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Abstract 
This review analyzes literature relevant to 

effects of fire on the Boreal Forest, and on its re­
lated wildlife resources, with particular reference 
to the Canadian North. The selected bibliography 
contains the more recent and historically im­
portant references and is not all-inclusive. Be­

cause of a paucity of material pertinent to the 
forests of the Northwest and the Yukon terri­
tories, it has been necessary to extrapolate infor­
mation from other areas. Alaskan publications 
have been particularly useful. 

It was concluded that fire is the most impor­
tant factor influencing the ecology of the north­
ern Boreal Forest; that fire and the resulting forest 
mosaic are natural features of long standing; and 
that the Boreal Forest can be characterized as a 
fire-dependent ecosystem. Trees, other plants, 
birds, mammals, anil other animals of the forest 
have evolved in response and adaptation to the 
frequency, extent, and intensity of fire. With 
some possible exceptions, a mosaic of varied suc-
cessional stages in the Boreal Forest provides a 
richer habitat for a more varied and abundant 
fauna than does the monotypic spruce forest char­
acteristic of unburned areas. Specific attention is 
given to fish, birds, and mammals — particularly 
to important species of game and furbearers — 
and to such characteristics of the northern for­
ests as the presence of permafrost, the soils, and 
the characteristics of unique vegetation. The 
basic characteristics of different types of fires are 
also described. 

R é s u m é 
Cette étude analyse les publications traitant 

des répercussions des incendies sur la forêt bo­
réale et sur la faune qui y habite, plus particuliè­
rement dans le contexte du Nord canadien. La 
bibliographie choisie, sans être exhaustive, com­
prend les références les plus récentes et les plus 
importantes du point de vue historique. A cause 
de la rareté des documents qui portent sur les 
forêts des Territoires du Nord-Ouest et du Yukon, 
il a été nécessaire d'extrapoler à partir des ren­
seignements tirés d'autres régions. Les publica­
tions de l'Alaska se sont révélées particulière­
ment utiles. 
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Introduction 

On a conclu que les incendies de forêt étaient 
le facteur le plus important de l'écologie de la 
forêt du Nord au peuplement boréal; les incendies 
et la sylve en mosaïque qui en résulte sont des 
caractéristiques naturelles permanentes; la forêt 
boréale peut donc se définir comme un écosys­
tème en fonction du feu. La flore et la faune y 
ont évolué en réagissant et en s'adaptant à la fré­
quence, à l'étendue et à l'intensité des incendies. 
Sauf pour quelques exceptions possibles, l'en­
semble des divers stades de la succession des 
peuplements végétaux y fournit à une faune plus 
variée et plus abondante un habitat plus riche que 
ne le fait le peuplement homogène d'épinettes 
caractéristique des zones qui ont échappé au feu. 
On consacre une attention particulière aux pois­
sons, aux oiseaux, aux mammifères, et tout parti­
culièrement aux espèces importantes de gibier et 
d'animaux à fourrure ainsi qu'aux caractéristi­
ques propres des forêts nordiques comme la pré­
sence de pergélisol, la pédologie et la végétation 
unique. On décrit également les caractéristiques 
fondamentales des différents genres d'incendie 
de forêts. 

The development of a soundly formu­
lated basis for management of the Boreal Forest 
of northern Canada (Fig. 1), specifically the 
Northwest and Yukon territories, has long con­
cerned federal and territorial agencies and the 
public sector. Although most of this forest is 
slow-growing, open-canopied or dispersed, and of 
doubtful large-scale commercial value, its various 
resources have benefited man both in prehistoric 
and historic times. Since prehistoric times, the 
fauna typical of the northern Boreal Forest have 
supplied indigenous man with food, clothing, and 
other necessities of basic survival. In historic 
times, this forest has provided firewood for re­
gional consumption, lumber for a small-scale for­
est industry, furs for trade, and game species for 
sport and for a continuing domestic economy. 
Areas within the Boreal Forest of northern Can­
ada support stands of timber-sized trees that are 
potentially valuable as pulpwood or sawlogs, and 
the waters of this forest support fish in numbers 
sufficient not only for domestic use hut also for 
both a commercial fishery and an increasingly 
popular sport fishery. 

Federal and territorial agencies concerned 
with the Boreal Forest and its resources have 
attacked many research and management prob­
lems, with varying degrees of success. Because 
most approaches to these problems have been 
unilateral and discipline oriented, there is a great 
need for a more comprehensive ecosystem ap­
proach to the Boreal Forest of the northern ter­
ritories, to consider the relative values of its 
various components, and on these bases to com­
mence or recommence (where necessary) the 
development of management priorities. As a 
matter of national interest, this task should rank 
high. The Boreal Forest of the Northwest Terri­
tories and of the Yukon Territory occupies ap­
proximately 1 036 000 km2, an area that includes 
an immense — though in places thinly scattered — 
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Figure I 
The boreal forest of western Canada 
(alter Rowe 1972) 

Figure I 
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Sources of information 

quantity of renewable resources. The value of 
wildlife in all its forms must generally outweigh 
the direct commercial value of the forests and, in 
the long term, of any other presently conceivable 
form of widespread land use. 

In the review that follows, we have attempted 
to synthesize into one document the most re­
liable current and historical information on the 
effects of fires on northern forests. Throughout, 
we have adopted the assumptions (relatively new 
in some quarters) that the Boreal Forest of the 
Canadian north is a fire-dependent ecosystem, 
and that the flora and fauna of this region have 
evolved in response and adaptation to forest fires. 

We do not claim that this review is exhaus­
tive or that the hihliographv is complete. Rather, 
our specific objectives have been to find the most 
recent and authoritative references available 
under each pertinent topic, to include the best of 
the older literature, to include references to ap­
propriate analogous situations, and to interpret 
the results in view of our own research, interests, 
and experience. Most of our bibliographic refer­
ences are mentioned in the text, hut a few are not. 
Ultimately, we hope that this review will serve as 
a starting point for a progressively fuller under­
standing of the close relationships between forest 
fires and the dynamic ecological character of the 
Canadian north. 

Sources of information are listed in the at­
tached selected bibliography. Most items are 
specialized references that deal with narrow as­
pects of the general subject. Sources of informa­
tion that were thought worthy of specific mention 
are summarized immediately below. 

1. S y m p o s i a 
Four recent symposia provide overviews of 

the role of fire in forests. "The role of fire in the 
intermountain west" (Intermountain Fire Re­
search Council 1970) and "Fire in the environ­
ment — symposium proceedings" (North Amer­
ican Forestry Commission 1972) both include 
references that directly apply to coniferous for­
ests and the northern environment. Of special 
interest is "Fire in the northern environment — 
a symposium" (Alaska Forest Fire Council 1971) 
and a special issue of the journal Quaternary 
Research (Volume 3, October 1973). The former 
is devoted largely to fire in the Boreal Forest, both 
to ecological relationships and fire control. The 
latter is devoted to ecological considerations: its 
individual articles, their bibliographies, and the 
symposium summary (Wright and Heinselman 
1973) are all of value. A recent volume, "Fire and 
ecosystems" (edited by Kozlowski and Ahlgren 
1974), is topical throughout and contains a par­
ticularly informative review by Bendell of effects 
of fire on birds and mammals. 

2. B ib l iographies 
We found five bibliographies containing at 

least a few titles that are pertinent to this review 
and many that are peripheral to its primary in­
terest. One of these (Wood 1966), though not 
well known, is partially annotated; of the 354 
titles included in it, 44 pertain to "animal life". 
Barney and Dils's (1972) "Bibliography of clear-
cutting in western forests", which contains ap­
proximately 720 titles, was useful because of the 
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analogies between cleareutting and forest fire. 
A 350-page "Annotated bibliography of permafrost 
— vegetation — wildlife — landform relation­

ships" (Roberts-Pichette 1972) deals mainly with 
the Canadian north but includes few references 
of direct relevance to wildlife and fire. "Fire in 
the northern regions — a bibliography" (Larson 
1969) contains only 198 titles, many of which 
discuss fire suppression. An extensive annotated 
and summarized bibliography (317 titles) by 
Gibbons and Salo (1973) deals with the effects of 
logging on fish of the western regions of the 
United States and Canada. 

In summary, the bibliographies, though they 
contain a wealth of reference material for those 
interested in peripheral subjects, are relatively 
unhelpful as guides to material that directly con­
cerns fire-wildlife relationships in the Boreal 
Forest. 

3 . S y s t e m a t i c rev iews 
We found several papers that systematically 

cover the ecological effects of fire on northern 
regions of North America. They should, in our 
opinion, be required reading for anyone contem­
plating major research or work on this subject. 

Ablgren and Ahlgren (1960) deal primarily 
with east-central North America. Their discus­
sion, however, transcends narrow geographical 
lines and the publication itself is of value because 
of its 358-title bibliography, which contains many 
historical references. The dissertation bv Hansen 
et al. (1973) on (ire and wildlife in the limited 
Boreal Forest of Isle Rovale, in western Lake 
Superior, also contains a useful section of liter­
ature citations. 

Four comprehensive discussions of fire as an 
ecological factor in the Boreal Forest of Alaska 
deserve special mention: Lutz (1956, 1960/;), 
Komarek (1971), and Viereck (1973/;). The most 
valuable of these are by Lutz (1956), who gives 

a long and historical overview of the subject, and 
Viereck (1973/;), who provides a recent and com­
prehensive discussion of the effects of fire on soil, 
plants, and animals. 

We found only two comparable treatments 
of the role of fire in the Boreal Forest of Canada: 
a brief general review (Kayll 1968) that accents 
effects on soils, and a longer and more compre­
hensive treatment (Rowe and Seotter 1973) that 
focuses on effects in the northwest. 

"Some implications of large-scale cleareut­
ting in Alberta — a literature review" (Johnson 
et al. 1971) also deserves mention. This 114-page 
report discusses clear-cutting under six major 
topics, each of which includes a reference section. 
The hydrology section of this report (see Hillman 
1971) was particularly useful. This publication 
contains no specific discussions of wildlife, and 
fire is not included as a topic. It is of interest, 
however, because the effects of logging and burn­
ing are in some cases analogous. 

1. C o m p u t e r i z e d s e a r c h e s 
We employed computerized searches through 

the University of Alberta library in an attempt to 
find references pertinent to specified topics. 
Because the searches yielded few results, we re­
commend that before much trust is placed in 
future searches, their efficiency he tested on sub­
jects where key references are well known. 

A computerized bibliographe relating solely 
to fire in the environment is being compiled at 
the School of Forestry of the University of Mon­
tana. We are advised that it will be primarily used 
for local purposes. However, a 246-title printout 
of fire-wildlife material, which was used in the 
preparation of our review, was kindly supplied 
to us. 
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Tli« boreal lores! 

1. Climate 
Climatic descriptions of particular forest sec­

tions can be extrapolated from the "Climatological 
Atlas of Canada" (Thomas 1953), which includes 
country-wide maps of temperature, precipitation, 
windspeed, and other factors of interest. For 
many specific places within the northwest the 
series "Climatic normals" (Canada Department 
of Transport 1968c/ -J and Environment Canada 
1973c/, b) gives a complete coverage of all the 
factors normally measured at weatherstations. 
Rowe (1972) summarizes factors of ecological 
importance to Canadian forests, and Kelsall 
(1968) summarizes the climatic character of the 
range of the barren-ground caribou, which in­
cludes most of the Boreal Forest Region in the 
Northwest Territories. A recent publication on 
the climate of the Mackenzie Valley - Beaufort 
Sea area covers most of Mackenzie District and 
eastern Yukon Territory (Burns 1973). 

Although climatic conditions throughout 
the Boreal Forest Region of Canada — an area 
ranging from Newfoundland to the Rocky Moun­
tains and Alaska — vary widely (Rowe 1972) the 
portion within the Northwest Territories has a 
relatively uniform climate. There the summers 
tend to he moderately warm, sunny and dry, and 
the winters to he long and cold. Mean annual 
precipitation ranges between 25 and 36 cm — 
only slightly above values typical of true deserts. 
Of this precipitation, a little less than half falls 
as snow. Mean annual total snowfall is remark­
ably uniform, varying between 102 and 127 cm 
throughout most of the northern Boreal Forest. 
Westward of the Rocky Mountains, snowfalls 
that measure 150 cm and greater occur. Many 
lakes and ponds are present in the northern forest 
— despite limited precipitation — because the 
brief summers do not permit massive evaporation 
and because permafrost, which is widespread in 
the northern territories, greatly inhibits drainage. 

Mean annual minimum temperatures are 
remarkably uniform, at approximately — 15°C; 
somewhat lower minimums occur in the moun­
tainous regions. Maximum summer temperatures 
vary only slightly above or below 30°C regardless 
of whether the location is far north of the Arctic 
Circle in the Mackenzie Delta, at Yellowknife on 
Great Slave Lake, or further south at Stony 
Rapids, in northern Saskatchewan. 

The growing season in the Boreal Forest is 
short. On its southern fringes in central Ontario 
and in the middle portions of the prairie prov­
inces, the mean annual length of the growing 
season is 160 days. In the Northwest Territories 
the length of the growing season varies from 
approximately 80 days in the Mackenzie Delta to 
between 120 and 1-10 days in areas approaching 
the provincial boundaries. 

Studies by Bryson (1966) have shown that 
the edge of warm, moist, unstable Pacific air 
masses pushes northeast in summer to occupy a 
modal position near treeline at the northern edge 
of the Boreal Forest. As winter approaches, the 
boundary between Pacific and cold, dry, continen­
tal arctic air moves south to the southern edge 
of the Boreal Forest. 

Winds and thunderstorms we shall discuss 
below: here we shall simply point out they have 
a direct and important relationship to fire. 

2. Topography 
The northern Boreal Forest includes four of 

Canada's major physiographic regions (Rowe 
1972). In the Yukon Territory and the Northwest 
Territories westward of the Mackenzie River is 
the Cordilleran Region, which is the northern 
extension of the Rocky Mountains. This area, 
composed primarily of sedimentary rock, includes 
both minor and major mountain ranges, deep 
valleys, high plateaus with glacial till, and low-
altitude plains. 
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To the east lies the Interior Plains Region, 
extending to the Slave River, the north arm of 
Great Slave Lake, the east side of Great Bear Lake, 
and northward to the portion of the Arctic coast 
near Paulatuk. In this area, Precambrian rock is 
overlain by limestones, shales, and sandstones 
that gradually increase in depth from east to 
west. The portion of perhaps greatest economic 
interest, the Mackenzie Lowlands, includes 
extensive muskeg interspersed with low, 
rugged mountain ranges and localized delta 
formations. 

Eastward again and extending to the coast of 
Hudson Bay lies the Canadian Shield. The Shield 
is mostly Precambrian rock — granites, quart-
zites, and others — frequently covered with only 
a shallow layer of glacial till. Topography is often 
rugged and ranges from sea level to over 760 m 
in elevation. There is an extremely extensive 
network of streams, lakes, and small water bodies 
of various shapes and sizes. 

South of the border between the Northwest 
Territories and Manitoba and along the Hudson 
Bay coast lie the Hudson Bay Lowlands, which 
also contain Boreal Forest. The Lowlands are 
covered with unconsolidated glacial and post­
glacial deposits and are underlain by Palaeozoic 
limestones over Precambrian rock. Having little 
relief, they are poorly drained and have numerous 
bogs and shallow lakes. 

The topography of the northern Boreal 
Forest cannot be described in general terms. This 
topography ranges from high mountains to low 
and gentle plains. Almost everywhere, however, 
are rivers, streams, lakes and ponds. Glacial till 
covers much of the country, and residual glacial 
features such as eskers, drumlinoid ridges, and 
evidence of glacial scouring are oriented along 
lines of glacial movement, and in some areas 
there are numerous long, narrow parallel lakes 
in troughs scraped by glaciers (Kelsall 1968). 

3 . Soi l s 
Rowe (1972) briefly describes soils in the 

Boreal Forest. Soil profile development is rudi­
mentary or absent in the northernmost sections 
and becomes progressively more advanced away 
from the tundra — although peat development 
can occur anywhere in this forest region. Profiles 
arc poorly developed, and the natural decomposi­
tion of litter by bacteria and fungi is extremely 
slow. In the northernmost section of the Boreal 
Forest, soil development is further inhibited by 
the proximity of permafrost near the surface. 
Rowe (1972) shows that most of the Boreal Forest 
has a mixture of rock and frozen organic and 
sporadically frozen brunisloic and gleysoilic 
soils, with some regular occurrence of podzols, 
chernozems and regosols in the Cordilleran 
Region. 

4. V e g e t a t i o n 
Rowe (1972) has subdivided the Boreal 

Forest region of Canada into "forest sections", 
several of which occur in the Yukon and the 
Northwest territories. Viereck and Little (1972) 
have provided a similar classification for Alaska. 
Much research on the role of fire in Alaskan 
forests is directly applicable to the Canadian 
north and can be related to the classification of 
the just-mentioned authors. Composition of the 
flora of the Boreal Forest of Canada has been 
described by LaRoi (1967) and Rowe and Scotter 
(1973) ; Lutz (1956,19606) and Viereck (19736) 
have described the flora of the Boreal Forest of 
Alaska. 

Throughout this review, nomenclature used 
for trees and shrubs primarily follows Rowe 
(1972) ; for species not mentioned by Rowe, no­
menclature follows Viereck and Little (1972). 

The Boreal Forest of the Northwest Territo­
ries consists primarily of open stands of slow-
growing black and white spruce (Picea mariana 
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Fire 

and P.glauca) and of aground cover of lichens 
and/or mosses, which becomes quite dense as 
the stands age. This forest is interspersed with 
many treeless hogs that are often fringed by 
larch (Larix lancina) and by occasional dense 
and tall forest stands. In the southern portions 
of the Northwest Territories, jack pine (Pinus 
banksiana) is common on sandy soils and some 
uplands. The common deciduous trees, often 
prominent following fire, include trembling aspen 
(Populus tremuloides), balsam poplar (P. balsami-

fera) and white birch (Betula papyrifera). These 
deciduous species occur particularly in the 
Northwestern Transition Section (Howe 1972) 
which extends eastward from the Mackenzie 
River and Slave River systems. To the west in 
the Upper Mackenzie and Lower Mackenzie 
sections, lodge-pole pine (Pinus contorta) and 
Alaska birch (Betula neoalaskana) are locally 
prominent. 

Similar flora dominate the Boreal Forest in 
the Yukon Territory and Alaska. In the Alaskan 
forests in particular large areas of birch occur. 

The authors cited above note an increasing 
northward trend toward domination by black 
spruce and by the various hogs that occur 
throughout the Boreal Forest. These range in 
constitution from rich grass (Gramincae) and 
sedge (Carex spp.) to more numerous oligotropic 
sphagnum (Sphagnum spp.) mosses. Particularly 
prominent are tussock sedge areas with sphagnum 
moss and many low ericaceous shrubs. 

Among the more ubiquitous plants of the 
northern Boreal Forest are the dwarf birch (Be­
tula glandulosa) and Labrador tea (Ledum groen-
landicum), both common to bogs and upland sites 
throughout the north. Several species of willows 
(Salix spp.) occasionally cover large expanses 
along rivers, around hogs and marshes, and (in 
the Yukon and Alaska particularly) on benches 
and gentle slopes at high elevations. 

Rowe (1970) states that "Fire is an integral 
feature of the northern forest environment" and 
that " the widely distributed boreal broad leaf 
trees and conifers are well adapted to it". Mutch 
(1970) develops the hypothesis that certain plant 
communities (of which the Boreal Forest would 
certainly be one) have evolved in association 
with fire; moreover, he supports the rationale 
that the continued incidence of fire maintains a 
"natural and balanced condition" in such plant 
communities. Rowe etal. (1975) suggest that 
fire is an active and essential "resource" in the 
diversification of ecosystems and that the inter­
vals between fires control the evolution of such 
systems. 

Authorities agree that fire is a natural agent 
influencing the Boreal Forest. Mutch's hypothesis 
suggests that this forest is a fire-dependent sys­
tem that would lose its character, vigour, and 
faunal and floral diversity in the absence of fire. 
Many of the references cited below adopt similar 
hypotheses concerning the relationship between 
fire and the ecological character of the Boreal 
Forest. 

1. H i s t o r y of fire 
Rowe (1970) regards the ubiquitous layers 

of charcoal found in the soils of northern forests 
as clear evidence of the universal, historical 
presence of fire. This historv of extensive fires is 
evident, according to Lutz (1956), in the Cana­
dian north and also in Alaska, European Russia, 
Siberia, and the Scandinavian countries. Fire can 
be traced as a frequent occurrence in some North 
American forests far into prehistory (Loope and 
Gruell 197.3). 

Swain (1973) traced the history of fire in 
northeastern Minnesota from charcoal layers in 
lake sediments and concluded that fire "had 
always been a factor" in these forests. Fire, he 
found, occurred on average every 60 to 70 years 
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within an approximate range of 20 to 100 years. 
More charcoal was found in sediments 1000 to 500 
years in age than in those 500 years or less in 
age, but the frequency of fire was approximately 
the same during both periods. That there were 
no major pollen changes following any charcoal 
peaks showed that the same cycle of succession 
had extended far hack into prehistory with the 
same plant species. 

Recent studies (Lewis, in press and pers. 
comm.) have shown that both (free and Atha­
bascan Indians in Alberta regularly conducted 
controlled burning to improve wildlife habitat, 
to reduce fire hazard near camps, to assure a 
future supply of dry fuelwood, and (among other 
reasons) to dry out trails through muskeg. Their 
well-developed knowledge of fire management 
indicates a long history of trial and error. Such 
burning continued until it was outlawed by pro­
vincial fire regulations. 

Because lightning and man were as able to 
start forest fires in early times as they arc today, 
fires have probably occurred regularly in the 
northern Boreal Forest since the last glaciation 
(Barney 1971a). 

2. C a u s e s of fire 
Seotter (1972) points out that 72%> of forest 

fires on the winter range of barren-ground car­
ibou were apparently caused by lightning and 
comments that "most fires caused by man oc­
curred near the centers of population". Scotter's 
data coyer 1961 to 196 1, a period during which 
it is improbable that all (ires on the caribou range 
or their causes were recorded. 

According to Barney (1971«, b), and Barney 
and Comiskey (1973), the percentages of light­
ning- and man-caused fires in Alaska are almost 
the reverse of these percentages in the Canadian 
north. He summarized the causes of fire in in­
terior Alaska between 1910 and 1969: 70.5% 

caused by man and 29.5% by lightning. These 
figures possibly reflect tin- larger size and the 
relatively greater mobility (particularly along 
networks of highways and secondary roads) of 
the human population in Alaska. Regional dif­
ferences in meteorological conditions during 
summer may also he a contributing factor. 

Johnson and Rowe (1975) studied an area of 
105 000 km- south of Great Slave Lake, in the 
Northwest Territories. Between 1966 and 1972 
lightning caused 85% of 273 reported fires, and 
lightning-ignited fires covered 99.9% of the total 
burned area. Rowe et al. (1975) reported that 
97% of the area burned in the Mackenzie Valley 
from 1971 to 1974 was the result of lightning-
caused fires. 

According to Requa (1964), 76% of fires in 
the Yukon were ignited by lightning (quoted by 
Kid (1971)). Johnson and Rowe (1975) found 
that 39% of fires, which accounted for over 50% 
of the burned area, were started by lightning on 
protected areas in the Northwest Territories. 
Most protected areas adjoined settlements. 

That man can cause serious fires in the Boreal 
Forest is shown by the extensive conflagrations 
in May, 1968, in central Alberta. Kid and Grigel 
(1968) showed that the numerous outbreaks all 
started from smouldering settler fires associated 
with land clearing. Fire hazard was extremely 
high at the time because of the very dry air and 
the prevalent southwest winds. Also, large vol­
umes of highly flammable materials occur in the 
forests of central Alberta. In a 15-day period, 250 
fires burned 380 000 ha of forest despite intensive 
fire control efforts. 

These last observations agree with Leopold 
and Darling (1953), who remark that fires in­
creased after settlement in Alaska, and with Kel-
sall (1968) and Seotter (1964) who believe that 
fires in the north have increased, at least in local 
areas, with intensive technological use by both 
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white man and Indian. It is the opinion of Lacate 
et al. (1965), however, that lightning is probahl) 
the main cause ol (ire in the lower Peace River 
area and that it undoubtedly is the main cause of 
lire in remote areas throughout the Canadian 
northwest. 

Kourtz's (1967) study, which described con­
ditions under which strikes by lightning were apt 
to occur and the tvpes ol trees struck, showed 
that evergreens are far more flammable than de­
ciduous trees. Komarek (1968) and Habeck and 
Mutch (1973) also outlined the conditions for 
lightning-lire occurrence. A prerequisite of such a 
fire is a build-up on the ground of large; accumula­
tions of organic litter, which provide a ready fuel 
source. Such build-ups are common in northern 
coniferous forests. According to Rowe (1969), 
who documented lightning-caused fires in the 
grassland area of Saskatchewan, fire probably 
maintains some grasslands at the expense of 
shrubs and trees. Also, it is probable that forests 
can be opened or destroyed completely by fire at 
treeline, at higb elevations, and at high latitudes. 
DeBock (1970) found that fire bad provided 
open range lands preferred by mountain goats on 
Mount Wardle in Koolcnav .National Park, 
at the expense of forests. W'ein and Weber (1974) 
noted that tree seedlings were not invading 
5-vear-old burns at treeline.They also cite Russian 
and other circumpolar literature that suggests 
that burns can drive treelines southward for 
extended periods. 

Occurrences of thunderstorms and lightning 
are in some measure predictable. From Climatic 
normals, Volume 3 " (Canada Department of 
Transport, 1968c), which shows the seasonal oc­
currence and frequency of thunderstorms at se­
lected meteorological stations through the Boreal 
Forest, it can be seen that such storms are more 
frequent in some areas than in others. This fact, 
viewed in relation to forest fire statistics and 

prevailing forest fire hazards, can provide a basis 
for prediction of the probable times and locations 
of lightning strikes that could cause fire. On this 
basis, Johnson and Rowe (1975) drew isolines of 
the fire-size expected to recur on the average of 
every 5 years in their studs area. 

Weather is probable the most important 
factor influencing the behaviour of fire. Kid and 
Griegel (1968) described the daily variation of 
fires in the northern Boreal Forest of Alberta, and 
their responses to climatic factors, during a 1968 
period when all factors favoured exlremelv high 
rates of fire spread. During this period, the stage 
was set for (ire hy a prolonged prevalence of dry 
air and southwest winds. Once ignited, fires 
smouldered at night and increased during the 
daylight hours to a point where they crowned at 
approximately noon. The fires were capable of 
crowning at any moment when winds reached 
velocities of 24 km h or greater. 

3 . Areas B u r n e d 
Most of the historical references to the ex­

tent of destruction of forests by fire in the north­
ern hemisphere are extremely general. Mozeson 
(1961), for instance, states that "about one-fifth 
of Yakutia shows traces of recent fires". Lutz 
(1956) recorded many of the noteworthy fires in 
Alaska from the mid-1800's onward, together 
with estimates of their extent. 

Accurate records were not possible until the 
use of aircraft and the development of accurate 
map sheets permitted burned forests to be sur-
veved and mapped. Records have been kept in 
Alaska since 1910 (Barney 1969, 1971) and are 
available for shorter periods and in less detail for 
the Canadian northwest (Kelsall 1968, Scotter 
1970). In Alaska, from 1910 to 1969, lightning 
fires covered 78f7 of the burned state-wide area 
(5 321 641 ha), and man-caused fires covered the 
balance (1 128 613 ha). Lightning-caused (ires are 
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generally more extensive (average coverage ol 
3522 ha) than man-caused fires (average cov­
erage of 679 ha) — probably because man-caused 
fires are detected soon after they start and can 
often be quickly controlled. 

Tbe above-cited studies of Barney showed 
that the number and extent of fires in Alaska is 
extremely variable and unpredictable from year 
to year. Despite many man-caused fires in Alaska 
and the excellence of the statistics, Barney points 
out that "it is bard to say with certainty whether 
or not we are experiencing more fires now than 
we did in tbe past". 

In the Northwest Territories and the Yukon 
Territory the recorded loss of forests to fire was 
238 120 ha annually between 19-18 and 1957. 
However, in 1958 the loss was 655 878 ha. Be­
tween 1952 and 1957, recorded fires in Wood 
Buffalo National Park — for many years tbe only 
extensive area in the Canadian North to receive 
regular protection — burned -151 -111 ha, more 
than one-tenth of tbe total area of this park. An­
nually during this 5-year period, fires covered 
over 2% of tbe total park area (Kelsall 1968). 
Kelsall (1957«) measured fire damage in a 23 861 
km2 area of caribou winter range that contained 
no settlements and that was located approxi­
mately midway between Great Slave Lake and 
Great Bear Lake. It was not possible to classify 
burns bv age, but tbe majority had occurred with­
in tbe previous 20 years and were in early stages 
of post-fire succession. It was calculated that 29% 
of tbe land area had been burned. Tbe best car­
ibou range, the dry upland spruce lichen forests, 
were reduced bv more than 29% because un­
checked fire bad been more destructive to them 
than to the damper habitats, which are less valu­
able to caribou. Kelsall (1960) also reported on 
the examination of another winter range of 
barren-ground caribou, an area of 43 020 km2 

surrounding the east end of Lake Athabasca and 

Black Lake, in northern Saskatchewan. Of this 
area, forest that appeared to be at or near matu­
rity totalled no more than 777 km2. 

On the basis of Simard's (1973) recent analy­
sis of "fire weather" data, Ganada has been map 
zoned for liability to fire. Tbe region surveyed by 
Kelsall was found to be one of tbe most fire-
prone in Ganada. Also included in the region of 
"high" fire potential were the study areas of 
Johnson and Rowe (1973, 1971, 1975), Kershaw 
et al. (1975) and Kershaw and Rouse (1976). 
Scotter's (196 1) study area was zoned "moder­
ate" risk but adjoined tbe "high" risk zone in a 
region where meteorological data are scarce. 
Both Wood Buffalo Park and the Yukon interior 
are rated by Simard as "high" or "very high" 
fire-risk areas. 

The statement of Rowe et al. (1975) that the 
probability of recurrence of fire in the high-risk 
zone approximates a Weibull distribution sug­
gests that the older the stand the more susceptible 
it is to burning. As elsewhere, bad fire years and 
periods have been detected in the northern Boreal 
Forest (Rowe et al. 1971). Large-scale fires in the 
northern Mackenzie Valley in recent years were 
believed to have been partially due to large areas 
of "old growth" forests that resulted from fires in 
the 1800's. 

For the period 1961 to 1961, Scotter (1970) 
provides detailed statistics on the number of fires 
and tbe area burned in the winter range of barren-
ground caribou in northern Alberta, Saskatch­
ewan, Manitoba, the District of Mackenzie and 
Wood Buffalo National Park. The large annual 
variation in tbe extent of burning underlines tbe 
need for long-term and accurate fire statistics. In 
1962, only 9569 ha were recorded as burned. In 
the previous year, 1 081 578 ha were burned, and 
nearly the same number of hectares were burned 
in 1961. Scotter (1961) calculated the average 
annual rate of forest destruction bv fire on winter 
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Effects of fire on soil 
and liydrolo&v 

range of barren-ground caribou in northern Sas­
katchewan. He found that from 1945 to 1959 fire 
destruction had increased 1.4 times over the 
period 1885 to 1944 and 3.1 times over the period 
1840 to 1884. The average annual destruction of 
forest in his study area was 2639 ha during the 
period 1840 to 1884 and 8312 ha during the 
period 1845 to 1959. Scotter pointed out that the 
increases were coincident with mining activity 
and white settlement. Armstrong and Vines 
(1973) have shown historical evidence of perio­
dicities in weather patterns that would produce 
periodicities in extent and severity of fires. Thus 
long periods of drought would coincide with 
periods of severe fire. Johnson and Rowe (1973) 
showed that the average rate of burning calcu­
lated by Scotter does not exceed approximately 
I T of the total forest annually. The recent work 
of Johnson and Rowe (1975) showed that s tand-
age determination in the taiga is more difficult 
than was previously thought. They suggest that 
no firm conclusions can he drawn as to whether 
fire incidence has increased in recent decades. 

1. Soil n u t r i e n t s 
It has been stated that fire generally has a 

beneficial effect on the soils in coniferous forests. 
In warm climates, particularly where there is 
ample moisture, bacteria and fungi decompose 
organic litter that accumulates on the ground. 
This decomposition releases minerals into the 
ecosystem for future plant growth. In northern 
areas, and in coniferous forests in particular, 
natural decomposers are not efficient and a build­
up of litter inhibits plant growth (kilgore 1973). 
Fire acts more rapidly than oilier natural agents 
to decompose ground litter and to release min­
erals and other nutrients. 

The effects of fire on nutrients have been 
discussed by F'ggla (1958) in regard to Sweden, 
by Yancey (196 1) in regard to marshes, bv Lutz 
(Î956) and DeLeonardis (1971) in regard to 
interior Alaska, and bv Scotter (1963), Smith 
(1968), Armson (1969), and Kayll (1968) in re­
gard to the Boreal Forest in various parts of Can­
ada. Fires in the north usually consume only part 
of the surface organic layers and do not expose 
much mineral soil. Removal of large quantities of 
organic litter, however, improves conditions 
(e.g. soil temperature and nutrient conditions) for 
voung tree growth. All nutrients show an imme­
diate increase in concentration because of the 
deposition of ash from burned organics on the 
soil surface. Calcium, phosphorus, potassium and 
trace minerals generally increase following fire. 
Total nitrogen can decrease, but the amount 
available for recycling generally increases. 

As Smith (1968) points out, however, a rela­
tively large-scale loss of nutrients can occur after 
a fire. He found during the first vear after a fire on 
jack pine barren in Ontario losses due to erosion 
included 930 of potassium, 80O- of calcium, and 
910^ of cxtractahle phosphorus. Kershaw et al. 
(1975) and Kershaw and Rouse (1976) also con­
cluded that burning degraded soil fertility in 
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their study area in a section of the Northwest 
Territories north of Uranium City. To explain 
the varied results from nutrient analyses follow­
ing fire, they advanced the following tentative 
hypotheses: that soils with a high content of clay 
and a "substantial" humus content in the A 
horizon will lose only a "minimal percentage" of 
potential nutrients through burning; that, in con­
trast, soils low in clay or humus depend on the 
humus (L, H and F) layers for their moisture and 
nutrient-holding capacity; and that burning alters 
physical and chemical properties of such deficient 
soils and leads to increased density, lower mois­
ture-holding capacity and reduced fertility. Fire 
effects vary depending on the characteristics of 
individual sites. 

According to Scotter (1963) and Kayll 
(1968), there is a marked and beneficial reduc­
tion in acidity following fire in Boreal Forest. 
Armson (1969) found that following fire the pH 
of the upper horizons increased from 4.3 to 5.2. 
Behan (1970) states that "Burning of the forest 
litter generally increases the pH of the forest 
floor". He adds that increased pH may permit 
accelerated decomposition of the remaining litter 
through enhanced microbial activity. Kershaw et 
al. (1975) also found pH to increase from 3.7 to 
4.8 but believed that their results indicated soil 
degradation. 

According to Behan (1970), wildfires cause 
major depletions of nutrient capital, and nitrogen 
and potassium in particular are volatilized and 
lost to the atmosphere. In light burns, however, 
soil concentration of available phosphorus, po­
tassium, magnesium and calcium are generally 
increased. The amount lost to leaching appears to 
be a function of the temperature of the burn and 
of the degree to which soil, organic matter, hu­
mus, and total plant cover were destroyed. His 
results confirmed a loss in total nitrogen after 
light burning, but he found that available nitro­

gen for plant growth increased. His general con­
clusion is that low temperature burns are bene­
ficial to forests hut that hot fires can deplete 
minerals at a disastrous rate. 

Wein and Weber (1974) studied post-fire 
conditions at treeline northeast of Inuvik, North­
west Territories. They found that available phos­
phorus and nitrogen were increased and that the 
active layer thickened by 50%. They also found, 
however, that after 5 years only 5 to 10% of the 
plant mass had recovered and that tree seedlings 
were not invading. 

Scandinavian foresters have had lengthy 
experience with effects of controlled fire as a land-
management tool (Viro 1974). According to Viro, 
"The effect of burning on availability of nutrients 
is entirely positive". He does note slight leaching 
of magnesium, potassium and phosphorus hut 
regards these losses as apparently unimportant 
because the mica-rich parent material supplies 
these nutrients in adequate amounts. That addi­
tion of these nutrients in fertilizer has caused 
only slight improvement in growth of vegetation 
further indicates that leaching losses were 
minimal. 

In Scandinavia, burning after logging is 
prescribed for sites with thick humus mats, where 
the soil has good water-holding capacity (Viro 
1974). Burning is not recommended for sites on 
coarse, excessively-drained water sediments such 
as eskers or sand out-washes because such sites 
become very dry, and survival of young trees is 
therefore inhibited. If dry sites are to he burned, 
fire should be quick and of low temperature, 
should kill the vegetation, hut should leave the 
humus intact. On more moist and fertile sites, 
foresters often err by not burning deeply enough. 

The effect of fire on soil nutrients depends 
not only on temperature of the burn but also on 
the topographic aspect of individual sites and on 
the soil parent material. Heilman (1966, 1968), 
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