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The dead ttunks of the &Age& trees genetatty stand for many
years aster a fire. In the summer following one o6 these conflagrations
the blackened ground becomes partly coveted by a growth of herbaceous
plants, berry bushes and shoots from the roots and butts of deciduous
trees which have retained some vitality, besides numerous smart seedling
trees. The huckleberry bushes, which are very common Got the first hew
years, especially on tacky silicious ground, bear abundant crops of fruit.
They have sprung from Lange ofd roots which are almost everywhere present
in the thick woods, although their tops are quite inconspicuous and bear
hew on no berries. In fifteen 04 twenty years the ground is covered with
poplars, birches, willows, etc., to the height of about thirty beet.
By this time the dead trunks of the old brule have lost most of their
branches and the smaller ones have Gallen down. 1f we look under this
growth we shaft discover many healthy young conifierae overshadowed by
the more rapidly growing deciduous trees. At the end 0, f about fifty
years the coniferae are everywhere showing their heads in the form of
sharp apices, their dark green colon contrasting strongly with the
lighter shade of the other trees. In the /Lace to get above the deciduous
growth they develop tall trunks with the branches high up. In one
hundred yeax the poplars are dying and fatling down and the canoe birch
has attained maturity and soon after shows signs of old age. In the
meantime the older coniferae have overtopped the ader trees and given a
new character to the general appearance of the sorest. The younger
con setae of various ages which have been springing up from seed every
yeah, take possession of the ground &ft by the decay of the first
occupants. In about one hundred and fifty years the sorest has again
become almost entirely coniferous and is ready to be destroyed once more
by fire. Such is the rotation of cups of trees which is perpetually
going on in these 'Legions. Perhaps one-third of the whole area consists
of "second growth" of less than fifty years, one-third of trees from fifty
to one hundred years old, while the remaining one-third may be one
hundred years old and upward.

Dr. Robert Bell of the Geological Survey
of Canada on "The Geographical Distribution
of Forest Trees in Canada."

Published in the Scottish Geographical
Magazine, June 1897, pp.281-296.



ABSTRACT

Detailed information related to the fire-ecological relationships of

British Columbia's boreal 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 Fort Nelson Timber Supply Area contains a wide 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. Some

alluvial sites have developed under the influence of primary successional

processes but can nonetheless support fires.

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 Fort Nelson Timber Supply Area

(TSA) within a framework defined by the biogeoclimatic zones and subzones.

Companion documents to accompany this report are those describing the

biogeoclimatic zones and subzones; ecosystem mosaics of the Northern Boreal

White and Black Spruce subzone of the Boreal Black and White Spruce

Biogeoclimatic Zone; a summary report detailing post-fire vegetation

succession pathways; 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.



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.
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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:
...(1) 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.
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In recognition of these factors, the Northern Fire Ecology Project was

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

57° 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, Fort Nelson, and Mackenzie TSA's.
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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 1980 was carried out in

the Fort Nelson TSA in the northeast corner of the province. The objectives
were as follows:

1) to delineate and describe the biogeoclimatic zones and subzones 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 and subzones 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 Fort Nelson Timber Supply Area is located in the extreme northeastern

corner of the province and covers about 8 340 619 ha. It is bounded on the

east by Alberta, to the north by the Northwest and Yukon Territories, and to

the west by the summit of the Rocky Mountains. The Alaska Highway bisects the

TSA, entering from the south near Minaker and continuing north to Fort Nelson
at Milepost 300. The highway then takes a westward course, eventually leaving

the TSA at Coal River (Milepost 533) and continuing northwards to enter the
Yukon. The TSA is shown in Figure 2.
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Figure 2. Fort Nelson TSA.
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A. Physiography

The entire region is in the Arctic watershed and the majority of the

landscape is drained by the Liard River and its major tributaries the Fort

Nelson, Prophet, Muskwa, Toad, and Petitot Rivers. A minor portion of the TSA

near the Alberta border is drained by the Hay River, a tributary of the

Mackenzie. By Holland's (1976) definitions the Fort Nelson TSA falls into the

Alberta Plateau, Rocky Mountain Foothills, Liard Plateau, and Liard Plain

physiographic subdivisions. These physiographic subdivisions are shown in

Figure 3.

The Alberta Plateau is a flat and gently rolling upland situated east of

the Rocky Mountain Foothills and is adjacent to two subdivisions, the Fort

Nelson Lowland and the Etsho Plateau. The Alberta Plateau itself lies above

610 m elevation and is mostly between 915 and 1 220 m. The Fort Nelson

Lowland is below 610 m and is in the Fort Nelson, Hay, and Petitot River

basins. The Etsho Plateau is situated in the vicinity of and to the northwest

of Kotcho Lake and can be considered as an outlier of the Alberta Plateau,

reaching elevations of 750 m (Holland 1976).

Between the Fort Nelson Lowland and the Rocky Mountain Foothills runs a

series of remnant plateaus and cuestas where resistant sandstone overlies more

easily erodable interbedded shales and sandstones (Holland 1976). These

flat-topped or gently dipping plateaus originate in the vicinity of Klua Lakes

and trend in a northwesterly direction to the Dunedin River and the confluence

of the Toad and Liard Rivers.

The Rocky Mountain Foothills occupy a continuous belt along the eastern

edge of the Rocky Mountains. The foothills are composed of grey limestone

over sedimentary rocks and have a distinctive 'Front Range' appearance, their

western border with the Rocky Mountains themselves is a major fault line

(Holland 1976). The Rocky Mountains, known here as the Muskwa Ranges, reach

their highest point locally at Mt. Churchill (3 200 m). From that point the

summit height gradually lessens northward until the range terminates at the

Liard River.
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B. Climate

By Ktippen'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

and temperature values are given below for the Fort Nelson Airport and Muncho

Lake weather stations for the period 1951-1980 (Atmospheric Environment

Service 1981). About 47% of the total annual precipitation at Fort Nelson

falls during the months of June, July, and August, for Muncho Lake the value
is 43%.

Mean Daily Temperature (°C)
	

Precipitation
JAN
	

JULY
	

TOTAL ANNUAL (mm) SNOWFALL (cm)
Fort Nelson -23.8 16.6 451.8 186.5
Muncho Lake -18.7 14.0 459.0 144.1

The region experiences frost on 219 days of the year and only July is frost

free. Average monthly temperature is below freezing for both the Fort Nelson

Airport and Muncho Lake stations from November to March. Snowfall has been

recorded in every month but July at Fort Nelson, and August for Muncho Lake.

Two important influences on vegetation growth and ecosystem development are

areas of discontinuous permafrost and the long summer day length and

subsequent hours of sunshine (Annas 1977).

C.Soil

The regional geology, vegetation, and climate in the northeast corner of

the province have produced a soil forming environment which differs from those
found in the rest of British Columbia. The long and cold winters restrict

soil formation, frost penetration is deep in many soils, and permafrost is

found in some bogs. Summers are short and warm with precipitation reaching

its maximum, although high evapotranspiration rates late in the summer can

lead to soil water deficits (Green and Lord 1978).

The soil landscapes found in the Fort Nelson TSA are the Gray Luvisol,

Dystric Brunisol, Eutric Brunisol, Luvic Gleysol, Organic Cryosol, and
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Organic. Regosols are found on the floodplains of the major rivers where

periodic flooding deposits fresh sediments, as well as on unstable slopes

where mass movement disrupts the soil-forming process (Green and Lord 1978).

Kowall (1982) described the soils to the north and west of Fort Nelson.

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. Two
general views are shown in Plates 1 and 2.

The forest tree species present in the TSA are subalpine fir, paper birch,

tamarack, white spruce, black spruce, lodgepole pine, balsam poplar, and
trembling aspen. Some willow species such as glacous willow and Scouler

willow occasionally reach tree size. This portion of the boreal forest
differs from its eastern counterpart in that lodgepole pine takes the place of
jack pine and subalpine fir replaces balsam fir.

By Rowe's (1972) classification the Fort Nelson TSA falls within the

Boreal Forest Region and its component Forest Sections the Hay River (B.18b),

Northern Foothills (B.19b), Upper Mackenzie (B.23a), and Upper Liard (B.24).

After Krajina (1965, 1972) the study area is in the Boreal White and Black
Spruce (BWBS), Spruce - Willow - Birch (SWB), and Alpine Tundra (AT)

Biogeoclimatic Zones, as shown in Farley (1977). Within the Boreal White and
Black Spruce zone are the Northern Boreal White and Black Spruce and Montane
Boreal White and Black Spruce subzones.

The Boreal White and Black Spruce Biogeoclimatic Zone was described by

Annas (1977) and a study site in the Spruce - Willow - Birch and Alpine Tundra

Biogeoclimatic Zones was described by Lord and Luckhurst (1974). Henry (1934)

gave an entertaining account of a vegetation collection trip taken in 1931

from Fort St. John through the Rocky Mountains to the Toad River hot springs.



Plate 1. 	 Mosaic of forest types near Hoffard Creek, east of
Fort Nelson.

Plate 2. 	 Variable burn pattern, KOT fire of 1980 at Kotcho Lake.
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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 Northern Boreal White and Black Spruce subzone is the most variable of

the two subzones of the Boreal White and Black Spruce Biogeoclimatic Zone,

containing a wide variety of vegetative types. Based on forest tree species

these can be separated broadly into: alluvial balsam poplar - white spruce;

trembling aspen - white spruce; white spruce - moss; black spruce - sphagnum;

black spruce - moss; and lodgepole pine - black spruce. These tree species

are listed generally in order of increasing shade tolerance rather than

abundance, which is variable. The first species mentioned in the pairs 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 Montane

Boreal White and Black Spruce subzone consists largely of the lodgepole pine -

black spruce type and differs from the Northern Boreal White and Black Spruce

subzone physiographically, climatically, and to some extent floristically.

The climax community consists of black spruce types.

The Spruce - Willow - Birch 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 forest with an understory of willows and bog

birch. Grasslands on valley floors at upper elevations are common as are

shrubfields, cold air drainage has likely influenced the origin and

persistence of these types and discouraged the establishment of tree species.

Wetlands may be found where topographic features inhibit drainage and have

lead to accumulations of water.
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The Alpine Tundra 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.

E.Wildlife

The Fort Nelson 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, Rocky Mountain elk, 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 has been employed for many years on some

locales in the TSA to alter the vegetative species composition and structure.

Such burning has reportedly produced an increase in the numbers of Rocky
Mountain elk and American moose.

F.Fire History

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

of all fires known to have occurred in the Fort Nelson 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 such as the

Alaska Highway and the major river systems. These fires may be accidental or

planned. In the latter case the purpose is usually rangeland improvement.

This range burning is often carried out in the more distant backcountry of the

Rocky Mountains and Foothills but may also occur near travel routes or
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settlements. The purpose is to improve forage and browse production for

wildlife (Rocky Mountain elk, American moose, and Stone sheep) and domestic

stock, in this case cattle and horses. The repeated application of fire to

these areas has resulted in overlapping fire boundaries such that it is

virtually impossible to determine the actual areal extent of any one

particular fire.

Lightning-caused fires of the past four decades have tended to occur in a

broad belt in the northern portion of the TSA, running from the northwest

corner of the region roughly east-southeast towards Kotcho Lake. Lightning

fires also occur in virtually all other areas but this northern belt is

conspicuous. Due to the relative inaccessibility of this extreme northern

portion, man-caused fires have been very few in number. The general pattern

of fires by cause is shown in Figure 4.

This pattern of man-caused fires being prevalent below about 59 ° N
Latitude and lightning-caused fires being most common above 59 ° N is due
both to the activities of man as well as the regional weather patterns, more

specifically the lightning storm track. If the influence of man-caused fires

could be removed and a much longer time period examined, the spatial

distribution of lightning-caused fires would assume a more dispersed and

random pattern over the TSA. This fact is currently masked by the number,

size, and location of man-caused fires. Of interest is the northwest corner

of the TSA where several large lightning-caused fires have occurred in the

past few decades: the LAP* fire of 1961 (47 385 ha), SMITH of 1961 (16 038

ha), NORD of 1969 (36 826 ha), SMITH of 1969 (18 338 ha), and most recently

the TEE of 1971 (110 419 ha), for a total of 229 006 ha.

* Individual fire names are given throughout the text for the benefit of those
readers who are familiar with the locations, history, and present state of
these sites. However, the absence of this particular knowledge does not
necessarily detract from an understanding of the processes described.
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Figure 4. Pattern of fires by causes.
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An analysis of the records for the Fort Nelson TSA from 1950 to 1981

revealed a total of 934 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.

Table 1. Number of fires by general cause,
for the period 1950 - 1981.

General cause

Lightning
Recreation
Railroads
Logging
R/W Construction
Industrial Operations
Land Clearing
Miscellaneous Known
Unknown

TOTAL

Number of
fires

486
133

1
16
7
33
23
220*
15

1

Total
burned

area
(ha)

559 229
394 608

2
262
638

6 337
6 013
92 045

102 780

Average fire
size (ha)

1 150
2 967

2
16
91
192
261
418

6 852
934 161 914 1 244

*primarily range burning

Table 2. Number of fires per month by general cause,
for the period 1950 - 1981.

Month Number of fires
Lightning 	 Misc. known Recreation

March 0 1 2
April 0 15 12
May 46 128 40
June 125 37 24
July 201 14 14
August 107 15 27
September 6 6 10
October 1 3 3
November 0 0 1

TOTAL 486 220 133

The Miscellaneous known category includes the majority of range burning

fires but is not all-inclusive since some fires against which no action was
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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 evident and indicates May as the peak month for range burning

and recreational fires, with lightning taking over in June and peaking in July.

The annual area burned has fluctuated from a high of 398 652 ha in 1958 to

a low of nil in 1951 for the period from 1950 to 1981 inclusive, as shown in

Figure 5. The average annual area burned has been 36 309 ha. Total fire

fighting costs have ranged from a low of zero in 1951 to a high of $6,245,184

in 1981, also shown in Figure 5. The fire seasons of 1971 and 1980 were also

significant, with a total of $1,343,690 and $3,576,652 respectively being

spent. The average area burned per fire for this period has been 1 245 ha,

with the average total annual fire fighting costs amounting to $524,952, or

$18,004 per fire for the entire period (all values are in 1981 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, large areas of fire-origin stands were found which

had arisen after fires which 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 1788. Dates

of establishment of fire-initiated stands provided an indication of fires as

early as 1820. Specific fire histories are described in later sections.
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suppression in the Fort Nelson TSA, 1950 - 1981.
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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 wide range of ecosystems was examined in the Fort Nelson 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 (1 - 5% browsed), light (6 - 25%), moderate (26 - 50%), and

heavy (more than 50%). These conform to the standards established 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 1.5 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 (Ronne 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 and subzones of the Fort Nelson TSA. This is

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 abundance. For example, a lodgepole pine

- white spruce - subalpine fir mixture indicates the increasing shade

tolerances of the species which may actually be present in any one of six

possible combinations of predominance.

The Boreal White and Black Spruce zone is the most complex of the three

zones as it contains two subzones and the first of these, the Northern Boreal

White and Black Spruce, is extremely varied. Of the two remaining zones

(Spruce - Willow - Birch and Alpine Tundra) only the former is considered, as

the alpine tundra is treeless by definition.

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 has been grouped into broad vegetative

cover types within the biogeoclimatic zones. 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 Fort Nelson TSA.
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A. Boreal White and Black Spruce Biogeoclimatic Zone

1) Northern Boreal White and Black Spruce subzone

The Boreal White and Black Spruce Biogeoclimatic Zone has its lowest

elevations at roughly 225 m and makes the transition from the Northern Boreal

White and Black Spruce subzone to the Montane Boreal White and Black Spruce

subzone at 1 050 m. Where it is below the Spruce - Willow - Birch zone the

transition takes place at elevations between 900 and 1 100 m. On the basis of

generalized groupings four forest cover types are recognized in this subzone

and are described as follows.

a) Alluvial balsam poplar - white spruce type

The floodplains of the major rivers in the Northern Boreal White and Black

Spruce subzone are covered with mixtures of willows, green alder, balsam

poplar, paper birch, and white spruce. Common lesser vegetation includes

red-osier dogwood, high bush cranberry, prickly rose, dwarf red blackberry,

bunchberry, and wood horsetail. These communities are most common on the

bottomlands of the Fort Nelson, Prophet, Muskwa, and Liard Rivers. Such

floodplain sites possess a warmer microclimate as well as more favourable

substrates and therefore can support different communities than most other

boreal habitats (Carleton and Maycock 1978). By Lewis' (1981) classification

this alluvial type is ecosystem mosaic number 6.

These sites are very productive due to frequent flooding and consequent

additions of nutrients and prevention of thick organic layer build-up (Neiland

and Viereck 1977). The major processes at work here are the meandering of the

river channels - deposition and erosion are occurring simultaneously such that

the landform/vegetation pattern is constantly shifting along the reach of the

rivers. The upstream edge of the terraces are being eroded at the same time

that fresh alluvium is being added to the downstream edge, the net result is a

downstream shift of the terrace complex as shown in Figure 6.
The exposure of fresh substrate gives rise to primary successional

processes, something that for the TSA occurs only on river courses, in small

aquatic systems, and at the margin of retreating glaciers. Due to the

objectives of this study, the majority of the work concerned secondary

(post-fire) succession - the recovery of established communities following
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Figure 6. Cross-section of a river terrace complex (from Annas 1977)

disturbance. However, these floodplain forests were examined to determine if

fire had influenced their development.

The general pattern of primary succession on river alluvium in Alaska has

been described by Viereck (1975) and Neiland and Viereck (1977). Jeffrey

(1964) found a similar situation along the Liard River in the Northwest

Territories. Floodplain succession in the Fort Nelson area has been described

by Annas (1977).
The sequences determined for Alaska and the Northwest Territories are

essentially identical. The first species to take hold on the newly exposed

alluvium are various herbaceous plants and willows. A willow - alder complex

then develops, associated with or followed by an influx of balsam poplar.

Eventually the balsam poplar overtops the willow - alder complex and becomes

dominant. At some point in time white spruce invades the site and in turn

overtops the balsam poplar, which then becomes decadent and dies out. The end

result is a forest predominantly composed of white spruce with a minor

component of balsam poplar, or a pure white spruce stand (Jeffrey 1964,

Viereck 1975).
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The shrub stage of willow - alder can last from 15 to 25 years, and by 15

to 20 years the balsam poplar overtops the shrubs and begins to shade them

out. In Alaska cottonwood may be associated with the balsam poplar and, as a
rule, both become established at the same time as the willows and alder but

the latter species' growth rates are quicker initially (Neiland and Viereck

1977).
The open-canopied balsam poplar stands with an understory of shrubs are

commonly invaded by white spruce such that by the time the overstory has

reached 80 to 100 years the spruce forms a well-developed understory (Viereck

1975). Large numbers of white spruce can also germinate on alluvial deposits

during the shrub stage but may be killed by later flooding, making the

previous mechanism more commonplace. A flood-deposited layer of silt and a

good white spruce seed year must coincide to obtain healthy numbers of white

spruce seedlings (Neiland and Viereck 1977).

When the white spruce have reached 100 years of age the now codominant

balsam poplars are weakened, diseased, and dropping out of the stand.

Complete stand conversion to white spruce takes place as the poplars attain an

age of between 120 and 150 years (Viereck 1975). With a severe flooding

regime or the absence of a white spruce seed source however, the balsam poplar
stands may persist to 200 years.

Annas (1977) observed similar successional development on the floodplains

of the Fort Nelson, Muskwa, and Prophet Rivers. The sequence of willow,

alder, balsam poplar, and white spruce was also found in his study plots.

Species diversity expressed as the total number of vegetation species present

reached a maximum in the mature floodplain white spruce types.

The alluvial terraces in the Fort Nelson area were thought to be young or
in transition between floodplains and terraces, in contrast to the older

post-glacial terraces found on the lower Liard and Peace Rivers (Annas 1977).

Here again the white spruce becomes established by the time the balsam poplar

reaches 120 years of age. With white spruce being somewhat even-aged and less

than 250 years old, the terrace complexes are generally less than 400 years of

age.
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Sites Examined

Three plots were established on the floodplain of the Fort Nelson River

northeast of the Fort Nelson airport, as shown in Figure 7. This number of

plots is too limited to enable a detailed reconstruction of primary

successional processes. Rather, the plots were established to provide a

better understanding of the processes (which have already been adequately

described in the literature) and to look for any evidence of a past or

possible role for fire on these alluvial sites.

The plots established were classed as having mesic (water removed somewhat

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

sometimes short period of the year) or subhygric (water removed slowly enough

to keep the soil wet for a significant part of the growing season; some

temporary seepage below 20 cm) ecological moisture regime classes (Walmsley et

al. 1980). The first plot (80-3) was within 60 m of the riverbank at an

elevation of some 8 m above the waterline. Evidence of flooding in the form

of silt was found up to 2 m above the ground surface, indicating a previous

rise in the river level of at least 10 m from its level of late June 1980.

The community in 80-3 was very simple in structure - an overstory of

balsam poplar with an understory of green alder and some sandbar willow, as

shown in Table 4. Ground cover consisted of wood horsetail and American

vetch. The soil was a Cumulic regosol, showing alternate layers of buried

organic matter and silt deposits. The litter layer consisted of dead and

decaying willow, alder, and poplar leaves and was judged to be capable of

supporting a light surface fire.

The next plot (80-4) contained white spruce and balsam poplar. The latter

reached heights of 60 m and, while only outnumbering white spruce by a factor

of 1.4, had roughly ten times the basal area by virtue of its larger average

diameter. Shrubs such as red-osier dogwood, prickly rose, and high bush

cranberry made up the understory along with wood horsetail. The soil was

again a Cumulic regosol.

The last plot (80-5) represented a further stage of floodplain succession,

with a dominant overstory of balsam poplar, and a lower canopy of white spruce.
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Figure 7. Plot locations for the alluvial balsam poplar -
white spruce type.
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Paper birch, green alder, and trembling aspen were present in small numbers.

Various shrubs, herbs, and mosses occurred here which were absent from the

previous floodplain plots, their presence is likely attributable to minor site
differences.

The white spruce in 80-5 had more total canopy coverage and basal area

than the balsam poplar (see Table 4) and the white spruce trees sampled had a

19 m range in height in spite of an age range which exhibited much less

spread. This picture fits well with the general theory, the even-aged white

spruce about to overtake the weakening balsam poplars. Although the trees

sampled in this plot were younger than those sampled in plot 80-4, other data

(species basal area figures) suggest that the 80-5 site represented a more
advanced stage of succession.

The soil was a Cumulic regosol, mixed organic matter with mineral soil in
the upper stratum may be an indication of light flooding in recent times. The

mosses cannot tolerate flooding or sediment deposition (Annas 1977) and in

both plots 80-4 and 80-5 they were found only on decaying wood and on the
bases of trees. Therefore both sites could still be subject to the

occasional inundation.

In both plots 80-4 and 80-5 white spruce mortality in the younger age

classes was evident, indicating a gradual thinning of the total stand both by

regular mortality of the developing white spruce component as well as the

gradual dying out of the balsam poplars. A summary of tree mensurational data
is given in Table 4.

As previously mentioned, the end product of this primary successional

sequence is a stand of pure white spruce. These stands were observed on the

floodplains but not investigated as it was concluded that fire plays little or

no role in the origin and subsequent development of these types of stands.

Fire is an influence on the older post-glacial terraces of the Liard and Peace

rivers but less so on the recent terraces of the Fort Nelson, Prophet, and
Muskwa rivers (Annas 1977).

Fires are common on the uplands adjacent to these major river valleys but
do not often travel downslope to the alluvial sites. This may be due to the

presence of seepage sites at the base of the slopes acting as firebreaks; the



Plot 80-3

trees> 5.5 m (sph)
avg. dbh (cm)
dbh range (cm)
BA (m2/ha)
height range (m)
age range (yr)

Plot 80-4

trees> 5.5 m (sph)
avg. dbh (cm)
dbh range (cm)
BA (m2/ha)
height range (m)
age range (yr)

Plot 80-5

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 4. Tree mensurational data for live trees in the alluvial plots,
showing basal area, stems per hectare, and average diameter.

Green alder Paper birch Balsam poplar White spruce

1 250 1 500
5.l 15.2

2.8-8.5 3.0-40.5
2.8 39.0
5-15 30-40

- 32-45

292 208
51.7 19.6

30.3-65.2 12.0-25.2
64.0 6.5

45-60 16-40
75* 96-104

83 42 917
8.0 41.0 19.7

6.0-10.0 41.0* 6.0-33.8
0.5 5.5 32.0

8-10 35-40 8-30
- - 94-99

* only one tree was encountered in the mensurational transect
- denotes no sample available
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meandering pattern of the rivers and the areas of exposed mineral soil also

limiting the spread of fires; and because the fires would have to back

downslope from their origins on the uplands and thus travel slowly (Annas

1977). Oxbow lakes and sloughs also serve to protect river bottom white

spruce stands.

Of course under certain circumstances these floodplain forests could

support surface or crown fires given the proper fuel, ignition, and weather

parameters, as shown by the fire season of 1982 where substantial area burned

on the floodplains of the upper Liard River. Nevertheless, Zasada et al.

(1977) concluded that it is possible to find evidence of past fire in all

forested areas north of 60° N latitude, with the exception of "...the most
recently developed forests on the floodplains of the major rivers." Jeffrey

(1964) examined ten stands of white spruce - balsam poplar and found no

charcoal to indicate a past role of fire in this forest type and neither was

charcoal found in the floodplain stands examined along the Fort Nelson River.

Discussion

As a general rule the floodplain forests of the Fort Nelson, Prophet, and

Muskwa Rivers owe their existence to primary successional processes and have

not been influenced by fire to a significant degree, if at all. Annas (1977)

calculated the lifespan of a point on the successional sequence to be less

than 400 years from depositional origin to eventual destruction by river

action. Given the protected and less flammable status of these forests it

seems highly probable that they could go through their lifespan and not be

visited by fire although the 'EG' fire of 1982 burned similar sites on the

upper Liard River. No evidence of a history of fire was found on any of the

alluvial sites examined in the Fort Nelson TSA.
Following the schematic system described by Kessell and Fischer (1981) the

primary successional processes occurring on the alluvial sites may be

represented in the following manner:
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herb 	 willow 	 willow-alder 	 balsam poplar ----Aw-white spruce
willow 	 alder —^^balsam poplar-----111w-white spruce

15 - 25 yr
	

80 - 100 yr 	 120 - 150 yr

----ow-succession without fire or disturbance

The solid lines represent the direction of primary succession in the absence

of fire. While balsam poplar may be present nearly from the establishment of

vegetation on the site, it becomes a significant component only after 15 to 25

years. The willow and alder drops out after 80 to 100 years to leave balsam

poplar and white spruce. Similarly the balsam poplar drops out between age

120 and 150 years. White spruce can become established during any of the

previous stages but commonly enters during the balsam poplar dominated sere.

A sere being a sequence of populations which replace each other during the

successional process (Ricklefs 1973). Balsam poplar may persist for up to 200

years (Neiland and Viereck 1977).

While fire less commonly affects this vegetation type, floodplain forests

of the Pine-Moberly area of the lower Peace River are thought to develop into

a shrub-dominated community following fire (Harcombe et al. 1980). Given the

productivity of the Fort Nelson sites and their existing shrub component, the

possibility exists that with wildfire a shrub- and possibly hardwood-dominated

community could arise. In the Crooked River valley north of Prince George,

Eis (1981) found that shrub development on logged and scarified alluvial sites

was dense enough to lead to severe mortality of planted white spruce and

greatly reduced height growth.

Older terraces on wider floodplains in the boreal forest have been

subjected to fire (Jeffrey 1964, Viereck 1975, Neiland and Viereck 1977) and

these were found in the Fort Nelson TSA. Terraces of this nature are

described in the next section.
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b) Trembling aspen - white spruce, white spruce - moss,
and related types.

The slopes and terraces above the floodplains of the major rivers just

described as well as other rivers in the TSA; the better-drained uplands of

the Alberta Plateau; and the lower elevations of the upper reaches of the

rivers in the Rocky Mountains support forests of white spruce, trembling

aspen, and paper birch or combinations thereof. Varying components of green

alder, balsam poplar, lodgepole pine, black spruce, tamarack, several willows,

and subalpine fir may be present. The species mix depends upon topographic
location, soil drainage, and the historical fire regime (fire type, intensity,

size, and frequency). According to the biogeoclimatic classification and
Lewis' (1981) delineation of ecosystem mosaics these sites are found in

mosaics number 1, 2, and 4.
Shrubs which are commonly encountered are prickly rose, high bush

cranberry, red raspberry, and buffalo-berry; herbs include bunchberry,

northern twinflower, fireweed, wild rye grass, and bluejoint; mosses are

common haircap moss, knight's plume moss, stepmoss, and purple horntooth moss.

White spruce is considered to be the climax species on most of these sites

(Lutz 1955, Rowe 1970, Foote 1976) and is influenced by periodic wildfires.

The mature white spruce - moss type represents the endpoint of post-fire

vegetation development on the sites where white spruce is the climax tree

species (Foote 1979). Thus, the white spruce - mixed deciduous stands

represent the successional stages after fire as the community develops towards

a climax white spruce stand (Lutz 1955, Zasada 1976, Viereck and Schandelmeier

1980).
Distinctly white or black spruce stands and mixed stands predominantly

composed of one of the species often border one another and so it is not

uncommon to find the two species growing on the same site. This usually

occurs only in transition zones between stands, producing a well-defined area

of overlap occupying a relatively small area at the stands' edges.
However, white and black spruce can be found in mixtures over a

substantial area in the northwestern portion of the Fort Nelson TSA. Such
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stands are most common on the river terraces of the Liard River between the

Toad River and the settlement of Liard River on the Alaska Highway. The lower

elevations of the tributaries of the Liard River in this area may also support

mixed white and black spruce stands - such as the Grayling River, Sulphur
Creek, Moule Creek, the Deer River, and Teeter Creek.

These terraces on the Liard River represent a contrast from those of the

Fort Nelson, Prophet, Muskwa, and lower Liard Rivers. In these latter cases

the terraces result from relatively recent alluvial deposition and are still

being modified by river action. The upper Liard River terraces are

well-defined benches located up to 200 m above the river itself. The river

here is confined to a relatively narrow channel and is not meandering across

its floodplain. These terraces represent glacio-fluvial deposits from the

Pleistocene glaciation which have since been eroded by the downcutting and
shifting of the Liard River.

Sites Examined

Observations in white spruce and trembling aspen - white spruce types

pointed out that fire boundaries, forest cover type, and ecosystem type

boundaries often coincide. Fires burning in more open black spruce types were

often slowed or eventually extinguished upon reaching a predominantly white

spruce stand, perhaps only burning a few trees at the edge of the stand. With

a more closed canopy and consequent higher humidity, a lower bole clear of

live branches, and an absence of dense mats of flammable ericaceous shrubs,

these white spruce stands are less prone to intense surface and crown fires.

Microrelief and a higher surface organic layer moisture content may prevent

the entry of understory fires from adjacent areas (Quirk and Sykes 1971).

However, given extended periods of drought and suitable fire weather

conditions these upland white spruce types can and do burn. These fires tend

to be deeply burning, with extensive consumption of the organic layer. Fires

which occur when the organic layer is moist, such as in the spring or early

summer, may consume little or none of the duff layer. The other types of
stands on the successional gradient are also subject to fire; the paper birch
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and trembling aspen stands can support surface fires (Neiland and Viereck

1977) and crown fires during the spring season hazard period.

A total of 13 plots were established in the trembling aspen - white

spruce, white spruce - moss, and white spruce - mixed types, as shown in

Figure 8. Ecological moisture regimes (Walmsley et al. 1980) were usually

mesic or submesic (water removed readily in relation to supply; water

available for moderately short periods following precipitation). The time

since fire ranged from 5 to 38 years for recorded fires, the oldest stand

examined became established at a minimum of 121 years before 1980, or 1859.

Summaries of tree mensurational data showing the number of stems per hectare,

basal area in square metres per hectare, and average dbh in centimetres by

species for the range of plots containing live trees are given in Table 5.

Also shown is the known or estimated fire year.

Variations between sites such as general environmental conditions,

pre-fire stand composition and structure, stand age, fire behaviour, and

post-fire germination conditions rule out specific comparisons but some

general developmental trends can be interpreted.

Plot 80-2 was in a recently fire-killed stand above the Fort Nelson River

which was composed of 55% trembling aspen (688 sph) and 45% white spruce (563

sph). The former species was dominant in height (to 40 m) with an age of

approximately 120 years. The trembling aspen averaged 24.5 cm dbh, totalling
34.1 m2/ha, the white spruce 16.6 cm dbh and 13.9 m2/ha. The NEL fire

travelled through the forest in 1975, killing all trees in the plot area.

The tree regeneration present on the site consisted of 53 750 sph of

trembling aspen suckers as well as 500 sph of white spruce and 250 sph of

lodgepole pine seedlings. The lodgepole pine originated from scattered parent

trees which by chance did not occur in the mensurational transect.

The high number of aspen suckers (5.37 per square metre) is indicative of

this species' ability to vegetatively reproduce following this type of fire.

The original duff layer was reduced from about 7 cm in thickness to only 2 cm
in places, thus permitting the establishment of the conifer seedlings. Shrub

cover was quite heavy - mostly prickly rose (30%), green alder (25%), and high
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Figure 8. Plot locations for the trembling aspen - white spruce,
white spruce - moss, and related types.
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bush cranberry (10%), and represents a source of competition for available

growing space and nutrients.
Plot 80-44 was located in the TEE fire of 1971, on a terrace above the

Deer River. The following summarizes the attributes of the remaining pre-fire

stand; approximately two-thirds of which was still standing.

Plot 80-44
Species BA m2/ha sph avg. dbh (cm)

Lodgepole pine 0.4 50 10.0
White spruce 3.8 400 10.5
Black spruce 19.2 700 18.9

Charcoal at or near the surface of the mineral soil indicated that this

pre-fire stand was itself of fire origin. Ages for the pre-fire trees which

were sampled ranged from 190 to 200 years, indicating a short regeneration

period.
As shown in Table 5 the dominant tree regeneration was spruce, and most of

these were less than 0.5 m in height (17 300 sph) or were seedlings (3 900

sph). At this young age no distinction could readily be made between black
and white spruce. With both species present in the pre-fire stand and some

residual stands nearby, the regeneration consisted of both species in some

unknown ratio.

The next most abundant species was trembling aspen (2 900 sph), followed

by lodgepole pine (1 700 sph), and paper birch (l 400 sph). These three

species averaged 1.2 m in height while spruce averaged only 1.0 m, exclusive

of seedlings. Pre-fire stand composition and post-fire tree regeneration are

compared below:

Plot 80-44
% composition by species

Species 	 Pre-fire stand 	 Post-fire regeneration
Paper birch 	 0* 	 5.7
Lodgepole pine 	 4.4 	 6.9
Spruce 	 95.6 	 87.3

*trees in the vicinity but not encountered in the tree mensurational
transect
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Some paper birch had regenerated from offsite sources, otherwise the

proportions of lodgepole pine and spruce were altered somewhat. Forest tree

regeneration was certainly adequate, if not overstocked initially, and future

regular mortality (the expected loss of individual trees over time) will be
expected.

Near Kotcho Lake the KOT fire of May and June of 1971 burned in black as

well as white spruce types and Plot 80-47 was established in the latter. An

intense lethal surface fire on the plot area resulted in the consumption of 5%

of the tree crowns, the remainder being scorched. White spruce was present in

the pre-fire stand (2 812 sph of 12.9 cm average dbh with basal area totalling
45.3 m2/ha) while trembling aspen was rare (187 sph of 12.3 cm average dbh

with basal area totalling 2.3 m2/ha).

The majority of the ground surface was classed as having been lightly

burned or not burned and no deeply smouldered areas were found, nor was

mineral soil exposed. The original duff depth (the LFH layer) was 15 cm and
only 2 cm were generally consumed in the fire, most likely as a reflection of
high duff moisture content. This lack of deep burning and the retention of a

thick duff layer has encouraged the development of a heavy cover of shrubs and

herbs and thus prevented the establishment of white spruce regeneration. The

dominant species were fireweed (30% cover), high bush cranberry (20%), red
raspberry (20%), and prickly rose (15%).

A white spruce seed source was nearby in a remnant stand and it is

possible that as the snags in the burn fall over and expose patches of mineral

soil some white spruce seedlings could become established. Hardwood tree

regeneration was also conspicuously absent - very few trees were present to

reproduce vegetatively and seedbed conditions were also not suitable.

Another plot in the white spruce - black spruce mixed type was 80-41, in

the NORD fire of 1969 along the Liard River. The pre-fire stand remaining
consisted of the following:
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Plot 80-41
Species BA m2/ha sph Avg. dbh (cm)

Paper birch 0.4 50 10.0
Black spruce 1.1 350 6.0
White spruce 22.8 450 24.5

A prominent charcoal layer in the upper soil horizon showed that this

stand was also of fire origin.

Ages for the pre-fire stand trees which were sampled ranged from 207 to

248 years. One white spruce was found which was only 110 years old,

indicating that recruitment can continue for quite some time given a suitable

seedbed; such as a thin duff layer or more probably decayed wood in this

instance.
As shown in Table 5, spruce accounted for more than one-half of the

post-fire tree regeneration but again the two species were indistinguishable.

The other species present were paper birch, lodgepole pine, and trembling

aspen. The hardwoods exhibited better height growth, as expected - paper

birch averaged 3.2 m, followed by trembling aspen (2.0 m), lodgepole pine (1.4

m), and finally the spruces (1.1 m).

The changes in species composition from the pre-fire stand to the

post-fire regeneration illustrate the ability of paper birch and lodgepole

pine to aggressively colonize a burned site:

Plot 80-41
% composition by species

Pre-fire stand 	 Post-fire regeneration
Species

Trembling aspen 0* 1.6
Lodgepole pine 0* 9.4
Paper birch 5.9 34.4
Spruce 94.1 54.6

* trees in the vicinity but not encountered in the tree mensurational
transect.



However, these figures cannot be taken as definitive as the random

mensurational transect may not have been a perfect representation of the stand

as a whole and seed input of some species may still be taking place.

Nevertheless, this situation illustrates the point that changes in tree

species composition following fire take place, with the duration of the effect

depending upon the particular species involved and their shade-tolerance and
lifespan characteristics.

Adjacent to the Fort Nelson River, Plot 80-36 (in the SIN II fire of 1965)

also illustrates the prolific seed habit of paper birch. The pre-fire stand

was composed of white spruce, trembling aspen, and tamarack and yet the

presence of some paper birch parent trees in the unburned forest nearby

allowed some 3 500 sph of this species to colonize the burned site.

As in previous cases, white spruce regeneration on this plot outnumbered

all other species combined and yet the actual total hardwood tree biomass was

likely greater. This is a reflection of white spruce's slower initial growth

rate; the numerical dominance of the white spruce was overshadowed by the

conspicuousness of the hardwoods. Paper birch in the tree mensurational

transect averaged 2.6 m in height, trembling aspen 2.5 m, and the white spruce

1.2 m (exclusive of seedlings). Other tall shrubs such as Scouler willow and

green alder were conspicuous in size but not in number.

Plot 80-42 above the Liard River in the LAP fire of 1961 contained

lodgepole pine, paper birch, trembling aspen, and white and black spruce

regeneration as was found in Plots 80-41 (NORD fire of 1969) and 80-44 (TEE

fire of 1971) as well as subalpine fir, balsam poplar, and tamarack (see Table

5). Of the most abundant species which had regenerated, lodgepole pine was

dominant in height at an average of 2.6 m, followed by paper birch (1.7 m) and

the spruces (1.0 m). This plot had more total trees than any of the others in

this type - 88 375 sph for all species combined.

The pre-fire stand seemed to have consisted of white spruce, black spruce,
lodgepole pine, paper birch, balsam poplar, and tamarack. The majority of

these had fallen and were well-decayed, such that a determination of the exact
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composition of the pre-fire stand was not possible. A residual stand nearby

contained white spruce, paper birch, and trembling aspen.

Hardwood height dominance in the initial stages of development was again

evident in the FON fire of May - June 1956 (Plot 80-33, south of Fort Nelson

above the Fort Nelson River). While white spruce was dominant in numbers (see

Table 5) it averaged only 1.1 m in height, exclusive of seedlings. The

hardwood regeneration was much taller, with Scouler willow averaging 4.0 m,

trembling aspen 3.8 m, and paper birch 3.6 m. This hardwood dominance tends

to mask the presence of white spruce such that on-site ground inspections are

always needed to accurately assess the number and species of regenerating

trees.

In spite of the great difference in size between the hardwoods and white

spruce, they all represented the initial post-fire regeneration. The FON fire

occurred 24 years before the plot was established, a trembling aspen sampled

was 23 years old, and two white spruce were 19 and 21 years of age

respectively. Seeding in is still taking place, however, as one to three year

old white spruce seedlings could still be found. These seedlings could be

originating from seed shed by the adjacent residual stand or alternatively the

initial burn colonizers could be producing seed.

The height dominance of the hardwood species persists for quite some time

as shown by Plot 80-29 in the POUCE fire of 1942 along the Alaska Highway to

the west of Fort Nelson. The white spruce ranged in height from 1 to 10 m and

the trembling aspen from 10 to 30 m, yet all trees sampled were between 32 and

37 years of age. In this case, however, white spruce was far outnumbered by

the hardwood species as shown in Table 5.

The age differential between white spruce and the hardwood species can

sometimes be pronounced, as in the case of Plot 80-8 on the Fort Liard road.

Trembling aspen formed an overstory from 25 to 30 m, with the age range of

trees sampled being between 68 and 72 years. By contrast the white spruce was

below 4 m tall and only 21 to 49 years of age. In this case the white spruce

did not regenerate directly after the fire but rather came in at a later date
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- perhaps on a decayed wood substrate or exposed mineral soil provided by the

fallen snags of the previous fire-killed stand.

Plot 80-21, 73 km south of Fort Nelson and adjacent to the Alaska Highway

was distinguished by the presence of subalpine fir and a well developed shrub

layer. These are reflections of this site's higher available moisture status

and a slightly more open canopy. Some white spruce saplings were found

growing on decaying wood and subalpine fir was relatively plentiful. The ages

of the white spruce trees sampled ranged from 83 to 99 years and subalpine fir

about 36 years, indicative of an invasion of the latter species under an

established canopy of white spruce.

The majority of trees in Plot 80-6 (35 km north from the Alaska Highway on

the Fort Liard road) were between 105 and 115 years of age. The trembling

aspen reached heights of 30 to 35 m while the white spruce lagged behind at

roughly 20 to 30 m. Both species had nearly equal basal areas, as shown in

Table 5, although the trembling aspen made up the dominant canopy. Mortality

of both species in the lower diameters was quite evident. The canopy is still

open enough to permit the growth of shrubs; herbs were abundant as were also

mosses; tree seedlings were rare.

A plot established in a nearly pure white spruce - moss stand provided an

indication of the structure of these stands at about 100 years after fire

(provided that white spruce regeneration has been successful and hardwoods

have not dominated the site in the later stages). Plot 80-48 was on an upland

site near Kotcho Lake within the perimeter of the KOT fire of 1980. The stand

was predominantly white spruce (50.1 m2/ha) with a minor component of paper

birch (0.5 m2/ha) in the main canopy. The shrub layer was not well

developed, the bulk of the ground cover was contained in the moss and herb

strata. Occasional white spruce seedlings were found which had germinated on

decaying logs.

The development of these stands over the general period of 100 to 125

years of age is shown in the last four plots in Table 5. While there is some

degree of variability between the stands, the basal area of white spruce



-47-

generally increased as time progressed while that of trembling aspen and paper

birch declined to at or near zero. Some of this may be a reflection of the

greater or lesser abundance of the hardwoods in the early stages of stand

development.

Of the other conifer species, lodgepole pine, tamarack, and subalpine fir

may be capable of survival through the life of the stand until the next

disturbance. Subalpine fir has the best potential to persist due to its shade

tolerant habit. The remaining hardwoods (green alder, balsam poplar, and

Scouler willow) are less frequently encountered and are transient. A larger

number of plots in this general type might reveal some specific roles for

these last species which are not clearly evident here.

Discussion

In contrast to the alluvial sites examined, there was clearly a role for

fire in the establishment of the trembling aspen - white spruce, white spruce

- moss, and related types. Charcoal deposits in the soil profile were found

on virtually all plots and other sites investigated, in all age classes from

young seral to mature stands. The forest tree species found in these types

are all susceptible to death from fire and possess fire adaptations to varying
degrees.

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. This was observed by Lutz (1955) and was seen in

the KOT fire of 1980 as well. 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).
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Germination following fire is best on mineral soil where the humus layer

has been nearly or totally consumed and competing vegetation eliminated. Seed

travel is restricted to about twice tree height and is normally less than

100 m (Archibold 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.

The large area of white spruce regeneration near White Spruce Creek (east
of Kotcho Lake) which originated following a fire in 1950 or 1951 may be

indicative of the ability of the seed to travel greater distances on the

surface of the snow during strong winds. An ice crust on the surface of the

snowpack would aid in this regard. However, fires in these forest types are

rarely so large or continuous that live white spruce survivors are excessively
distant from burned sites.

The deciduous species present are generally well adapted to reproduce

after fire. Trembling aspen, paper birch, and balsam poplar are capable of

prolific reproduction from vegetative parts (Zasada et al. 1977). Trembling

aspen produces root suckers, paper birch reproduces by stump sprouting, and

balsam poplar can reproduce by stump sprouts, root suckers, and buried
branches (Lutz 1955, Zasada et al. 1977).

These hardwoods are also prolific seed producers, with trembling aspen and

balsam poplar being dispersed the greatest distance, followed by paper birch

(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.

Another type of post-fire reproductive strategy is the serotiny of

lodgepole pine 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.

Preferred seedbeds are mineral soil or disturbed duff and the best germination
occurs in full sunlight (Fowells 1965).
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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

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.

Less is known of the fire relationships of tamarack and subalpine fir.

The latter is more easily killed by fire but both can germinate on a variety

of seedbeds (Fowells 1965). Tamarack is shade-intolerant while subalpine fir

is not, allowing it to establish itself under existing canopies. Both are

relatively minor components of the forests of the Fort Nelson TSA but may be

locally abundant.
The most common post-fire developmental sequence on the upland sites

proceeds through a broadleaf tree stage to the eventual white spruce forest.

White spruce invades the burned site at the same time as the other species but

is dominated by the faster growing hardwoods. Foote (1979) identified seven

distinct stages of revegetation following fire in this type: newly burned;

herb - tree seedling; shrub and tree sapling; dense hardwood; mature hardwood;

mature birch and white spruce; and eventually culminating in white spruce -

moss. The last type is considered to be the endpoint of post-fire vegetation

development on the well drained upland sites. With white spruce being shade

tolerant and longer-lived than its deciduous associates eventually it will
catch up to and finally overtop the deciduous species.
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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.

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.

After Kessell and Fischer (1981) the successional development of mixed

trembling aspen - white spruce stands in the Fort Nelson TSA can be shown as

follows:

herbs-shrubs____10. young trees 	 trembling aspen 	 white
tree seedling 	 herbs-shrubs 	 white spruce 	 spruce
or sucker -4- — -- —' 	 herbs-shrubs 	 herbs-

Nt\)0L_ 	 7 	 shrubs
	— moss

7 yr 	 30 yr 	 120 yr

succession without fire or disturbance

fire disturbance which sets back succession
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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 trembling aspen is present in the pre-fire stand it will generally

vegetatively reproduce in large numbers by root suckering, and can seed in as

well. 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. Spruce 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. This 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 as well as lodgepole pine 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.

Paper birch is a common associate of trembling aspen and white spruce but

is usually outnumbered by the trembling aspen. However, paper birch is

capable of sprouting as well as prolific reproduction by seed. In some cases

trembling aspen is not present but both hardwoods appear to behave in a

similar fashion - again the similarly-aged white spruce is subordinate to the

paper birch but as the stand matures the paper birch is eventually overtopped

by the white spruce and more and more becomes a minor component of the stand.

In Plot 80-8 the youngest trembling aspen sampled was 19 years older than

the oldest white spruce examined. This 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 at that time. The
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site was judged to be submesic [slightly drier than the norm (mesic)] and if

this assessment was accurate then it may well be that the drier conditions

made the nurse crop of trembling aspen necessary for the establishment of

white spruce.

Of all the plots established in the Fort Nelson TSA this significant age

differential between the overstory hardwoods and the understory white spruce

was encountered only once and in the only mixed stand which was not placed in

the mesic ecological moisture regime category. This situation is therefore

felt to be an uncommon occurrence, or at least perhaps restricted to the drier

sites. Such drier sites appear to be fewer in number and as the stands were

selected on the basis of outward appearance and the moisture status was

assessed during sampling, the numerical dominance of mesic stands may be

representative. Lutz (1955) felt that the requirement of a nurse crop of

trembling aspen and/or paper birch by white spruce was common in Alaska,

especially on drier sites where the spruce cannot pioneer. In time these

stands would develop into even-aged hardwoods and uneven-aged white spruce.

The probable endpoint of succession in these mixed hardwood - white spruce

types is a pure or nearly pure stand of white spruce. 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 established

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).

This nearly pure white spruce - moss type may represent a successor to the

hardwood - white spruce type or alternatively can arise directly after a fire

if the site is not invaded and occupied by hardwood trees or shrubs; if a

white spruce seed source is present; and if the duff layer is greatly reduced

or eliminated by fire to produce a suitable seedbed. If no hardwoods are
present there will be no vegetative reproduction of those species. Plates 3

and 4 show two stages of development of these stands.
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Figure 9 illustrates trends in cover by stratum for mosses, herbs, shrubs,

and trees. In the first 25 years of post-fire succession conditions are quite

variable as a reflection of the particular site and its history. 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 values decline while those for mosses and trees

increase. 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.

This and the other graphs of this type were obtained by summing the plot

by plot cover values for each species on the basis of its usual stratum of

occurrence upon maturity. For example, trees were placed in the tree

component regardless of size at the time of sampling and likewise all shrubs

were placed in the shrub category. These graphs are not intended to represent

the actual vegetative development which will take place following fire in

these types but are instead included in this report to illustrate the trends

(albeit rough ones) which were evident in the plots established.

Fires in the white spruce types 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 establishment 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 all of the white spruce - moss stands sampled.

The majority of the trembling aspen - white spruce stands also had a layer of

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

layer, but all stands showed charcoal.
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Plate 3. 	 Vicinity of Plot
80-7 in a trembling aspen -
white spruce stand dating from
1896.

Plate 4. 	 A residual white spruce stand adjacent to the SIN II burn
of 1965, approximately 150 years old.
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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 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 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.

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 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.
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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' (1955) estimation for more than 100 years.

The mixed white and black spruce stands on the terraces and in the

vicinity of the Liard River in the northwest corner of the TSA are unique to

that area. While black spruce can migrate from its usual lowland habitat to

burned uplands and form a mixed stand with white spruce (Lutz 1955, Rowe and

Scotter 1973), the river terraces are not adjacent to the usual poorly-drained

habitat of black spruce and these mixed stands are fairly extensive.

Neiland and Viereck (1977) reported that mixed white and black spruce

stands are common on terraces of intermediate age. Such stands represent all

stages of succession from pure white spruce to nearly pure open stands of

black spruce. The white spruce is often older than the black spruce unless

the stand is of fire origin, in which case they are the same age. Sphagnum

mosses are present, as is permafrost. The gradual accumulation of the organic

layer increases its insulating capacity and causes a rise in the permafrost

table. This development favours black spruce over white spruce and the latter

species eventually disappears (Viereck and Schandelmeier 1980). However, the

soils on the terraces of this section of the Liard River are well drained and

do not contain permafrost. Thus, the processes described for Alaska are
likely not taking place in the Fort Nelson TSA.

Jeffrey (1964) described mixed forests on terraces of the Liard River in

the Northwest Territories but found black spruce to be a minor component to

white spruce, trembling aspen, paper birch, and balsam poplar. Oswald and

Senyk (1977) found white and black spruce to be the climax vegetation on lower

elevations in their Liard River Ecoregion but did not provide specific details
of stand composition.

The stands examined on this section of the Liard River do not fit with the

previously described types as they are composed primarily of white and black

spruce, with one species being almost as abundant as the other. Site
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conditions are such that both 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 and 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 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 diameter and height growth of black spruce on the terrace

sites is as good or better than that of the white spruce, therefore the

desirability of either one of the species will depend on potential utilization.

The general successional development of these mixed stands can be

represented as follows:

herbs-shrubs 	 herbs 	 trembling aspen 	 lodgepole pine 	 white spruce
tree seedlings--0.young trees—*lodgepole pine--110-black spruce----1.-black spruce
and sucker 	 shrubs 	 black spruce 	 white spruce 	 mosses
Nt /r— — — ' 	 white spruce 	 mosses 	 herbs-shrubs
.\   herbs-shrubs 	 herbs-shrubs	   

107i. 	 25 yr 	 120 yr 	 --- 180 + yr

succession without fire or disturbance

-- fire disturbance which sets back succession

In the eastern boreal forest it has been found that balsam fir is a usual

constituent of older forests on moist sites (Rowe and Scotter 1973). This

species invades established stands (Dix and Swan 1971) and thus may be an
indicator of true late-successional forest types. Subalpine fir in the Fort

Nelson TSA may be behaving in a manner similar to balsam fir in the eastern
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boreal forest but it is a rare component of the lower elevation forests of the
TSA.

Given a long enough fire-free period, subalpine fir could increase in

numbers in white spruce stands as it can germinate and survive on duff layers

in deep shade where spruce cannot (Fowells 1965). Balsam fir is poorly

adapted to fire and is relatively scarce on sites frequently disturbed by fire

(Rowe and Scotter 1973). If subalpine fir plays a similar role in the western

boreal forest its rarity in the trembling aspen - white spruce and white

spruce - moss forests of the Fort Nelson TSA may be an indication of the
persistent influence of fire on these sites.

The oldest white spruce found in these two types was 268 years of age.

Coupled with the relative scarcity of the late-successional subalpine fir it

would seem that although the white spruce and hardwood - white spruce mixes

are less prone to burning than their black spruce counterpart, fire returns

often enough to maintain them as white spruce to the detriment of subalpine

fir.

c) Black spruce - sphagnum

Interspersed with the mixed hardwood - white spruce and white spruce -

moss types of the Alberta Plateau are stands of black spruce. In general

terms they can be divided into black spruce - sphagnum and black spruce -

feathermoss types. Both are commonly found on areas with poor drainage such

as the flat or gently rolling Fort Nelson Lowlands or at the base of slopes

(Annas 1977). By Lewis' (1981) analysis ecosystem mosaics dominated by black

spruce - sphagnum and similar organic terrain ecosystems are shown as

ecosystem mosaic number 3.

Black spruce is the dominant tree species in the black spruce - sphagnum

type although tamarack may be present on the wetter, more mineral-rich, higher

pH sites. The same plant species are found on most sites, varying in cover as

a reflection of site conditions and history. Common shrubs are Labrador tea

and bog birch; herbs usually include rock cranberry, bog blueberry, and

cloudberry. The herb and shrub layers are poorly developed floristically

while the moss layer is often quite deep, consisting of sphagnum moss species.
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The black spruce - sphagnum type is characteristic of the plateau bogs

occurring over poorly drained fine textured mineral parent materials of the

Fort Nelson Lowlands (Annas 1977). Permafrost is common but is encountered at

variable depths and is discontinuous over the landscape. The water table can

be within 20 cm of the surface and standing water may be present in

depressions.

Sites Examined

Only two plots were established in the black spruce - sphagnum type and

their locations are shown in Figure 10. Ecological moisture regimes (Walmsley

et al. 1980) were hygric (water removed slowly enough to keep the soil wet for

most of the growing season; permanent seepage and mottling present; possibly

weak gleying) or 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). The ability of

black spruce to regenerate after fire is well illustrated by Plot 80-30 in the

AKUE fire of May 1972, near the confluence of Akue Creek and the Muskwa

River. Pre-fire tree density in the plot was 3 312 sph for those above 5.5 m

height and dbh averaged 5.1 cm. There were 1 437 sph of trees below 5.5 m

height, with an average height of 1.5 m. A few small trees survived the fire,

these amounted to about 125 sph.
Post-fire regeneration totalled 15 750 sph, more than three times the

density of the parent stand. Initial regeneration in the first few years

following the fire may very well have been higher, with subsequent mortality

reducing the number of survivors to the present level. The black spruce

seedlings on the site showed a clumped distribution - they were most common on

sphagnum moss hummocks but were also found in wet depressions.

Shrub cover was very heavy: Labrador tea accounted for 80% cover, bog

birch 10%, and the herb layer was dominated by rock cranberry at 20%. The

shrubs arose from rootstocks which survived the fire.

The adjacent unburned stand was all-aged black spruce with the dominant

trees being between 110 and 116 years of age. This age spread was in
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Figure 10. Plot locations for the black spruce - sphagnum type.
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agreement with the burned stand, the two trees sampled there would have been

114 years of age had they survived to 1980. Shrub and hardwood species in the

unburned stand were all present in the burn itself.

Other burns in the black spruce - sphagnum type were examined but no plots

were established as the same pattern of dense reestablishment of black spruce

was exhibited. These were the ASP (1967), NEL (1958), and FON (1956) fires.

Plot 80-9, located 31 km north of the Alaska Highway on the Fort Liard

Road, provides an indication of the characteristics of older black spruce -
sphagnum stands. Sphagnum moss accounted for 85% cover in the moss layer,

Labrador tea 50% of the low shrub, followed by rock cranberry at 25%.

Permafrost was uniformly encountered at 40 cm depth over much of the plot.

Black spruce reproduction was exclusively by layering and was very dense
in some places. Over the mensurational transect black spruce amounted to

4 917 sph of 4.4 cm average dbh with 8 167 sph of layer origin regeneration

under 2 m in height. Some tamarack were also present - 167 sph averaging 9.5
cm dbh with 500 sph below 2 m in height.

The larger black spruce ranged in age from 117 to 160 years, the remainder

were above 90 years. Two black spruce of layer origin were aged to 66 and 85

years and yet both were only one metre in height. The range in age for the

older black spruce indicates that regeneration can continue for some time, or

as in the case of the previous plot, there were unburned islands of live trees

within the burned area after the last fire. A more detailed age class

analysis would be needed over a range of sites to make any definite

conclusions. Layering may account for some of this age spread. Nonetheless

there was a significant input of germinants following the fire and recruitment

can potentially continue for decades by one means or another.

Discussion

Black spruce trees are as susceptible to death due to fire as are white
spruce, perhaps even more so (Lutz 1955). They are thin barked and shallow

rooted and have a growth habit which enhances their flammability (Viereck

1975):
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Their high susceptibility to fires is undoubtedly due to the abundance of
ericaceous shrubs, the low branches of the spruce, often dead and covered
with highly flammable epiphytic lichens, and to the thick moss and lichen
forest floor that becomes tinder dry after prolonged periods of little or
no rainfall.

Crown fires are common in black spruce types and result in extensive areas of

total tree kill although unburned islands or stringers may remain. Bordering

trembling aspen - white spruce or white spruce - moss types effectively

contain the spread of fire originating in black spruce stands, except under

extreme fire weather conditions.

With a semi-serotinous habit the black spruce seed supply is continuous

after sexual maturity is reached, with seed being shed for several years after

fire. Seed crops seldom fail and usually do not do so twice in a row. Heavy

crops occur every four years (Fowells 1965). 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).

The most common pattern following fire in Alaskan black spruce stands is

the rapid replacement of the type by another dense black spruce stand (Lutz

1955, Viereck 1973). Indeed, comparisons of late-successional (mature) with

early seral (recently burned) black spruce - sphagnum stands in the Fort

Nelson TSA showed only minor differences in vegetative composition which may

in fact reflect site differences and perhaps time since fire, rather than just

the latter alone.

The black spruce - sphagnum type is the simplest of those in the Fort

Nelson TSA when considering successional development and fire. With

allowances for some possible shifts in composition in the herb and shrub

layers this type may be represented thusly:

shrubs-herbs-_--_,
	 ----law'

shrubs-herbs 	 mature black spruce
tree seedlings 	 young black spruce 	 sphagnum
sphagnum -14=--- -- — — sphagnum 	 shrubs-herbs

7 yr 	 50 yr

--lib-succession without fire or disturbance

-14F- -- --fire disturbance which sets back succession
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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. This can be seen by comparing certain species common to both Plot

80-30 (8 years since fire) and the mature stand in Plot 80-9 (oldest tree was

160 years of age):

% cover by species*

Plot 80-30 Plot 80-9
Black spruce 1 34
Tamarack trace 2
Labrador tea 80 50
Sphagnum moss 50 85
Rock cranberry 20 25
Bog birch 10 trace
Cloudberry 5 trace
lichens trace 5
Bog blueberry trace trace

* regardless of stratum of occurrence

There were only six species not common to both plots out of a total of 15

species found. The species not common to both plots accounted for only 4% of

the total cover, compared to 96% occupied by the common species.

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. As

previously described, black spruce is semi-serotinous and thus has a built-in
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recovery mechanism, assuming of course that the trees are bearing seed.

However, tamarack requires live survivors and fire size may influence its

abundance in post-fire stands.
Black spruce 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). A recently-burned and a mature black spruce - sphagnum

forest are shown in Plates 5 and 6.

d) Black spruce - feathermoss

This type occurs on wet poorly-drained mineral terrain (in contrast to the

wet poorly drained organic terrain supporting black spruce - sphagnum) but

also occupies well drained sites which are nutrient poor (Annas 1977). The

most conspicuous feature of the black spruce - feathermoss type is a dense

black spruce overstory with a well developed moss layer. These black spruce -

feathermoss types are found in ecosystem mosaics numbers 5 and 4 by Lewis'

(1981) classification.
In addition to black spruce, other tree species may be present in minor

amounts: paper birch, tamarack, white spruce, lodgepole pine, balsam poplar,

and trembling aspen. Common shrubs and herbs are green alder, bog birch,

Labrador tea, Scouler willow, bog blueberry, and rock cranberry.

Feathermosses dominate - including ribbed bog moss, step moss, Schreber's

moss, common haircap moss, and knight's plume. Sphagnum species have minor

cover levels.

Sites Examined

A total of eight plots were established in the black spruce - feathermoss

type, as shown in Figure 11. Ecological moisture regimes ranged from mesic to
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Plate 6. 	 A mature black spruce - sphagnum
forest which arose after a fire in
approximately 1820, Plot 80-9.

Plate 5. Black spruce -
sphagnum site in the TSAC fire
of 1980, about six weeks after
the event.
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Balsam 	 Tamarack 	 Paper
poplar 	 birch

100

lodgepole
pine

Trembling
aspen

Black
spruce

21 500

750
18 667

0.5-2.5
21

Fire
year

1970

1956
667

2 250
0.5-4.5

21

1944
187 1 125

1 375 3 000
5.4 4.4

2.0-16.0 1.0-10.0
4.9 5.1

1.5-9 0.5-8
- 29-34

1942
1 550 10 800

14 0004
0.5-4.5 0.5-4.5

31 32

=1930
1 250

21 718
9.8

2.0-21.0
20.5

10-17 4.5-5.5
33-43 30-49

. 1924
8 375*

3 750 62 1 187
8.1 6.0 6.4

3.0-15.0 6.0 4.0-10.0
21.9 0.2 4.2
8-14 6 0.5-9
51-54 - 52-57

. 1849
5 583
11.9

dbh range (cm) 	 4.0-22.0
BA (m2/ha) 	 63.7
height range (m) 	 10-24
age range (yr) 	 109-130
- - - - — — — - — —

Plot 80-19
seedlings (sph)
- — - — - — — — —
Plot 80-35
saplings <0.5 m (sph)
trees <5.5 m (sph)
height range (m)
age range (yr)

Plot 80-34
trees <5.5 m (sph)
trees >5.5 m (sph)
avg. dbh (cm)
dbh range (cm)
BA (m2/ha)
height range (m)
age range (m)

Plot 80-18
trees <5.5 m (sph)

height range (m)
age range (yr)

Plot 80-22
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 80-20
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 80-10
trees >5.5 m (sph)
avg. dbh (cm)

— 68 —

Table 6. Tree mensurational data for the black spruce - feathermoss
type.

• of layer origin
- denotes no sample available   
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subhydric. Mensurational data from all but one of these plots are shown in

Table 6. The most recent fire examined in this type was the CHO of May 1976,

located 20 km west of Kotcho Lake. The pre-fire stand of Plot 80-1 was

exclusively black spruce with 8 500 sph of live trees at the time of the fire

- (averaging 6.6 cm dbh for a total basal area of 31.0 m 2/ha). Ages ranged

from 150 to 160 years. No data are included in Table 6 as there were no live

trees in the plot.

Approximately 20% of the ground surface was not burned, 60% was lightly

burned, and 20% deeply smouldered. About 10 cm of surface organic matter was

consumed, leaving 15 cm of residual organic matter. Black spruce seedlings of

one to four years of age were found on the deeply smouldered portions of the

burn. These patches were often at the bases of the pre-fire trees and were

covered with a moist seedbed of common haircap moss, one of the favoured
black spruce seedbeds. Black spruce seedlings were somewhat rare but seed

input from nearby residual stands and perhaps the cone tufts on the killed
trees is taking place.

The KEL fire of June 1970 (Plot 80-19, 64 km west of Fort Nelson on the

Alaska Highway) gives a better indication of continuing seed input. Black

spruce seedlings ranging in age from 1 to 8 years were present, totalling

21 500 sph. The distribution of seedlings was clumped - often they were found

in moist depressions or on live damp sphagnum. Some tamarack, lodgepole pine,

and subalpine fir seedlings were also found but they were quite rare. A few

lodgepole pine were in the pre-fire stand and live tamarack were nearby. The

most abundant shrubs and herbs were Labrador tea (50% cover), bog birch (10%),

wood horsetail (30%), and rock cranberry (20%). The common haircap moss (10%)

was more prevalent than sphagnum moss (5%).

While tamarack may be found over much of the Alberta Plateau it is usually

a very minor component of stands, occurring as scattered individuals or in

small groups. Tamarack may be locally abundant where there is active seepage

of water in the soil profile. This lateral movement of minerotrophic water

acts as a source of nutrients and removes the toxic products of anaerobic

decomposition (Annas 1977).

Plot 80-35 was located in a tamarack - black spruce type in the KOCHA fire
of May-July 1956 (25 km east of the Fort Nelson airport) and shows that the
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high initial density of black spruce may persist for some time. Tree

regeneration was dominantly tamarack in terms of crown cover (15%) but black

spruce was more abundant than any other species in spite of a lower cover

value (13%), a reflection of its smaller size. Hardwoods were represented by

paper birch (7% cover), Scouler willow (21%), balsam poplar (5%), and green

alder (7%), although they were not encountered in the mensurational transect.

Black spruce amounted to 18 667 sph with an average height of 1.1 m. In

contrast, tamarack amounted to only 2 250 sph but had an average height of

2.4 m. Trees below 0.5 m totalled 750 sph for black spruce and 667 sph for

tamarack, or 19 417 sph and 2 917 sph respectively. The hardwoods along with

Scouler willow overtopped the conifers although variation in the height of

tamarack was noted - two trees sampled were 1.6 and 7.0 m tall in spite of

both being 21 years of age.

This hardwood height dominance continued in the PROPHET fire of 1944 (Plot

80-34, between the Prophet River and Chipesia Creek) where paper birch and

trembling aspen were on the order of 1 m taller than the black spruce.

However, the black spruce outnumbered the hardwoods and accounted for twice

the crown cover.

Plot 80-18 in the POUCE fire of July 1942 (35 km west of Fort Nelson on

the Alaska Highway) shows the development of black spruce to the point where

layering has begun. The post-fire regeneration ranged in age from 31 to 34

years and was predominantly black spruce, with a very minor component of

lodgepole pine (14% of the total number). Black spruce which originated from

seed amounts to 10 800 sph and these trees have given rise to 14 000 sph in

the form of layers. Moss cover was heavy (70%) and deep, thus encouraging the

layer formation.

The ability of paper birch to nearly fully occupy a site is shown in Plot

80-22, established 74 km south of Fort Nelson on the Alaska Highway in a fire

which dated to 1930. Paper birch outnumbered black spruce by a factor of 17,

as shown in Table 6. The hardwoods ranged in height up to 17 m while the

black spruce reached only 10 m even though it was as old or older than the

paper birch. The site was considered to have a subhygric soil moisture regime

and this was reflected in the gleyed soil and the presence of Devil's club.
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On Plot 80-20 (23 km north of Minaker) a mixture of lodgepole pine, black

spruce, Scouler willow, and trembling aspen developed following a fire which

probably occurred about 1920 judging by the stand age. Lodgepole pine

amounted to 20% of the crown cover and formed the dominant tree layer, with

the main canopy at 10 to 14 m. Black spruce cover was 40% but in the tall and

low shrub classes, up to 9 m height.

The lodgepole pine overstory was suffering mortality due to windthrow and

windbreak or snowthrow and snowbreak. No pine were in the lower strata or

present as seedlings, while black spruce was reproducing by layering as shown

in Table 6. Although the lodgepole pine and black spruce were the same age,

the pine was dominant in height due to its faster growth rate. With the

overstory mortality and lack of reproduction, the pine and hardwoods will

eventually drop out of the stand if fire does not intervene. The stand will

become pure black spruce which could continue to occupy the site by layering.

With the exception of Plot 80-22, cover and stems per hectare values for

black spruce, and often tamarack as well, were greater than those of the

hardwood species. Usually hardwood cover amounted to less than 5% while the

conifers covered nearly 30% or more in half of the plots. Lodgepole pine

outnumbered black spruce in one of the two plots on which it was present but

the pine is transient as it does not reproduce under the shade of the canopy

and in time is lost from the stand.

Vegetative reproduction by layering of the lower branches of black spruce

is common where a thick organic mat is present and the branches are live to

the base of the bole and intercepting the organic layer. However, layering is

not necessarily universal as shown by Plot 80-10, 8 km north on the Fort Liard

road). While this stand was nearly exclusively black spruce, with 5 583 sph

of 11.9 cm average dbh, and an organic mat composed of feather mosses to a

depth of 20 to 25 cm, there was no layer reproduction. Height to the base of

the live crown of the black spruce was at least 5 m such that live branches

could not intercept the organic mat. The canopy density was likely high

enough throughout the development of the stand to encourage self-pruning and

the lower branches have not survived.



-72-

No black spruce seedlings were found and although the species can develop

under a canopy in as little as 10% of full light intensity, growth is much

improved in the open (Fowells 1965). Where even-aged black spruce stands have

gone without a disturbance for more than 100 years they will eventually become

uneven-aged as the overstory trees die and are replaced by new recruits
(Johnston 1977).

Discussion

As previously described, black spruce is susceptible to death due to fire

but possesses a successful post-fire reproductive adaptation in the form of

semi-serotinous cones. In contrast to the black spruce - sphagnum type the

black spruce - feathermoss 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 TSA 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. Seedling densities on the 10 year old
burn reached 21 500 sph or three to four times the density of the parent

stand. Layer reproduction can begin after 30 years as shown in the POUCE fire

of 1942 where layers now outnumber their original fire-origin parents by a
factor of roughly 1.5.
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The oldest black spruce - feathermoss stand examined was approximately 131

years of age and contained 5 583 sph. 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. 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.

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. Two views of black spruce - feathermoss stands are shown in Plates 7

and 8.

A general developmental trend for this type is shown below:

shrubs-herbs __Ho.. young trees
tree seedlings* 	 shrubs-herbs
\or \p.

black spruce* 	 mature black spruce
herbs-shrubs 	 feathermoss

	

. 	 .
	 ./ 	 .'

7 yr
	

35 yr 	 125 yr

* may contain hardwood tree species and lodgepole pine

succession without fire or disturbance

.4-- fire disturbance which sets back succession

Black spruce, tamarack, and lodgepole pine seed into burns for a period of

years - the majority of trees become established 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 shrub and herb 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. Older stands are

composed primarily of black spruce. A general trend is shown in Figure 12.

Included in Figure 12 are all plots with the similarly-aged plots 80-18

and 80-34 being averaged and those values included. More plots in this type

and especially at the age classes which are missing would likely produce more
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Plate 7. 	 Black spruce - feathermoss site in the CHO fire of 1976
four years later, Plot 80-1.

Plate 8. 	 Mature black spruce - feathermoss in Plot 80-10. Stand
origin was about 1849.
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meaningful curves. This sequence of development agrees with the stages

identified by Foote (1979) and described at the beginning of this section.

Black spruce forests are a classic fire type in that they are capable of

vigorously reproducing themselves after fire. Charcoal is nearly always

easily found in the soil profile, indicating the historic occurrence of fire

in these types. Soils may vary from pure organics (often over permafrost) to

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.

2) Northern Boreal White and Black Spruce and Montane Boreal White and
Black Spruce subzones

a) Lodgepole pine - black spruce type

Mixtures composed primarily of lodgepole pine and black spruce are found

on better drained areas of the Fort Nelson Lowlands; lower, middle, and upper

slopes of the Black and White Spruce zone; and on the summits of the

flat-topped or gently dipping cuestas which trend northwesterly between the
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Fort Nelson Lowlands and the Rocky Mountain Foothills. The Montane Boreal

White and Black Spruce subzone of the Boreal White and Black Spruce zone

occupies these plateau tops generally above 1 000 m and is distinguished from

the Northern Boreal White and Black Spruce subzone by its geographic location,

terrain type, and vegetative composition. Lodgepole pine and black spruce are

the dominant tree species although some trembling aspen, paper birch, and

subalpine fir may be present in small numbers. Labrador tea, glaucous and

Scouler willow, blue huckleberry, and bog blueberry are common shrubs; rock

cranberry and bunchberry are common herbs; feathermosses such as knight's

plume, Schreber's moss, and stepmoss are present - sphagnum and reindeer

lichens may be locally present on the wetter and drier sites respectively.

The mixed lodgepole pine - black spruce stands of the Northern Boreal

White and Black Spruce subzone may also contain trembling aspen, white spruce,

and subalpine fir in small numbers; Scouler willow, twinflower, fireweed, step

moss, and reindeer lichen are also common. Wetter sites may support paper

birch, bog birch, Labrador tea, blue huckleberry, bunchberry, rock cranberry,

and sphagnum moss. By Lewis' (1981) classification the lodgepole pine - black

spruce mixed stands may occur in any of the Northern Boreal White and Black

Spruce subzone's ecosystem mosaics, with the exception of the alluvial type.

The plots established were in mosaics 1, 2, and 5 and the others (3 and 4) may

also contain this forest type. The Northern Boreal White and Black Spruce

subzone can occur below the Montane Boreal White and Black Spruce subzone or

the Spruce - Willow - Birch zone. The Montane Boreal White and Black Spruce

subzone in turn may be transitional from the Northern Boreal White and Black

Spruce subzone to the Spruce - Willow - Birch zone or in the case of the

flat-topped plateaus may be the highest biogeoclimatic unit on the landscape.

Charcoal layers indicative of past fire history can nearly always be found

on lodgepole pine - black spruce sites (it is harder to distinguish in older

stands) and in recent years several large fires have occurred in the Montane

Boreal White and Black Spruce subzone on the plateaus southwest of Fort Nelson

(MUS 1958; CHE 1976; TSAC 1980; MIL 1981) and to the northwest as well

(STEAMBOAT 1942; DUNK 1971). Conditions on the plateau tops vary in response

to mesoscale topographic variation. Soils are mainly wet for most of the

growing season (hygric moisture regime) while the drier edges of the cuestas

are moist (mesic moisture regime) only.
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Swiftly moving crown fires are the expected type on these Montane Boreal

White and Black Spruce plateaus based on observed fire effects and eyewitness

accounts. When ignitions are followed by high winds the result is

sharply-defined linear fire boundaries. Lightning has caused these fires

historically although in recent times a number of fires have been man caused.

Sites Examined

Figure 13 shows the locations of plots in this type. The TSAC fire of May

1980 (between Cheves and Akue Creeks to the southwest of Fort Nelson) was

visited in July 1980 to investigate immediate post-fire conditions and to

determine the fire's behaviour. The stand examined in Plot 80-11 consisted of

70% lodgepole pine as dominants and codominants and in the understory. Stand

structure was even-aged with the age class suggesting a fire in approximately

1872. This May 1980 fire resulted in the consumption of the crowns of nearly

all trees in the plot. Effects on the ground surface were less severe with

89% being lightly burned, 8% not burned and only 3% deeply smouldered. No

exposed mineral soil was found.

The deeply smouldered areas were found at the bases of trees where

pre-fire litter depths were greater and moisture contents probably less at the

time of the fire, promoting deeper burning. The duff layer was not

significantly reduced by the fire, still averaging 10 cm in depth. Green

alder, willows, and western mountain ash were observed sprouting at the root

collar. No tree seedlings were seen but the same fire was revisted in August,

roughly three months after the fire and some newly established black spruce

were found.

Two plots (80-12 and 80-14) were put in the CHE fire of 1976, on the same

plateau as the TSAC fire of 1980. In the pre-fire stand of 80-12 lodgepole

pine (2 937 sph of 8.8 cm average dbh totalling 11.3 m 2/ha) outnumbered
black spruce (2 187 sph of 7.5 cm average dbh totalling 20.2 m 2/ha) as well
as in post-fire regeneration, as shown in Table 7. Composition had shifted

from a pre-fire stand of 57% lodgepole pine and 43% black spruce to 90%

lodgepole pine and 10% black spruce in the post-fire regeneration. Other
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common species were Labrador tea (5% cover), bunchberry (30%), and rock
cranberry (40%).

In Plot 80-14 a similar reversal in dominance of lodgepole pine and black

spruce took place after the fire. The pre-fire stand was 12% lodgepole pine
(500 sph of 8.7 cm average dbh with basal area totalling 3.6 m2/ha) and 88%
black spruce (3 562 sph of 6.8 cm average dbh with basal area totalling 16.0
m2/ha). Post-fire regeneration was 73% lodgepole pine (10 000 sph) and 27%

black spruce (3 750 sph). These seedlings ranged in age from one to four

years and were most common in deeply smouldered areas at the bases of trees,

associated with mosses and small herbs. Another favoured seedbed was moist

depressed areas in between the hummocks of organic matter. The crowns of

these hummocks consisted of dried and burned feathermosses and were thus a
hostile environment to seedling establishment and survival.

While black spruce was previously found to have a prolific seeding habit,
especially evident in the black spruce - sphagnum type, it appears to be

subordinate to lodgepole pine, at least initially, in this lodgepole pine -

black spruce type. Even though both species have a continual seed supply

(being serotinous or semi-serotinous) variations in parent tree distribution,

cone crops, seed viability, seedbed, and post-fire microclimatic conditions

will influence the number of seedlings established and their subsequent
survival.

Lodgepole pine and black spruce are also capable of forming very dense

stands as shown by Plot 80-45 in the SMITH fire of July - August 1961 to the

northeast of the Smith River airfield. The site was classed as xeric as the

soil was coarse textured and thin over bedrock. The pre-fire stand appeared

to have consisted of 95% lodgepole pine and 5% black spruce and arose after a
fire in about 1870.

A fire-scarred lodgepole pine at the perimeter of the burn confirmed the

fire year as 1961. Regeneration was very dense, consisting of 90% lodgepole
pine (142 250 sph averaging 0.9 m in height) and 10% black spruce (15 570 sph

averaging 0.4 m in height). Thus in this case the post-fire stand was similar

in relative composition to the pre-fire stand but was much denser, averaging

15.8 stems per square metre. Other common species were Scouler willow (7%

cover), fireweed (5%), and twinflower (5%).



Plot 80-12
seedlings (sph)

Plot 80-14
seedlings (sph)

Plot 80-45
trees < 5.5 m (sph)
height range (m)
age range (yr)

Plot 80-46
trees< 5.5 m (sph)
height range (m)
age range (yr)

Plot 80-31
saplings< 0.5 m (sph)
trees< 5.5 m (sph)
height range (m)
age range (yr)

Plot 80-17
saplings < 0.5 m (sph)
trees< 5.5 m (sph)
height range (m)
age range (yr)

Plot 80-15
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 80-28
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 80-23
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 80-13
trees > 5.5 m (sph)
avg. dbh (cm)
dbh range (cm)
BA (m2/ha)
height range (m)
age range (yr)

- 81 -

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

Trembling
aspen

Subalpine
fir

Paper
birch

lodgepole
pine

Black
spruce

Fire
year

1976
4 875 500

1976
10 000 3 750

1961
142 250 15 750
0.5-2.5 0.5-1.5

14-15 15

1961
7 750 16 375

0.5-5.5 0.5-3.5
13-17 15-16

1958
125

15 781
0.5-3.5 -

17-21 -

1956
200 800

4 600 1 050
0.5-4.5 0.5-3.5

21-22 16-22

1944
18 875

2 937
5.6
2-8
8.0

5.5-7.0 0.5-4.5
32-35 30-34

=1943
167 83 2 833 4 COO
542 83 4 542 42
4.4 8.0 7.4 6.0

3.0-8.0 8.0 3.0-13.0 6.0
0.9 0.4 21.7 0.]

2.5-8.0 0.5-1.5 7.0 1.5-10.0 0.5-6.0
35 31-34 36-37

. 1900
200 13 900

2 000 1 450
9.0 5.9

5.0-13.0 5.0-9.0
13.6 4.2

2.5-12.0 0.5-6.0
75-149 67-79

1861
1 500 750

10.5 14.9
5.0-10.0 7.0-20.0

14.2 13.8
6.0-10.0 10.0.-14.0

118 -

- denotes no sample available



-82-

Plot 80-46 was also established in a 1961 burn, in this case the LAP fire

of July - August on Lapie Creek, a tributary of the Liard River. The site was

on an alluvial fan (also considered to be xeric due to the landform and soil

texture) and was floristically similar to the SMITH fire plot. The pre-fire

stand consisted of lodgepole pine and black spruce but an accurate assessment

of relative numbers could not be made as most of the trees were down and

decaying. A sampled black spruce from the pre-fire stand aged to 260 years

and a lodgepole pine to 285, this is probably indicative of a fire in the

1690's.

Regeneration was biased towards lodgepole pine with respect to crown cover

(71%) versus 7% for black spruce. However, the spruce outnumbered lodgepole

pine by more than 2 to 1, with 16 375 and 7 750 sph respectively. The pine

averaged 2.9 m in height while the black spruce was only 0.8 m high on average.

While both Plots 80-45 and 80-46 were classed as having a xeric moisture

regime (water is removed very rapidly in relation to supply; soil is moist for

brief periods following precipitation) black spruce was present in numbers

rivalling those of the similar-aged black spruce - feathermoss sites. In

fact, Plot 80-45 contained exactly the same number of black spruce trees as

did the plot established in the eight year old AKUE fire on a black spruce -

sphagnum site. It would seem then that black spruce is capable of occupying a

wide range of sites - the AKUE site was classed as subhydric.

However, black spruce is not always present in large numbers, as indicated

by Plot 80-31 established on a Montane Boreal White and Black Spruce subzone

site in the MUS fire of June 1958 above the Muskwa River. The pre-fire stand

consisted of lodgepole pine primarily ranging in age from 70 to 100 years and

was apparently well stocked. As shown in Table 7, post-fire regeneration

amounted to 15 781 sph of lodgepole pine averaging 1.6 m in height and 125 sph

of black spruce trees below 0.5 m. Most young trees ranged in age between 15

and 20 years but lodgepole pine seedlings were still becoming established.

The age range of the post-fire regeneration conformed with the age range of

the pre-fire stand. This continuing input may have come from the cones

remaining on the still-standing snags or from the older post-fire trees

bearing seed.

Black spruce and lodgepole pine are also capable of occupying wetter sites
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as indicated by Plot 80-17 between Borrett Creek and the Muskwa River in the

MUSQUA fire of May 1956. Located on an upper elevation (1 103 m) bench, the

site was classed as subhygric and standing water was observed nearby.

The pre-fire stand itself was slightly overstocked, composed of black

spruce and lodgepole pine, and arose following a fire in approximately 1842.

The 1956 fire reduced the duff depth to less than 5 cm and deeply smouldered

over 75% of the ground surface. Regeneration was 72% lodgepole pine (4 800

sph of 1.9 m average height) and 28% black spruce (1 850 sph of 0.8 m average

height). Scouler willow, paper birch, bog birch, rock cranberry, and

bunchberry were the other main species present.

As previously mentioned, the slower initial height growth of black spruce

in comparison to lodgepole pine is most prominent in this mixed type. In the

NIN fire of May - July 1944 to the east of Klingzut Mountain and south of the

Prophet River (Plot 80-15) black spruce was subordinate in height to lodgepole

pine but outnumbered it 6.2 to 1 and had double the total crown cover. No

young lodgepole pine were found and the black spruce was beginning to

reproduce by layering.

While less common, species mixes are also possible. Plot 80-28, on a site

2 km west of the Steamboat Mountain summit burned in about 1943, and supported

lodgepole pine, black spruce, trembling aspen, and paper birch as shown in

Table 7. Only 1 cm of duff remained after the fire and perhaps some mineral

soil was also exposed. This has allowed the establishment of this variety of

species. Once again the hardwoods and lodgepole pine were exhibiting a faster

growth rate than the black spruce and subalpine fir. However, black spruce

was the most abundant species and had begun to layer. Some lodgepole pine

mortality was evident in the form of snowbreak and suppression. In this case

the hardwoods and the lodgepole pine may be seral to black spruce and

subalpine fir which would dominate in the continued absence of fire.

The eventual replacement of lodgepole pine by black spruce is also shown

in Plot 80-23 above the Toad River in Muncho Lake Provincial Park where 2 000

sph of lodgepole pine formed the overstory but only 200 sph were present in

the understory. Black spruce on the other hand had only 1 450 sph in the main

canopy but had 13 900 sph in the understory, many of which were of layer

origin. Although considered a xeric site, the surface organic layer seemed to
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be maintaining a high moisture content and was laced with black spruce roots.

Many small black spruce of layer origin had been browsed and 90% of those

below 1 metre in height had died as a result. Even so, there were sufficient

black spruce to continue occupation of the site although repeated browsing of

the smallest trees could eventually lead to a more open stand. Stand density

would also be influenced by the loss of the overstory lodgepole pine.

The Montane Boreal White and Black Spruce subzone stand in Plot 80-13

arose after a fire dating to about 1861 and represented the same age class as

the pre-fire stands of Plots 80-12 and 80-14. Lodgepole pine outnumbered the

black spruce by a factor of 2 to 1 but their basal areas were nearly

equivalent, reflecting black spruce's larger average dbh. In addition, their

crown covers were nearly identical although by this time the black spruce had

overtopped the lodgepole pine - the former species ranged in height from 10 to

14 m, the latter from 6 to 10 m. The black spruce was reproducing by layering

but no seedlings of either species were found. Without the intervention of

fire the lodgepole pine will eventually be lost from the stand or will become

a very minor component.

Discussion

Apart from the occasional inclusion of species such as trembling aspen,

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 such as the plot in

the SMITH fire of 1961 which contained 15 stems per square meter of lodgepole

pine and black spruce. Fortunately, such a high initial number 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.

As shown in Figure 14, the lesser vegetation is overtaken by the trees and
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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. The decline in tree cover

after age 36 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 the lodgepole pine from the stand a decline in tree cover

prior to the later spread of black spruce could very well occur.

While lodgepole pine and black spruce are each capable of occupying a wide

range of sites, from xeric to subhydric, they are common associates in the

Northern Boreal White and Black Spruce and Montane Boreal White and Black
Spruce subzones. Hardwoods such as trembling aspen, 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 in the Montane Boreal White and Black Spruce subzone will

lead to cooler soil temperatures and this may hasten the demise of the
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. A relatively recent burn and

a mature lodgepole pine - black spruce forest are shown in Plates 9 and 10.
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Plate 10. 	 A mature Montane lodgepole pine
- black spruce type east of Mt. Yakatchie.

Plate 9. 	 Plot 80-12 on a
Montane lodgepole pine -
black spruce site. The CHE
fire of 1976 four years later.
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A general successional trend is shown below:

herbs-shrubs 	 Do, young trees 	 pl.. lodgepole pine  Do. black spruce
tree seedlings 	 herbs-shrubs 	 black spruce 	 moss

herbs-shrubs

5 yr
	

30 yr 	 200 + yr

--succession without fire or disturbance

-- fire disturbance which sets back succession

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).

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.
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B. Spruce - Willow - Birch Biogeoclimatic Zone

The Spruce - Willow - Birch Biogeoclimatic zone is confined to the upper

elevations of the Rocky Mountain Foothills and the Liard Plateau, and the

middle elevations of the Rocky Mountains, as shown on the biogeoclimatic

zonation maps of the TSA. The lower elevations of the zone vary with location

from 850 m to 1 050 m. The zone may be above either subzone (Northern Boreal

White and Black Spruce or Montane Boreal White and Black Spruce) of the Boreal
White and Black Spruce zone and is below the Alpine Tundra. The transition to

the Alpine Tundra begins at 1 350 to 1 500 m, depending upon location and site

conditions. In general the zone is distinguishable by its location,

elevation, floristic composition, and appearance.

Vegetation in the Spruce - Willow - Birch zone very distinctly reflects

slope, aspect, landform, and parent material and primarily consists of a

mature semi-open forest of white spruce with an understory of glaucous willow,

Scouler willow, and bog birch. Ecological moisture regimes on the sites

examined or visited ranged from submesic to subhydric. Labrador tea, bog

blueberry, and prickly rose are other common shrubs; rock cranberry, Altai

fescue, and wild rye grass are often present in the herb layer; stepmoss,

nodding pohlia, common haircap moss, and reindeer lichen are common in the

moss layer. Other tree species which may be present are lodgepole pine,

balsam poplar, and trembling aspen. Lodgepole pine and trembling aspen are

more common in younger stands and on warmer aspects (south and west). Balsam

poplar is capable of growing in small copses near the upper treeline.

Black spruce is sometimes found at the lower elevations of the zone but is

uncommon in most areas. Subalpine fir may be part of older stands, forming a
mixed stand with white spruce, or it can exist alone. Subalpine fir is more

common at higher elevations and on cooler aspects (north and east). Treeless
shrubfields and meadows below upper treeline can occur locally and may be a

function of cold air drainage and ponding or poor soil moisture drainage.
North-facing slopes, sometimes quite steep, are often covered with an open

white spruce forest with a thick organic horizon and mat of feathermosses
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underlain by permafrost. Such forests are found in all parts of the zone in

the Fort Nelson TSA.

The records show isolated lightning fires in the upper reaches of the

Prophet, Muskwa, Tuchodi, and Racing Rivers and their tributaries. As

previously mentioned there is a concentration of lightning-caused fires in the

northwest corner of the TSA dating since 1961 and amounting to some 229 006

ha, although most of the burned area was in the Boreal White and Black Spruce

zone. Fires may originate in the lower zone and travel upslope to the Spruce
- Willow - Birch zone or may originate in the latter zone alone.

Man-caused fires are locally common in the Spruce - Willow - Birch zone in

the Rocky Mountain Foothills and Rocky Mountains and are a consequence of

prescribed burning for wildlife habitat manipulation. In recent times the

area burned by man-caused (accidental) and prescribed fires in the Spruce -

Willow - Birch zone has been greater than the area burned by lightning-caused

fires. Of consequence with respect to prescribed burning is the frequency of

the application of fire to particular sites. Two views of the Spruce - Willow

- Birch zone are given in Plates 11 and 12.

Sites Examined

As a function of the northern latitude and higher elevations, vegetation

in this zone is strongly influenced by variations in slope, aspect, landform,

and parent material. This results in a wide variety of vegetative cover,

ranging from pure lodgepole pine to white spruce - subalpine fir mixes. It

was not possible to sample all site types and times since fire in the Spruce -

Willow - Birch zone both due to the limited number of potential samples and

time constraints. What follows is a grouping of the major types that were

encountered and sampled. Plot locations for all types in the zone are shown

in Figure 15.

a) Lodgepole pine - white spruce - subalpine fir type

The most common forest type of the Spruce - Willow - Birch zone in the

Fort Nelson TSA is one consisting of widely spaced white spruce with an
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Plate 11. Repeated burning on the slopes of the Muskwa River in the
Rocky Mountain Foothills carried out for wildlife
habitat enhancement.

Plate 12. Open Spruce - Willow - Birch forest near upper timberline,
Henry Creek.
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understory of various willows, bog birch, and herbs such as Altai fescue, wild

rye, and rock cranberry. Mosses which are present are common haircap moss and

purple horntooth moss. Lodgepole pine may be present, also subalpine fir at

higher elevations and on cool moist sites. Based on an examination of the

area burned it seems that these forests have been influenced more by

man-caused than lightning-caused fires in this century. However, the

ubiquitousness of charcoal in the soil profile of the plots and other stands

examined speaks for an historical role for lightning.

Plot 80-43, in the TEE fire of 1971, was established near timberline at

1 219 m on Moule Creek in an area with a pre-fire stand of predominantly

subalpine fir (3 250 sph of 8.9 cm average dbh with basal area totalling 28.7

m2/ha) with some white spruce (150 sph of 16.3 cm average with basal area

totalling 3.2 m2/ha) and a few lodgepole pine nearby. Sample tree ages

ranged from 160 to 175 years in the pre-fire stand, post-fire regeneration

consisted of lodgepole pine (1 050 sph), white spruce (100 sph), and subalpine

fir (50 sph). In spite of the rarity of lodgepole pine in the pre-fire stand

it was the most abundant species in the post-fire regeneration. Two lodgepole

pine were sampled and aged to 6 and 7 years, the other species were likely the

same age or younger. Fireweed and common haircap moss made up the majority of

the cover, both with 30%. Bog birch was less abundant, with 15% cover.

Plot 80-32 was put in the TA fire of 1969 at 1 097 m elevation on

Chlotapecta Creek. The pre-fire stand consisted of white spruce (1 100 sph of

12.8 cm average dbh with basal area totalling 20.5 m 2/ha) and three of these

trees which were sampled ranged in age from 74 to 181 years. Post-fire

regeneration amounted to only 125 sph, some of which may have been black

spruce as some trees of this species were in the vicinity. Bog birch (50%

cover), Altai fescue (30%), and wild rye (5%) were most common in the other

categories.

The majority of the substrate consisted of organic matter (96%) and

decaying wood (2%). Only 2% of the surface was exposed mineral soil. The

combination of lack of seed (if seed years have been poor since the fire),

lack of germination sites, adverse microclimatic conditions (if present), and

competition from the heavy grass cover may singly or in combination be

responsible for the poor rate of regeneration of white spruce.
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A higher elevation site with a similar floristic composition (with the

exception of black spruce) was Plot 80-39 at 1 274 m elevation above the

Alaska Highway and the Racing River. The slopes below the plot had been

burned several times in the past two decades, presumably for wildlife habitat

manipulation, and the fires had travelled upslope to the plot area. According

to three fire-scarred white spruce these fires likely occurred in 1959, 1965,

and 1969. While the fire history records indicate that the area was burned in

the RACING fire of 1956, it may be that it did not affect the plot or did not
leave evidence of its passage in the form of a fire scar.

The most common species in the plot were Scouler willow (30% cover), bog

birch (30%), Altai fescue (25%), wild rye (20%), rock cranberry (20%), and

Schreber's moss (60%). White spruce amounted to less than 1% cover and
existed in scattered groups to a stocking averaging 250 sph, or 20 m spacing.

Clumps of trees which were not destroyed in the fires have acted as seed

sources to restock the burn. Including recently established trees and

examining a large area, the white spruce appeared to be all-aged. On a
smaller scale, sizeable areas may contain few or no trees, others may be well

stocked.

Discussion

The tree species common in this upper elevation type are all capable of

reproducing following fire - lodgepole pine, white spruce, and to a lesser

extent subalpine fir. The multi-aged structure of the stands examined during

the fieldwork and the evidence of fire suggests that while they may be of fire

origin, the regeneration period is very long. Continued input of recruits is

dependent upon nearby live survivors for white spruce and subalpine fir, while

the lodgepole pine has a serotinous seed supply.

These stands are often quite open in nature and large meadows are not

uncommon. Discontinuities in vegetation, topographic variation, and

fuelbreaks in the form of stream channels serve to increase the probability

that trees will survive, singly or in groups, to restock burns. With the

continued absence of fire, subalpine fir will likely become a more common
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component of these stands and white spruce less so. Lodgepole pine may be

lost altogether in time or may remain in small numbers.

A north facing white spruce - subalpine fir stand was examined on a

ridgetop above the Besa River at 1 500 m elevation and showed evidence of fire

in the form of charcoal in the soil profile. The stand was again all-aged in

structure and was perhaps in the process of developing towards a nearly pure

subalpine fir stand. This species is quite shade tolerant and has the

potential to nearly or completely replace white spruce, barring the

intervention of fire. That is not to imply, however, that all white spruce

stands will convert to a condition dominated by subalpine fir.

A conceptualized general successional sequence for the lodgepole pine -

white spruce - subalpine fir type could be represented as follows:

shrubs-herbs 	 shrubs-herbs 	 lodgepole pine* 	 white spruce
tree seedlings 	 young trees 	 white spruce* 	 subalpine fir
11FL Nt Nt — — 	 subalpine fir* 	 herbs-shrubs

- 	 herbs-shrubs 	 /
..-

35 yr 	 60 yr 	 250 + yr

--Alb-succession without fire or disturbance

— fire disturbance which sets back succession

* all species may or may not be present

Repeated short interval burning will promote a vegetative cover largely

composed of herbs and shrubs, primarily dominated by the willows, bog birch,

grasses, and various herbs. Due to the variable fuel conditions previously

described it is likely that isolated groups of trees or individuals will

survive to provide seed to burned areas. Lodgepole pine may be present in

relatively small numbers in mature stands but will have an advantage in

restocking burns due to its cone serotiny. It is possible that younger

lodgepole pine may be present beneath a canopy of white spruce and subalpine

fir - a reflection of the open nature of these stands and a degree of

non-serotiny of a certain proportion of the trees.
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b) Lodgepole pine - black spruce type

Although locally present at lower elevations, black spruce is not common

in the Spruce - Willow - Birch. Nevertheless, mixed stands of lodgepole pine

and black spruce may be locally present. Common shrubs are bog birch,

Labrador tea, and bog blueberry; bog cranberry is usually found in the herb

layer, and mosses are common haircap moss and nodding pohlia moss. Lichens

are also present.

Plot 80-26 was established on the site of the DON III fire of August 1961

at 1 116 m elevation in Muncho Lake Provincial Park. The pre-fire stand

likely consisted of lodgepole pine and both white spruce and black spruce

although the post-fire regeneration was predominantly lodgepole pine (3 075

sph of 2.2 m average height and 100 sph of seedlings) and black spruce (250

sph of 1.1 m average height and 275 sph of seedlings). Subalpine fir was also

present (75 sph of 1.0 m average height and 50 sph of seedlings) as was

trembling aspen (25 sph of 2.0 m average height). Some of these spruce could

possibly have been white spruce although it was felt that the majority were

black spruce and were assigned to that category.

Tree regeneration began during the first few years after the fire and

continued for at least 15 years, as trees as young as five years of age could

still be found. Seedlings and saplings were most common on deeply smouldered

areas. The dominant vegetation however was bog birch (50% cover) and Labrador

tea (40%). The pre-fire trees sampled ranged in age from 90 to 135 years,

also indicative of a lengthy regeneration and recruitment period.

Plot 80-40 was located in a mixed lodgepole pine - black spruce stand in

the PROPH fire of April - June 1957 near the confluence of the Besa and

Prophet rivers. The pre-fire stand consisted of roughly 80% black spruce and

20% lodgepole pine, those sampled ranged in age from 120 to 130 years.

Post-fire regeneration consisted of an overstory of lodgepole pine (6 700 sph

averaging 2.0 m in height) and black spruce below (4 150 sph averaging 1.1 m

in height). The young trees sampled aged to between 21 and 23 years, showing

prompt reestablishment after the 1957 fire.
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Discussion

Lodgepole pine and black spruce in the Spruce - Willow - Birch zone

continue to exhibit their ability to colonize burned sites. Initial post-fire

regeneration may be more heavily weighted towards lodgepole pine but as the
stand matures black spruce will probably express its dominance and will
continue to reproduce by layering while lodgepole pine will not be able to

regenerate under the canopy. In this respect the species behave as they do in

the Boreal White and Black Spruce zone and its Montane Boreal White and Black
Spruce subzone.

However, regeneration and recruitment periods are longer - up to 45 years
judging by the age range of the pre-fire stands. By contrast, the greatest

age differential in pre-fire stands in the lower zone was 31 years and the

bulk of the post-fire regeneration became established within 15 to 20 years.

Neither mixed lodgepole pine - black spruce nor pure black spruce stands are
common nor extensive in the Spruce - Willow - Birch.

A general successional trend is shown as follows:

shrubs-herbs
tree seedlings

shrubs-herbs 	 lodgepole pine___40.. black spruce
young trees 	 black spruce 	 feathermoss

— mosses 	 shrubs-herbs
— — — — — — — — mosses

10 yr 	 45 yr 	 200 + yr

----OD- succession without fire or disturbance

fire disturbance which sets back succession

c) Hardwood - lodgepole pine - white spruce type

White spruce replaces black spruce above roughly 1 200 m elevation

although occasional black spruce can be found above this level on certain
sites. Conversely, pure white spruce occurs below this elevation, especially

in the upper portions of the valleys of the Rocky Mountains. Five plots were
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established in this type in burns dating back to 1857. Common tree species

were lodgepole pine, trembling aspen, balsam poplar, and white spruce; shrubs

most often encountered were Scouler willow, prickly rose, and Labrador tea;

herbs were Altai fescue, bluejoint, wild rye grass, and rock cranberry; mosses

included stepmoss, knight's plume moss, and Schreber's moss but were found
primarily in the oldest plot.

The most recently burned white spruce forest examined was plot 80-16 on
the upper Prophet River. The RIV fire of June 1978 originated from lightning

and burned some 800 hectares on the lower slopes adjacent to the floodplain of

the Prophet River. The pre-fire stand was pure white spruce (950 sph of 17.4
cm average dbh with basal area totalling 28.7 m2/ha). An unburned stand
nearby consisted solely of white spruce with an understory of rock cranberry,

wild rye, and a well developed moss layer (mostly stepmoss).

The stand in the plot experienced a crown fire, with half of the trees
having their crowns scorched and the remainder being largely consumed. Most
of the ground surface was lightly burned (70%), some deeply smouldered (25%),

and a small amount of mineral soil exposed (5%). In spite of the relative

abundance of a favourable seedbed, forest tree regeneration was sparse - only

one white spruce and one lodgepole pine could be found in the general area of

the plot. Wild rye and fireweed collectively covered some 30% of the ground

surface but this was not judged to be high enough to act as a deterrent to
tree regeneration.

With both a seedbed and a seed source present, the absence of tree

regeneration could be attributed to a lack of seed production since the fire

and/or unfavourable germination conditions, in this case probably climatic.

The ages of the white spruce trees sampled in the pre-fire stand ranged in age
from 236 to 268, indicating that regeneration following the fire which led to

the establishment of the stand was a gradual process, occurring over a period
of at least 32 years.

Two plots, 80-24 and 80-25, were located in an area in Muncho Lake

Provincial Park which burned in 1942 and again in 1961. A tree at the

perimeter of the burn killed by the 1961 fire had a basal fire scar which

dated to 1942, thus confirming the fire dates. The age of the tree at the



Plot 80-24
trees< 5.5 m (sph)
height range (m)
age range (yr)

Plot 80-25
trees< 5.5 m (sph)
height range (m)
age range (yr)

Plot 80-37
seedlings (sph)
trees < 5.5 m (sph)
height range (m)
age range (yr)

Plot 80-38
seedlings (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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time of death was 141 years - perhaps an indication of a fire in the same area

in 1820.

Table 8. Tree mensurational data for the hardwood - lodgepole pine -
white spruce type.

Balsam 	 Lodgepole Trembling 	 White 	 Fire
poplar 	 pine 	 aspen 	 spruce year

1961
50 2 675 450

0.5-1.5 0.5-4.5 0.5-2.5
14-15 -

1961
75 2 075 50 75

0.5-1.5 0.5-4.5 0.5-1.5 0.5-l.5
- 15 - -

1956
100

100 1 800 150
0.5-2.5 0.5-5.5 l.5-2.5

- 21-49

=1857
50

100 2 600
15.5 10.5

13.0-18.0 2.0-22.0
1.9 29.l

10-30 0.5-25
118 112-113

* present in the area but not encountered in the tree mensurational transect
- denotes no sample available

The lodgepole pine regeneration aged to 14 and 15 years from a 19 year old

burn and as the interval between 1942 and 1961 was also 19 years, the stand
which burned in 1961 was probably very similar to the one there now. One

major difference would have been in the size and distribution of dead and down

large woody fuels - the young pine stand in 1961 would have had the residue
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from the 140 year old stand killed in 1942 on the ground to carry the fire.

At the time of sampling nothing remained of these trees as they were consumed

in the later fire. Such large woody material does not usually carry fire

effectively but can lead to an increase in fire intensity.
The existing stand had very little downed woody fuel loading, although

some large logs still remained from the 1942 fire, and with the trees at a 2
by 2 m spacing and a light cover of herbs and shrubs, it could now be

considered to be less susceptible to a crown fire. A minor component of white

spruce was present - this species could conceivably increase in numbers due to

the abundance of mineral soil seedbed (45% of the substrate), the open nature

of the stand, and the shade tolerant habit of white spruce.

The third plot in this type (80-37, above Moose Lake on the Toad River)

had been burned several times by surface fires as indicated by a lodgepole

pine with fire scars dating to 1788 and 1913. A scar on a nearby tree dated
to 1956, confirming the TOAD fire of that year. This plot was predominantly

lodgepole pine (13% cover) with white spruce (3%), black spruce (l%), and
subalpine fir (1%) also being present. Labrador tea (25%), Altai fescue

(10%), Scouler willow (7%), rock cranberry (5%), bearberry (3%), and bluejoint

(3%) were the other common plant species.

While lodgepole pine was most abundant in the plot, the stand composition

on the length of the ridge was variable - sometimes white spruce was dominant,

sometimes lodgepole pine. The trees sampled indicated an all-aged stand,

reflecting the ability of lodgepole pine and white spruce to survive surface

fires. Such surface fires are not common in these northern forests (crown

fires are the norm) and, where found, are most often the consequence of

prescribed burning operations or occur at the back or flank sections of larger
crown fires.

A stand along the Toad River (Plot 80-38) seemed to have originated

following a fire in about 1857, based on the age of a lodgepole pine nearby.

The white spruce and trembling aspen ranged in age from 112 to 118 years, with

the aspen now being overtopped by the conifers. White spruce far outnumbered

the aspen which was breaking up and dying out of the stand. Tall shrubs were
nearly non-existent, herbs scattered, and the moss layer was expressing its

dominance.
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Discussion

Lodgepole pine has shown itself to be capable of reproducing following

destruction by fire at ages as low as 15 years and even earlier according to

the literature. In a more open grown situation with a shrub and grass

understory the mature trees can survive some surface fires of low to moderate

intensity. The combination of fires in young open stands of lodgepole pine

(perhaps fueled by the residue of the previous stand) will likely lead to a

regenerating stand of lodgepole pine which is fairly open in nature.

White spruce may be reduced or eliminated from mixed lodgepole pine -

white spruce stands with a short interval between fires as it does not produce

cones until age 25 or 30 and as well requires live survivors which at a young

age would be eliminated by even a low intensity surface fire. It can however

seed into burns from residual stands, as has already been described. Mature

white spruce can survive surface fires as well when growing in open stands

with shrub and herb understories. White spruce and lodgepole pine can

continue to occupy sites under a regime of occasional (perhaps an interval of

20 years) surface fires but would be eliminated if fire intensities became too

high and the size of the burn too large (in the case of white spruce), or the

interval between lethal fires too short (both species). The open nature of
the stands examined which had a history of understory fires suggests a

relationship between the frequency of fire and the density of the trees on the
site.

A factor encouraging the continued occupation of the site by tree species

is the survival of single trees or groups of trees to act as seed sources.

Survivors will be found in less fire-prone area such as sheltered draws,

wetter sites, or areas isolated by discontinuities in the surface fuels, such
as rocky ridgetops.

Many of the mixed white spruce and lodgepole pine stands are presently

burned for wildlife habitat manipulation and this was likely the reason for

the 1956 TOAD fire as well as the one dating to 1913. The third fire on Plot
80-37 dated to 1788, implying a lightning ignition or aboriginal burning.
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Lightning-caused understory fires have probably occurred in the past but the

influence of man has been so widespread in this century that the true

historical fire regime would be difficult to ascertain in many locations.

Open stands on dry sites could have supported periodic lightning-initiated

understory fires in the past if fuel levels stayed low enough to moderate fire
intensities.

Balsam poplar, trembling aspen, and lodgepole pine will generally not

persist through the development of the stand, dropping out to leave the climax

white spruce (and perhaps subalpine fir) stands. Interestingly, some

lodgepole pine individuals may be younger than the white spruce - a reflection

of the open nature of the stand, a quality which permits the germination and
growth of the pine, given a suitable seedbed and favourable conditions.

Pure lodgepole pine forests are locally present on the driest sites of the

Spruce - Willow - Birch zone. One stand near upper treeline along the Besa

River consisted of all-aged lodgepole pine. Those trees sampled ranged in age

from 109 to 222 years with saplings and 3 to 4 year old seedlings also
present. The site had a southerly aspect, a shallow rapidly-drained soil and

the stand was quite open. In fact the site may be dry enough to keep white

spruce from colonizing the area as that species requires a reliable supply of

moisture for germination and survival (Fowells 1965). Lodgepole pine also

requires favourable moisture conditions but seedlings are seldom injured by

direct heating and in fact require a high degree of insolation (Bates 1924).

Walker (1978) also found lodgepole pine survival and height growth to be
better than that of white spruce on dry sites.

It is conceivable that this stand could remain as all-aged lodgepole pine
in the absence of fire as seedlings are becoming established and the canopy is

fairly open. With the intervention of fire, regeneration to lodgepole pine

will also take place as a portion of the seed supply should be serotinous.
Initially this stand would be even-aged following fire but in time would
develop an all-aged structure.

At one upper timberline location on the Chischa River in the Rocky

Mountains a grove of balsam poplar were found which consisted of individuals
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ranging in age from 54 to 102 years. A similar high elevation site on Magnum

Creek (also in the Rocky Mountains) contained dwarfish balsam poplar of at

least 80 years of age. Although fires on such sites are relatively

infrequent, balsam poplar is capable of vegetative reproduction from the root

crown and prolific seed production - both factors would permit post-fire

development under the proper circumstances.

A general successional sequence for this type could be present thusly:

shrubs-herbs shrubs-herbs hardwoods* white spruce
tree seedlings young trees lodgepole pine subalpine fir

\Ic Nt-- white spruce white spruce** herbs-shrubs
— — — — — 	 — — — — shrubs-herbs mosses

—
35 yr 	 60 yr 	 250 + yr

succession without fire or disturbance

fire disturbance which sets back succession

* may contain trembling aspen and/or balsam poplar
** may contain subalpine fir

In the absence of fire these hardwood - lodgepole pine - white spruce

stands will eventually develop into nearly pure white spruce, with possible

inclusions of subalpine fir. Pure upland balsam poplar and lodgepole pine

types may be locally present. Repeated understory fires as a consequence of

prescribed burning may maintain stands in an open condition and leave evidence

of their passing on veteran white spruce and lodgepole pine trees.

Repeated burning of slopes of the valleys of the Muskwa, Prophet, Tuchodi,

and Gathto rivers has promoted a vegetative cover consisting largely of shrubs

and herbs. One such site examined along the Muskwa opposite Crehan Creek was

covered mainly with trembling aspen suckers, prickly rose, Scouler willow,

fireweed, wild rye grass, and tall lungwort. Repeated burning has converted

mixed trembling aspen - white spruce forests to these shrub and herb dominated

communities. If the periodic application of fire to these sites were to

cease, it is likely that succession would lead to a forest community again.
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d) White spruce - feathermoss type

On steep north facing slopes in the Rocky Mountain Foothills and to a

lesser extent in the Rocky Mountains, white spruce is found in open stands

growing with a deep organic mat of feathermoss, also with a minor component of

shrub species. The aspect and steep slope coupled with latitude result in a
very low sun angle such that soils are cold and permafrost is encouraged by

the thick moss layer.

At lower elevations a component of black spruce may be present, at higher

elevations to treeline white spruce is predominant. Only one stand was seen

in this type that showed any recent outward evidence of fire - a small patch

of snags on a north facing slope in the Chischa River valley.
One fire ecology plot and a vegetation reconnaissance plot were

established in this type. Plot 80-27 on the Tetsa River contained black

spruce (750 sph averaging 8.8 cm dbh, totalling 4.7 m 2/ha) and white spruce

(350 sph averaging 8.9 cm dbh, totalling 2.3 m2/ha). Black spruce was

predominant in the smaller height class (1 350 sph vs. 350 sph for white

spruce) as a result of layering. White spruce could potentially germinate on
the moss layer provided that it stayed moist all summer - other preferred

germination sites would be decayed wood and patches of organic soil exposed by

fallen trees. Labrador tea (50% cover) and Scouler willow (35%) were the
dominant shrubs. The organic layer was deep (64 cm) and spongy, the surface

cover consisted of stepmoss (95%), ribbed bog moss (l%), and lichens (l%).

Permafrost was found directly below the organic layer and water was flowing
over the ice surface.

The vegetation reconnaissance plot (RO 128) was put in a stand on a north
aspect on Crehan Creek (elevation 1 110 m). The slope was 100% and once again

permafrost was found beneath a deep organic feathermoss mat. White spruce was
the only tree present (25% cover), various willows amounted to 29% of the

cover, and the moss layer was primarily stepmoss and ribbed bog moss, with
others the total coverage was 100%.
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No direct evidence of fire was found on either site - no charcoal or

charred wood. The age range of the trees sampled on the first site was from

55 to 75 years, on the second from 99 to 183. The oldest trees on these sites

may or may not represent the initial colonizers of burns since no evidence of

fire was found and it is conceivable that these stands could continue to exist

in an all-aged condition in the continued absence of fire.

Discussion

The north aspect spruce - feathermoss (primarily white spruce) type is
probably the least fire-prone of all types in the Fort Nelson TSA. Only one

small area that had possibly burned recently was seen and no direct evidence

of fire was found in either of the two plots established. The age range of

the white spruce, and at lower elevations the layering of black spruce,

suggest that these forests can persist in the absence of fire. An all-aged

stand structure will be maintained by the continual input of recruits. White

spruce will germinate on moss which is continually moist, on decaying wood,

and on exposed soil. Sloughing of the organic layer is common on these slopes
such that exposed soil is usually available.

It is not inconceivable that fires could visit these sites under extreme

burning conditions. Due to the steep slopes and the deep organic mat, slope

instability could be triggered by fire. However, such fires are not likely to

reach any considerable size, therefore leaving a residual seed source nearby

and minimizing the impact on the site. Development of these stands following

fire is largely a hypothetical question as no sites were sampled which showed

evidence of having burned recently. This does not rule out the possibility of

fire, and initial vegetative stages would likely be dominated by shrubs and

herbs, with trees taking some length of time to establish themselves and exert

a measure of influence on the other vegetation present on the site. In view

of the lack of samples in this type a vegetation succession diagram is not
presented here.
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VII. SUMMARY

The Fort Nelson Timber Supply Area is very diverse with respect to

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.

In the Boreal White and Black Spruce Biogeoclimatic Zone is a wide variety

of terrain and vegetative types. The alluvial balsam poplar - white spruce

forests are the most productive and owe their existence to primary

successional processes and their productivity to periodic flooding and

deposition of nutrients. Although fire has not likely played a role in the

development of these stands they can support fires, as evidenced by the 'EG'
fire of 1982 on the upper Liard River. Fires have reportedly maintained some

alluvial sites on the Peace River in a shrub - hardwood mixture.

The well-drained upland sites supporting a cover of white spruce,

trembling aspen - white spruce, and other related types show a clear role for

fire. Some conifers such as lodgepole pine and black spruce possess

reproductive adaptations 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.

The post-fire development of vegetation on these upland sites commonly

begins with an abundance of herb species and an overstory of shrubs, hardwood

trees, and perhaps lodgepole pine. A similarly-aged understory of white

spruce is generally present. Eventually the hardwoods and the lodgepole pine
die out of the stand to leave a white spruce - moss community. In some cases

the understory white spruce will be of a different age class than the

overstory hardwoods, having become established under an existing canopy.

Black spruce may form local mixtures with white spruce and could persist into

the mature stands as it can spread by vegetative reproduction. Subalpine fir

may be present on some sites and because of its shade tolerance is capable of

becoming part of the climax forest.
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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 arise

because of this or could also initially be a product of repeated fires at

short intervals.

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, 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 are common in the Northern Boreal

White and Black Spruce and Montane Boreal White and Black Spruce subzones of

the Boreal White and Black Spruce Biogeoclimatic Zone. 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 wide mix of

forest and non-forest cover types which occur as a function of site conditions

and history. Lodgepole pine - black spruce stands are rare but behave as they
do in the Boreal White and Black Spruce Biogeoclimatic Zone, although

post-fire regeneration periods are longer. Hardwood - lodgepole pine - white

spruce types may develop following fire but white spruce will be the species
which eventually assumes prominence on the site. Lodgepole pine may remain as
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scattered individuals and on especially dry sites can form all-aged

self-perpetuating stands in the absence of fire. Where subalpine fir is

present it may regenerate following fire and persists through the entire
developmental sequence.

The most common forest type in the Spruce - Willow - Birch zone consists

of a semi-open white spruce 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.

The steep and usually north-facing white spruce - feathermoss stands most

common in the Rocky Mountain Foothills are probably the least fire-prone of

all the forest cover types. These stands can persist in the absence of fire

and their development following fire was not ascertained as no burns in this

type were located and sampled.

Other stands in the Spruce - Willow - Birch zone have experienced repeated

understory and occasional crown fires as a consequence of prescribed burning

for wildlife habitat manipulation. Such burning has converted trembling aspen

- white spruce forests to open trembling aspen - shrub - herb communities and

eventually to solely shrubs and herbs. Other areas may revert to a shrub

dominated community of bog birch and various willows. If the application of

fire were to cease these types would resume development towards forest cover

as tree seed sources are usually not too distant.

The maintenance of these sites in a fire-induced early seral state may be

desirable from a wildlife management viewpoint. With generally light fuel

loadings the burning of these largely shrub and herb communities likely does

not involve much, if any, direct damage to the soil. There remains, however,

the question of possible long-term nutrient depletion due to repeated

short-interval (5 years or less) burning. This question cannot be answered

within the confines of this study. Currently ongoing research into the

relationships between fire, vegetation, and Stone sheep and Rocky Mountain elk

may shed some light on this matter.

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
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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 less importance.

The majority of forest types in the Fort Nelson TSA have developed under a

lightning-maintained fire regime. Fire is most common in the Northern Boreal

White and Black Spruce subzone of the Boreal White and Black Spruce

Biogeoclimatic Zone (with the usual exception of the alluvial sites) and

present but less frequent in the Spruce - Willow - Birch zone. 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 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 relatively recent introduction of a forest fire suppression policy has

likely had a minor influence on the development of the forests of the Fort

Nelson TSA because of the size of the area, the prevalence of lightning-caused

fires, and the slow successional development of much of the vegetation.

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 application of repeated

prescribed fire to certain sites and the introduction of a human source of
fire starts in other areas has probably had a greater influence on the current

state of the vegetative cover than have fire suppression activities.

This investigation into the fire-ecological relationships of the Fort

Nelson TSA has revealed that many of the relationships which hold true for the

remainder of the North American boreal forest are also applicable to

northeastern British Columbia. The information gathered from the Northern



- 110 -

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.

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 Fort Nelson 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
Fort Nelson 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

beaked moss
common haircap moss
common marchantia
heron's-bill moss
juniper haircap moss
knight's plume moss
leafy moss
lichen
lichen
moss
moss
nodding pohlia moss
purple horntooth moss
ribbed bog moss
Schreber's moss
sickle moss
sphagnum moss
stepmoss

Eurhynchium pulchellum var. pulchellum (Hedw.) Jenn.
Polytrichum commune Hedw.
Marchantia polymorpha L.
Dicranum fuscescens Turn.
Polytrichum juniperinum Hedw.
Ptilium crista-castrensis (Hedw.) De Not.
Mnium cuspidatum Hedw.
Cladina spp.
Peltigera spp.
Dicranum acutifolium (Lundb. and Arn.) C. Jens.
Timmia megapolitana Hedw.
Pohlia nutans (Hedw.) Lindb.
Ceratodon purpureus (Hedw.) Brid.
Aulacomnium palustre (Hedw.) Schwaegr.
Pleurozium schreberi (Brid.) Mitt.
Depranocladus uncinatus (Hedw.) Warnst.
Sphagnum spp.
Hylocomium splendens (Hedw.) B.S.G.

HERBS

alpine manzanita
Altai fescue
American vetch
Arctic lupine
arrowleaved colt's foot
black crowberry
bluejoint
bog cranberry
Canadian bunchberry
Canadian mayflower
cloudberry
colt's foot
common dandelion
common horsetail
common mitrewort
common red paintbrush

Arctostaphylos alpina (L.) Spreng.
Festuca altaica Trin.
Vicia americana Muhl.
Lupinus arcticus Wats.
Petasites sagittatus (Banks) A.Gray
Empetrum nigrum L.
Calamagrostis canadensis (Michx.) Beauv.
Vaccinium oxycoccos L.
Cornus canadensis L.
Maianthemum canadense Desf.
Rubus chamaemorus L.
Petasites palmatus (Ait.) Gray
Taraxacum officinale Weber
Equisetum arvense L.
Mitella nuda L.
Castilleja miniata Dougl.
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common yarrow
cream-flowered peavine
dwarf rattlesnake orchid
dwarf red blackberry
dwarf scouring rush
elegant death-camas
fireweed
five-leaved creeping raspberry
glaucous delphinium
globe anemone
golden corydalis
ground-cedar club-moss
heart-leaved arnica
kidney-leaved violet
kinnikinnick
Labrador lousewort
large round-leaved rein orchid
large wintergreen
Lindley's aster
low northern sedge
meadow sedge
northern bedstraw
northern crane's bill
northern gentian
northern red-fruited comandra
northern twinflower
oak fern
one-sided wintergreen
pink corydalis
red baneberry
rock cranberry
running club-moss
stiff club-moss
sweet-scented bedstraw
tall lungwort
white globeflower
wild rye grass
wild sarsaparilla
wild strawberry
wood horsetail
yellow mountain avens

Achillea millefolium L.
Lathyrus ochroleucus Hook.
Goodyera repens (L.) R. Br.
Rubus pubescens Raf.
Equisetum scirpoides Michx.
Zygadenus elegans Pursh.
Epilobium anqustifolium L.
Rubus pedatus J.E. Smith
Delphinium glaucum Wats.
Anemone multifida Poir.
Corydalis aurea Willd.
Lycopodium complanatum L.
Arnica cordifolia Hook.
Viola renifolia Gray
Arctostaphylos uva-ursi (L.) Spreng.
Pedicularis labradorica Wirsing
Platanthera orbiculata (Pursh.) Lindl.
Pyrola asarifolia Michx.
Aster ciliolatus Lindl.
Carex concinna R. Br.
Carex praticola Rydb.
Galium boreale L.
Geranium erianthum A.P. de C.
Gentianella amarella (L.) Borner.
Geocaulon lividum (Richards) Fernald
Linnaea borealis L.
Gymnocarpium dryopteris (L.) Newm.
Orthilia secunda L.
Corydalis sempervirens (L.) Pers.
Actaea rubra (Ait) Willd.
Vaccinium vitis-idaea L. ssp. minus (Lodd.) Hult.
Lycopodium clavatum L.
Lycopodium annotinum L.
Galium triflorum Michx.
Mertensia paniculata (Ait.) G. Don.
Trollius laxus Salisb.
Elymus innovatus Beal.
Aralia nudicaulis L.
Fragaria virginiana Duchesne.
Equisetum sylvaticum L.
Dryas drummondii Richards.
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SHRUBS

Barclay's willow
black swamp gooseberry
blue huckleberry
bog birch
bog blueberry
buffalo-berry
common juniper
Devil's club
glaucous willow
green alder
high bush cranberry
Labrador tea
littletree willow
low bilberry willow
northern Labrador tea
northern smooth gooseberry
prickly rose
red raspberry
red-osier dogwood
sandbar willow
Scouler willow
shrubby cinquefoil
trailing black currant
western mountain-ash

TREES

balsam fir
balsam poplar
black spruce
cottonwood

jack pine
lodgepole pine
paper birch
subalpine fir
tamarack
trembling aspen
white spruce

Salix barclayi Anderss.
Ribes lacustre (Pers.) Poir.
Vaccinium membranaceum Dougl.
Betula glandulosa Michx.
Vaccinium uliginosum L.
Sheperdia canadensis (L.) Nutt.
Juniperus communis L.
Oplopanax horridum (Smith) Miq.
Salix glauca L.
Alnus viridus (Chaix) DC. ssp. fruticosa
Viburnum edule (Michx.) Raf.
Ledum groenlandicum Oeder
Salix arbusculoides Anderss.
Salix myrtillifolia Anderss.
Ledum palustre L.
Ribes oxyacanthoides L.
Rosa acicularis Lindl.
Rubus idaeus L.
Cornus sericea L.
Salix interior Rowlee
Salix scouleriana Barratt
Potentilla fruticosa L.
Ribes laxiflorum Pursh.
Sorbus scopulina Greene

Abies balsamea (L.) Mill.
Populus balsamifera L.
Picea mariana (Mill.) B.S.P.
Populus balsamifera L.
ssp. trichocarpa (T. & G. ex Hook.) Brayshaw
Pinus banksiana Lamb.
Pinus contorta Dougl.
Betula papyrifera Marsh.
Abies lasiocarpa (Hook.) Nutt.
Larix laricina (Du Roi) K.Koch
Populus tremuloides Michx.
Picea glauca (Moench) Voss

Nomenclature is based on the following publications:

Hartill and O'Connor (1975), Hitchcock and Cronquist (1973),
Lawton (1971), Taylor and MacBryde (1977), and Viereck and Little (1972).
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LIST OF MAMMALS INDIGENOUS TO THE FORT NELSON TSA

INSECTIVORA

cinereus shrew
navigator shrew
wandering shrew

CHIROPTERA

little brown myotis
little brown myotis

LAGOMORPHA

snowshoe hare

RODENTIA

American beaver
American beaver
Arctic groundsquirrel
boreal redback vole
bushy-tailed wood rat
hoary marmot
least chipmunk
least chipmunk
long-tailed vole
hoary marmot
hoary marmot
marmot
meadow jumping mouse
meadow vole
muskrat
porcupine
red squirrel
red squirrel
tundra redback vole
western jumping mouse
white-footed mouse

Sorex cinereus cinereus Kerr
Sorex palustris navigator (Baird)
Sorex vagrans obscurus Merriam

Myotis lucifugus alascensis Miller
Myotis lucifuqus lucifugus (LeConte)

Lepus americanus macfarlani Merriam

Castor canadensis canadensis Kuhl
Castor canadensis saqittatus Benson
Spermophilus undulatus plesius (Osgood)
Clethrionomys gapperi athabascae (Preble)
Neotoma cinerea drummondi (Richardson)
Marmota caligata oxytona Hollister
Eutamias minimus borealis (Allen)
Eutamias minimus caniceps Osgood
Microtus longicaudus vellerosus Allen
Marmota caligata caligata (Escholtz)
Marmota caligata oxytona Hollister
Marmota monax ochracea Swarth
Zapus hudsonius hudsonius (Zimmermann)
Microtus pennsylvanicus drummondi (Audubon and Bachman)
Ondrata zibethica spathulata (Osgood)
Erethizon dorsatum nigrescens Allen
Tamiasciurus hudsonicus preblei Howell
Tamiasciurus hudsonicus columbiensis Howell
Clethrionomys rutilis dawsoni (Merriam)
Zapus princeps saltator Allen
Peromyscus maniculatus borealis Mearns
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CARNIVORA

American black bear
Canada lynx
coyote
fisher
grizzly bear
marten
red fox
short-tailed weasel
striped skunk
wolf
wolverine

ARTIODACTYLA

American moose
mountain goat
mule deer
Osborn caribou
Rocky Mountain elk
Stone sheep

Ursus americanus cinnamomum (Audubon and Bachman)
Lynx canadensis canadensis Kerr
Canis latrans incolatus Hall
Martes pennanti columbiana Goldman
Ursus arctos horribilis Ord
Martes americana actuosa (Osgood)
Vulpes fulva abietorum Merriam
Mustela erminea richardsoni Bonaparte
Mephitis mephitis hudsonica Richardson
Canis lupus Linnaeus
Gulo luscus luscus (Linnaeus)

Alces alces andersoni Peterson
Oreamnos americanus columbiae Hollister
Odocoileus hemionus hemionus (Rafinesque)
Ranqifer tarandus osborni Allen
Cervus canadensis nelson Bailey
Ovis dalli stonei Allen

LIST OF AMPHIBIANS INDIGENOUS TO THE FORT NELSON TSA

spotted frog
	

Rana pretiosa Baird and Girard
wood frog 	 Rana sylvatica Baird
striped chorus frog
	

Pseudacris triseriata Wied
boreal toad
	

Bufo boreas boreas Baird and Girard

Nomenclature and distribution are based on Cowan and Guiget (1973) and
British Columbia Provincial Museum records.
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