

subsequently the fire-killed stand falls and creates seedbed in the form of
exposed mineral soil or decaying wood.

White spruce initially forms an understory to the shrub and hardwood
species and on most sites this reflects the conifer's slower rate of growth

rather than a later occupation of the site. By the time the trembling aspen

have surpassed 100 years of age the white spruce are about to become the

dominant species on the site. Although the hardwoods die out as or after they

are overtopped by the white spruce, regular mortality of all species is

evident over the course of the stand's development, as shown by the presence

of dead conifers and hardwoods in the lower canopy strata in stands of any age.

In some cases white spruce may require a nurse crop of trembling aspen
and/or common paper birch before it can become established. Lutz (1955) felt

that this was common in Alaska, especially on drier sites where the spruce

cannot pioneer. In time these stands develop into even-aged hardwoods and

uneven-aged white spruce. This situation was encountered in only one plot out

of 15 in the Fort Nelson TSA where the youngest trembling aspen sampled was 19

years older than the oldest white spruce examined. The later establishment of

white spruce could be due to unfavourable site conditions immediately after

the fire and may as well reflect a lack of good white spruce seed crops.
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This significant age differential between the overstory hardwoods and the
understory white spruce was not encountered in any of the four plots

established in the Cassiar TSA although this situation may well occur there

also. In the one fire ecology plot in this type in the northern Mackenzie

area which contained both trembling aspen and white spruce the trembling aspen
was not sampled for age - the white spruce sampled was younger than the

lodgepole pine and black spruce examined but older than the subalpine fir.
However, in the vegetation ecology plots in this type one plot contained white

spruce which were older than the trembling aspen and lodgepole pine; in

another the white spruce and lodgepole pine (and most probably the trembling

aspen as well) were of the same age class.

This lodgepole pine - black spruce - white spruce - (subalpine fir) - moss

type may represent a successor to the mixed hardwood - conifer type or
alternatively can arise directly after a fire if the site is not invaded and

occupied by hardwood trees or shrubs; if a coniferous seed source is present;

and if the duff layer is greatly reduced or eliminated by fire to produce a

suitable seedbed, at least for white spruce and lodgepole pine, as black

spruce and subalpine fir are less demanding in their seedbed requirements).

If no hardwoods are present there will be no vegetative reproduction of those

species.

The most likely endpoint of succession in this type is a pure or nearly
pure stand of white spruce and black spruce, with associated subalpine fir.

It is possible to find younger hardwoods in the understory of white spruce

stands and these may have become established on localized patches of suitable

seedbed, perhaps the result of minor disturbances such as windthrow or
snagfall. In mature white spruce - moss forests the regeneration of white

spruce is sparse and restricted to decaying wood substrates. The moss layer

does not retain enough moisture to permit the survival of seedlings (Griffith

1931). The occurrence of white spruce seedlings on decaying wood indicates

that this is a possible seedbed but not necessarily a preferred one as the

amount of mineral soil (the preferred seedbed) exposed in undisturbed forests

would be low (Phelps 1940).
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Fires in the trembling aspen - lodgepole pine - black spruce - white

spruce type are likely to burn deeply if duff moisture levels are low.

Support roots may be burned through and lead to snagfall soon after death, the

generally shallow rooting habit and shallow rooting medium also encourages

early snagfall. The exposure of mineral soil is critical to the successful
regeneration of white spruce. Deeply burning fires which remove all or most

of the organic layer are a necessary prerequisite to white spruce germination,

given a seed source. As well as providing a suitable seedbed these

deep-burning fires also eliminate or reduce competition from other vegetation

(Rowe 1970).

This is borne out not only by observations of white spruce regeneration or

the lack thereof but also by the presence of a well-defined layer of charcoal

on top of the mineral soil in the majority of the white spruce - moss stands

sampled in the north. The majority of the trembling aspen - white spruce

stands in both the Fort Nelson and Cassiar TSA's also had a layer of charcoal

on the mineral soil surface, a few had charcoal mixed in the duff, all stands

but one showed charcoal. There was no detectable charcoal in the plot in the

Mackenzie area but that is not to imply that the stand was not of fire

origin. Spring burns which remove only the surface humus and do not affect

the moist subsurface layers do not produce suitable conditions for spruce

seedling survival (Rowe 1970). This was borne out on examination of the site

of the KOT fire of May - June 1971 in the Fort Nelson TSA where the complete

absence of white spruce was attributed to the thick residual duff layer and

the presence of a high cover of shrubs and herbs.

Dense brushfields composed of common paper birch, willows, green alder,
and possibly trembling aspen and balsam poplar are sometimes found on better

drained upland sites of the trembling aspen - white spruce or white spruce -

moss types. Lutz (1955) felt that areas supporting white spruce would revert

to treeless conditions following repeated fires. The new vegetative cover

would consist of herbaceous or shrub species:

Fireweed - grass and dwarf birch - willow may become so firmly
established that it is difficult for forest-tree seedlings to become
established. Natural reconversion of such lands to forest may
require 100 to 200 years.
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Rowe (1961) voiced similar opinions:

The western boreal forest is a disturbance forest, usually maintained
in youth and health by frequent fires to which all species, with the
probable exception of fir (Abies), are nicely adapted. Decadent
forests do not return through an inevitable cycle to youth and an
optimum phase but rather tend to remain open, unhealthy, ragged, and
frequently brush-filled, awaiting the rejuvenating touch of fire,
flood, or windfall-ploughing of the soil.

One brushfield in the Fort Nelson TSA on the Fort Liard Road was examined and

others were observed from the air. While often surrounded by trembling aspen
- white spruce or white spruce - moss types, these brushfields contain little

or no white spruce in spite of occupying suitable sites. They may represent a

failure of white spruce to colonize a site after fire - the shrub species then

become so dense that white spruce could not invade the site at a later date.

The brushfield examined was so dense as to be almost impenetrable, with a

deep leaf litter layer. Paper birch showed signs of decadence, with dead tops

and subsequent root crown sprouting. Therefore, repeated fires did not lead

to the development of this generation of shrubs because of the evidence of
decadence and vegetative reproduction. This does not rule out the possibility

that the initial origin of the brushfield was due to repeated fires and that

it has survived to its present state in the absence of fire. Given a future

deep-burning fire it is possible that white spruce could gain a foothold if a

nearby seed source survives. In the absence of fire the shrubs may retain

their hold on the site for an indefinite time period, or by Lutz' estimation

for more than 100 years.

On some sites in the Rocky Mountain Trench conditions are such that both
spruce species can coexist and reproduce following fire. With the periodic

return of fire the ratio of the two spruces in the post-fire stand will depend

upon the nature of the fire (behaviour and intensity), the resulting seedbed,

and the state of the cone crops of the respective spruces at the time of the

fire. For example, should a fire occur during a period of poor white spruce

seed production or when a residual seed source is not present, the black

spruce would have an advantage, as would lodgepole pine. Black spruce and

lodgepole pine produce cones at an earlier age than white spruce (Fowells
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1965) and have a continuous supply due to their serotiny. Thus, repeated

fires at short enough intervals could lead to stands composed primarily of
black spruce and/or lodgepole pine, with some influx from nearby hardwoods

also being possible. Black spruce can germinate and become established on

mineral soil or a compact duff layer over mineral soil and in this respect

behaves similarly to white spruce.

The successional development of the trembling aspen - lodgepole pine -

black spruce - white spruce stands can be described as follows:

herbs-shrubs__op.herbs
tree seedlings young trees
or suckers 	 shrubs

7 yr

trembling aspen lodgepole pine white spruce
lodgepole pind-111"- black spruce —111"- black spruce*
black spruce 	 white spruce* 	 moss-herbs
white spruce* 	 moss-herbs

—herbs-moss
/

30 yr 	 120 yr 	 190 + yr

* \NP-\ - - - - - -
\ 	 - -

-----P-succession without fire or disturbance

-- fire disturbance which sets back succession

* may contain subalpine fir

Figure 9 shows the trends in development by stratum for mosses, herbs,
shrubs, and trees in the fire ecology plot and three of the vegetation ecology

plots in the northern Mackenzie study area. The time period which was sampled

covers only the period from 96 to 185 years post-fire and therefore two other

diagrams from other study areas are shown as well.
Figure 10 illustrates trends in cover by stratum in the trembling aspen -

white spruce - moss and related types in the Cassiar TSA. In order to extend

this graph further in time the values from the last plot in the fire ecology

series were averaged with those from three vegetation reconnaissance plots,

one of similar age and two plots which aged to 135 years since fire. Shrub

cover was generally low in all stages of development of these mixed stands.
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Figure 10. Trembling aspen - white spruce type (Cassiar).
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Herbs and young trees are dominant until about 50 years after fire when mosses

take over in terms of absolute cover. As is usual the cover of mosses and

trees increases with time while those of herbs and shrubs decline. Due to the

limited number of plots in this cover type in the Cassiar TSA, the trends

indicated for that area are not considered to be totally representative of the

vegetation development in the type.

Figure 11 from the Fort Nelson TSA (where a much larger number of plots

were established) is probably more indicative of the true picture. Initial

cover of trees may be high if trembling aspen is present and sends up suckers

after the fire or may be lower if conifers are the main colonizers. As time

proceeds herb and shrub cover declines while those of mosses and trees

increases. Some of the variability evident in the graph can be attributed to
site variations - a larger number of plots in similar types would perhaps show

a smoother trend.

If black spruce represents a fair proportion of the trees in a mixed stand
it will have a post-fire establishment advantage (as will trembling aspen and

lodgepole pine) at the expense of the white spruce. If the fire were to occur

at a time when white spruce seed was not abundant then it would not be

abundant in the new stand. However, as time progressed the white spruce could

potentially regenerate under an existing canopy and eventually increase in

numbers.
The endpoint of succession is considered to be a white spruce -

feathermoss stand with possible inclusions of black spruce and subalpine fir,

having lost the seral species along the successional gradient. In the plots
sampled in the Cassiar TSA black spruce was more abundant than white spruce in

the first 115 years of development and the older stands were primarily white

spruce. This may be a function of the particular samples and not truly

representative of the normal situation. However, where black spruce was found

intermixed with white spruce on what appeared to be an archetypal upland white

spruce site the black spruce was neither as vigorous nor as numerous as the

white spruce.
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c) Black spruce types

Black spruce types are locally present as small stands which dot the

landscape - in the BWBS the total area covered by black spruce is minor

compared to white spruce, lodgepole pine, and trembling aspen. Black spruce

may be found on poorly drained fine textured sites or may be on better drained

moderately coarse textured glaciofluvial landforms. Soils may be Organic,

Brunisolic, or Gleysolic. Black spruce is found mainly in the BWBS but can

extend into the SWB zone at its lowest elevations.

There are three main types - black spruce - sphagnum, black spruce -

feathermoss, and lodgepole pine - black spruce. Black spruce is the most
common tree species and is considered to be the climax species on these

sites. Lodgepole pine and trembling aspen (and sometimes white spruce) may be
associates on the drier sites. Subalpine fir was found in one overmature site

where it had established with the original post-fire regeneration and had

increased in numbers over time due to its shade tolerance and ability to
regenerate under a canopy. Lesser vegetation presence varies with site but

the most common shrubs encountered are Labrador tea, willows, bog birch, and

buffalo-berry. Herbs include common horsetail, sedges, and rock cranberry;

mosses are Schreber's moss, stepmoss, knight's plume moss, and sphagnum

species.

Sites examined

Nine vegetation reconnaissance plots were established in primarily black

spruce types. Ecological moisture regimes varied from subhydric (water

removed slowly enough to keep the water table at or near the surface for most

of the year; gleyed mineral or Organic soils; permanent seepage less than 30

cm below the surface) to submesic. No fire ecology plots were established in

black spruce types due to the small area covered as well as due to the fact
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that many plots established in the other northern TSA's had revealed the

fire-ecological relationships of these types adequately.

Discussion

While relatively uncommon in the northern Mackenzie TSA, the black spruce

types are much more prevalent in the Fort Nelson TSA, and to a lesser extent

in the Cassiar TSA. The plots located in black spruce types in the northern
Mackenzie and Cassiar TSA's confirmed that those stands shared establishment

patterns with those sites examined in detail in the Fort Nelson and Cassiar

TSA's. It was found that the black spruce types in the former areas were also

of fire origin and post-fire reproduction of both black spruce and tamarack

was adequate and reasonably prompt.

As described in the previous section black spruce is adapted to post-fire

establishment by virtue of its semi-serotinous cones. The species possesses a

second method of development, that of vegetative reproduction by layering.
When the lower branches become overgrown by sphagnum and other mosses or

covered by organic matter they eventually form a root network and become

independent of the parent tree. The layered branches may increase a stand's

susceptibility to crown fires due to the formation of ladder fuels. The
layering mechanism may be important in increasing the density of black spruce

stands following fire but it does not appear to be an important adaptation of

immediate post-fire recovery (Viereck and Schandelmeier 1980).

Three major black spruce types were found in the Fort Nelson TSA - the

black spruce - sphagnum, black spruce - feathermoss, and mixed lodgepole pine

- black spruce. These are also present in the BWBS of the northern Mackenzie

TSA and to a limited extent in the SWB. However, the discussion of these

types is limited to the former zone. Based on the investigations in the Fort

Nelson TSA the post-fire development of these types can be shown as follows:
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Black spruce - sphagnum type:

shrubs-herbs shrubs-herbs 	 mature black spruce
young black spruce 	 sphagnum

sphagnum 	 shrubs-herbs
tree seedlings

sphagnum Nt_

7 yr 	 50 yr

----pp.-succession without fire or disturbance

-4*----fire disturbance which sets back succession

Post-fire vegetation development in this type especially comes from seeds

shed by the individuals present at the time of the fire (black spruce); from

live trees nearby (tamarack); from vegetative reproduction (Labrador tea, bog

birch, horsetails, and rock cranberry) and from the further development of

survivors (sphagnum moss). Invaders of the burned site are rare and if

present are not likely to persist through the development of the new stand.

The black spruce - sphagnum type undergoes little if any floristic

succession, but rather a change in structure. Most species present in the

pre-fire stand are also present in the post-fire stand but may be subject to

shifts in abundance. As succession proceeds the relative numbers of certain

species will likely change, along with a concomitant change in the cover

values, a reflection of the increasing size of individuals as well as a change

in numbers. As the majority of species in this type possess on-site

adaptations to restocking following fire, fire size is not likely to be a

significant influence on the number or distribution of colonizing

individuals. No cover trend graphs were constructed for the black spruce -

sphagnum type as there were only two plots in this type and the species

composition was remarkably similar, the only difference being a shift in

dominance from shrubs and mosses to trees as time since fire increased.
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Black spruce - feathermoss type:

shrubs-herbs_ 10, . young trees 	 black spruce*
--0.- 

mature black spruce
tree seedlings* shrubs-herbs 	 herbs-shrubs 	 feathermoss

\ 	 /
7 yr 	 35 yr 	 125 yr

----10-succession without fire or disturbance

— —fire disturbance which sets back succession

* may contain hardwood tree species and lodgepole pine

In contrast to the black spruce - sphagnum type, the black spruce -

feathermoss type is much more diverse in composition, with hardwoods and other

conifers such as lodgepole pine, subalpine fir, and tamarack being present
depending upon site conditions and history.

While the preferred seedbeds are mineral soil, compacted humus, or live
moss, the feathermosses (heron's bill moss, Schreber's moss, step moss, and

knight's plume) tend to dry out following exposure and make a very poor

seedbed (Johnston 1977). However, depressions with live moss may be favoured

black spruce germination sites as these are generally moist.
Foote (1979) described a six-staged post-fire revegetation sequence for

black spruce on mesic feathermoss sites in the interior of Alaska. These are

newly burned; herbaceous-shrub; shrub; young black spruce; dense black spruce

- Schreber's moss; and finally mature black spruce - feathermoss. The last

three stages are dominated by trees and the end of the sequence is reached

after more than 100 years.

On all sites examined in the Fort Nelson and Cassiar TSA's it was found

that post-fire reproduction of black spruce was reestablishing a stand very

similar to the one destroyed, at least judging by nearby remnant stands or

interpretations of the pre-fire stand on the burn itself. Reproduction by

layering was found to be very common in the more open older stands. However,

black spruce exhibits variable stocking, with stands ranging from quite open

to very dense.
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The black spruce - feathermoss type is more variable in species
composition than the black spruce - sphagnum type as it occupies a wider range

of sites which have less adverse soil conditions. Post-fire vegetative
development is similar in both in that the pre-fire species reestablish

themselves although some invaders such as fireweed may come in. Black spruce,

tamarack, and lodgepole pine seed into burns for a period of years - the

majority of trees in the new stand took hold within ten years, a few as late
as 20 years after the fire. The dominant vegetation during the early life of

the new stand are the herb and shrub species, notably Labrador tea, bog birch,
wood horsetail, rock cranberry, and bog blueberry. These gradually decline as

the tree layer expresses dominance and the cover of the feathermosses as well

increases as the canopy closes.

Charcoal is nearly always easily found in the soil profile, indicating the
historic occurrence of fire in these types. Soils may vary from Organics to

Gleyed Brunisols and Gleysols. Mineral soil therefore is not always present,

or if so may be at great depth, below a thick organic layer. In spite of this
variation in seedbed, black spruce is adept at establishing itself on all of

them. Seedlings are found on live sphagnum, live feathermoss, in moist

depressions in organic layers, on thin humus layers, and on mineral soil.

Thus black spruce is capable of post-fire establishment on virtually all sites

on which it is found and does not require an off-site seed source.

The relationships between fire and tamarack have received very little

attention (Kayll 1968, Miller 1976) but the species occurs in undisturbed and

fire-origin stands (Wilton 1964). It is very intolerant of shade and the

dominant and codominant trees produce many seeds after reaching at least 50

years of age. As such it is adapted to colonizing burned areas although the

seeding range is limited to twice tree height, therefore live survivors in the

burn or nearby will be needed to restock the area. Rowe and Scotter (1973)

considered various morphological and physiological characteristics and rated

the post-fire regeneration success of tamarack to be less than that of jack

pine and black spruce but better than that of white spruce.
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Lodgepole pine - black spruce type:

herbs-shrubs . young trees 	 lodgepole pine 	 black spruce
tree seedlings 	 herbs-shrubs 	 black spruce --lit- moss

- 	 herbs-shrubs

5 yr 	 30 yr 	 200 + yr

succession without fire or disturbance

fire disturbance which sets back succession

Apart from the occasional inclusion of species such as trembling aspen,
common paper birch, and subalpine fir, the lodgepole pine - black spruce type
is usually composed of those two conifers alone. Initial post-fire tree

regeneration most often consists primarily of lodgepole pine but black spruce

may outnumber the former species. With both species possessing fire

adaptations there is no lack of seed availability and regeneration is very

prompt - sometimes beginning in the year of the fire itself. However, some

sites are very densely populated with post-fire germinants. Fortunately, such

high initial numbers of trees is rare. Both tree species are adept at

germinating on a variety of seedbeds - burned organic matter, damp moss, and
mineral soil.

Herbs and shrubs are present but are not as prolific as in other types.
The lesser vegetation is overtaken by the trees and mosses fairly early in

succession. Although there is some variation, the common trend of the mosses

increasing in cover while the herbs and shrubs decline is again present, at
least until age 80. A decline in tree cover after age 35 may represent a

gradual opening up of these stands with age or may be a function of the
variability between the sites sampled. With the eventual loss of lodgepole

pine from the stand a decline in tree cover prior to the later spread of black
spruce could very well occur.
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Lodgepole pine and black spruce are each capable of occupying a wide range
of sites, from xeric to subhydric, and so are common associates in the BWBS.

Hardwoods such as trembling aspen, common paper birch, and Scouler willow may

be present but will not persist as the stand matures. On moister sites

subalpine fir may become established in the understory and without the

influence of fire could become codominant with black spruce.
Generally, when initial post-fire densities are not extreme, lodgepole

pine exhibits good growth and forms a dominant overstory to an understory of
black spruce. In older stands lodgepole pine is overtaken by the black spruce

and becomes scarce while the black spruce spreads by layering. The takeover

of black spruce may be slowed on very dry sites although the buildup of the

organic layer may provide a moisture reservoir. The increase in surface

organic matter depth will lead to cooler soil temperatures and this may hasten

the demise of lodgepole pine.

The possibility exists that individual dead lodgepole pine in a stand

which has progressed from a mixed lodgepole pine - black spruce type to a pure

black spruce type could still harbour viable seeds even though the trees are

dead. Thus, a fire in a stand containing live black spruce and dead lodgepole

pine remnants could lead to a post-fire stand of both species, just as occurs

when both species are live at the time of fire.

Most post-fire tree regeneration becomes established within five to ten
years but can continue to come in up to 20 years, especially with a residual

seed source nearby. On dry lodgepole pine sites input was observed up to 30

years after fire, which perhaps is a reflection of the longevity of seed on

fire-killed trees as well as the production of seed by the first burn
colonizers. Seed may remain viable for at least 80 years and open grown

stands can produce seed at five to ten years of age (Fowells 1965). Most

importantly, seed dissemination from both of these sources would depend on the

cone being non-serotinous. Crossley (1956) found that a reversal of

cone-bearing habit took place over the lifetime of the stand: young trees were

predominantly open cone (non-serotinous) while the majority in mature and

overmature stands were closed cone (serotinous).
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If black spruce reaches sexual maturity after lodgepole pine, fires early

in the stand's development could result in the conversion of mixed stands to

pure or nearly pure lodgepole pine, unless an off-site black spruce seed

source was present. These two conifers were commonly found together except in

the oldest stands although younger pure lodgepole pine may exist locally.

Older stands on very dry sites may be predominantly lodgepole pine. Black

spruce will likely be present but its final role in occupying such sites may

not be determined if fire intervenes and leads to the reestablishment of both

species. The lodgepole pine - black spruce type is well adapted to

regeneration after fire and historically fire has been the major disturbance
factor.

As the black spruce stands examined in the northern portion of the

Mackenzie TSA were subject only to a reconnaissance level of investigation, no

attempt will be made to draw any conclusions from the cover data collected.

Rather, two examples from the Fort Nelson TSA are given as Figures 12 and 13.

While there are fluctuations in cover of the various strata in both the black

spruce - feathermoss and lodgepole pine - black spruce types in the first few

decades of succession, the usual trend of increasing cover of mosses and trees

at the expense of shrubs and herbs is generally evident. The developmental

sequence for black spruce - feathermoss is in agreement with the stages

identified by Foote (1979) as previously described.



■
tv

S' ."•■ —2

I
i
s

1
I
I

1
1

-63-

cn

	

w 	 cn 	 u)
	u-)	 w 	 cc)

	

u) 	 w 	 cc

	

o 	 cc 	 w

	

x 	 1- 	 x

	1 	

••
1•

r__

	

, 	 ,i
,
I 	 1_

Milli III
0 0 0 0 0 0 0 0 0 0 0
0 0) 	 CD 	 1%. CO ID V' 	 CT) CU 	 wi
w.•

ti3A03 S

Figure 12. Black spruce - feathermoss type (Fort Nelson).

1
1 1



83A°3 %

-64-

Figure 13. Lodgepole pine - black spruce type (Fort Nelson).



-65-

D. Spruce - Willow - Birch Biogeoclimatic Zone

The SWB biogeoclimatic zone is subalpine in nature and is found between
elevations of 1 000 and 1 700 m in the northern Mackenzie TSA between the BWBS

and AT zones. The transition to the alpine type occurs between 1 500 and

1 700 m. The SWB zone is found in the upper elevations of the Rocky, Cassiar,

Omineca, and Skeena mountains; as well as on the Stikine Plateau.
The most common tree species in the SWB are white spruce and subalpine fir

with lodgepole pine, trembling aspen, common paper birch, black spruce, and

balsam poplar being present as seral species or edaphic climaxes. Treeless

shrubfields and meadows can occur below upper treeline locally and may be a

function of cold air drainage and/or ponding and/or soil moisture drainage.

Grasslands may also occur on steep south aspects with shallow soils in the
subalpine. Two views are shown in Plates 5 and 6.

The Ministry of Forests records show that fires have occurred in the SWB

zone in recent times as a result of lightning activity - prescribed burning
for wildlife habitat manipulation is less common than in similar areas in the

Fort Nelson and Cassiar TSA's. Physical evidence in the form of charcoal in

the soil horizons attests to the fact that fires has been the primary

influence on stand origin and development although fires have apparently been
less frequent and smaller than in the lower BWBS zone. Topographic factors

and fuel discontinuities may influence the ultimate size of fires but where

the slopes are gentle and the fuel continuous fire size in the SWB may still

be significantly large. Fires may originate in the BWBS zone and travel
upslope to the SWB or may originate in that zone alone.

All fire ecology plots in the SWB are shown in Figure 14.
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Plate 5. 	 View east up the middle tributary of upper Kwadacha
River, Spruce - Willow - Birch zone.

Plate 6. 	 Variable burn pattern, CHE burn of 1981 at Chesterfield Creek.
Upper slopes are Spruce - Willow - Birch zone.
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Figure 14. Plot locations for the Spruce - Willow - Birch zone.
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a) Lodgepole pine - white spruce - subalpine fir type

Where fire has been relatively recent, seral or early successional species

such as trembling aspen, common paper birch, and lodgepole pine may be more
prevalent. Five such areas were examined in the SWB of the study area as well

as one older stand chosen to represent the later stages of succession. These

were all on morainal materials. Soils were of moderate to moderately-coarse
texture, moderately well to well drained, and those examined were classified

as Brunisols.

The most common tree species are lodgepole pine, white spruce, and

subalpine fir. Trembling aspen and common paper birch were encountered in two
of the fire ecology plots. Shrubs include Alaska, Bebb's, glaucous,

Drummond's, and Scouler willow; bog birch; blue huckleberry; and Labrador

tea. Common herbs are fireweed, Canadian bunchberry, and black crowberry.

Mosses encountered were stepmoss, and common haircap moss; lichens were also

plentiful in some cases.

Sites examined

Six fire ecology plots were located in this type and their ecological

moisture regimes were either submesic or mesic. The five stands in younger

age classes had times since fire which ranged from 10 to 60 years. Summaries

of percent cover of lesser vegetation are given in Table 8 while those for
tree mensurational data are given in Table 9.

The youngest stand in this type was plot 81-44 located in the LAM burn of
July 1971 near the headwaters of Flameau Creek north of the Ingenika River.

The pre-fire stand seems to have consisted of 80% white spruce, 5% lodgepole
pine, and 15% subalpine fir. Post-fire regeneration consisted solely of

lodgepole pine (found near the fire-killed parent trees) as shown in Table 9.
No white spruce or subalpine fir regeneration was found in the general area of

the plot. The organic layer was only 2 cm thick and although little mineral

soil was exposed in the plot there was 10% cover of decaying wood. Future

input of white spruce and subalpine fir can be expected although seed sources
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Table 8. 	 Percent
lodgepole
type

Shrubs

cover for the lesser vegetation in the
pine - white spruce - subalpine fir

plots.

Percent cover by plot
81-44	 81-49 	 81-45 	 81-46	 81-51 81-52

Alaska willow 5 - 20 - - -
Bebb's willow - - - 10 - -
Drummond's willow 5 - - - -
glaucous willow - - - 10 - -
Scouler willow 5 4 - 6 - -
bog birch 5 - 5 - - 20
prickly rose - - - 5 - -
green alder - 2 - - - -
Labrador tea - + - 15 - -
blue huckleberry - 2 - - 60 -

Herbs
Canadian bunchberry - 20 - 5
fireweed 20 60 20
black crowberry - - - 15

Mosses
30 15 40 - - -common haircap moss

stepmoss - - - 10 - 40
Cladina spp. lichens - - - - 40 15
Nephroma spp. lichens - - - - - 15

* major species only, not all-inclusive
+ denotes a trace
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Table 9. Tree mensurational data for the lodgepole pine - white
spruce - subalpine fir type.

Plot 81-44
saplings <0.5 m (sph)
trees <5.5 m (sph)
height range (m)
age range (yr)

Trembling Common 	 Lodgepole White
aspen 	 paper 	 pine 	 spruce

birch

166
800

0.5-2.5
7-10

Subalpine Fire
fir 	 year

1971

Plot 81-49
saplings <0.5 m (sph)
trees <5.5 in (sph)
height range (m)
age range (yr)

100
675

0.5-3.5
9-17

25

	

50 	 25

	

0.5-2.5 	 0.5-1.5
8

1968

Plot 81-45
	

1958
trees <5.5 m (sph)

	
(none in 	 107 	 1 214

height range (m)
	

transect) 	 0.5-4.5 0.5-5.0
age range (yr)
	

21 	 14-27 	 11-47

Plot 81-46
saplings <0.5 m (sph)
trees <5.5 m (sph)
trees >5.5 m (sph)
avg. dbh (cm)
dbh range (cm)
BA (m2/ha)
height range (m)
age range (yr)

=1930*
	50

	
(none in 	 75

	
50

	225
	

transect)
	

225
	

25
25

9.0
9.0
0.1

	

0.5-6.0
	

0.5-5.5 	 0.5-1.5
28 	 25-46 	 18

Plot 81-51
saplings <0.5 m (sph)
trees <5.5 m (sph)
trees >5.5 m (sph)
avg. dbh (cm)
dbh range (cm)
BA (m2/ha)
height range (m)
age range (yr)

=1921*
(none in 	 (none in
	 25

transect) transect) 	 425
75

19.0
17.0-21.0

2.2
0.5-7.0

20-55 	 20 	 21-53

Plot 81-52
seedlings (sph)
saplings <0.5 m (sph)
trees <5.5 m (sph)
trees >5.5 m (sph)
avg. dbh (cm)
dbh rnge (cm)
BA (m2/ha)
height range (m)
age range (yr)

25
25
75

24.0
17.0-37.0

7.9
0.5-17.0
67-330

150
325
175

26.3
12.0-33.0

16.7
0.5-17.0
34-318

50
1 125

900
150

16.5
8.0-24.0

7.l
0.3-15.0
20-231

=1646*

* as the records do not indicate fires in this area the fire year was estimated -
assuming a five year minimum post-fire regeneration delay (i.e. the fire year is
taken as the age of the oldest tree plus five years)
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are somewhat distant at the present time - seedbed is not a limiting factor,

only the ability of the seed to arrive. Vegetative cover was mainly due to

herbs and mosses, with shrubs being least.

The next oldest stand in this type was in plot 81-49, located in the upper
portion of Bower Creek in the BOW burn of July 1968. The pre-fire stand

likely consisted of 90% white spruce, 5% lodgepole pine, and 5% subalpine

fir. Post-fire regeneration consisted of lodgepole pine, common paper birch,
trembling aspen, and very rare subalpine fir as shown in Table 9. The
hardwoods likely came in from off-site seed sources, although at least one

trembling aspen sampled survived the fire. Lodgepole pine was located on the

coarser materials on the valley floor downhill from the plot area and the

post-fire regeneration there was reasonably well-stocked. However, in the
vicinity of the plot there were not very many regenerating lodgepole pine. A

white spruce and subalpine fir remnant stand was located at perhaps 500 m

upslope from the plot area but only rare subalpine fir were noted in the area
and no regenerating white spruce were seen. At the location of the soil pit

the organic layer was 15 cm in depth which would act as a barrier to the
establishment of white spruce. However, there was variation in depth over the

plot and surrounding area. Exposed mineral soil and smouldered areas were

also present to the extent that a reasonable amount of white spruce seedbed

existed. The plot and vicinity were fairly open with shrub cover consisting

mostly of Scouler and Barclay's willow and green alder. Herb cover was fairly

heavy and due to fireweed and Canadian bunchberry.
The next oldest sample was plot 81-45, in the FRED burn of May - September

1958 on the east side of the McConnell Range south of Fredrikson Lake. The

pre-fire stand consisted primarily of white spruce and subalpine fir although

lodgepole pine was present to about 1% of the total number of trees.
Post-fire tree regeneration consisted solely of subalpine fir and white spruce

and some isolated clumps of subalpine fir had escaped the fire and were of the

age that they could be providing seed to the site. Shrub cover was due to

Alaska willow and bog birch and herb cover was mostly the result of a good
presence of fireweed. Moss cover was reasonably high due to common haircap

moss. There was a trace of mineral soil and decaying wood was somewhat
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abundant (12% of the ground surface) such that white spruce could still become

established in the burn area and was doing so due to the presence of a seed

source not too distant.
Plot 81-46 was located on the east side of the Weissner Creek valley

between the head of the South Gataga River and Weissner Lake. The pre-fire
stand consisted of both white spruce and lodgepole pine. However, trembling

aspen and subalpine fir were in the post-fire regeneration having been

established from off-site seed sources. The cover values for the tree species

were uniformly low - the bulk of the site was occupied by shrubs, as shown in
Table 8. With a reasonably thick organic layer of 10 - 15 cm and a lack of

mineral soil the suitable sites for tree seedling establishment are limited to

moist mossy seedbeds - indeed white spruce as young as four years of age were

found. Future recruitment may be biased towards white spruce on decaying wood
or moist moss and subalpine fir on organic material. The age range of the

post-fire trees which were sampled showed that white spruce was the first to
become established, followed by subalpine fir and the occasional lodgepole

pine.

The next oldest sample was plot 81-51, in an unrecorded burn in upper

Flameau Creek. The age of the trees on the site suggested a fire in about the
year 1921. The pre-fire stand consisted of subalpine fir, white spruce, and

lodgepole pine and post-fire tree regeneration consisted of all three species

although only subalpine fir was encountered in the randomly-located

mensuration transect. Shrub cover was due to blue huckleberry and herb cover

was nearly non-existent. Moss cover was reasonably high due to Cladina 

lichens. Seed sources of both white spruce and subalpine fir were nearby such

that continued input of these species is possible and expected as the stand is

still understocked by SWB standards. However, the submesic rating and shallow
soils on the site may hold the ultimate density of trees on the site to a

lower level than usual for most sites in this zone.
Plot 81-52 was located west of the Thorne Creek - Attichika Creek

confluence in a stand which appeared to date from a fire which occurred in the

mid-1600's. The composition of the pre-fire stand was therefore impossible to
assess. As shown in Table 9 the older and higher tree strata were occupied by
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white spruce and lodgepole pine - subalpine fir was smaller in stature and

generally younger. White spruce seedlings were becoming established on moist

moss and rotting wood substrates and subalpine fir was seeding in on all

organic seedbeds and layering abundantly around the older trees. Lodgepole

pine was seeding in under canopy openings which appeared to represent drier

microsites. The old lodgepole pine were of poor vigour and dying out of the

stand. The age range of the post-fire trees which were sampled showed that

the lodgepole pine and white spruce were the first to become established,
followed by subalpine fir.

Discussion

As was the case with its counterpart type in the lower elevation BWBS fire
is the major disturbance factor in the lodgepole pine - white spruce -

subalpine fir type in the SWB zone. Although the species share the same
fire-related attributes between the zones, the major difference between the

BWBS and SWB zones is the time taken to regenerate a new stand. Growth is

slower for all species as well - a lodgepole pine in the BWBS of the same age
as one in the SWB can be on the order of 4 - 7 m taller.

If trembling aspen and common paper birch are present in the pre-fire

stand they will vegetatively reproduce and are also capable of seeding in to
burned areas from off-site seed sources. With the continued absence of fire

subalpine fir will probably become a more abundant component of these stands

while trembling aspen and lodgepole pine will not. White spruce will be

present through most stages but may decline in the oldest stands where

subalpine fir may become dominant. However, subalpine fir can be one of the

first post-fire site colonizers and not necessarily require an existing

community (and therefore shade) to become established.

Views of plots 81-49 and 81-52 are shown in Plates 7 and 8. The

successional development of the lodgepole pine - white spruce - subalpine fir

type can be shown as follows:
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shrubs-herbs „shrubs-herbs lodgepole pine*
tree seedlings young trees* white spruce
or suckers -It, 	 subalpine fir

NC1— 	 /shrubs-herbs

— — — — —

white spruce__a,subalpine fir
subalpine fir -- white spruce
moss 	 moss
herbs-shrubs 	 herbs-shrubs
/ 	 /

35 yr 	 45 yr 	 250 + yr 	 400 + yr

-----10.-succession without fire or disturbance

— fire disturbance which sets back succession

* may also contain trembling aspen and common paper birch

The cover trends by stratum for the fire ecology plots in this type are

shown in Figure 15. The middle period of successional development is

under-represented but it is expected that shrubs and herbs will constitute the

bulk of cover until about 60 years or more after the fire, by which time the

tree and moss components will be becoming dominant on the site. The endpoint

of succession is again thought to be a mixed stand of subalpine fir and white
spruce with a somewhat open canopy and a relative abundance of shrubs and

herbs. The seral species of trembling aspen, common paper birch, and

lodgepole pine will be lost from the stand in time unless fire intervenes.

As was found in the BWBS zone rapidly drained dry sites in the SWB may

support fairly open lodgepole pine - lichen types. Where these communities

have developed environmental conditions may be too harsh to permit the

occupation of the site by significant numbers of white spruce or subalpine
fir. In these cases the pine - lichen community will likely persist

indefinitely and could support the occasional surface fire.
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Plate 7. 	 Plot 81-49 in the BOW burn of 1968, upper Bower Creek,
Spruce - Willow - Birch zone.

Plate 8. Stand dating from about 1646,
Plot 81-52 in the vicinity of the
Thorne - Attichika Creek confluence
Spruce - Willow - Birch zone.
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Figure 15. Lodgepole pine - white spruce - subalpine fir type.
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b) Lodgepole pine - black spruce - white spruce - subalpine fir type

One fire ecology plot was located in this type in the WAR burn of 1978 at

the headwaters of the southern tributary of Joe Poole Creek. As black spruce

is not very widespread in the SWB zone this type is of limited extent. This

plot was on the valley floor; the soil was formed on glacial till. Soil
texture was moderate and it was classified as a Brunisol. Lodgepole pine,

subalpine fir, and black spruce were the tree species encountered; shrubs were

low in cover; herbs included only fireweed and Canadian bunchberry; the only
moss found was common haircap moss.

Sites examined

A summary of percent cover of lesser vegetation for the plot in this type
is given in Table 10 while that for tree mensurational data is given in Table

11. The fairly recent effects of fire in this type were assessed by

establishing plot 81-47 on a terrace just above the valley floor of be Poole
Creek. The site was classed as mesic. The pre-fire stand consisted of

lodgepole pine (1 500 sph), subalpine fir (600 sph), white spruce (400 sph),

and black spruce (300 sph). Ages of the pre-fire trees sampled ranged from 82

to 116 years.

The fire lightly burned 83% of the soil surface, deeply smouldered 10%,

and burned 7% to mineral soil. No white spruce seedlings were found although
lodgepole pine, subalpine fir, and black spruce were represented. The bulk of
vegetative cover was due to the presence of fireweed, Canadian bunchberry, and

common haircap moss. With a residual seed source of white spruce being not
too distant both upslope and north along the valley floor, future regeneration

of that species can be expected if good seed production years are followed by

climatic conditions conducive to germination and survival.
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Table 10. Percent cover for the lesser vegetation in the
lodgepole pine - black spruce - white spruce -
subalpine fir type plot.

Percent cover
81-47

Shrubs
Labrador tea 	 2
Alaska willow 	 1
bog birch 	 1
blue huckleberry 	 1

Herbs
fireweed 	 12
Canadian bunchberry 	 5

Mosses 
common haircap moss 	 30

* major species only, not all-inclusive
+ denotes a trace

Table 11. Tree mensurational data for the lodgepole pine -
black spruce - white spruce - subalpine fir type plot.

Lodgepole 	 Black 	 Subalpine 	 Fire
pine 	 spruce 	 fir 	 year

Plot 81-47 	 1978
seedlings (sph) 	 1 460 	 500 	 700
age range (yr) 	 1-3 	 1-3 	 1-3
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Discussion

Although of limited extent in the SWB zone this type contains two tree

species which are well-adapted to post-fire establishment (lodgepole pine and

black spruce) and two which are less well-adapted but nonetheless capable of

doing the same (white spruce and subalpine fir). Soil organic layer depth in

the SWB is generally significantly less than in the BWBS and so these tree
species will likely experience little difficulty in establishing themselves

although as previously discussed regeneration periods will be longer.

Lodgepole pine seedlings were found on mineral soil, on thin layers of burned

moss, and on common haircap moss on deeply smouldered areas at the bases of

trees. White spruce, black spruce, and subalpine fir were found on mossy
deeply smouldered areas as well.

A view of plot 81-47 is shown in Plate 9. The successional development of

the lodgepole pine - black spruce - white spruce - subalpine fir type can be
shown as follows:

shrubs-herbs 	 shrubs-herbsblack spruce 	 subalpine fir
tree seedlings 	 lodgepole pinT----1111%hite spruce 	 white spruce

N<N\ 	
black spruce subalpine fir

herbs-shrubs 	
black spruce

white spruce moss
--- subalpine fir / moss 	 herbs-shrubs

\

35 yr 	 250 yr 	 400 + yr

-----4■-succession without fire or disturbance

-47----fire disturbance which sets back succession
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Plate 9. Plot 81-47 in the WAR burn
of 1978, Joe Poole Creek in the
Spruce - Willow - Birch zone.

Plate 10. Plot 81-53 near upper timberline
on Thudaka Creek, a burn in subalpine
fir dating from 1917, Spruce - Willow -
Birch zone.
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Cover trends by stratum could not be derived as only one plot was
established in this type. As with other SWB types one could expect an initial

abundance of shrubs and mosses (although in this case herbs were higher in

cover) and an eventual increase in moss and tree cover with time. The

endpoint of succession is considered to be an all-aged stand of subalpine fir
with white spruce and black spruce next in abundance as well as a minor herb

and shrub component and heavy moss cover.

c) Subalpine fir type

Subalpine fir dominates at higher elevations of the SWB zone, especially

on north and east aspects. Forests at these elevations are often broken up

into clumps or scattered individuals although these stands may be relatively

dense and have live crowns low to the ground as well as layering branches,

both of which represent accumulations of 'ladder' type fuels capable of

carrying fire up into the crowns.

One fire ecology plot was established in this type in the Stikine Ranges

of the Cassiar Mountains, illustrated in Plate 10. The subalpine fir type is

fairly widespread throughout the SWB zone of the northern portion of the

Mackenzie TSA. This plots was at a high elevation and the soil developing in
a morainal veneer. It was of moderate texture, shallow in depth, and

classified as a Regosol due to the lack of differentiation of the horizons.

Subalpine fir was the only tree species encountered; shrubs were widespread
but low to the ground; herbs did not have very much cover; and only Cladina 

lichens were significant in the moss layer.

Sites examined

A summary of percent cover of lesser vegetation for the plot in this type

is given in Table 12 while tree mensurational data are given in Table 13. The

development of vegetation about 64 years after fire was assessed by

establishing plot 81-53 on a ridge north of a subalpine lake on a tributary of

Thudaka Creek northwest of the bend of the Finlay River. Situated on an upper
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Table 12. Percent cover for the lesser vegetation in
the subalpine fir type plot.

Percent cover
81-53

Shrubs 
blue huckleberry 	 40
Alaska willow 	 5
dwarf huckleberry 	 5
bog birch 	 3

Herbs
black crowberry 	 2
boreal wormwood 	 1
fireweed
Canadian bunchberry

Mosses 
Cladina lichens 	 30
Dicranum spp.
common haircap moss

* major species only, not all-inclusive
+ denotes a trace

Table 13. Tree mensurational data for the subalpine fir type.

Subalpine 	 Fire
fir 	 year

Plot 81-53 	 =1917*
trees <5.5 m (sph) 	 1 000
height range (m) 	 0.5-4.5
age range (yr) 	 12-59

* as the records do not indicate fires in this area the fire year was
estimated assuming a five year minimum post-fire regeneration delay
(i.e. the fire year is taken as the age of the oldest tree plus five years)
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slope just below treeline with a thin soil mantle over bedrock the site was

classed as submesic. Judging by an adjacent remnant stand the pre-fire forest

consisted of a well-stocked stand of all-aged subalpine fir. Ages of the

regenerating trees sampled ranged from 12 to 59 years. The fire resulted in

total kill of the pre-fire stand and likely reduced the soil organic layer

although it was too long ago and an assessment could not be made of specific

impacts on the soil. No subalpine fir seedlings were found and the bulk of

the vegetative cover was represented by low shrubs and Cladina lichens.

With a residual seed source of subalpine fir present at approximately 50 m

along the slope regeneration of the species can be expected to continue in the
future. Subalpine fir was present in krummholz form at timberline but these

trees were apparently not burned in the fire - if they were, their recovery
would be even slower than the tree-formed individuals downslope.

Discussion

Although subalpine fir is not usually thought of as a pioneer species

which follows fire, its habitat is obviously affected by fire and thus it is

relegated to the position of burn colonizer, being the only tree species

present at these higher elevations. Its success is due to its ability to

establish on sites which are too severe for other competing tree species and

its eventual spread by layering (Franklin and Mitchell 1967). While the seed

of subalpine fir is capable of germination on mineral or organic matter, the

limiting factors at these upper elevations are likely to be seed travel

distances and harsh post-fire environmental conditions such as drought or cold

temperatures. The destruction of subalpine fir stands by fire and the
extended regeneration period could mean that on steep slopes snow creep and/or

avalanching could disrupt subalpine fir establishment and perhaps have longer

term implications for the position of treeline.

With a shrub component somewhat limited in composition (primarily blue

huckleberry in this case) and a nearly non-existent herb layer post-fire

revegetation may also depend upon off-site seed sources for pioneer herbs such
as fireweed, although some on-site herbs and shrubs will be capable of
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establishment by vegetative means or seeding in. With variations in

topography and inherent discontinuities in the distribution of trees

themselves chances are good that remnant stands will remain within burns at

upper elevations to act as seed sources. Post-fire development is a very slow
process and little data are available for analysis from anywhere in the north.

The successional development of the subalpine fir type can be shown as
follows:

shrubs-herbs 	 shrubs-herbs
----)■ 

subalpine fir___A. subalpine fir
tree seedlings 	 young subalpine herbs-shrubs 	 moss

*, )
tN
 N— — — _fir

fir _ _ ___ / moss 	 herbs-shrubs
/_ __. 	

/

40 yr 	 55 yr 	 150 yr

succession without fire or disturbance

-41111--- fire disturbance which sets back succession

The cover trends by stratum for the fire ecology plots in this type in the

Cassiar TSA are shown in Figure 16. These trends were determined based upon

two widely separated plots such that they cannot be considered to represent

other than a generalization of the development of the subalpine fir type.

More plots would be needed to present an accurate picture. However, the trend

of increasing tree and moss cover and a decline of herb cover common to other

types in the TSA is apparent. In contrast to the Thudaka Creek plot, shrub

cover appears to maintain a low level at all post-fire stages in the Cassiar

TSA. The endpoint of succession is considered to be a pure stand of all-aged
subalpine fir with a minor herb and shrub component and heavy moss cover.
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Figure 16. Subalpine fir type (Cassiar).
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VII. SUMMARY

The northern Mackenzie Timber Supply Area contains a variety of ecosystems

which reflect the differing influences of climate, terrain, soil types,
vegetative cover, and ecosystem processes including fire. Historically, fire

has been the greatest physical influence on the distribution and development

of the majority of the vegetation in the TSA.

Forest fires have been common in the Sub-Boreal Spruce Biogeoclimatic

Zone. Seral species such as trembling aspen, common paper birch, and
lodgepole pine may be present in the early stages of succession but the

eventual climax type is considered to consist of white (and/or hybrid spruce)

and subalpine fir.

The forest types of the Engelmann Spruce - Subalpine Fir Biogeoclimatic

Zone are considered to be largely of fire origin as well. Fire size is
probably limited by topographic variation and fuel discontinuities. Post-fire

vegetative development begins with a herb and shrub stage and is followed
either by a seral lodgepole pine stand; a mixture of Engelmann spruce and

subalpine fir; or all three species at once. Successional development in the
absence of fire favours subalpine fir over the spruce and pine and therefore

the Engelmann spruce - subalpine fir type is considered by some researchers to
be dependent upon recurring fire for its existence - in the absence of fire

pure subalpine fir will dominate. As with the Spruce - Willow - Birch Zone

recovery processes following fire in this zone are slow.

In the Boreal White and Black Spruce Biogeoclimatic Zone is a variety of
terrain and vegetative types. Although alluvial balsam poplar - white spruce

forests were found in the Fort Nelson and Cassiar TSA's they were not
especially abundant in the northern Mackenzie. While these stands may be

found on alluvial sites along the major rivers, such stands are not extensive

in nature, only amounting to narrow bands.
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Fire has been such an integral part of the environment of the boreal

forest that some conifers such as lodgepole pine and black spruce possess

reproductive adaptations (seed dispersal) to ensure their presence after

fire. However, most individual trees will be killed by the fire intensities

characteristically encountered in the boreal forest. In contrast, some
hardwood tree species are capable of post-fire vegetative reproduction and are

generally prolific producers of far ranging seed.

Mixed stands of lodgepole pine - white spruce - subalpine fir are common

in the Boreal White and Black Spruce Biogeoclimatic Zone of the northern
Mackenzie TSA. Lodgepole pine will have an advantage in that it often has a

serotinous seed supply after maturity while white spruce and subalpine fir

will require live survivors to restock burned areas. Post-fire development is

sometimes biased towards lodgepole pine for this reason although white spruce

can be dominant as well, depending upon pre-fire abundance and the
availability of seed and seedbed after the fire. Although not thought of as a
pioneer, subalpine fir can form part of the initial post-fire colonizers or

can just as easily invade an existing community of herbs-shrubs and/or trees.

In both of these cases the climax stand is considered to consist primarily of

subalpine fir.

The post-fire development of vegetation on these upland sites commonly

begins with an abundance of herb species and an overstory of shrubs with the

three conifer species generally being present from the beginning as

seedlings. Eventually the lodgepole pine die out of the stand to leave a
white spruce - moss or white spruce - subalpine fir - moss community.

Subalpine fir may ultimately take over from white spruce as the dominant tree

species because of its ability to reproduce and survive in the shade of an

existing canopy.

Alternatively, nearly pure white spruce stands can become established

directly after fire if a seed source and suitable seedbed are present and the

site is not invaded and occupied by brush and/or hardwood species. Preferred

white spruce seedbeds are mineral soil or thin humus; live survivors are

needed nearby to provide seed. The absence of a suitable seedbed may lead to
a community dominated by shrubs and herbs. Dense shrubfields may originate

because of this or could also initially be a product of repeated fires at

short intervals.
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Both the black spruce - sphagnum and black spruce - feathermoss types are
commonly affected by fire and are well-adapted to reestablishing themselves
following fire. Black spruce has a readily available seed supply due to its

semi-serotinous nature and many associated plant species are adapted to

post-fire vegetative reproduction. The black spruce - sphagnum type

especially shows a nearly perfect match of species composition among all

stands, regardless of time since fire, indicating a high degree of fire

adaptation. The black spruce - feathermoss type may be more diverse in

composition in the early stages of post-fire development, perhaps containing

one or more of species such as balsam poplar, tamarack, common paper birch,

lodgepole pine, and trembling aspen. As the stand matures the hardwoods and

lodgepole pine are lost, leaving black spruce and possibly tamarack.

Lodgepole pine - black spruce mixes occur to a limited extent in the

northern Mackenzie TSA. With both of these conifers possessing fire

adaptations there is no lack of seed availability and regeneration is prompt.

Lodgepole pine may be dominant numerically and in height during the initial
development but in time the black spruce takes over. Hardwood species may

also be present but are transient as well.

The Spruce - Willow - Birch Biogeoclimatic Zone contains a mixture of

forest and non-forest cover types which occur as a function of site conditions

and history. Lodgepole pine - white spruce - subalpine fir mixtures may

develop following fire but subalpine fir and white spruce will be the species

which eventually assume prominence on the site. When subalpine fir is present

it may be the initial tree species to regenerate following fire or it may

invade an existing community - in both cases it persists through the

developmental sequence. Lodgepole pine may remain as scattered individuals

and on especially dry sites can form all-aged self-perpetuating stands in the

absence of fire.

At lower elevations of the Spruce - Willow - Birch zone (transitional to

the Boreal White and Black Spruce zone) there may be mixtures of lodgepole
pine - black spruce - white spruce - subalpine fir. However as the

distribution of black spruce is restricted in this zone this type is

uncommon. The first two species are serotinous or semi-serotinous and will
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therefore have an advantage while the latter two will be dependent upon live

survivors to restock burned sites. As these sites are generally at the lower

elevations of the Spruce - Willow - Birch zone the regeneration delay will not

be as long as for the higher parts of the zone.

White spruce and subalpine fir occur together in many areas of the Spruce

- Willow - Birch zone. The most common forest type in this zone consists of a

semi-open white spruce and subalpine fir forest with an understory of shrubs

and herbs. Post-fire regeneration periods for trees are long although the
presence of residual stands adjacent to burned sites is common and these act

to provide a long-term supply of seed.

At upper elevations and especially on north and east aspects subalpine fir

forms pure or nearly pure stands. These forests are variable in density and
contain indications that fire has influenced their development, although fire

is very much less frequent and widespread in this zone as compared to the

Boreal White and Black Spruce zone. Subalpine fir is capable of regenerating

following fire but this process is very lengthy and may be limited by harsh
post-fire conditions such as drought, cold temperatures, and exposure to wind

and snow-blast.

The timing of fire occurrence in relation to the state of the forest cover

is important at two levels. The first is with respect to the age of the stand

and therefore whether or not the trees are cone-bearing, the second being the

season of occurrence and therefore the state of development of the cone crop

and the effects of fire on the resultant seedbed. These factors will vary in

importance and potential impact upon post-fire development depending upon the
final fire size and the availability of seed. For species capable of

vegetative reproduction these last two items are of lesser importance.

The majority of forest types in the northern Mackenzie TSA have developed

under a lightning-maintained fire regime. Fire is most common in the Boreal

White and Black Spruce zone (with the usual exception of the alluvial sites)

and present but less frequent in the other zones. Following a single lethal

crown fire the forest that develops afterwards will eventually resemble the

stand which burned, following succession through some intermediate stages
which are floristically or structurally different. Some species may
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experience changes in relative abundance following fire and these values will
gradually alter as the stand develops. In other cases there will be invasion

of burn sites by species which were not on that particular site before the

fire but are present in the vicinity and are therefore providing seed to the

site.

The introduction of a forest fire suppression policy has perhaps had more

of an influence on the development of the forests of the northern Mackenzie

TSA than it has in the other two areas studied. While logistical

difficulties, the limited availability of personnel and equipment, and the

remoteness and low value of some timber types have necessitated a priority

system of fire suppression action, the area is smaller than both the Fort

Nelson and Cassiar TSA's and access is less hindered by great distances.

Average fire size for the period of record examined was less in the northern

Mackenzie area than for the other two TSA's - perhaps indicative of more

efficient fire detection and suppression action.
The absence of large-scale prescribed burning programs for wildlife

habitat manipulation also contrasts with the other northern ISA's examined.

Therefore, the overall effect of fire management in the northern Mackenzie

area (if detectable) would be a shift in the age class structure towards older

classes. Although it is easy to make this hypothesis it would require careful

analysis of age class data to confirm it. Given that the rate of forest

growth and successional processes are slower than in more southern and

productive forests, the potential effects of fire management in the northern

Mackenzie area should not be viewed with alarm unless of course fire was to be
totally excluded from the area.

This investigation into the fire-ecological relationships of the northern

Mackenzie TSA has revealed that many of the relationships which hold true for

the remainder of the North American boreal forest are also applicable to

northwestern British Columbia. The information gathered from the Northern

Fire Ecology Project's studies provides an indication of the type and nature

of the ecosystems present; the relative productivity of sites within and

between biogeoclimatic zones; and the role of fire and fire effects in

specific forest cover types within the identified biogeoclimatic zones.
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A knowledge of ecosystem processes and fire effects can then be integrated

with the land management objectives for specific planning units, with

consideration given to land use and resource production (historic, actual, or

potential), economic and cultural improvements, and aesthetic values. Fire

management plans which interface a knowledge of predictable fire effects with

multiple resource objectives will indicate the desirability or undesirability

of fire, be it wild or prescribed. With the desired land management

objectives in mind, information on fire size and intensity, and a knowledge of

the probable post-fire development of the vegetation over time, individual

fires then become negative, neutral, or positive influences upon the

particular land management unit in question. The appropriate management

action would then be total suppression, modified suppression action, or
continued application of fire. Armed with a knowledge of the ecological

requirements of a particular tree species the forest manager could plan his

silvicultural prescribed burning to best advantage.

The future role for fire in the northern Mackenzie TSA will be determined

by short and long-term multiple resource management objectives as well as

basic ecological processes. The information provided by the Northern Fire

Ecology Project coupled with existing and future land management objectives

for the northern Mackenzie TSA should be used to refine the fire management
plans and strategies currently in place. The ecological information provided

in this and the accompanying reports have no built-in biases or preconceptions

but instead are intended to represent the ecological 'truths'. These can then

be interpreted from different viewpoints and with different management

objectives in mind to produce the needed land and fire management plans.
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APPENDIX I: FLORA AND FAUNA

LIST OF VEGETATION SPECIES MENTIONED IN THE TEXT
AND/OR ENCOUNTERED IN THE PLOTS

MOSSES, LICHENS, AND LIVERWORTS

broom moss
common haircap moss
knight's plume moss
lichen
liverwort
lichen
lichen
moss
purple horntooth moss
ribbed bog moss
Schreber's moss
sphagnum mosses
stepmoss

Dicranum scoparium Hedw.
Polytrichum commune Hedw.
Ptilium crista-castrensis (Hedw.) De Not.
Cladina spp.
Barbilophozia lycopodioides (Walir.) Loeske
Nephroma arcticum (L.) Torss.
Peltigera spp.
Leptobryum pyriforme (Hedw.) Wils.
Ceratodon purpureus (Hedw.) Brid.
Aulacomnium palustre (Hedw.) Schwaegr.
Pleurozium schreberi (Brid.) Mitt.
Sphagnum spp.
Hylocomium splendens (Hedw.) B.S.G.

HERBS

Altai fescue
Arctic lupine
Arctic willow
arrowleaved groundsel
black crowberry
bluejoint
boreal wormwood
Canadian bunchberry
common horsetail
common mitrewort
common yarrow
cow parsnip
dwarf blueberry
dwarf scouring rush
fireweed
fragrant white rein orchid
globe anemone
Indian hellebore
ground-cedar club-moss
heart-leaved arnica
kidney-leaved violet
kinnikinnick
large wintergreen
mountain hairgrass
northern bedstraw

Festuca altaica Trin.
Lupinus arcticus Wats.
Salix arctica Pall.
Senecio triangularis Hook.
Empetrum nigrum L.
Calamagrostis canadensis (Michx.) Beauv.
Artemisia arctica Lessing
Cornus canadensis L.
Equisetum arvense L.
Mitella nuda L.
Achillea millefolium L.
Herac eum lanatum Michx.
Vaccinium caespitosum Michx.
Equisetum scirpoides Michx.
Epilobium angustifolium L.
Platanthera dilatata (Pursh) Lindi. ex L.C. Beck
Anemone multifida Poir.
Veratrum viride Ait.
Lycopodium complanatum L.
Arnica cordifolia Hook.
Viola renifolia Gray
Arctostaphylos uva-ursi (L.) Spreng.
Pyrola asarifolig747h7.
Vahlodea atropurpurea (Wahlenb.) E. Fries
Galium boreale L.
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northern twinflower
one-sided wintergreen
palmate colt's-foot
pink mountain-heather
red baneberry
red bearberry
rock cranberry
running club-moss
sedges
shady horsetail
Sitka burnet
Sitka valerian
spike trisetum
stiff club-moss
tall bluebell
white hawkweed
wild rye grass
wild strawberry

Linnaea borealis L.
Orthilia secunda L.
Petasites palmatus (Ait.) Gray
Phyllodoce empetriformis (Sm.) D. Don
Actaea rubra (Ait) Willd.
Arctostaphylos rubra (Rehd. & Wilson) Fern.
Vaccinium vitis:Urea L. ssp. minus (Lodd.) Hult.
Lycopodium clavatum L.
Carex spp.
Equisetum pratense Ehrhart
Sanguisorba canadensis L. ssp. latifolia (Hook.) C. & T.
Valeriana sitchensis Bong.
Trisetum spicatum (Linnaeus) K. Richter
Lycopodium annotinum L.
Mertensia paniculata (Ait.) G. Don.
Hieracium albiflorum W.J. Hooker
Elymus innovatus Beal.
FragariTalaTiana Duchesne.

Salix alaxensis (Anderss.) Cov.
Salix barcla i Anderss.
Svgri7 e Tana Sarg.
Ribes lacustre (Pers.) Poir.
Vaccinium membranaceum Dougl.
Betula olandulosa Michx.
Vaccinium uliginosum L.
Sheperdia canadensis (L.) Nutt.
Juniperus communis L.
Salix drummondiana Barratt
Srgra glauca L.
Alnus viridus (Chaix) DC. ssp. fruticosa
VIEGFriarEETe (Michx.) Raf.
Ledum groenlandicum Oeder
Rosa acicularis Lindl.
Sambucus racemosa L.
Rubus idaeus L.
Ribes triste Pall.
Salix scouleriana Barratt
Amelanchier alnifolia Nutt.
Ribes olandulosum Grauer
Salix commutata Bebb
Sorbus scopulina Greene
Rhododendron albiflorum Hook.
Salix spp.

SHRUBS

Alaska willow
Barclay's willow
Bebb's willow
black swamp gooseberry
blue huckleberry
bog birch
bog blueberry
buffalo-berry
common juniper
Drummond's willow
glaucous willow
green alder
highbush-cranberry
Labrador tea
prickly rose
red elderberry
red raspberry
red swamp currant
Scouler willow
serviceberry
skunk currant
undergreen willow
western mountain-ash
white-flowered rhododendron
willows
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TREES

Alaska paper birch
balsam poplar
black cottonwood

black spruce
common paper birch
Douglas-fir
Engelmann spruce
lodgepole pine
subalpine fir
tamarack
trembling aspen
white spruce

Betula neoalaskana Sarg.
Populus balsamifera L.
Populus balsamifera L. ssp. trichocarpa

(T. & G. ex Hook.) Brayshaw
Picea mariana (Mi1177 B.S.P.
Betula papyrifera Marsh.
Pseudotsuga menziesii (Mirbel) Franco
Picea engelmannii Parry
Pinus contorta Dougl.
AbiesTaisidaYpa (Hook.) Nutt.
Larix laricina (DuRoi) K.Koch
Populus tremuloides Michx.
Picea glauca (Moench) Voss

LIST OF MAMMALS INDIGENOUS TO THE NORTHERN MACKENZIE TSA

INSECTIVORA

cinereus shrew
navigator shrew
wandering shrew

CHIROPTERA

little brown myotis

LAGOMORPHA

snowshoe hare

RODENTIA

American beaver
boreal redback vole
bushy-tailed wood rat
bushy-tailed wood rat
hoary marmot
least chipmunk
least chipmunk
long-tailed vole
marmot
meadow jumping mouse

Sorex cinereus cinereus Kerr
Sorex palustris navigator (Baird)
Sorex vagrans obscurus Merriam

Myotis lucifuqus alascensis Miller

Lepus americanus macfarlani Merriam

Castor canadensis sagittatus Benson
Clethrionomys gapperi athabascae (Preble)
Neotoma cinerea drummondi (Richardson)
Neotoma cinerea occidentalis Baird
Marmota caligata oxytona Hollister
Eutamias minimus borealis (Allen)
Eutamias minimus caniceps Osgood
Microtus lonqicaudus vellerosus Allen
Marmota monax petrensis Howell
Zapt-77u-d-FOT-ii-us hudsonius (Zimmermann)
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meadow vole
muskrat
northern bog-lemming
porcupine
red squirrel
Siberian lemming
tundra redback vole
western jumping mouse
white-footed mouse

CARNIVORA

American black bear
Canada lynx
cougar
coyote
fisher
grizzly bear
marten
mink
red fox
short-tailed weasel
striped skunk
wolf
wolverine

ARTIODACTYLA

American moose
mountain goat
mule deer
Osborn caribou
Stone sheep

Microtus ,enns'lvanicus drummondi (Audubon and Bachman)
Ondrata zibethica spathulata (Osgood)
Synaptomys borealis dalli Merriam
Erethizon dorsatum nigrescens Allen
Tamiasclurus hudsonicus columbiensis Howell
Lemmus sibericus helvolus (Richardson)
Clethrionomys rutilis dawsoni (Merriam)
Zapus princepi7irEiEOFTTEF
Peromyscus maniculatus borealis Mearns

Ursus americanus cinnamomum (Audubon and Bachman)
Lynx canadensis canadensis Kerr
Felis concolor missoulensis Goldman
Canis latrans incolatus Hall
Martes ennanti columbiana Goldman
Ursus arc os orribilis Ord
Martes americana actuosa (Osgood)
Mustela vison energumenos (Bangs)
Vulpes fulva abietorum Merriam
Mustela—Eiinea richardsoni Bonaparte
Mephitis mephitis hudsonica Richardson
Canis lupus Linnaeus
Gulo luscus luscus (Linnaeus)

Alces alces andersoni Peterson
7-75Mhos ameTIFFIGTEolumbiae Hollister
Odocoileus hemionus hemionus (Rafinesque)
Rangifer tarandus osborni Allen
Ovis dalli stonei Allen

LIST OF AMPHIBIANS INDIGENOUS TO THE NORTHERN MACKENZIE TSA

spotted frog
wood frog
boreal toad

Rana pretiosa Baird and Girard
Rana sylvatica Baird
TOO' boreas boreas Baird and Girard

Nomenclature is based on the following publications for vegetation:
Hartill and O'Connor (1975), Hitchcock and Cronquist (1973),

Lawton (1971), Taylor and MacBryde (1977), and Viereck and Little (1972).
Nomenclature and distribution for mammals and amphibians are based on Cowan and Guiguet
(1973) and British Columbia Provincial Museum records.
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SITE DESCRIPTION PAGE 	 1 	 OF

Proj. ID  
	

Plot No. 	 Date (Y/M/D)

NTS Sheet
	

Lat. 	 Long.

Location

Slope 	 percent 	 Elevation 	 metres

	8 pt.   feet

Forest Region 	 Forest District 	

Agency 	 Crew	

Fire name 	 number 	 year 	 size 	
ac ha

Zone/subzone 	 classification system 	

Physiographic subdivision 	

Site position macro Site position meso 	 Site surface shape
Ecological Moisture Regime

a. apex
b. face
c. upper slope
d. middle slope
e. lower slope
f. valley floor
g. 	 plain

Site position diagram

a. crest
b. upper slope
c. middle slope
d. lower slope
e. toe
f. depression
g. 	 level

a. concave
b. convex
c. straight

a. very xeric
b. xeric
c. subxeric
d. submesic
e. mesic
f. subhygric
g. hygric
h. subhydric
i. hydric

Aspect

Slope position moisture

a. shedding
b. normal
c. receiving
d. collecting
e. seepage

S.:rface Substrate

SUBSTRATE % COVER
Decaying
Wood

Bedrock

Cobbles
and

Stones

Mineral
Soil ,

Organic
Matter

Water

Total 1007.

Terrain
Texture

Genetic
Material

Qual.
Desc.

Surface
Exp.

Mod.
Proc.

COMMENTS

Depth to (cm)
i water table 	

rootin9(lower limit) 	
iii root restricting layer

i v permafrost 	
v bedrock



SOIL DESCRIPTION
PROJECT I.D. 	 PLOT NO 	

SURVEYOR 	 PAGE 	 OF

HORIZON
DESIG.

HORIZON
DEPTH

cm.

HORIZON
THICKNESS

COARSE FRAGMENT DESCRIPT MST

Gravel,
' 7 .°cm

CoCobbles
.5-

25cm
Stones
25cm' " cm

SOIL
TEXTURE

---

D
mwMIN MAX

by

v° 1 0.
4)7

112,
0_
Zi

21). <2mm

I
I I

1
I

I I 1
1 I I

I

F- H
II

I
I 11

WILDLIFE DESCRIPTION

Utilization of forage plants

a. no utilization
b. trace (1-5%)
c. light (6-25%)
d. moderate (26-50%)
e. heavy (>50%)

Species indicated

Soil name

EVIDENCE OF FIRE
a)Obvious recent fire 	   b)Charred snags  species                      

c)Fire-injured trees
species 	 injury type 	                                   

d)Charcoal in the soil 	

	

on mineral soil below the duff 	
mixed in the duff layer     both            

PRE-FIRE STAND
a)Species 	 age(s) years living or dead     

b)Proportion standing < 1/3
downed < 1/3

1/3 	 2/3 	 >2/3 	 All
1/3 	 2/3 	 > 2/3 	 All

c)Stocking class
partially stocked

FIRE BEHAVIOUR
Burn intensity

Crowns scorched   

well stocked overstocked       

FIRE EFFECTS
Proportional basis
not burned
lightly burned 	
deeply smouldered	
burned to mineral

soil

Crowns consumed 	
Stems charred,
height of char     m                  

Original duff depth 	 cm
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SURVEYOR                 

I. 	 FLORISTIC

specify
entries
here

LIST 2. STRATUM 6.	 NOTES

c
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.-- 0
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t 1
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o W
0 a/
a.. (1,

•0 >
0
X -1
0

m
M
i
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-
CC

3. Height of top of
strata 	 (m)

Number of dead snags

4. Total 	 percentage
cover of each layer

5. 	 SPLCIES 	 LIST

R D PENHALL LTD MADE IN VANCOUVER. CANADA
DUKSBAK WATERPROOF

7. Comments on Vegetation Characteristics:



FLORISTIC LIST
(continued)

c,o1..
O
.1,

a,
>

4,
c
go
c U1

••• .	 12)
E
o I-a.)
0 1-

...4

>,
CL

C 0
..- cc,, 	 'a
M L..)

CV
cr

an
aa,
s-
I-

an¢

- vl
Ip cu
...., cv
0 L.
I- I-

o
Jai

.— 7
,-. 	 1.
,13 .0
1- VI

.-.ec

v,
.0
7
L.

0 .0
-I V)

0..1
co

‘".- 23
to 7
4, L.
0 .0
I- V)

in
-0
I-
Q)
S

t-)

. an
• 0,

= c
U .....
..---
-I *0. 	 a.,
in 	 (1)
raj vl
Ln 	 •an >
0 ..-

al. 	 ..)

cz.

n:1
4,
RI1._
JtJ
VI
.-
,-..
CX

NOTES



PROJECT 1.0. PLOT NO. PAGE

I

I

I
I I
I

1 I
1 II I
I 111

1

I 7

I I
1 I 7_ 	 I 	 1 11 1

MENSURATION DESCRIPTION

Tat( Cl•SS

bowl Mo..

Om/ W..

d
T Oft 	 cc

WO.
D. O. N.

IC.••■■•■■••••)

II

to.

It

O
W

sp
TO[[	 c

c
WO,

O

O. S. M.

4•6.41.4.1

d
I Mgt

NO.

I 	 I I 	 I 	 t I 	 I 	 I I 	 I 	 7 I 	 I
_I 	 I I 	 1 	 I 1 	 1 	 '1 I 	 I

I 	 1 1 	 1 	 I t I 	 I	 7 I 	 I
1 	 I- 1 	 I 	 I 	 " I 7 I 	 I
I 	 I III I 	 1 	 I 1 	 I 1 	 I
I 	 I Ili I 	 I 	 I I 	 1 	 7 I 
I 	 I I 	 I 	 I I 	 1 	 7
I 	 I I 	 I 	 I
I 	 I t I 	 I 	 I_ I

1 	 I t 	 I	 7 I 	 I 	 I I	 1 	 7 1
I I 	 I 	 1 I

7 I 	 I 	 1
I 	 I I 	 I 	 I 1 	 I 	 I I
I 	 1 ll i I 	 I 	 I t 	 t 1
I 	 I Ili I 	 I 	 I I 	 1
I 	 I I 	 I 	 I
I	 I T I 	 I 	 I 7 I
I 	 I I I 	 7
I • I i 	 t 	 7 I 	 I 	 I I 	 I 	 7 I

I III 1 	 I i 1
I I	 I 	 7 1 	 1 	 I 1 	 I 	 7

I 	 I 1 	 I 	 7 I 	 I 	 I 1 	 1 	 7
I I 	 7

I l it I 	 1 	 I 7
I 	 I 1 	 1 	 7 I 	 I 	 I II I 1

I II I I 1 	 I 	 7 I 

1 	 II II I I
i 7 1 	 1 	 t I 1 	 1
i I 	 I	 I I11 I 	 I
I I 	 7 I	 1 	 I I 	 t I 	 I

7 I 	 I 	 I t 	 t I 	 I
I 7 I l t i 1 	 1

I 	 I t I 	 I 	 1 I 	 1
t I 	 1 	 I I 	 I 	 I I 	 7 I 	 I

I 	 I 	 I 7 1 	 I
I 	 I I 	 I 	 I I 	 I
I 	 I I 	 1 1 	 1

I 	 1 	 I 7 I 	 I
 	 I 	 " 	 I I 	 I 	 I I 	 I 	 I I  	 I 	 I

1

I
I

I

I 	 1 	

I	 I 7

i
1 	 1 7

t 	 I 7

I

1

1

I I

1 	 1 7

t

t

I 	 I 7

I 7

7

1 t I

I 	 I 7

. 1 t

I lli

7

IOU

NO.

Se
e

O

O. I. N.

I 	 I 7

I	 I

I

I
I

7
t

ii i

T

I 	 I 7
• 	 I 	 7

I 	 1 I

I

I

t ii

I
I	 I I

t	 I I

O.

c
c
	

O. I. N.
1[
O iCes.a.thee)

I
	

1 	 t I

I
	

t

I
	 I I

I

I
	

I 	 I 	 7

1
I

I 7

I I

OF



MENSURATION FORM

PROJECT I.D. PLOT NO. PAGE	 OF         

REGENERATION
Species 	 vigour	  stocking 	         

FOREST STAND
a)Veterans of last fire

species 	

b)Main canopy
species 	

age(s)

age(s) 	  stocking 	

c)Understory trees
species 	 age(s) 	  stocking 	                  

COMMENTS     

TREE
NO.

TOTAL
HEIGHT SPEC. D.B.H.

C
/
C

TOTAL
AGE

AGE CALCULATIONS HEIGHT CALCULATIONS

COUNT.
AGE B.H. CUR. SUP. TOP BOT. TOTAL S.D. SLOPE H.D. HT. COR.

I I I f I I I ♦ I I

I I I ♦ , 1 I ♦ , ,

I I I ♦ , , 1 I I I

I I I ♦ I I I ♦ . 1

I I I f 1 1 I ♦ , I

I I I ♦ 1 1 1 ♦ 1 1

,.....-1.

I

i I f 1 , I ♦ I I

I , ♦ i 1 1 ♦ 1 ,

I I I f 1 1 I go I I

I I 1 ♦ 1 1 1 I I 1

I I I f , 1 I ♦ 1 ,

I I I f 1 1 1 ♦ 1 1

I I I f 1 1 i ♦ 1 1

I I I f , I I ♦ 1 1 .
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