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e

//I The objectives of the study were to document the fire history
and investigate the role of fire in coniferous foreste and woodlands

,around sper townsite, Jasoer National Parks\)Of primary concern waé
of

\ ‘ periodicity, locatioh,ﬁextent and severity ires before fire
?? > \suppression'was begun‘fnll907.‘ Cultural historv and past climate were
examined in relation to fire regime. o - ;?

Fire scars were used to establish a fire chronologv for the

period 1665- 1975 A stand origin map was prepared and 45 fire-year

maps were construeted. "Major fires" covered more than 1.2% (500 ha)

of the,area and [occurred in 1908, 1906, 1905, 1904, 1889, 1888, 1884,

v L

, , , ,

1883, 1889 9, 1863, 1861, 1858, 1847, 1846, 1837, 1834, 1807, 1797

< 1780, 1758, 1737, 1727 and‘I’ia Most of the forested 1aqucape todav
\

orlginated after the fires of 1889 1847 and 1758.

Me;;\flre return 1ntervai?(MFRI) for the 3 200 ha studv area

between 1665- 1975 was 4.4 yrs”and 5.5 yrs from 1665-1907. M

. major flres was 8.4 yrs. Flres coverlng more than 50 of the tudy area

\\
had’ a MFRI of 65.5 yrs. MFRI for 50 ha blocks of lodgepole pl e forests

was 26 8, Douglas fir 17.6, grassland~savanna’20 6 and subalplne\foresta

» , ' . . '
74 yrys TN : ’ _ y Lo

endro¢limatology record wes dsed'to assess major drought-

" years or potential fire'years About 70% of the fires and 92/ of the

total area burned from 1700 1913 ogccurred’ durlng below-mean precipita—

=~

tion perlOdS. The 1738 1847 and'1889 fires occurred during severe,
'droughis. ~This and othe) fire Historx studies showed many fire years

in common, suggesting:major atmospheric circulation anomalies

‘

¢ ' V . | . . 7 | \ﬁa\v\
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|

associated with subcontinental drought

Y

\
Y

Climate was the major environmental factor controlling the

frequencv and « xtent of past forest fires Frratic human—nse'pntterns

associated with xhe study area and good correlations hetween past
. .
climate and fire history suggest -that Furopean man should not. be hlamod

,

‘Y
for the extensLVL folrest . flres of the nineteenth century since he
. !

- i ‘ \
. ‘ . \ . . . .
arrivec at a time w&; conditions were mote favorable for fire.

between 1665-1913 were of low to med ium intensityv

)

but higher intensitv Bn

Most fires

es did- occasionally occur. Fires left a hetero-

geneous age structure‘ \ the landscape varying from even- aged stands to

a fine- 5cale patchwork ‘f‘several age-classes over short distances.

“Areas containing no evid nce of past fires, were fOund at hlgher

elevations, espec1ally on nbrtherlv and easterly slopes
Fire 1nten51ty w s\related to moisture reglme organic matter

acéumulatlon, and varlatlons‘in these factors through plant Succession

and topographic position . \major plant/fuel success&onal Ssequences
, \ ‘ S L
were recognized for-.the stpdy %ea:l high—elevational fotests and;low-
elevational forests. SR | |
‘ Weather and ‘climate de%ermine not only the rate of organic

. \ k
matter accuhulation and therefore the akount- of fuel, but also whether

i

/ ’,a\\; . by

the fuel’ atia partlculaq place and\time will burn once ignited. When-
. \ i B
4 \

ever weather condltlons were favorable and ignition possible, fires.

occurred almost as frequently as organic matter accumulated in sufficient
\

quantity to support combusnlon over the forest floor

\ The size of past fires varied non-randomly over time, and was

\ . -

ltributed to climatic oscillations and variatlons of organic matter
bulldup with time. Integratiqn of the fire history data and plant/fuel.
o ) | ’
A ,
\ : . . \\ . .



sucbessiongl sequences indicates that forests of the studv area will
eventually burn éga?n. ATthouﬁh fire, excluslion has not had serious
repércussions to-date, development of ; well-planned program of fire
prescription and control 1s needed to maintain disturbaﬁce pﬂasés of

the forest maturation sequénce, -

L
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Strénge

"Something happens to a man when he sits before a fire.

stirrings take place within hlm and a light comes into his eyes that was
"n

not there before...

-]

one different, but

hard for them to emerge.
"of their almost’

Those old fires have

"There have been countless (fl‘es) eac
some. so blended into theilr backgrounds th
But I have found that when I catch even a-.gl
forgotten light..., they begin to flame oncée more.

strange-and wonderful powers..." .
"Campfires'" by Sigurd F. -Olson in The

Singing Wilderness (illustrated by
Francis Lee Jacques, copyright 1956
-Alfred E. Koopf, Inc.)

my od frieir Tom Lee once said, "Forward, into the Past™
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INTRODUCTION

The maintenance and survival of many plant communities and
ecosystems depends upon the frequent occurrence of fire. Fire 1s the
key environmental factor that initiates secondary successions,‘controls
the species composition and age structure of these plant communities
and thereby produces the vegetation patterns upon which mhe consumer
components of the ecosystem depend AWright and Heinselman 1973)

Evolutionary response to fire can be seen in  the man&
reproductive and vegetative adaptations which Species have developed in
order to survrve periodic burning. Examples include underground
.,rhizomes; root SprOuting; light-weight winged seeds; serotinous cones;
and thick, corky, fire-resistant Bark. Some specles also store energy
in bulbs and corms to replace follage destroyed by a burn. \Fire may
produce a nutrlent—ricn?seed bed, relatively high llght 1ntensities at
ground level, and lower competitive stresses, thereby enCOuraging
_germlnatlon and establishment of certain fire-dependent tree species
Discussion of these adaptations can be found in Clements (1910) "Ahlgren
and?%hlgren (1960), Lotan (1976) aqg Lyon and Stickney (1976) Mutch |
(1970) hypothe51zed_that many fire-adapted communities have- a consider—,-
able numper of plant species with characteristics‘that enhance flamp-
abillty, thus predlspos1ng the community to fire. Fire can thus be
. considered an 1mportant natural disturbance factor that has influenced ’
‘plant communlties ovar-evolutionary time. f . S

Many-of these fire—dependent comﬁunities.are prominent

" components of the vegetation of North America and the,uorld. Only
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temperate and tropical rain forests escape the regular occurrence of

fire. Most boreal, grassland,Lpine, eucalypt and_ oak communities of
the world are fire dependent (Kozlowski and Ahlgren ’}975).

The importance of fire in North American vegetation types has

"been described by many authdrs:‘ grasslands (Daubenmire 1968a, Vogl 1974) ;

y , : .
chaparral (Biswell 1974); desert and desert grassland (Humphrey 1974);

southeastern coniferous” forests (Komarek 1974);'northérn coniferous

)

forasts ‘in general (Wright and Heinselman’ 1973); ﬁorthcentrgl‘forésts
(Héinselman 1970, Fris;ell 1973, Heinselman 973, Ahlgren 1974);
western coniferous fo{ests (onper 1961, Weavér 'ié74); northerﬁ-ﬁocky
Mountains (Habeck and Mﬁtch‘ 1973,'L60pé ;nd Gruell® 1973); Sigrra

Nevada (Kilgore 1973); ana boreal forest (Lutz 1956, Rowe and Scotter

1

1973, Viereck 1973, Rowe et al. 1974, 1975).

o

The importance of fire in the? environment remains the subject

1

of much investigation, Some of the more often mentioned roles have

been'suémarized by Wright and Heinselman (1973) as follows:

1) Modifier of the physical-chemical environment,

4 N i

2) Regulator of dry‘matter accumulation,

- 2 3) Controller of-plant species composition and structure of
, \ v

plant éommunities,

i

4) Determiner of wildlife-habitat’patterns and populations,

5) Controller of forest insects, parasites and fungi,

6) Controller of major ecosystem processes and characteristics. ’

‘

An important aspect of all fire-dependent communities and
ecosystems that;;pfegrates these factors is the®'fire regime" (Heinsel-
man 1975), which cénsisté of the following:

1) Average number of years between fire years (mean_return

-



interval) for vegetation types and physiographic site tvpes,

2) Maximum and minimum {Tre return intervals fqr vegcetation types

.

-and physiographic site types,

i - ,
3) Characteristic fire intensity and behavior,
- ' ]

4) Characteristic fire size (if variable, then typical»mgximum and

o«
-~

minimum areas),
5) Interactions betweep climatic variatigons and fire occurrence,
S

6) Relationship between.fire and. cultural history of the area.

Natﬁfal fire regimes'for'many plant communities and ecosystems

RN

.are not Rnown.v However, fire hfstory stydies have appeared’in recent
years for differenﬁ conifer fg;est regions,of North America. Fire.in
the boréal.forest of western Canada hag been dpcuﬁented by ﬁowe et al.
(1974, 1975) and Johnson.and Rowe (1975). Fire—Scar:st;dies ahd

. palynology were,psed in a fire history investigation'6f thé Algonquin
Provincial Park region; Ontario (Cwynar 1975). Hei. :lman (1973) .

destfibed the fire ecology of the contemporary vegetat - of northeast-

ern Minnesota with a detailed account of the tree-ring record. Frissell

(1973) studied a much smaller remﬂant of virgin forest in north centrql'“

Minnesota. Swain (1973) used charcoal and polien stratigraphy:tolshow
that fire has Béen an importaﬁt ecological factor througﬁout thé post-
Wisconsip férest history of nﬁrfhern Minnesota.

in.the western United States,.Sierran conifer forests have
been sfudied by Kilgore (1973) aﬁd McBride and Laven (i976). Johnson
| and’Smathers-ki976) conducted a fire ecology iﬁyestigaﬁion for Lavai
Beds Nationai Honumeﬁt in northern Cglifornia.‘ Natural }ire reg;mes in

"Oregon have been described by Weaver (1959) and Soefiaatmadja fl966).

‘Martin et al. (1976) have hypothesized fire frequencies for various

S



vegetation types in the Pacificunorthwest. The role of fire in a

portion of -the Caecade Mountains of Washington State has been examined

by Fahneatockm(l976), and firé history studies Have recentlv been used

to assess the causes of Juniper invasion inAsouthnestern Idaho . .

(Burkhardt and Tisdale 1976). |
Tree-ring analyses of fire history in the Rock? Mountains

began with Clenents (1910) who first outlined’the-basic techniques of

fire~scar analysis in nis study of fire andiiodgepofe pine.(Pinus.GOHtOTta var.

Zatifbiia)* succession around Estes Park, Colorado. A fire ecology study

has since been ecarried out in the subalpine forests of Rocky Mountain

National Park (Clagg 1975) Loope and Gruell (1973) examined the

historical importance of fire in the Jackson Hole area of northwestern

Wyoming, whil:,Hogton (1973) studied fire frequency in the Douglas-fir

(Pseudotsuga menziesii) savannas of nortnern Yellowstone National Park.
Habeck (1972) reviewed the fire history and ecology of the Selway-
Bitterroot Wilderness of Idaho and Montana. More recently, Gabriel _ »i:;“
(1976) documented ‘the role of fire in the Dana;er Drainage of the Bob -
Marshall Wllderness Area, Montana, and Arno (1976) has completed a four ' S
century fire hlstory of the Bitterroot Mountains. |

The few fire history inv?stigatiqps carried out'in the .
Canadian -Rocky Mountains have relied\sn information other than the fire—
scar record. MacKenfie (1973) used age data to construct crude dates -

of origin for the forests of Waterton Lakes National Park Byrne (1968)'

relied completely on historical and scientific literature to describe

- man and landscape changevin Banff National Park before 1910. Neither Lo
X

investigator recognized the potential of constructing a detailed fire

' history by sectioning. fire-acarred trees,

-*nomenclature follows Mc' 1959, /



Beil (Ith)!;Stringvr (1966), Hnatiuk (1969), Laidlaw \l97i),
Stringer (1971, l.ce (1;}6) and Lulman. (1976) agr%qd that fire plaved
an {mportant role in manv of the vegetation types of Banff and Jasper
National Parks, including the Athabésca, Miette and Ma]igﬁe Ri&er
vallevs around Jaqur townsite. Hettinger (1975) believed that fire
frequency was related to the.complex pattern of monfane community tvpes
and suceessignal rates of different communitv ﬁypes in the Vine Creek
drainage basin of the Athabasca River valley. 1In 1975, Heinselman
concluded that the Athabasca River valliey around Jasper townsite was a
‘ fire—dependent ecosystem.

\

Objectives of the Studv . )

The ecological importance of fire in the Capgdian Rocky
. //. a
‘Mountains has long been recognized but natural fire regimes have not

been investigated in detail. This fact prompted the = tiation of this
project in 1974. The major objectives were- to document the fire

history, and invesfigate the role of fire-in shaping the vegetation of
. : : / ] .

1
the Athabasca, Miette and Maligne River valleys around Jasper townsite,

~
Jaspeér ‘National Park. Spectfic.considerations were as follows:

A. To document the natural fire regime before active fir- control

- was established in 1907. This involved determination of

1. The periodicity of fire occ. ‘rence in the_ study area,

A

2. The location and aréal extent of fires,

~

3. The intensity of fires, . J

4, The‘relationship'be;ween fire history and past climate,

-

B:'To,use.the fire reg¥me as a base for‘intérﬁreting the influence

S

5. The relationship between fire'h;story and cultural history,

N



of past fires on the vegetation ot the study arca.
The investigation represents the first attempt to rignrouglv
doscr%be and map the tire historv of a forested mountain landscape in
the Ca» i{an Rovky‘Mountains, using current fire historv techniques

of fire-scar analvsis. ' &



DESCRIPTION OF THE STUDY AREA

LLocat{ion

The study area i1s located in the Athabasca, Maligne and Miette

-
¢+

River vallevs around Jasper townsite, Jasper Natlonal Park, Alberta,
between 52°46" and 53°02' N laritud. and 117°95' and 118°14"' w tenpitude
(Figure 1). It consists of A 43,200 ha area (slope corrected) of the
valleys up“to treeline, and extends north down the Athabasca vallvy.to
the Snaring River, cast up the Maligne vallev to Two-Vallev Croek,>south
up the Athabasca to the Astoria River, and west up the Miette valliey to

Minaga and Meadow Creeks.

Geomorpholqu

The study area lies in the Main and Front Ranges of the
Canaéian Rocky Mountains formed during mid-Tertiarv times (Stene 1966).
Pre~ambrian and Cambrian sedimeriary rocks of the Haig Ranges are
separated from the Devonian and Permian sedimentary r;cks of the Front
Ranges by the Casklr Hountain Thrust Fault, running southeast from the
Palisade along the :~r : slope of the Maligne Range (Roed 1968).

The Athabasca River valley was glaciated in the Wisconsin and
a preliminary/interpretation o{;the glacial sequence in the Park
indicates that the valley east from Jasper towhsite was icé-free by
10,500 to 12,000 vears B.P. (Stene 1966, Roed 1968, Reeves 1973).
Glacial and flﬁvial processes are priﬁarily responsible for present

landforms of the valley floors. The valleys are deep U-shaped troughs

paralleling or bisecting numerous steeply uplifted and tilted rock
7
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formations. They are maatled with glaéial drift consisting of a'complex
of outwash, morainal debris, riVer'terracé depoaits, lake sediments and
loess. Such dcposits-creatc a serles of low ridges, benches and flats
aboveothe Athabasca, Maligne and Miette Rivers.

Elevaticn in the area ranées from 1028 m north of Henry House
grassland in the vallcy, to 2814 m at the summit of P;ramid Mountain.
Topograph}cal relief is complex, Varying from gentle sloping plateaus
and rolling till plains, to steep cliffs and ridgcs of exposed bedrock.
All possible combinations of slope and aspect occur in che valleyivas

the result of complex drainage patterns and topography (Heinselman\
1975), but the prevailing e;posures in the main va%ley are eastériy and
westerly (Figure 1). |

Numercua‘lakes occur throughout the area. Cabin, Caiedonia,
Dorothy, Patricia, Saturday Night and the Five Lakes occupy glacially—
blocked fluted topography in the Athabasca and Miette River valleys.
Other lakes of varying s};c f111 iceﬁblock pits and abandoned river
channels, such as in theiiac Beauvert-Edith Lake complex. -Hanging

" wetlands, seeps and feps occur at a11~elevation9;"beihg espccially
common cp the slopes of Signal Mounfain and the ?aliaade. /

Soils are usually deyéloped on’glacial till, locss and outwaah_

deposits. Paren; ﬁaterials consist primarily of quartzice sandstones
and conglo@érateé’(Stringer'anq LaRoi 1970). Déscriﬁticns of so;ﬁy
asscciated with major vegetation types ¢ 2 found in Beil (19645; &

Stringer (1966), Hnatiuk (1969), Stringer (1973) and Lulman t1976),v

" Climate
" Based on.tempérac?ré and pfecipitation'records, Longley (1970)
. : ) ] - o .
/
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has clasgsified the climate of west central Alberta as Sﬁb-Arctic or
Cold Snowy Forest. Climatic.influences of the Pacific Ocean, however,
make winter temperatures somewhat higher in-Banff and Jasper Ehan in
. the rest of this regiop'of'the province. In generel, the area around
Jasper townsitglhas short, warm summers with high rates of evapotrans—
piration, and long,.eold winters with occasional chinook-1l1ke winds ehat
cause marked snow ablation (Stringer and LaRoi 1970).
Regional climatic charaeteriétics in the Park have .yet to be
accurately determined due to the lack of a comerehensive weather station
" network (Janz and Storr 1977). Considerable differences in precipit-
atiomhamd,temperature aa - eccur over shoft distances. Mountain rangee
near the Continegg;l Divide receive more than 127 cm of ‘precipitation
_anneallf, inicontrast‘to the low—lying'eastern ineermoncdhe villeys
‘ mhich are considerebly drier (Laycock l§57); The Afhabasca iver
velley araund‘Jaspep townsite is one such valley, and has a drier,
warmer ciimate than either valleysrtowérdévthe divide or regions out—'
side the Front Ranges. SeasonelwFetai~precipitatigh ie:lower%eamd the
mean dai1y temperetdre fof May-September ﬁafmer, at Jasper,?ph%p any- e
where-else in west central‘Alberta (Powell and MacIver 1976) ”
Jasper townsite has a mean annual precipitation of 40 6 cm,
with 28.2 cm falling as rain betWeen the months of April and September
'(Stringer and LaRoi 1970). June is the wettest month with a mean of
'5.46 cm and August the second wettest with S.Ii cm. Mef agd,September
are the driest_mbnths,_mfth values 04?3.33 and“3.56 em respectively
(Powell and MacIver' 1976); The dry season in May mav bereccentuated

by early loss of7snowpack or unusually dry weather in April. The dry

season 1in Septemgei’mey also be accentuated by abnormally low

o f~ S



- precipitation in July and Augus:.

s . i

Mean‘annual snowfall is‘125 cm or approximately »2°cm waterﬁ“
equivalent. 1In most years snow covers the ground at lowerfelevations
from late October or early November, through late March (Soper 1970).
Precipitation increases with elevation and probably exceeds 60 cm
above timberline'on Pyramid Mountain. A similar trend is expected on
?other mountains in the vicinit; (Lee l976). | ' ‘ “- y

Jasper has a mean annual air temperature of '2.9°C. July is
the warmest month with a mean daily maximum of 23.1°C. January is the
coldest with a mean daily minimum o; -16.8°C (Stringer and LaRoi 1970).
" Mean temperature decreases with an increase in elevation. Hrapko (1970)
has shown that summer -ditrnal temperature fluctuatlon is much greater at
Jasper townsite than on the summit’ of Signal Mbuntain. Higher
elevations, therefore, have a cooler wetter, and perhaps less )

> ~

variable climate than lower elevational areas.

" Temperature andybreoipitation variations from these norms are

marked and significant droughts are believed to have occurred in the

past (see DISCUSSION: Fire History and Climate).

Air Masses and Storm Tracks ‘ v ' . o : )

. _ W ‘ :
The study area's main climatic features are determined by the
t

western interior location in North America, separation from the Pacific
by a series of western mountain barriers, and high elevations |

hVar}ation in annual precipitatiqn is dependent upon _ relative frequency
a;; duration of the influx of maritime polar and maritime tropical air,

and the degree to which such air masses' are uplifted Maritime tropical

air from the Atlantic and Gulf of Mexico rarely penetrates the Front
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Ranges. The most important sances of precipitation are the maritime

polar air masses entering the area from the west, Mild and moist on

*

reaching British Columbia, these alr masses 1ose much moisture .in cross-
ing the varieus mountain ranges west ofiAlberta.

Powell and MacIver (1976) believe that Jasper townsite lies- . .
in a marked rain shadow location, since in ail .summer months it has the
iowest precipitation total of any west central Alberta station. Their
observation is substantiated by a storm track 1 freque;tly witnessed
during two - field summers in Jaspen. Most rainstorms coming across the

‘Continental Divide from the Mt. Robson area appear to leave the Miette

A

River valley near Muhigan Mountain, and travel in a southeasterly ' '
direction towards Mt. Kerkeslin (Figure 2). These storms appear to (\~*

bjpaSs_the study area, and‘deposit theif}precipitation at higher

elevations over the Trident Range and Tonquin Valley. 'The'eastern edge

of this storm traek follows a line from Marmot to-Aquila Mountains,

southeast to Athabasca Falls and to Mt.'Kerkeslin,: Many storms coming

k)

down the Miette River valley become soméwhat‘stationary Just south of
& ) ] : :
Jasper townsite, before moving slowly up the Athabasca River valley on

.the flanks of Whistlers and Marmot Mountains.

Tropical continental air occasionally invades the study area
! ) .
in late summer or early fall of some years. These air masses are hot A

and dry, resulting in tempefatureSvin thé range.of 28-32°C (Laycock

1957). Such condittons cgupled with low relative humidities and low

precipitation are especially faverable for forest fires. -

Wind

_'Winds vary in velocity but are strong during most of the yeaf,
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Figure 2.

Jasper toWn81te.

Prevalling wind patterns and storm tracks.
observed by the author in the vicinity of

13
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‘A

! Gale force winds have occasionally been

.

recorded. Wind directions associated with the previously described

averaging 12.5 km hr

continental air masses are 51gnif1cantlv modified by local topographlcal*
//_\/

’

- features. Prcvalllng northwesterly winds are funnelled east down the

~._ . ) :
Miette River valley and are then deflected north, northeast, south and
-~ ’ .
over Signal Mountain (Figure 2). .These winds are especiallv common during

.

dry}weather.'uNorthweSt‘winds also enter the Athabasca River valley

from the Snarihg River, but are nqt cemmon. When they do occur, however,
they are usually associated with precipitation (Hrapko 1970). Winds

. 1 ' g : : . :
generated -in the Columbia Icefields occasionally move north through the

!

study area down the Sunwapta, Whlrlpool and Athabasca river valleys.
: N

Less frequent are easterly winds moving out of the Maligne River valley.

!

Very complex patterns of.wind,dlrection result when two or more of
~ ) | : v

these major paths converge.

Thunderstorms

The frequencywoéﬁlightning ignition of forest.fdels{is low;in
the study area.._The aﬁerage humber‘of iightning firee for the Jasper
area is,o_g;jlfires/mil'ha/yr or 1-5/mil A/yr’(Schroeder and Buek*1970).
Simard (1975) 1ndicates that Jasper lles in an area of low fire
r1nc1dence, experlenclng 0.5 f1res/m11 ha/yr (0. 78 fires/mil A/yr)

Since his figures 1nclude.both lightning and man-caused ignitions, the
frequency of llghtnlng fires in the Athabasca Rlver valley is probably
Vulmuch lower than that reported by Schroeder and Buck : , \1\

Thunderstd?m activity increases east and west, towards the

foothills and Continental Divide, respectively. Fire records for

Jasper NationalvPark since 1946 ihdicate that the number of reported
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fires attributable to lightﬁing is hicher in the mountain raﬁges
soﬁthweét of Jasper‘townsite and in the Snak® Indian Rivef'country,~
than in the vicihit& of the t;wnsité.

* Based on stat?stics ﬁgf 1962-68, Lawford'(1969) has arriQed
at the following trends for the Jasper vicinity. Late afgerPooﬁ
thunderstorms oécur,from late May to Septémbér and reach a.haximum
aroupd July 15, but yeérly patterns vary greatlv. Thunder;torm

 intensity averaéed 20-25 stri;es per storm. .Less thap 2.5% 6% ;ll
storﬁs prbduce "dry strikes" (lightning originating’from clouds

which do not produce precipitation at thé ground or strikés that occur

outside of the rain area).
Vegetation

According to Rowe (1972), the study. area lies in;the Douglas—

<~

fir and Lodgepole Pine Section (M.5) of the Montane Forest Zone,

chardcterized by the association of Douglas-fir .and lodgepble pine.

L] .

As éuqh, it réprésénts the northern-most élement‘of the section in the
eastern Rockj’Mountains. Based upon vegetatidq and floriétics, the
study aﬁéq lies negr the bo;ndéry_of Déﬁbenmire's (1943) Northern ané_k
Far Northern Rocky Mountain regionsf Three major elévational éones
have been :ecognized}in ﬁhe park: 'fhe mﬁntane'and 3ub51pine, which
this étudy encompésses;‘and the alpine (Oosting 1956,>RQWe .1972).
vThéSe categoriés have been'furtﬁefAsubdivided by LéRoi (1975) . I"

The montane zonme extends from- the valley bottom to the upper

.limit of intermittent winter spow cover (LaRoi 1975) at about 1530 m

. (Lee 1976). Within this zone,rseben generalized community types'hévé -

been recognized in this study: Douglas~fir, lodgepble pine, white

15
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spfuce (I'icea ylauea), black spfucc (r. mariand), tfemblinp aspen
CUrpulus ?Punmﬂwa@S), and balsam poplar (ﬁ. balsam? fera) forest,
grassland—séyanﬁé,_and,rock outcrops. Engeimann spruée—SUbalping fif
(Pieca chgélm&nni{-nbiGS'Zasiocarpa) type inhabits much of the sub-
alpine zone, whfcﬁ hxténds froa the upper limit of the moﬁtane'iqne

(1530 .m) to the upper tree line (2040 m).

. Montane Douglas;fir fdrest. Nouglas-fir haS”beén widely uséd_

to chafacterizc and-délimit;ché montan .. in the Canadiqn Rocky' .
~Mountéins (Stginger and‘LaRoi  1970, Row . Y. In the Athabasca
rRivér valley this‘tybe éccupies~warm, dry .. i1 © 1che§, 31$§es and flats
on south aqd west aspects kStiinger 1966). L~ <1¢‘—fir occurs as
scattered individuals of‘va;iable age.iﬁ open and . d staﬁds of 0

lodgepole pine and sometimes with-whfte spruce, trembling aspen otT
balsam poplar up to about:ié60 m. Pﬁre climéx staﬁds Ean be fouﬁd
throughout ﬁhe‘study area,vespecially in the Qicinityhof the towﬁsi;g. )
-DougiéS:fir savanna occurs whe;e stands'of‘godglas—fir'adjoin grassland.

in the flat dfy valley bot tom.

a

MoﬁtanevLodggpole Pine Forest: These forests #4nd woodlands

‘gonstitute the mostfextensive férest type of the'slopés and valleys of
the studi afeai' This coyprvtyﬁe is cbmmon at higher elevations as .
well,’whgre fife has ocqur;ed in the-subélpine zone. Relatively puxe
»and nearly even-aged étands(of aégse pinélocchr on'many sites,
, althoughlsome stands at lower ?;evationé‘béve’gwo or’more.age”clasées,
reflecfing the coﬁpiéx fire history. Hnatiuk (1969) has m;de(a'detailed

synecological study of the lodgepo}e pine community types of Banff and

~Jasper National Parks.
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Montane White Spruce Forest. The climax counterpart of

.Douglas—fir nn more mesicd. sites is white sprure (l.aRoi 1975). This
type is found On young river terraces, ravine bottoms and stream51des
‘river banks and north faclng slopes (Stringer and LaRoi 1970). Pure
stands of whlte spruce are‘uncommon‘ln_the study area, except on
_alluvial flats adjoining the Athabasca River. Scattered individuals
are associated'witn lodgepole pine;xblack sptuee,_trembling aspenland‘
balsam poplar throughout:the-area., Hybridization/with Engelmann spruce

occurs with increasing elevation (Beil 1966, LaRoi and Dugle 1968),

Montane Black Spruce Forest. Black spruce is a minor com-

_ponent,of the forest vegetation of the valley.‘,It is, nowever, the
4dominant tree on waoded Vake margins, seeps, fens and peatlands
(Laidlaw l97l).v It also occurs on old alluvium of stream courses and
at hlgher elevations in hanglng wetlands (Hettinger 1975) and in wet;

mesic lodgepole pine and” Engelmann sSpruce- SUbalp1ne fir communities

Montane Trembling;Aspen and Balsam Poplar Forest .- Trembling

aspen and balsam poplar form small -stands in the study area. Pure-

4

canopy_stands of trembling aspen are common on large fan—ahaped scree

slopes, avalanche paths, alluvial fans, river terraces andi-glacial till

deposits (Lulman 1976) . They generally contrast sharply with surround-’

C

ing evergreen forests. ‘Balsam poplar is more restricted than trembling
aspen and is found on coarse alluvium associated w1th dep051tional

d1sturbance sites such as rlver meanders (Hettlnger 1975).

Montane Grassland—Savanna.' This vegetation type is found

sporadically on warm dry valley flats,'south and west-facing slopes of
&
valley benches, exposed‘ridges “and old beaver-meadow complexes.
. - . l . N . , . .
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Lodgepole pine, Douglas-fir, white sﬁruce'and trembling aspen are the *
typical savanna tree species associated with the xerophytic kKoeleria

'cyistata-CaZamagros%is montanensis grassland (Stringer 1973).

Subalpine Engelmann Spruce-Subalpine Fir Forest. A mesic

climaY‘Engelmann]spruce—SUbalpine fir forest is the dominant cover
‘ type of fhe suSaipiné zoné, although épen woodland, treeless scrub, bog
\and fgnbcommunities are also present (LaRoi 1975). Even-aged, post-
fire forests of lbdgepole pine covervchh of the subalpine, especiaily
on.south-and west-facing sloﬁés. Other minor but constant species
‘found in the subalpine are black spruce ap';he lower limits of the =zone,
and white bérk pine (Piﬁus albicaulis) on exposéd ridges (Beil 1966) .

. . . . s
Engelmann spruce and black spruce fens are common on wetter sites. (!

Rock Qutcrop. These -xeric communities are found throughout the
montane and subalpine zones. Total plant cover is minimal. The
bryophyte and vascular plant assemblages of several rock outcrops in'the

S;udy area have been described by Lee (1976) . -

("

" Plant Succession . ) : . .

Four majo? ubland forest "habitat types" (Dégpenm%re l968b)
occur in the stddy érea around Jéérer townsi:é}f In the ﬁé;%ané zpne,
vfsuccession prqceeds'tggg;ds Douglaé—fir on warm dry-mesic sites and to

white spruce on cool“moist siteé (Stringer and LaRoi 1970). Lulman
'(1976)‘éonsiders,trembling aspen to be subclimax to white spruée on .
mesié sites, and to.lodgepole pine and Douglqé—fir ;n more xeric éites:.
-On the mesic end‘ff a moiSthe gradient, Hnatiuk (1969) foundvlodgepolé

pine to be'rapi?ly succeeding to a spruce-fir .forest. 'However, on the

~



xeric c;nd, he found succession towards spruce fir or Douglas-fir to
(
be u§>y slow and uncertain. iHe concluded that a lodgepole pine physio-
grgphic'climéx‘exists on some xeric sites.
Succession in the subaipine zone is towards a subalpine fir-
Engelmann sprucé climax (Beil 1966). Day (1972) has described a
' sﬁccessional éeéuence for the subalpine forests of " th® Crowsnest area
tﬁét may be appliéable to goth boreal and Cordillerean spruce species
in the Jaéper area. He‘recognized fOur'phases'ia the post—ffre
succéssion behavior of mixed lodgepole pine-spruce-fir forests which
provide a rough scale on Fhe rate of 5uccessiog from pine to fir and
white and Engelmann spruce intermediates, ‘
Phase 1 (SS’yrs éfter fire) occu?s during the pefiod Qf'dominance
by a dense, even-aged lédgepole_pine overstory. invasion by
spruce and fir is occurring, but only spruce has attained
much prominence!
Phasé 2 (155 yrs after fire) is evident when sprﬁce is beginning
to dominate over pine,. and fir is aggne?sivély invading.
Phase j (255 yrs after fire) occurs when pine is decadent or
dying, and. spruce is dominatiné. In tﬂe understory, fir is.
now three ti?fs as numerous as spr;ce. |
Phase 4 (355 yrs after fire) is found when all of the original
post-fire pine and sﬁruce ére Aead, and‘réplaced by an uneven,

understocked stand of fir and some spruce, with an uneven to

all-aged stand structure. . '

Cultural Histoty- - T

The 1htention_6f this section is to provide an oyervieg}of the



study area's cultural history and acqualint the reader with the
+

increaséd human activity through time.
- . -

’ \
Jasper's past can be\aivided into six m%jor cultural p€riods
. ) / -“,
(Table 1). These divisions are arbitrary, bu€ the different cultural
values and activities they represent are clearly differentiated as will

o
be shown in the sections to follow. The importance of man as a cause

of forest“fires will be discussed'in the concluding section.

The Pre-European Period (ca. 10,000 B.P.-ca. 1800). This

Period is dominated by the activities of native peoples. Acculturation
by the white man was not cwmpleted until the late eighteenth century
~and therefore the activities of these peoples somewhat overlaps the Fur

d
Trade and Presettlement Periods.

Little information exfsts on the history of the Athabasca
River valley before 1811 V Anderson and Reeves (1975) conducted a

~
preliminary ari/ﬂological survey based on interpretations of projectile

o

points and associated lithics. The'following paragraphé summarize their
findings. |
The Athabasca River valley was used by native- peoéle since the
retreat of the Athabasca River valley glacier from the present Jasper
townsite 10 ,000 B.P. The earliest people were culturally related to
Northern Plalns and Rocky Mountain groups. They moved into the valley
as far as Jasper Lake from the eastern foothills by 7500 B.P. ™“ese
people rer ned in the vicinity through.a period oﬁ.milder wea.
called the Altithermal “hich lasted unsil ca. 5000 ETP.
Northern Boreal/Cordillerah people moved lnto'the region_as
,the result of neoglaclations after the ‘Altithermal. Projectile point

--distribution suggests that these people were wide-ranging and indigenous



The six major cultural periods for the Athabasca River valley

around Jasper townsite, Jasper National Park.

TABLE 1.
1. The
2. The
3. The
4. The
5. The’

6. The

Pre-European Period
Fur Trade Period
Presettlement Period
Settlement Period
Railroad Period

Park Period

(ca. 10,000 B.P. - ca. 1800)
(ca. 1800 - ca. 1830)

(ca. 1830 - 1892)

(1892 - 1910)

(1909 - 1912)

(1913 - 1975)




to the Rocky Mountains. Although contacts were made with fhe;é_
Northern Plains aﬁd;Rocky Mount: - peoples, the Northern Boreal/
Cordilleran populafions remaine&idominant until acculturation d;fing

tﬂe fur trade. Nggive Indian §roup§ of the Jasper area included the
Shuswap, Stoney, Iroquois, Creé, Metis and various Athépascén linquistic
groups (4. kani, Beaver and Sarci).

The Athapascans.were probably the native people of the area

prior to the fur trade. They were nomadic, consisting of small wanﬁer—
‘ \

~ing groups who subsisted by hunting small populations of ungulateé;

Fisﬁing; sﬁaring of small mammals, and seasonal gathering of berries
and plants supplemented the ungulate diet. Bapds of the Beavef‘group
iﬁhabited‘the area north of the Miette and Athabasca Rivers, and those
of the Sarci. south of the Athabasca along the -Front Ranges. The Sékﬁni

gr0ups'0ccupied country east of the antinental Divide and south and

Wb
west of the Beaver. The Cree and BeaVé} e: tually pushed the Sekani

S .

groups west of the divide where the Sﬁuswap forced them still further

north.

Shortly before 1800, the Stoneys reached the foothills between

the Athabasca and North Saskatchewan Rivers as the result of westward

.expansion)of Cree territory and the fur trade. They traded at the

Jasper Houses between-iéZé and 1834. A small Stoney groﬁﬁ of about 50
lodges called Peoblesvgf the Forest rangedﬁthfough the upper Athabésqa
and North Saskatchewan River systems in 1840-50. However, game became
scarce by the 1ate<1840's forcing them to move further south along the
Fron{ Ranges in search.of,better hunting grounds. |

The Shuswap of British Columbia wére displaced anth and west

of the Columbia Lakes region by the Kootenai moving westward across the

’,f . \ T
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mountains from their traditional east slope land. < y EE£>1830'5, the

Rocky Mountain Shuswap had a territory covering the intermontane from

the headwaters of the Thompson and Fraser Rivers tobthe Yellowhead,

Athabasca and Smoky River valleys (Teit .1909). These far-ranging /

~dadic people lived\if small bands and subsisted on u wide range of (/

food sources from wild ungulates and small mammals, t waterfowl and \\

. .
fish. ’ -

Because.of coﬂtinual_contact with the fur frade posts in the

Athabasca River valley; the Rocky Mountain Shuswap ermarried with
‘the Iroquois, Cree and Metis (Teit 1909). These three groups were .
inextricably associated with the fur trade in‘the Jasper Parkmregion.
Iroquois freemen and hunters are mentioned man& times in old reéordé
(Coues L§§75 Cox 1830). Less nomadic than earlier grOups,'they _
hunted and trépped in the Athébasga,vYellqwhead,kand upper Fraser

: ‘ © 3

A ' .
River valleys prior to the establishment of the first Jasper House in o

. 1813. Some Metis families, such as the Mobe;ieys, gettied in the

-

:

Athabasca valley prior tov;hg establishﬂ;;;vof the park.
.To sﬁmmarize, the-native'péoples of thé Jasper Park region‘
‘moved into the argacaccomphnying7the fur traders (e.g. Iroquois, Metis)
or.by moving in front of them (Creéiand Stoney) . These'la;tef groups
displacéd the-Athapascans and; b& axdomino effgct, the Shuswap, from
) their traaitional lands in BritishAcglumbia. They were ail nomadic
hunters who travelled 1 family size grOups'an& Suﬁslsted on“sﬁall

-

populations of game animals fn a harsh mountain'envéronmenﬁi On the

basis of these observationms, population density of the early inhabitants

was probably never high.

23
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The Fur Trade Periodzcca. 1800-ca. 1830). The history of

Jasper from 1800 to lng largely centred on the Athabasca River
valley's role during the fur trade era. Incomplete historical records
show that Iroquois freemen pushed into the ountains in search of furs.
and major Passes over the mountains betweem 1770 and 1802 (MacGregor
1974) Th?ugh°he never set footBin the RocQ% Mbuntains‘himself Peter
Pond first depicted the "Great River Araubaska" rising in)the mountains
and flowing_northeast (Soper 1970) . |
History begins in the valley with David Thompson’s crossing
of the Athabasca‘Pass in 1810-11. oOn January 6, 1811, he left for the
pass leaving William Henry behind to establish a winter camp on the
east side of the "Athabasca River opposite the mouth of Miette RiYer
(Anderson and Reeves 1975) Thompson 's brigade returned to thekcamp -

i

in May, 1811 and again in October, 1812 when they found that Henry had -

‘ -moved camp to the vicinity of the south shore of Lac Beavert cu rhe

east bank of the Athabasca River to what is. now called the irst hc.ry

House (MacGregor 1974).

Activity in the valley increased in 1813 when the Northwest
Company constructed Rocky Mountain House on the northeast end of Brulé
Lake Sometime later Jasper Hawse took charge (Soper 1970) and the’
post become known as the f;:Bf Jasper House. Tt became a supply depot
- for fur brigades and a seasonal trading qut for the native people.

- The Fur Trade Route thus began with the establishment of this post and

24

Thompson 8 last crossing of the Athabasca Pass., Regular brigades of 5 .

the Northwest Company passed from Ft. Edmonton on the North Saskatchewan

. overland to Ft. Assiniboine and up the Athabasca by canoe to Jasper

x~House. They proceeded on horseback to Henry House and the Prairie de la
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Vache in the atudy ared, vhere they began the difficult walk up the
Whirlpool to_the AtnabaSCB Pass and the_Columbia{River'system beyond.

As eariy»as 1820, the practice was to.bring a.fur brigade to
Jasper House and disperse in all directions in‘search of furs (Anderson
1973) . No information,existé on the nu;Lers of trappers this involved.
However, the entirevJaaper regionzwas probably'penetrated by native or
‘white trappers by the peak ot the‘Tjur'Trade'Period".j

Fur‘trade‘activity probably peaked in the Athabasca River
valley between 1820 and 1830. The Northﬁest Company was amalgomated
with the Hudson's Bay Conpady in 1821 (Anderson and Reeves '1975)L * By
the time Michae; Klyne (Ciyne) took over as chilef factor of Jasper | . (
House in 1825 the fur trade had begun to deteriorate (Anderson 1973).

The erratic opening and cldsing of various posts reflected
the waning fur trade and activity in the valley. 1In 1829,>the Hudson'sd
ﬁay q?mpany builtla,pdst:opposite the firét Henry Houae that was
variousl& knoyn aepthe Secend Henr; House, Laroquefs;House, or Miette's
Houee'(Anderson and,Reenes 1975)‘, It’was foiciall; discontinued in
1830 and abandbned im 1835.. The first Jasper House was also abandoned
in 1829 and a second constructed at the north end of Jasper Lake.‘ By
. the 1840 s, fur trade acti;ity in the Jasper Park region had. declined
to the point that-Jasper House was operated only ‘sporadically. It';
'eerved as:a seasonal trading;centre until it was finally abandoned in ;)

1884.. | | - - oo

'The Presettlement Period (ca. 1830-1892).. The Jasper area

cdntinued'tofbe.used as the Fur Trade Period faded,. Traveilera as well
~ as ‘the fur trappers and explorers utilized the Athabasca and Yellowhead

routes to ¢ross ‘the Rocky. Mountains shortly after the merging of the
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I

Northwest and Hudson' s Bay Companies (Cox 1830, Drummond 1830, Coues
1897, Douglas 1914) . Their accounts describe travel through the

' ~ o
valley but say very little concerning human activity. 1n the area. Colin .
Fraser, a factor of Jasper House did record the travel of Fs. Blanchet
and Demera through the valley in 1835 when they baptized)35 Metis
children in one day. This indicates that the population of the |

/

Athabasca River valley, at least in the vicinity of the post, was
‘denser than some other accounts suggest, '

Only a few documents record travel through the valley from -
1840 to 1859 In the spring of 1846, Father DeSmet spent a month in

9

the valley at Jasper House on his way west (Chittenden and Richardson
1905). The artist Paul Kane, arrived at the post in the'fallrof that
year? crossing the Athabasca Pass and‘returning in 1847 (Kane 1859).

The Caribou gold”rush drew larger ‘concentrations of neople
through the area as early as l8601 The largest single party to pass
this way wasrthe‘Overlanders of 1862, numbering about lSO\men, women
and children (Soper 1970). In 1863,\Milton and.Cheadle entered the
mountains, travelled to Jasper House and made their way through the -';'c

Yellowhead Pass on their way}to the west coast ("headle 1971)
;
Exploration and development of the moun:ain passes further
,50uth led to a gradual decline in the use of the Athabasca and Yellow-
‘head Passes. The latter was surveyed by Walter Moberley and Morius

Smith in 1371 72 for the Canadian Pacific Railroad ‘However, no wrltten‘

accounts coul be found for the period 1872-1891.  This suggests that
human activity in the eys had drastically declined from the heavy
use associated with the Fur Trade Period

In summary, many'peOple passed through the study area during

~ .
" X - —_— -
’ . . . e .



the Presettlement Period, especially during the first 35 years, but few

stayed for any length of time Accounts suggest-that there were very
few, if ‘any, inhabitants of the area. Continuous activity occurred in’

the valley, although.itlwas probably less pronounced than during the

fur trade. : ' .

A ' The. Settlement Period (1892- 1910) Attempts were! made to

settle in the area, after the abandonment of Jasper House. Lewis J.
Swift entered the valley in 1892. and briefly occupied the old post
before moving to the Palisade in 1894 and filing for a homestead After
a brief absence, he returned and settled.in the valley'in 1897.
Squatters occupied.variOus tractsvof land in the area as. well, and
numbered about 100 in 1907 when Jasper National Park was established
(Coleman 1911) By 1910, all had been evicted from the Park except
Swift who maintained a legal homestead . . '

The area was also visited by mountain climbers, explorers
and scientists between 1890 and 1910. - A.P. Coleman attempted to get to

the Athabasca Pass peakslas early as 1894 and in 1907 his party passed'

through the study area on the way to Mt. Robson Mary Schaeffer stayed

at the Swift ranch the same year after her rediscovery of MalignefLake
(Schieffer 1911) |

+ The first scientific expedition to the Jasgper Park region
since Douglas in 1827 was made by J Alden Loring of the United States
Biolo ical Survey in 1895-97. The Canadian naturalist William Spread—
aboroug s collected for the Natural History Section of the Geological
Survey f Canada in 1898 (Soper ‘1970); Activity in the Athabasca
River valley 'therefore- remained minimal during~the Settlement Period

except for these" brief forays through the area and the localized

27
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activities of the settlers.

The Railroad Period (1909-1912): The early Park®had little,

if any, increase in human activity during its first few years. "However,
the population of the Athabasca River valley swelled with the beginning
of the'Railroad Period in 1909. Four thousand people were'associated
with the building of a tote road soutH from Entrance outside the park
and west up the Miette River to the Yellowhead Pass ahead of the Grand

" Trunk Pacific Railroad (GTPRR). , Towns such as Pocohontas flourished

o

28

because of the coal mine Operationa (Anderson l973). In 1911, the town

of Fitzhugh was established as a construction camp, then the name was

changedbto-JaSper»townsite when the plateau between the Miette and

. Athabasca Rivers was cleared in 1912. The GTPRR reached the Yellowhead

. - - . : T o
this same year and a regular railroad service to Jagsper was established.

The Park Period (1913;i975) ' The commissioner of Jasper

National Park carried out his duties from Edmonton during the park s
first few years of operation | The first chief forest ranger was not
vappointed'until 1909 when poaching and the hazard of forest fires'
“inicrehsed with the advent of the Railroad feriod' He and two game
pardens were responsible for all 12,950 km2 of ‘the original park The
- park's size was consequently reduced in 1910 to 25 9 km? either side

of the railroad right—of-way (Andersonr 197%£ -

| Jasper received its firsi full-time superintendent in 1913,
The railroad, recognizing the park a potential lobbied for expansion
of the Park s boundaries to its original size. In 1916 » Jasper Park

was enlarged to its present size of 11,396 km? > and expansion of the

park 8 facilities followed o o : S



29

An all-weather road.between Jasper and Edmomton was completed
iin 1928 and the Yellowhead Highway gravelledlto the BritishyColumbia'
boundary-by11937.l The. Jasper-Banff Highway was conhleted.in 1939; "All
hjghways were paved by 1970 (Anderson 1973). Iourist facilities were
‘built and human activity rapidly intensified to its present state. As
. in ‘the Fur Trade and Presettlement Periods, ‘the majority of park _ 7
visitors are simply passing through the area.. Today, the study area
lies astride the Canadian National Railway, Yellowhead Hiéhway andvthe\
Transmountain Pipeline, and is thus a major transportation and
communications corridor asuwell as a recreation centre In 1974/75

1,709,770 people visited or passed: through Jasper National Park (Parks

" Canada 1975)

The increase in railroad and  human activity throughout this

period led to the need for more intensive fire protection. As a result,
Y s
fire control was begun shortly.after the park was established in 1907.

Early control efforts were hampered hy'the lack of fire lookouts, man-

power, and access within the Park. The study area has had good control

-

since 1910 because the townsite and railroad were located within it.

Fire control for the rest of Jasper National Park was not effective

, until.the late l940's'when a'sYStem of lookoutsaqan adequate warden

force, and‘an effective trail/system'were available (Mac' Elder oers.

>

comm, 1974).



METHODS

General Sampling Procedure

.
£

Preliminary Analysis of the Study Area. The study area was

'delineated on 1972 aiﬁphotos (series A23015; scale l cm = 740 m) inlthe.
laboratory prior to actual field work. Acetate overlays of the
, vegetation patterns were prepared on enlargements of the’ original air-
photos, and both. were carried in the field. |

All vegetation\patterniﬁg-differentiated by»changes in color
or texturedwas outlined because no previOus field‘vork had been:_
completed to establish’what constituted fire 1s on airphotos.
The following were noted for field investiga; (l) possible fire
'margins; (2)lremnant stands of‘forest; andl(j) other areas potentially
harboringvfire-informationvggch as stream sides, wetlands, cliffs and.
,open—grown forests of D0ug1as—fir; ‘Based on. these interpretations, a
tentative sampling procedure was established fof field trial with the

following ObJectiVeS.' (1) visiting elements of the vegetation mosaic;

. (2) analyzing age structures, and (3) verifying with fire evidence.

Field Reconaissance._>Six days were allotted for a field':

reconaissance of the study-area. The purposeés of thebreconaisgance
were:. (1) to get a general feelingvfor the size, accessibility and
complexity of the area; (2). to'ground-truth portiShs of the vegetation
. mosaice and obtain’evidence of the>role of fire in creating the mQBaic;,

and 3) to implement and test the tentative sampling procedure and

equipment based on .the above considerations.
30
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Scenic overlooks were visited to see if the vegetation

patternfng found in the airphoto analysis could be recognized in the

field. Groend—truthing was accomplished by visiting large segments of

the study area on foot. Actual fire boundaries were located at this

time and characterized. Potential natural fire boundaries such as

rivers and wetlands were investigated to assess conformity to actual

‘boundaries and usefulness to the study. 'Vegetation mosalc margins were

visited.to see if the boundaries were the result of fire or due to

“physiographic factors, or botﬁ;' The pfesence-éf fire-scarred ‘trees,

fallen or standing fire-killed snags and,changes>in the size end age

class composition of various lodgepole pine stands indicated the

presence of a fire margin. | '

Results of the fleld reconaissance indicated that the
tentative eampling procedures ye:e unacceptable. An'alternative
samtling.procedure was eecided upoh for the follewing reasons:
| B 1) Many parts of the vegetation mosaic identified on 1972 air-

' photos were difflcult to locate on the ground in 1974
2) 01d fire margins were indistinct over Eqst of the‘atea
becaqse they had geen erased by subsequent fires er had-qtﬁer—
wise become qbscureq:since the last ﬁajot fire.
3)-Ruggedpess of the terrain ligitgd;aceeseieility to portions
.of the large study area. |
- 4) The time necessary to ovexcome the above probleﬁs imposed

limits on the amount oéyﬂata that could be collected in-

one field season.

SampliﬂgﬁProcedure: Summer 1974. /The_study area was divided

- into units that ,could be covered in,one(day. Based upon the field .-

<
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ridgelines, roads and trails.

reconaissance, an aversgc of 24 km of foot travel could be covered by

a field team collecting 20-40 increment cores, fire scars and other ¥
i 4 , .

pertinent field information in a normal 9.5 hour working day. Fifty-

two manageable study units were established within the area using

natural and manmade boundaries such as rivers, Streams, wetlands,

Once a study unit was established, its vegetation patterns
were ascertained with a stereoscope. One sample point was centrally

located within each of the 10 major discernable stands within a study

1
—~——

unit.

Stands were systematically studied while walking between the

sample points. Data was recorded enroute concerning changes in tree

\

species composition different size classes of trees, and remnmant stands

of lodgepole pihe that had survived previous fires. Evidence suggesting

past fires such as fire —-scarred trees, charred stumps and standing and

fallen snags was noted. Occasional fire SCars were collected to

2

document fire dates.

Stands'wer located with the use of airphotos, topographic
maps, landform features and Surrounding landmarks. In each stand the |
daté of origin of all components was determined by taking 2-& increment"

cores from dOmlnant, codominant and suppressed lodgepole pine(with a

Swedish increment“borer (0 4 cm DIAM). Size classes of the tree -

K

'stratum were used to estimate the age structure of the stand All

trees were bored 25 cm above ground. To avoid breakage, specimens were
stored }n a 21 x 35 cm grooved wooden block-after removalvfrom a tree.

Larger cores were stored in numbered plastic soda straws and a larger

_ cardboard tube for transportion in the field. Diameters of the bored

L]

.r
-
~

Ry
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trees. were méaSUred in centimeters 1.4 m above grOund with a diameter
tape. Heights of the trees were measured in meters with a Swunto
clinometer. Fire sign was noted and an occasional fire scar removed
Qith»a bow saw from fire-scarred trees t; documgﬁ; past‘fires. A.
soll pit was dug to check for the occurrence of a cparcoal layer.
, 7
Data on community structure and composition and phySﬁcal site

“

characteristics.yere collected at each site. This information does not
appear in this thesis but will se analyzed at a later date.for relation-
ships between stand age and stand compo;ition.

A citculéf plot 20 m in diameter was established with the
plot centre -~ -ated 10 m in a random direction from the first cored
tree. Percent total cover of;trees, shrubs, herb—dwarf shfubs, mosses,
lichens, deadwood and bare ground were estimated. All species. present
in the plot were listed, and unidentified spe;imens were collec;ed for
later identificétion. The foiléwing Zﬁrich—Montpelliér (Zz-M) cover.
scale was used-within the plot: . |

26-507%

R = rare 4 =

+ = common, less than 1% 5 = 5I-75%

1 = abundant, 1-5% ; 6 = 76-95%

2 = 6-15% 7 = 96-1007.
3 = 16-25%

Physical site characteristic$ were also noted. Elevation of
the site was determined with a pocket:altimeter. The slope angle of

the sample plot was measured with a Suunto ¢linometer. Aspect of the

plot was recorded using the compass. Moisture regime of the site was

'

dry mesic, mesic, wet mesic or

&

subjectisﬁly estiméted to be xeric,

hydric.
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Additional notes were taken on the surrounding vegetation and
general topography, dead-fall accumulation, activities of animals and

man, and presence of dwarf mistletoe (Arceuthobium americanum). Photo-

graphs of th taken for future reference. .

The fire s'ar and stand origin data of the 1974 -field seasor

were used to prepare oreliminary starid origin and fire year maps (Tande

¢4

1975).
<

Sampling Procedure, Summer 1975. Fielg work was carried out

o~ . »

during. part of a second field season for the following reasons:

“ 1) A preliminary analysis of the stand origin data revealed that—""
exact fire yearo cpuld not be obtained from tree age data
nlone. "/'

2) The full value of fire scars for detormination of burn dates
was not' recognilzed unt11 late in the first field season

" Time did not allow a return.to areas visited early in the
first field season to colloct necessary scars.
. 3) Tentative major break; in napped gtand origin dates dio not
reveal distinct fire margins on airphotos. Fire intensity
v was not understood at this stagg‘of the study.
vf;'_Further research during the summer of 1975 was therefore
undertaken to validate!burn margins,’extend the fire chronology, and

clarify other matters relating to the objectives of the study.

1.

Dr. Miron L. Heinselman, fire ecologist from the University of
Minnesota, spent June 8 14, 1975 in the study area. Hié comments,
' suggestions and advice concerning fire history techniques were incorpor-

ated into the present study and are outlined,below (Heinselman 197%).
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Qgestionable arecas detegmined from the first summer's data
were revisited. Data collected followad that of the first summer.
However, emphasis was placed on collecting fire scars and increment
cores from older and larger lodgepole pine than previously samplé%. In
addition, sections were removed from two large Douglas-fir in an §t;empt

to extend the chronology past the maximum age attained by lodgepole pine.

DescriEtién of Fire History Techniques

F;re history techniques were first outlined by Clements (1910)
and elaborated on by Spurr (1954), Frissell (1973) and Heinselman (1973).
The methods used in this studv are discussed in detail because only little
information exists in the literature concerning the details of such

investigations (Arno 1976, McBride and Laven 1976).

Forest fire sign such as standing or fallen fire-killed snégs

0 r ” L-2e
and stumps, and charcoal in the soil serve to indicate past forest fires

but do not provide the investigator with the actual date of the

-

disturbénce. Severe fires may kill all>éiéments of a forest or leave
scattered individuals or remnant stands. . These survivors and standing .
fire-killed snags serve as seed sources fo; the new forest. The ‘orm
age of the new stand that occupies thé gite provides an approxim

date of the last.major fire. If the fire was not severe enough to kill
&/all elements of the_ofiginal.forest, some individuals may have survived
\with firééécarred trunks (Figure 3).. When occasional‘scars are formed

o - :
.,/;t the base of a tree, new wood subsequently grows from the still

living edge of the cambium layer toward the centre of the wound. - By
counting the rings to the points were the calluses‘occur, it 1s possible

to accurately determine the dates when the yvarious fires occurred.



Figure 3,

Fire-gscarred lodgepole Pine tree. Note

the exposed, triangular-shaped, dry yellow
sapwood that extends from the soil surface
up the trunk of the tree.for some distance.

e
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Thus, fire scars constitute the mosq:Tﬁportant and reliable
v : b

RIS
information in fire history studies. They not SEI} provide the evidence

for past fires, but also confirm the age class record of the elements

of a forest mosaic. At the same time, the initial scar may indicate

burn direction and the presence of a burn margin. If the section is

ﬁ;

cut deep enough, the date of origin of the former stand can be
approximated and hidden fire scars revealed,vwhen present.

Fire scsrs were collected from lodgepole pine because they -
were.prevalent in the study area, esmv to obtain, ana possessed distinct

annual rings (Figure 4). Douglas-fir was used less frequently because

of its local distribution, difficulties encountered in sectioning large

trees, and variations in ring counts when compared with known burns of
an area (Figure‘S). .Occasional burn dates were'obtained from wedges or
sections removed from standing‘or wind—felled snags (Figureh%), and
some from cores taken with s‘Swedish increment boret.

Increment.cores obtained from lodgepole pine and periodically

from black spruce,,white spruce, Engelmann spruce, subalpine fir, -

Douglas- fir and trembling aspen were used to establish stand origin

- dates. ~Age data was used to determine the areal .extent of past fires.

_/‘. ‘-'

The. scar dates were uséd to establish the fire chronology and verify

stand origin dates whenever possible.

Formation of Fire Scars. Various factors such as fire

: intensity, resin content, structure and relative . thickness of the bark

influence the initial fire scar formation. nL ole pine black

spruce, white spruce, Engelmann spruce, trembling aspen and balsam

.poplar are all highly_susceptible to destruction by fire. Young tfembling

~spen”is easily destroyed because of its paper-thin bark. Balsam poplar .
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is somewhat more resistant due to its relatively <k corrugated bark.

The thin and highly resinous bark of the conifers .nsures that even
light surface flres-or the less intense heat on the margins of major
fires will cause scarring (Figure 4). Douglas—fir, on'the other hand,
is initially quite resistant to scarring due to ite relatively compect,
resin-free, thick, corky bark (Figure 5). However, it teénds to be nore
frequently scarred by later fires because the uoundimay be covered with
a thin film of reein (Lachnund 1921).

Fire scars are therefore formed on . fire—susceptible tree
'species such as lodgepole pine by the heat of the forest fire at the
margins of burns where the fire intensity is less The initial scarring
of less susceptible species such as Douglas fir is accomplished by the
actual burning away;of the bark’ by flames and may occur within a stand

F

‘where fire—Susceptible species would be eliminated.
s , .

Most fire scars on fire-susceptible species are formed when

‘

fire-generated winds force hot air around the tree trunk.. A vortex

effect of the wind on thevdounwind‘eide of the trunk intensifies,the
heat sufficiently.to kill the cambium layer without necessarily burning‘
away thezbark. The bark initially remains closely attached to the
sapwood, but in. the healing process annual growth rings constituting“:
a callus tiseue form beneath the bark arOund the edges ﬁf the killed

area, Gradually growing in from all sides they’force,the old bark

away from the sapwood ‘The bulging growth)of the calluses. and

subsequent drying out cause the bark to crack and split, after which it

gradually drops away until the saywood is finally exposed The period

P e
.~.—\ -

of time of exposure varies according to. the rate of growth formation

of the calluses and the size of the wound . Fastfgrowing trees may take

Q
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‘Figure 4. Multiple fire-scarred section collected from
. lodgepole pine. Note the-distinct annual rings
and the thin bark characteristic of the species.

_Tree originated after the fire of 1863(collection
date August 1975). ;

e

&

Figure 5\ Multiple fire-scarred section collected from

' Douglas-fir. Charring of the face by successive
fires makes determination of the fire year’ '
difficult in this species. Note the compact,thick,

. I corky bark. Tree originated in about- 1646 (collection
date 11 October 1975). : b
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Figure 6.

ar

ff

Multiple fire-scarred section collected from

a standing fire-killed lodgepole pine. Fire years
were established by cross-dating intervals
between scars with other wedges collected in.

the vicinity (collection date_Augus;l}975)



five to ten vears before the Bark falls away (Lachmund 1921) revealing
the dry yellow sapwood (Figure 3). |

Successive fires may . form additional scars on the same tree
in a similar manner. The exposed surface of previous scars may be

k]

charred or left intact - Should a second f1re occur . in a similar manner

.

before the dead bark has been shed, the heat created by the vortex may {E

)

be intense enough to ignite the dead bark. . This may torch and kill the

l

_tree or char the dead sapwood "killed. and exposed by the previous fire
Several previous investigatbrs'(ClePents 1910,‘Molnar and - McMinn 1966)
V have used this charring as evidencerfor‘single fire scafs,-fZiling to
recognize the evidence for a‘more recent fire Charred fire scars

proved most useful in this study for locating individuals scarred by two

or more different fires o ; o : o oo

Identification. of Fire Scars. Fire scars were ‘triangular in

shape and extended from the soil surface upxthe trunk of the tree for

_some distance (Figure 3).  The presence of other scars in the area with

similar shapes and burn directions helped establdsh fire origin. A

number of scars originating in the same year allowed positive identific% %

ation, therefore *he evidence for the occurrence -and extent of various.'“

fires grew throughout the study. As also noted by Mblnar and McMinn ' ;ﬁ%

‘(1960),7fire—scarred trees also exhibited increased radial growth

following fire, 4 ' A -
There was litttujdifficulty in deciding if ‘a scar was of fireA

origin. Bear claw and. ungulate antler injuries were distinct and easily

identifiable. They were generally among*snapped and broken branches ;

"high off the ground and composed of gouges*and claw marks running

irregularly up and down the trunk Strips of bark were usuall& attached

aibet. ko e =
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and the wounds eiuded'drops of resin. Scars caused by recent mechani-
cal injury were'diStingushed by their rough irregular outline with
bruised and shredded bark adhetrigg to the -edge. The face.of the scar

was also generallylabraded and branches near the scar were sometimes

snapped off. han-cauéed damage'was-not encountered because scars were
collected away from roads and trails. Occasional damage from rqlling
houlders or wind-felled trees was distinguished by the‘characteristics

of the scar and the presence of the damaging agent. No scars were

'fcund'that could be attributed to fungal or imsect damage.
&

Fire Scar Collection and Field Analysis Ravines, ridges

lake shores, wetland margins and dther potential qatural fire boundar—

ies wete seatchedAfor scar—bearing trees. With practice, 0ld remnant

individuals and stands were recognized by their dark coarse-grained

appearance on‘airphotos, and by the colcf‘of the'bark and foliage on‘
;the gtound. 0l1d individuals of lodgepole pine possess a red-brown

‘ flaky bark with a dark dull—green canopy that invariably was damaged
\\\;;\dwarf mistletoe or wind - Such stands were characterized by large
amounts of deadfall made up of old toppled individuals Fire—scatred
trees were sometimes easily recognized from a distance by carpenter Q

ant activity and subsequent leeated woodpecker damage at the base of

the trunk..

—-

Once a stand was.located, the firelscar;ed'individuals were
-5

. examined to find the tree -that. harbored the largest number of scars.

The individual was: then inspected to find the portion of the scar that
]

would yield the most infdrmation with the least amount of effort. Care -

was tahen to choose the portion of the scar that would give the greatest
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distance between multiple scars to facilitate easv interpretation of the
rings.

A section was removed Qith a 75 cm bow saw.. The most
efficient way to remove the scar was to first cut past the centre of
the tree perpendicular to the scar at the desired heighé{ and then,

r\“a[e\fully aligning ‘the saw with the endpoints of the first cut, angle
- the second cut from above to meet the first. Accuracy improved with
the size of the section removed.

I found it most desirable to age the fire\sca; section in the
field immediately after collection in order to build a knowledge of the
fire chronology as rapidly as possible This alsp enabled me to map snd
gain a mental, image of the extent of individual fires and allow a follow—
up of confus\ﬂgﬂages or dates (Heinselman 1973, 1975) When the
desired section was obtained the clearest portion of the smoothest

surface was shaved smooth with a sharp knife and a gulde line drawn from
the scar to the outer surface with a fine felt tipped pen.” A 10X hand -
lens was used to make the count. If the rings were indistinct the\h
application of saliva would generally make the count easier. Counts
were ‘made from the inside out and rechecged by -a count from the outside

. in. This procedure was followed for each scar on miltiple scarred
seétions Sections were removed from a site until I was confident that

/

. the data represented all of the fire.dates of a stand. All sections

were labelled, recorded)and saved for future verification. .

+

The annual ring whose growth was interrupted by fire is called
the "fire annulus". - The choice of the fire annulus may vary between

investigators .and - therefore could constitute a source of error in fire

history investigations (M.L. Heinselman and G, Fahnestock pers., comm.
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June 1975). To determine the fire annulus on the clearest portion of
‘the scar, a three step procedure was established (Figure 7):
1) Five orlmore rings were counted toward the pith from the
scar at the callus close to the face.

/
2) The ring was traced to the pen mark on the shaved portion

along thf pen mark and the fire annulus established

R T The proper Year from which to subtract the ring count to

o e
[N N

determine the actual fire year may also be a source of error among //

investigators. All rir ounts were subtracted from the year previous //
to the year in which the co]lection was made, slnce the current year' s:
summerwood had not been formed during the collecting period. Fire
scar sections collected/aﬁ\known burns in the study area verified this
technique. ~

One large Douglas—fir tree was felled and a complete crOSS
sectiOn cut from the base of the trunk with tvo—man crosscut saw .
(Figure 5). A large wedge was removed from a second individual. These :

N -

sections were not aged in the field but returned to the lab and o
treated as outlined below The fire data from these two sectionsll_
-illustrated Douglas—fi';s~value in extending the fire chronc.c -.
>HOWever5 it is suggested that it {ig not necessary. to.fell a Dr.. (as-
fir to obtain its full complement of fire dates because the full section
did not reveal hidden fire scars for the already known period of record.
Rather, if a two—man crosscut or chain saw 1ig available and can’be o,

carried in the ?ield, a carefully selected section from the fire-scarred

area of the tree will suffice for fire/history investigations.

-
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CAMBIUM, 1976

P FIRE ANNULUS, 3

A /IQGZ—%‘

C / _—=FIRE-
4 aNNULUS,

CALLUS

| 5 —/ PITH
| (and resin deposit)

-FACE

Figure 7. Diagramatic sketch of a typical lodgepole pine fire scar.
The three step aging procedure is as follows: Five or
more rings are counted toward the pith(A), aad recounted
toward the cambium to establish the fire annulus(B).
Suumérwood rings are then counted towards the cambium(C).
The fire year is then- established by subtracting the

count from tlhie previous yéar in which the/collection
is made. ' )

°

®
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Laboratory Preparation and Aging of Fire Scar Data. The

surface produced by cutting a fire scar section with a how or crosscut
saw 1s too rough to show adequate detail of the ring structure. .av-

ing a portion of the section in the field reveals the annual rings in

“sufficient detail to provide a field estimate of fire dates In some

instances,hhowever, the growth rings were so close together that they
could not be aged in the field in such a mannex< Further surfacing
was tnerefore.necessary before dating could Se accomplished.
Yisibility end detection of microscopic layers is dependent
on cereful preparation (Glock 1937). Snecimené were‘air diied and
unnecessary’woed end bark pruned from the edges. Fragile and broken
Sections were mended withja yaferpﬁoof white glue“and seenred with

masking tapé. Once they had dried, they were sanded on the flattest

surface with 3uccessiveiy finer grits. The surface was first flattened

‘with coarse grit (#80) flint sandpaper on a table sander. The flatten—

ed surface was polished by hand using a medium grit (#150) followed by ~
a fine grit (#220) flint sandpaper mounted on a sanding block,v Care
was taken to entlrely remove the sanding marks left by the preceding
grit The polished surface of the fire ecar was then rubbeé}with a pedA‘
of very fine (#000). steel wool to remove rough eédges and dust from the

cells.

Once the exposed:Surface was polished, it was examined with a
zoéh stereomicroscope a;‘lowu(6—12x) magnification: Fire scars
exhibiting suppression zones were stained with safrs in (Henry end

Swan 1974). Agee and dates’bf:mpet colleeted epecimens_wefe then

determihed accurately and rapidly using the technique ontlined in the

preceding section. In some instances the growth rings were so close
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that a section had to be taken with a razor blade and the count made

with a compound microscope.

taboratory Preparation and Aging of Stand Origin Data. After
each day of collection, incremgnt céres were removed from the storage
containers and glued with waterproof white glue and ;;b?d down to drv
'1nto specially prcpared wood mounting trays‘ The lxlx4O cm trays were
grooved on one side so -that approximately one half of the core was left

. ’
protruding above the surface. Since annual rings are more conspicuous
qut - -

when seen in cross section Or transverse view than in,a radial or side

view, care was taken to orient the core so that a.transverse section

o , . -
could be made on the exposed surface. Orientation was most eadilyﬁ

apcomplisﬂed by observing the pitn. Wheﬁ present, the pith appeared as
a small dar#lspot in a‘traqiverse v&ew and as a verficai baﬁd in radial
view, -If the pith was mlssing, orientation'wa$ determined by a curva-
ture of ‘the inner rings (Stokes and Smiley 11968)

‘ After ‘the glue had set ‘and the corgrdried, the tape wés
rémoved and the core was surfaced ﬂn’study. . Sanding of the core was
done in the same manner as for the fire scar sections ekc;pé that the
exposed surface was flattened Qith.a ﬁedium grit (#150) and polished
with a finév(#220) and very fine grit (#320) flint san/ zper. A
stereomicroscope kas‘gsed to age the polished cores.

' Dates of origin of the trees were calculated in two steps
(Heﬁry and Swan 1974) . Firse, the ripgswof the increment core were
cégﬁted and recounted. If a countfd;fiéred, it was taken until agree-
ﬁent was -reached. Secondly, 15 lodgepole pine were collected from

: throughout the study area and sections removed at ground level and 25 cm

—
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to determine the numbe: vears the cores taken at the standard
boring height of 25 cm were short of stem age. For lodgepole pine,

the average difference was four years (3.73) with a standard deviation®

of two years. (2.31). This value was added to all cores to establish

dates of origin.
: ¥

e

Construction of the Fire Chronology

Verified fire-scars were used te construct an initialhfire
chronology. Scar dates were tallied to indicate peak years of occurr-
ence which were_arbftrarily definéd to be fire.years documented by at

ledst two fire scars. .These peak years WereboloQted on airphotos to

“discern patterns of occurrence. ¢

Scar ‘dates of this initial fire chronology th  -ere
. i : NP .

clustered aroundwa peak fire year and exhibited an oWerlapping pattern .
_when“plotted onhthe at-photrns were verified and replotted to deternine

whether‘they'representedrseparete fires,‘or.an error in aging; Apfinai
fire'chronology was:corztructed-from this an’iysis; i !

4

Construction of the Stand Origin Map

p)

‘;A ‘stand origin mep (Heigselman 1973) depicts diiferent forest
;'stands of the study area und ‘the fire\or fires from which elements of
the stands originated Airphoto interpretation, extensive field notes
and stand origin dates verified with’ fire-scar dates were used to

, construct the stand origin -map. :

Black and white airphotos for?ig49 (A12406 A12407), 1966
'(A19662 A19670), 1972 (A23015), 1973 (A23238) and infra-red imagery for

1975 (A37213IR) were usedl to reinterpret the vegetation mosaic of the
S .

<} - A - B - .
. | B N Ze



50

’

study area with a Carl Zeiss Interpretoskdp. The higher quality of
. more recent photqs insured a'detailed'coverdp -t the area even though
most fire margins-were nore readily identified on older photos. A -
zoom transfer scope was used tdrtransfer stand boundarles interpreted
from these various airphotos to the enlargements that were carried in
the field. |

Acetate overlays of the sFand oriéin dates and the;fire—scar
dates were prepared over the aircho.c Jlowups The study area was then
systematically analyzed stand by stand to determine the actual date or
! dates of origin for all stﬁhds ‘Field notes on fire sig., stand
Structure and burn direction facilitated interpretation of the stand
origin dates and fire-star record. Where no data were obtained, the
;stand origin dates were extrapolated from the nearest similar stands
' hwith known origins (Héinselman l973§p The final stand ‘origin map of

/
the study area was. prepared bf/transferring the stand boﬁhdaries from

the airphoto eulargements to 1: SO OOO topography maps with the ‘transfer

scope ' e o .7a'

Construction of. the Fire Year Maps - - X

c . ,< ) - . - ) ) "'
o . - [l
A series of fire year maps for the study area was prepared

_from the stand origdn map. and field evidence, using techniques first l,

IR

outlined by Heinselman (1973)

.

.Stands showing evidendeifor“a specific fire year were

transferred to acetates from the stdhd origin map to gain a perspective
. . .
of the location and potential areal extent of a fire. Using the above

acgtates ,actual fire maps were prepared by connecting the mapped limits

3
o stands th&t resulted- from coalescent burns of the same year
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(Heinselman 1973). ‘ -

(

- Heinselman states that "a problem 1in preparing such maps i

i

to reconstruct the paths of burns that have since been overlapped by

later fires. Stand boundaries alone 5uffice to map the last fire in an

area, but extrap~'ation is necessary to trace earlier fires," To help

. ' Q

circumrent t:is problem in this study, field ev} dence such as burn
F 7

direct Pe, aspect and a knowledge. of fﬂﬁ?.beﬁ%v1or were employed
to éxtrapolate the aréal extent of ech fire, Natural fire breaks

. prevailing weather patterns and topographic moisture regimes Wer%)used

¥
e

to arrive at the ‘final fire boundaries S - ?xu_ s
R

. .
.‘ +
e ~ S W

) - e ' . -“ ’
{ ® ' ' S

A
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. RESULTS

Fire Chronology, 1665-1975

A fire history chronology”ofwthe Athabasca River valley
around Jasper townsite has been established for the 310 yr period, 1665-
1975. The\dates of 72 fires known to have occurred in the study area
" are listed in Table 2. A total of 664 fire-scars from 435 trees was
used tO‘establish the chronology.'

All scar dates are from lodgepole pine or Douglanfir. ‘No
variations in dates were é;conntered for lodgepole pine that were due
to false_or‘missing‘rings; Douglas~fir, howeyer ‘'was found to vary by
*2 years because of ‘Insect damage, resin deposits, and charring of the-
fire scar by subsequent fires. Scar dates, back to 1758 and ‘stand origin
dates to 1714 were Obtained from lodgepole pine. Douglas—fir was used
to project the chronology back tg 1665 The oldest-aged lodgepole pine
..was 264 yrs and the oldest Douglas-fir was 570 yrs, ’ h

S Some generalizations can be made from Table 2. The interval I

bet&een fires is smailer from l89§3to‘l908 than either before or after
this period Fires Qccurred at 1—9 yr intervals from 1837 1971,,and
were much wider from 1665 to 1834 varying from 1- 36 ~ The fire scar’

evidence shows that there was a fire every year between 1894 and 190

For this study, a major fire year was defined as a yeagggn 2

f”—’JOJha. Such fires occurred at longer intervals varying from.llto 27

yrs, and account for most of the total area burned from 1665 to 1975

There was a notable decline in the portion of the study area burned

51
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Table 2. Fire scar dates?, intervals between fires, and areal extent of
individual fires for the Athabasca, Miette nd Maligne River
valleys around Jasper townsite, Jasper National Park Alberta.

DATE  INTERVAL SINCE MAJOR, INTERVAL SINCE PORTION oF KNOWN AREA NUMBER OF
oF LAST FIRE FIRES LAST MAJOR FIRE STUDY AREA  OF |BURN  FIRE SCARS
FIRE (YEARS) ", (YEARS) BURNED (%) (kn2) FOUND
1971 6 0.03 o.rzz 1
1965 1 : 1
1964 5 1
1959 3 1
1956 2 - 1
1954 2 - 1
1952 H L,
1951 1 ; -2
1950 4 . 1
1946 2 0.02 0.09 1
1944 1 1 .
1943 4 1 1
1941 1 , 4 -
1940 1 1
1939 3 1
1936 2 0.2 0.68 5
1934 1 1
1933 1 2
11932 SR TRRCR 1
1929 - Y TR 1 . !
1928 3 2
1925 2 - L o
1923 5 1 1
1918 3 1,
1915 1 . , 9
1914 4 2
1910 2 .8
1908 1 " é 1.4 5.98 17
1907 1 0.8 3.52 ° 7 -
. 1906 1 Ak 2 8.1 34,19 34 '
1905 1 *A 1 4.8 *20.47 36 .
\. 1904 1 * .1 1.2 5.29 4
1903 1 U e , 2.
y 1902 1 0.4 1.71 3
. 1901 1 0.3 1.17 4
s 1900 1 0.2 0.85 2
. 1899 1 o . ' 1
1898 1 0.1 0.21 4
. .. 1897 1 - 0.1 0.21 2
1896 1 - 0.3 . 1.07 3
1895 1 " 0.1 032 3
1894 2 0.1 0.16 1
1892 3 1
1889 1 -k 15 78.5 338.39 287
1888 S R 1 2.7 " 11.64 16
1884 1 o 4 1.8 7.90 7
1883 3 4 1 2.0 64 13 .
1880 2 T *h 3 1.2 5.29 ’ 5 :
1878 2 . P
1876 7 . 1
. . 1869 6 bl 1 1.9 8.00 7
‘ 1863 2 *h 6 5.5 23.59 o112
1861 3 *n 2 1.8 7.79 - 2
1858 7 Lk 3. 8.7 37.68 13 -
: 1851 4 ‘0.1 0,32 3
- 1847 1 *k 11 52.3 225.45 - 34
1846 B ] *x 1 - 5.3, 22.74 18 .
1837 . . 3 x4 9 18.5 79.74 YA -
- 1834 ©.13 LA 3 5.6 24.23 V\ 13 /
1821 10 ' 0,2 0,64 2
1811 . 1 o 1 .
. . 1810 . 3¢ . 1
: 1807 100 - - 27" 8.2 35,8 3 7
1797 7 Rl 10 6.7. 28,71 10 )
" 1780, .9 . %o 17 2.4 10.14 2
. ‘ : 1771 - S 13 o 0.4 . 1,49 s 1
cot 1758 21, ] - -22 50.9 219.42 ¢ | 6
L 1737 10 *% 21 15.5 67.04 - : 2
el : 1727 13 L ©10. . 12.8 55.08 2.
N . 1714 36 T ok 13 - 2.8 11,96 1
0 11 13 S e R 0.8 2.92 S | .
“ - 1665 - o ? p s 0.9 4,05 B S T e
g o : s ) ) . Total=66% L ;
> -
. A1l Bclr dates are frons lodgepole pine unlels ochatwise noted. . T
. LY mjor fire constitutes a fire burning more than 500 hectaree(l 2% of the :ot:al urea) 1
? ’ Pdicatve dates baged on two Douglas-fir fire sectiona taken {n October 1975. Fire

e Mes of Douglas-fir have been- found to vary by #2 yrn when cowated to known’ da:es pf ' -
:he areéa they were collected in. . . .
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after 1908.

‘Many fires appear to have occurred not slngly, but as: clusters
'(e g' 1904~ 1906 1880-1889, 1858-1869, 1834-1847, 1780<1807, 1714-1758),
~and are separated by 11-27 yr intervals with a mean of 17 yrs. Further- -
"mcre, the total areal extents of successive major'fires within clusters
generally increased exponentially w1th/time, terminating with very large
fires such as those in 1758, 1847 and 1889 (Figure 8). BetWeen_peaks,
fire size dropped to a number of -small fires before beginning againt

The more erratic smaller cycles preceded the blggest fires. For -

example, the oscillations in fire size before the 1847 fires are not

.. .
'3

as erratic.as those that occurred prior to the 1889 fire year. “This
cyclic pattern of fluctuations in the size of bast fires is abruptly’

B

lost after 1910. S _ o

Fire Scar Sample Size and Age Class Distribﬁtions

5

.lne number qufire-scars.per time interval, follows the same
cyclic trends as Flgure‘B, and' is proportional te the area covered by \\
historical fires in the study area (Figure 9) Oscillatnons 1n._
freqnency for more recent f1res are more evident in Flgure 9 than Figure:
8‘> Fireslincreased in frequency but decreased in size after 1913. As
well, the evidence for past fires inevitably declines with time.

The diver31ty of age classes on the landscapé left by pastb
mfires is evident in Figure 10. Sample size\showed the same cyclic trends
as in Figures 8 and 9 and is.proportional to the total.area burned.
Lodgepole pine estaElished on recently burned areas l—20 yrs after a

fire,»ayeraging 4 yrs but varyingvfrom site to site. There is a gradual
. ay
increase 1n age. classes with time, periodically interrupted by Jumps in



*eaie £pnis

93Tsusol zadser ayj ug .mmmaumooﬂ .mwuﬁm TT® 103 aead 13d pouing eoze 1e303 9Yy3

~

314 4O ¥V3A

FO 3udd19g g LanSyg

SL61 09, 05, O, 08, 02, 01,00

r T 22 05, QP OF G2 Q10081 06, 08, O, 09, 0, DY, OF, OF, 0L00LI 06, 08, 081 |
S I I I B o =
U ) e e N T R—
o - ol
p L T
m
oz A 02
Vo m
.A \r\, i l
0¢ .. . .OMMU..
] ¥ 1 LB
=
Ot 1 . v 3
) m
. e S =
e
] -0G
054, 3
. - m
l. ~ v 0
091 . N }.Ow
OM.l.,F \.\\ toz
Ow Lf - T r T T T T T T v ¥ L L T L4 4 T 4 Y T B v ¥ T ¥ v L\ L ﬁ
, ¢ 006l : _.oos . - 001 o8
B ‘

/



a

%

‘eale %sum, 331sumo] uwam.m%. 243 ur aesf 2173 yoeo 3uranp psizeos s9913 37dwes jo Isquny g sanlyy

<

~

_ 3414 40 ¥V 3IA :
§461 08, 05, Ot, 08, 02, 01,0061 08, 08, 0L 09, 0g 0¥, Of, G2, 008l 06, 08, OZ, 09, O, Ob,_0%, 0z 04,0041 06, 08, S99

o

[

_ _T. I I 1 T~ ,
st - | _ % . 0 S _ : Js
Ol : . ol
- - . 1 =z
ON..I ' Iy I.ONS
< ' m
i 4 =2
(o}
Of b j 3~ —0k §
L : 4 1
4 ) _.ﬁ
ov _ —op ™
v 1Y 3
o N >
2
OG- —~0g »
08 |- —09
0d ol




57

. .*S2JBp IBOS-31TJ WOIJ PIUTWIBISIP SEB Sieak 2113 toleu
23uuap ﬁ&hm0umas 343 3o doj sya JuoTe S31BW O3 BYyy ‘eeie Apn3is a3Tsumol iodsepr ay3 cﬂ auftd : :
mﬁomwr;(a 88¢ ‘¢ woiy . sasseTd a3e umm%!m>aw £q sa3ep uy8rao pueis jo EOHu:@Huumﬂv Kousnbaayg ‘0T @an31g.

S3ISSVI0 39V ¥V3A 3AI4

: S — — N A\ T A S (T S AN
S » (o)) ~ @ 0 o = n o o N ~ © .o = N [6Y) H 0 [o2]
A_u@A_U@;_Uoo_@@@m@@@.ﬂ@w.@mo.ﬂo@
2 2 2 F 2 0 3 IS G .t & = 5385 &8 NN Yy
SRR IR R R R EREEEEEER:
. ) ] N ) ..f,‘ .,..-b-- --D-
Ol - ﬁlﬁlﬁlﬁ 2
81
051 — | os
0.1 -0
06+ ‘ -06
i
81 > l<lom_
- i R N ’ « " ! ‘f
0S¢+ - : e togz

S S T I I

. S3di4 HOrVNW

B

'$3341 3dNVS 40 H3ENNN



age classes for majqr fire years. Most of the forested landscape today
originated after lhe major fire years 1889, 1847 and 1758; The

greatest portion of the lodgepole pine forests in the stﬁdy aréa

originated after the 1889 fire. Peaks tréceéble to ogher major fire :
years are evideut but }ess pronounced. There are no additionél_age

classes on the léndscape since 1919, or ab;ut 55 yrs ago.

The decline inlétand origin and fire scar sample sizes over
time (Figure 11) is attribugable to elimination of evidence by.
subsequent fipes.and the iimited longevity of tree species in thé study
area. Loss of,actuai fire-scar dates 1is fu;ther accounted for by the
limited durability of fire;killed snags, discouraging éross—dating
‘inﬁervéls. In contrast, the declinevin evidence for more recent fires,
despite a largevsample size, ;ﬁ attributed to the,imple@ent;tion of

effective fire suppression after 1913.

Stand Origin Map

_The fire history of the study'area is depicted on the stand
origin map (Figure 12, see attached pécket). ‘Stanq origin dates nge‘
determined'f agéé of 3,388 lodgepole pine. These were verified with

fire scar dates whenever possible. Each area on the map originated

after theiindicatéd fire year. Sométimes staﬁds withiq an area exh
ed such complexj?ge stfucture that”elepents dating from different flires
could not be separatéd'in aifbhotos or on the ground; Such comple
areas are numbered on the.ﬁap and their sténd ordgin dates.aré found

in the legend. Areas less than 6 ha in size are not shown and are

included with lafger adjacent stands.
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As indicated in the Methods, some areas such, as the upper
slopes hetween Muhigan (52°50'N 118°13'W) and Whistlers Mounig)ns, and
the Colin_R;ngv, were so gtéep and ‘rugged that it was impossible for me
to reach thom: In these areas stand origins are extrapolations of air-
photo interpretations from lower elevations, For example, airphoto
interpretations showed ‘a réced; firé (before ;949) near timberline at
the inacéessible head;of Muhigap ¢ieek on e 1orth—fa¢ing slope.ab0ye

v

the ﬁiette River. The areé i \liqganeﬁ oﬁ Tae stand.Origin mép:
but date of origin remains unkuc.. ) -

Thévstand origin ., portrays a complex landscape mosaic of
age. structures as the result of past fires. | Exten51ve tracts of even-
aged forests at middle to high elevations orlglnated after the largest
! »
mAJorifiheS such as 1847 and 1889, ‘Innterms of both age structure and

" the associated fire history, valley bottom areas are more complex thén
those.at higher elevations. This indicates that fires were more
frequent and less inteqse at lower elevations, leaving many remnan;s
from earlier firgs. Within the Qalley bottoms, tl: fire history is most"

complex in the area bounded by Pyrémid Lake,'Maligné Canyon - and Jasper

townsite. ~

Areas containing no observed é?idence for paét fires ar-
found at high elevations and are especiallf prevalent én the slc
‘ Pyramid and Signal MOuntaing (figure l3f¥\Nyore of'this."unburnt
is found on ‘north- and east—faéing slopeé thaﬂ_dn SOutb;and west;facing

slopes.

Fire'Yeaf Maps
No major fires have océurred idvthe study area since 1908." A

AR,
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small lightning fire bﬁrned 22 ha of the subalpine toiests on Whistlers
Mountain in 1971. In 1946, a small fire on the north shore Q( Minnow
Lake coﬁsumed 9 ha. The fire Qcar and stand origin informatian .revealed
a 1936 burn on the ndrth shore of Caledonia Lake that coverndv68 ha.
These three fires have béen verified by historical records. Unfortdn—
ately, all other par%//%cords concerging the location and size of past ~
forest firés before 1968 havg been destroyed (S.F. Kun,'Director, Natl.”
Parks Branch, Parks Canadé pers. comm. 10 Dec. 1976). - As a consequer
fire perioaidity and the pattern of past fires must’be based on the
fire-scar record and st;nd origin data.

Maps have been prepared for 45 fire‘years pfior.to 1910

(Figures 14..48). Fires after 1910 with scar evidence'é;e found

on the.§tand origi& map (Figure 12). Tﬁ% extent of earlier fires is
based on 6li fire scars and the stand origin map. :These maés prpvide '
my best estimates of the locati ad areal extent of the fires for
each fire‘year: I am confidenf th;t thé fire maps are accurate back

to at least i821. ‘Before this daﬁe,‘extents of bufns)indicatéd‘by:

the maps are conser;ative eStimates, and may‘éctually have beenﬂ;
subétantiaily.larger. Separ;tg areas with fire scafzand stahd brigin;”
data for,a given fire year may h;ye been pért of the-same fire,_buf no

' , v . : . » _
evidence was found to suggest that this was the case (Figures 36, 39,

44) .

, The area shaded on the fire year map does not necessar

that the fire consumed the entire -area indicated. The widespread
: - R » .
occurrence of old remnant individuals bearing numerous firégﬁcars is

' -

‘testimony that fire passed through the area but did not kill the entire

stand (Figuré 12).' The estimated area covered by each fi¥e year and the
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percent of the study area involved are found in Table 2.

Fires of 1904 to 1908. ‘These fires are well documented by

fire scar and stand origin data (Figures 14-18). Some margins are still
. ,J »
evident on the landscape today. No even-aged stands larger than 45 ha
fel

dating from 1904, 1905, 1907 and 1908 were evident. Many scattered
b .

- fire scars were found‘whicg/{%dicated that these fires were of low to

medium intensity. They removed the understory and litter from the

¢

étanas, scarred individual trees and provided f some regeneration

throughout their areal extent. Actual fire yean boundaries re .

- * . » '” .
determined from the limit of fire-scarred trees, stand origin dates

and airphoto interpretations of fire margins.

Fires of 1906 were medium to high intensity (Figure 16).

Large‘drgas in the southeastern part of the study area have éved—aged
stands dating from this-fire year. Theql906 fifes burned less intenﬁely
.at middle elevations than either in vallsy béttoms Oor on upper mid-=
slopes of the Maligne Range. Puré'stands dating from'L906 occupy large .
areas adjaqent to -the Athabasca Rive; énd nearby slopes Between 1350- .
1650.m (450055506 fg ). fir;'écarrevidence<in forested areas Between
thes; two elevations showed phaﬁ'fire occu;red in -the sténds, but did -
not stimulate SUbstantial.regenération. No évidencé was fbund connect-
ing'éuflying aréas of 0ccurrencé; therefére, they are regarded as
individyal fires of.ééparate origin‘9r "spot" fires fro; a larger fire.
2 <

Fires of 1892-1903. Fires during this interval were all small,

isolated  and of low intensity (Figures 18-22). § Boundaries of the 1901
and 1902 burns'overlapped near the mouth of the Miette River and are

based on scar evidence. . The fires of 1899 and 1903 were sm;ll and ﬁbt
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intense enough to provide for regeneration.
S
.

N .
Fires of 1888-1889. These fires were among the most extensive

recorded (Figures 23, 24),>eovering 2.7 and 78.57 of rthe studv area,
respeetI;ely. The areal extent of the 1888 fires could not“be separated
Qith ceﬁ%ainty from those of 1889 Because of the everlap of stand
erigin d%tes. Fire scar dates were used to establi%h tentatxve llmit°
of fire extent., It is difflCuiF to determine if isolated areas with
evidence for the 1888 fires are connected. Even thOugh mamry scars of
pre-1888 fires were found, none scarted by the 1888 fires weied

. : i e
‘eﬁcounteted between the areas known to date from 1888. The 1889 fire

year accounted th 287 of the 664 fire scar samples;.16 hore were from

the 1888 fires. Most of the present forest Vegetatlon of the study

area dates from these two fire years (Figure 10). *
The 1889 fires were of medlum to high intensit.  Medium
intensity f1res in low—elevatlonal forests left mixtures ¢ cattered

individuals and stands of fire—scarred remnants of the'past,forest,‘and
associated regeneration. Mid- aqg highcelevational forests on north- -
and east-facing slopes were destroyed b high-intensity crown fires,

Y

Even-aged forests on the slopes of Sigﬁal,’Pyramid and Whistlers

Mountaine all date from this fire year-(Figure 12). In dany b;aces

the ¢ lpine forests wete consumed to treeline'(Figure 23). SThe fire
margin at the 1680 m (5606 ft ) elevation on Signal Mouﬂtain is stillﬂ'
visible-ahd was the result of these»fires; 0ld 1889 flre margins are
also visible in the ~upper Portal Creek drainage (52 46'N,; 118°6'W) on Q‘
the topographic maps prepared in 1949. However the 1973 airphotos show

that the area has regenerated and fire scar dates verified its orlgln

.(Figure 12). -
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Fires of 1851 to 1884. Areal extent of fires before 1888-
- 1889 was mn;e subjectively determined. ~Fire intensityv wasAalmost
impossible to quantifv because feQ‘largc stands. st ill showed vv{donco
-of dating from anv one fire. \
\

Fires of 1851-1884 Jére moderate 4n size and restricted to
lower and middlc’élevationsyof‘the vaileys (Figures.éS—BB). Larger
fires éuch'as those of 1863 we%e more extensive which s&ggests, but
doés not provelifﬁat they,were‘of high intensity‘(Figﬁres 12 and 30).
The 1858 fires weret large but reéﬁricted to the valley bottomé,
indicating low to medium intensity (Figure 32). Othe:5 (i876,

1878) were. small in extent and‘éf very low inﬁensity. No regeneration

o

attributable. to these ‘fires was found (Figuré 28). ' ~ 4

. 7
Fires of-i846-47. 1In 1847, at least 52.3% of the study area

was 5urned (Eigﬁre 34). The fire may haQe been more” extensive, but
fthe dat; Basé décreases.with/time (Figure 11). The 1847 ff?es behaved
much like tho%e of 1889, i.e..thgy were of moderate ﬁo high intensity,
and burned hotter at higher elevaﬁibng: Largé areas of the‘Mietté

and lower Athabasca River valleys postdate this fire vear. .Also,

subalpine lodgepole pine forests on the south-facing slopes of the
Miétte River valley origiﬁatéd afteqifﬁifngf;és (Figure 12):. Fire‘
margins on Pyramid Mountain and the Pallisade gtill visiﬁle'%oday are
the result of these fires. The 1889 firg§ burned up to, énd occasion-
ally through this 6lder fire maigin (Figure 12),. Many'doubly—séarred
! treeé along the fire margin‘beér thié out. There is no evidence td
indicate that the 1847 fires burned farther east up the Maligne or

£ _ : \
south up the Athabasca River valleys than #s indicated by Figure 34,



~ | |

Fires in 1846 were osscnti&llv restricted "to the vallev pottom
(Figure 35) in contrast to those of 18$7.‘vTho locations ot the
numerous fire-scar dates (18; indicated that the tires stopped at
natural fire breaks SUCh as rivers and lakes. Absolute boundaries
would be diffichlt to determine if one considered on}&)staﬁd origfn
dates, since much of the vegetation of the studv nrea'ofiginnted after
v P

the big 1847 fire vear. The scar evidence, however, suggested that: the

o]

fires of 1846 did;hot exceed the boundaries illustrated (Figure 35). N

Stand origin dates and fire scar evidence irom areas not subsequentlv

burned in 1847 indicated that the burns of 1846 were of low to medium

e
/

intensity. ‘ . )

Fires of 1811 to 1837. The combination of two large fire

years 1889 and 1847 further masks the areal extent and severitv of
earlier fires. Those of 1837 .(Figure 36) were also extens and
burned into north-facing subalpine forests much like the fires of 1889

and 1847. This indicates a fire of medium to high intensityv that was

\»

probably more extensive than illustrated‘ Based on this observation

’

and the paths of prevailing winds, outlying areas of the 1837 burn

year in the upper Athabasca River valley may have been, connected. rhis

. ‘

is specdlation, as no evidence for this fire was found between the

<

areas concerned. ) N

The 1811-1834 fires are well documented.by fire SCaf evidence

~

(Figures 37-38). Like burns of 1851-1884, they were restricted to the

yalley bottoms and lower slopes. Fires of 1834 covered a large area

.énd werebprobably of low to medium intensity since many of the scar

- dates documenting them were from individuals scarred by earlier fires

~

i



r
and would likeld not sprvive an intense f ire. Fires ot 1811 and 1534
T

were probably small and of low intensitv since few scars documented

these vears and no stands originating after them were found ,
. /

Fires of 1771 to 1810, Areal extents ot fires before 1811
are approximate. Those of 1797 and 1807 {Figures 39-40) are similar

to 1834, consisting .of isolated burns having separate areas of evidence

-

which may have been connected. Their extent suggests moderately
: 5,

intense fires. Fires of 1780 and 1771 were festricted to the valley

bottoms and were probably of low intensfty (Figures 41-42).

Fires of 1758. The earliest large-scale fire vear revealed

by the fire scar and'stand origin data was 1758. These fires cowered

at least 50.9% of the study area and were of medium to high intensity

. . .
(Figure 43). Like the fires of 1847 and 1889, thev burned well into

the subalpine forests. loces of the Colin Range and Signal  Mountain
have large areas that date from this fire year. The best remaining

-example of this remnant forest is found on the south-facing slope of

Roche Bonhomme in the-Maligné River valley_(Figﬁres 12 and 49).

Fires Before 1758. The combination of three large medium to

high intensity fire years (1758, 1847, 1889), interspefsed with maﬂy
low to medium intensity fires, has erased much of the evidence for
earlier fires. No fires were recorded in the lodgepole pine fire-scar
record before 1758. Scar dates from Douglas-fir were used to cérry the

fire chronology from 1758 to 1665 (Figures 44-48) .- Thirty-two-stand
origin dates were used to ﬁlot approximate areal e;zents of the 1737

and 1727 fires (Figures 44 - 45), and 13 Douglas-fir stand origin dates

were used to plot approximate bcundaries of pre-1727 fires.



;Figure 49. Lodge; = pine forest of 1758 origin on
the south-facing slopes of Roche Bonhomme,

;o ’ Maligne River valley. Engelmann spruce has
entered the mpine camopy and subalpine fir
. is present in the understory (10 June 1975).
_J 7)
o
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Burn Direction

»

Burn directions were difficult to infer from the fire scars,
especially for thcvlarger.fires. Fire-generated winds and cgmplex
mountain topography create very éomplicated patterns of gurn directiog.
If a tree is scarred by a second fire, it is generally on the same side
of the tree as the first, since fire susceptibility is increased by
resin or old bark accumulations around the previous scar. Consequéﬁtly
the directiof’of the:earliest fire can potenﬁially be obtained, but
later’fires are probably questionable.

Fire scars generally followed the pattern;of prévailing winds
of dry weather (Figure 2). Pattern of fire scar directioﬁs’indicatéd
that most fires burned down the Miette andvdeflecged'in;ail direétions
off Signal Mountain. Fires such as 1905 and 1863 fit tﬂis pattern
(Figures 17, 30). The 1906 fire was well documented and burned south
up the Athabasca valley spreading ugslope. The shape‘of,tﬁe Latfer
fire conforms'td the direction ingg;¥ed'frog:égafippserv;tioné; béing
smallest to the north and widening as it spre€5'§oq£hya£d (Figure 16).

Larger fires were more complex. The 1758 fire conformed“td
the 1905 and 1863 pattern (Figure 43). The 1889 fire, however, was
very complex and no pattern could be discerned. The influence of winds

down the Miette and up the Athabasca suggested that more than one fire

was responsible for the total extent of the 1889 burns (Figure 23).

s
/

Mean Fire Return Interval

Mean fire return interval (MFRI) is the average number of

years between consecutive fires. It is defined by the formula:



Nei,-11)

MFRI =
where (1,-1,) = interval between any two fire vyears
N =

number of intervals identified for an area
(number of fires —l).&

Intervéls between all documented fire year55 and between all
major fires are found in Table 2. They provide a ffameWOrk of fire
periodicitylfor the wholevstudy area. The true MFRI is probably shorte
because fire evidénce is lost with timé. |

A fire has occurred somewhere in the study area on an averagé
o% once every 4.4 years during the period of recn;d 1665 td.1975. For
theA248 yr period (1665—1913) before active fire suppression; 46 fires
occufred with a MFRI of 5.5(yrs. The periodicity Qf major fires was,'.
of course, somewhat longer. Thbsevcovering more than 1.2% (SOO-ha) of
the(area had a MFRI of'8.4 ranging from 1 to 27 yrs.

| It is also useful to consider;the longer intervals: of
progressively larger'fifes such as thoselcovering ﬁore than 2,I6, 12 or
SOZ:of the study aréav(rable 3): Fires covering more than 50% of‘the
valleys had a MFRI of 65.5, ranging from 42 to 89 yrs. The fires of
1889 covered 78.5%; the 1847 and 1758 fires goyered at 1eas§ 52.3 aéd‘
50.97% of the .valleys, respectively. Thus, fbplthe last 310 yré, the
study area ha%iexperienced ;ecu;ring fires of'w*‘lly differing sizes ;}
with lafger fi es’oécurring at much longer inte. -:ls (Figure 8){ - |
€;Aese ”regio%al" MFRI's apply to the étudy area as a whole,
and should not be confused with thosé for smaller unit areas within it.

Since very few fires burned the entire study area, means on an areal or

elevational basis are more valid and useful for futurexscientific
' . ra

x
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investigations, fQr management, and for {interpretive purposes.

Fire retu;n intervals~forAdifferent'plant commuhitz types on
an areal énd ele&atioﬁ;iiﬁaSis are brovidgd in Table 4. S$ixteen 50 hﬁ
blocks of major vegetation types were chosen for cémparative purposes.
Only three grassl;nd—savannas and four Douglas-fir foéeéts in the area
meet the 50 ha qualificatio§. Five areas of lodggpole piné were
selected since this is the dominant fofest typg<in the valley. One'pine
Aarea was chésen from each of the'fouf extensions of the study area (N,;
S, E, W), and one block northyof Jasper'towusite was selected Lo
répresenf.the centre of the séudy aref. Centres of thé 50 ha blocks
are south of their respective landmark Ce;g., "Five Lakeé lodgepole biné

LY
block'" is centred south of Five Lakes, its northern bordes lake-

'

shore) .

Areél extent of indiVidﬁai'figgs is véryjimportént in deter-

' . L .

'mining MFRI. The MFRIs are at least ﬁhrée times longer for any given
area w%thin a given communi?y type, than ﬁhe‘MFRI for the entire st;ay
area (T:ﬁie Z).) ; ’ | |
| MFRIS Variedvfrom.block to block within plant éommunity types
but, were not significantly diffe;ent at P <0,05 (Analysis of variénce,
F—statist;c, Tablg 4). ‘Using Duncan's New Multiple Range test, no
statiStical diffefenées;in fire periodicity‘bere found between lodgepole
pine, grassland-savanna, and Douglas—fir;,however; alljthrée low-

elevation types had significantly shorter MFRIs éhan the subalpine

forests (P,<0.05)..

Fire Frequency

The number of fires varied between different. parts of the study
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area (column 1, Table 4).. However,. fire frequency between blocks of
the broadly_defined community types was not significantly different at
P <0.05 for Douglas-fir, grassland-savanna , and subalpine forest

(Table 5). They were significantly different within the lodgepole pine
R N

type, but when the large number of fires near Jasper townsite wa?
. : |

removed ffom calculations, there.was,no'significaﬁt diffe:eﬁce iﬁ number
of fires. . ‘\_ o , v C
K ‘ . : ‘ C

The mean number of fires for lodgepole pine, Douglas—~fir and

grassland-savanna are similar (8,'11, 9 respectively) and show ﬁ marked
7 7 . J

difference from the mean number of fires for the subalpine (A)f Chi-

square values showed similar trends .but were not significantly different

)
at P <0.05 (Table 6).

To test the hypothesis that the‘number of fires decreased
‘ 9 :
with increasing elevation, four transects were run on the fire year maps ’

from the 1050 m (3500 ft) contour intg;vél north of Jasper pbwﬁsite to
treeline near the-summits of’Pyramid, Roghe'Bonho;me, Tekarra .and
Wﬁistlefg'Mountains (figufe 50) . Tot;l number-éf fires wés tallied
albng.thesé transécfs at 150 m (500 ft ) intervais. In edch transéct

there was a significant negative correlation between number of fires

and’elevatioq (P <O;05, Table;7):
Numbers of fires,on’q%fferéﬁt aspecti}were'alSo‘tébﬁlated to
teét”the'hypofhesi§”fhéfwﬁ;;érfires occurfed‘onlsouth; and west;facing
. N : )
slopes than op-north— énd eéég—facing slbpes; Totals were obtained for
flanks of'mounﬁain rénges abovéia poihé where the élevégional gradient \L; :
was more than 306 ﬁ/kmf:‘The nﬁﬁber;of fires_on'N—NE slopes was smaller . |

than on S-SW slopés, but the difference was not significant at P <0.05

(Table 8).v This.may-be the result of tﬁe small samﬁlé size of fires. -



:

111

Y

TABLE 5. Chi—equare test for significant differences in the number of

‘fires between 50 ha blocks within four broadly defined .

i

community types (Pv<0505ffin the Jasper townsite study arfa.

Community type .n(number of blocks) X2 P <0.05
Lodgepole pine 5 11.39 9.4;

0.43%
DOuglas;fir 4 2,37 7.81
Grassland-savanna . 13 0;53 ’ 5.99
‘Subalpine spruce-fir ' 4

0.13 - 7.81

*With Jasper townsite block data removed from calculations,

Chi-square values for differences in. fire frequency between'

study area (P <0.05 = 3.84).

Voo

) four broadly defined community types in the Jasper town51te

\

Grassland~ DOugias— Lodgepole

Subalnine
. spruce-fir  Savanna fir ~ pine
Lodgepole pine 1.33 0.06 0.47
Douglas-fir -3.27 0.26
: 2
Grassland-savanna -1.92_

Subaipine"spruce—fir
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s were intense enough to burn into highér elevation
v \ ' , . N\
‘ forests during the period.of record due to complex moisture gradients

Only a very few fire

and associated organic matter accumulations, .



DISCUSSION

\\\ : :
. .

Fire and Cultural History

Archaeologlcal.evidgnce indicates that man aas been a part of
the Jasper enQirénment for ar least the last 10,600 vrs (Anderson and
Reevea' 1975).‘ The Athabasca ana Mletté River valleys have been major
corridors. through ‘the aountainh for all of recorded history ana were |
;probably’used earlier. 'Bécagfe man was an integral part of the
environment,.his role must bitaorne in/pind when considering the
natural fire regime

‘ Byrne (1968) and- MacKenzie (1973) hava refiewed the role of
man ln landscape change i; Banff and Waterton Lakes National Parks.
It is left to the anthropologists to determine the relative importance
of~garly native peoples and’ European man as causes of past fires in
the JasPer study area. Offsignificance to -this ssudy, however, are the
fdilowidg interpretatlans of fire history data and cultural history.

The human histérf of the Jasper Narioaal Park region ha;
Been divided into sixlmajor periods (Table 1, page121), The total n
fires by :hesé historical perlods increased from past to present,
with the exception of the Railroad Period Qhen‘rhe number of fires was
less (Table 9).‘ Mean fire return.interval (MFRI) ahortened from 16.5°
yrs in the Pre ~European Period to l 3 yrs during the Settlement Peri-
This increase in re periodicity may be related to increased human
¥ activity with time, but is partially the result of erasure-of fire

sign by subsequent fires. With the establishment of an active fire

usuppression campaign during the Park Period, fire frequency in the study

- : 116
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area decreased causing MFRI to increase to an average of one fire
every 4.4 yrs. There have been no m r fires since 1908 and only
0.004% of the area burned per year. 5

Unlike other major corridors through the Rocky Mountaids,
there was no decrease in MFRI\in the Athabasca and Miette River valleys
during the »v+ f Rai]roud-Period (1909-1912). There is, in fact, a
smgll increase.in number of firg scars for this period, but only a
negligible area was burned (Table 2). The only fire year recorded
for the Railroad Period was 1910: Locations are”{n,close proximity
to the railroad and therefore they may have been caused by man (Figure
12). fhe.increase in MFRI for this period Has beén attributed“to wet
weather during the fire seasons, better patrols on the railyoéd right-
of-ways, and legislation requiring spark arrestors on locomotives .
(MacMillan 1909, ﬁacMillan and Gutchés; i9lO).
| The Settlement Period (1892—1910) exr enced Ehe shorteét
MFRI with. a firevoccurring‘every 1.3 yrs. However, the totai‘area
burped per year was only 0.99% for the Settlement Period whereas 3.07
burﬁed pér year in the previous period. Most fires dufing,the
Settlement Period were small. However, three major fires bccurred
covering a total of 15.52 of the study‘area;

Fifeé of the Presettlement Period (ca..1830—l892) acco#nt for
most of'the caf}3OOZ of the study area burned during the period of
record 1665-1975 (Table 9). Three percent of thé area burned per year,
and 13 of the 16 fires oceurring in this period were of major extent.

~C6ntrary<to conventional expecfation, the Fur Trade>Period

(ca. 1800—ca; 1830)-sﬁowed no increase in fire frequency. Only qbuf
[\

fires are recorded; of which one major fire is respomsible for moéq\Pf
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| N \“>
[Y ) \
the area burned during this period. Nl

Despite the long MFRI of 16.5 yrs for -he ?re—Elropean Period

. o

(1665-cq. 1800) and the loss of fire-scar evidence with time,'the total
area burned per/year was more than that in the Fur Trade Period and
almost ual t¢ that in the Settlement Period. This fluctuation in the

past suggests th t human activity in the area 1is possibly,not the only

factor having an/feffect on the periodidity\and areal exteht of past

Byrne (1968), Dﬁy (1972) "and MacKenzie (197 have shown'that
here was a general increéfe in the frequency and extent éf fire in thé
late ninateenth and‘egrly‘fwentieth centuries dn.Alber;a'é‘East Sl;pes.
Although their methods differ, the trends in forést burned per'iear are
}thé same as'thosé éor Jasper (Table iO). Byrne.and Day concluded that‘
this increase was the result of in¢reéseg}activities‘by the white man
during this time period. However, MdacKenzie fouhd ‘that Waterton Park
was virtually ignored.by'the white man dufing the nin%teenqh century.
He thergfore did not believe that European man was an important cause
of forest fires Auring this period. The erratic butvcbntinual preseﬁée
of man in the Jasper area suggegts thab_MacKénzieés conclusions are
probablybtrue ﬁdr my study area/as well.

» ’ Similar estimates of forest burned per year. have been

obtained by separate workérs from different places in the Caﬁadian
‘Rbckies,‘ihdicating that the frequency and areal extent of forest fires ©

has been similar throughout the region. However, the areas investigated
have not experienced closely similar human-use paﬁterné. Thus it would

seem that there is some other factor overriding man as an ignition

source that governed the frequency and areal extent of past fires.

.
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.that warmer and ‘drier conditions developed in the Banff area(?jring the

Fire History and Past Climate

It is well known that certain comblnations of climatic and
weather conditlons increase the probability of fire. Low humidlty and

low precipitation coupled with high temperatures and solar radiation

lower the organlc matter moisture content and therefore increase fire-

potential (Haines and Sando 1969) . Specific causal factors leading

up to major fires are ‘not known but a combination of weather and

climatic factors may induce drought which generally promotes and

sustains such fires. Once an 1gnition source is supplied under dry

conditions wind becomes the most eritical . factor leadlng to fire spread.
Haines. and Sando (1969) 1nvestigated Weather conditions

preceding seven major historlcal fires in the north central United

States. The most striking meteorological factor was decreased

precipitation over a 3 8 month period. Frequency of precipitation,
| o , A

r

4
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.

amount of solar radiation, and abnormally hot weather varied from fire

. ) ; . £ )
to fire and provided little additional insight. Heinselman (1973)

analyzed weather daéa bgfbre 3 number of.major fire years back to 1863
~and found that they were characcerizés\by summer droughts, o; droughts
.that extende& from ;he summer into fall, CqmpariSOn of the fire
history of th; Bitterfﬁot Mquntaing with.Natiénal Weather Service
records for 1870~1920 fevealed‘ghét fires were strongly correlated
with drier-than-average summers (Arno 1976). A}mstrong and Vines
(1973) analyzed long-term rainfallxrégdfds for southern Canada, and -
foﬁna‘that incidencg of forest‘f%res'correiated well Qith approximate
periodic drought patterns.b Althoﬁgh they had few data before 1920,
their rec;rds indicate that yeil known "historic‘fires" also fit the
drought correlation. ’ Therefofe, the most consiétent meteorologicall
indicator of/past forest fires has been preéipitagiqﬁ. 2
‘No precipitation records exist for the Jasper study area

'before°l926. Limited data are available for Entrancé ogtsidé the
FrQnE;Rangesl(53°22'N 117°41'W) for 1918;1947. However, this period.

also falls outside the‘range of major fires that océdrredlprior to the'

implementétion of fire control in;1913. Therefore, reliance‘was placed

& §o

on regilonal climatic trends as iﬁﬂicators of major droug;f years otT
. : e A
- periods, which in turn might correspond to fir% years. ~

One source of past. climatic information is the tree-ring
. *
récord. Dendrochronology is the science of dating annual .growth rings

in woody plants, and dendroclimatoiogy uses the information to inter- .

S

pret various asbects of past and present climates (Fritts 19.71) .

Precipitation and-temperathré are the two major factors controlling the-

water andlheat balance in a trée which in turn affects phé;osynthesis,
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3
respiration and growth. In dry regions seasonal variations in both

-

precipitation and éemperatﬁre are reflected in the ring width of
conifers (Stoékton and Fritts 1971).

. Severai attempts to correlafe‘severe fife years with
precipitation cycles detérmined from tree ring studies Agve meﬁ with

markgggsuccess (Marshall 1927, Byrne 1968). Fritts (pers. comm.

}
S

1 Feb. 1977) believes that dendroclimafology can be a very important

q

tool for fire ecology studies.  An analysis.of cores from the Boundary
. R J ' N

_
8 o -

Waters Canoe, Area, Minnesota, indicates that low-growth years correé%

poﬁd to the fire years;eétablishga by Héinselmaﬂ (1973)._

Séhulm&n (1956) and Stockton and Fritts (1971) have shown
tha; the warm and dry climage-of the Athabasca River valley is very
well gpited for such‘studies. Measured ring widthé are transformed to
indices by fittiné a straight ling or modified exponential curve to the
measured ring-width series. Indices~;re formed by dividing the |
respective ring widths by the‘éorrespbnding value of the growth
.functibﬁ and can be ;hought of as a pefcent of the expected growth per
fear;‘ The transformation_ is necessary.in Qrderqto convert the non-
étationary_ring—ﬁidth series go one that is statidnary (one whose
mean and variance dre not funcﬁions of time).  Tbis method 1is standard
‘procédure at the Treé—Ring Léboratory in fucéon; Ariéona, and is-

déscribed in detail in Stokes and'Smiley (1968)’and Fritts (1971).
échulman'SLgraphs show a marked correlation bgtWeen ring width éna
annuai rainfall records for both,Entfance and Banff kFiguré.Sl). The

correlation coefficient for growth to‘rainfali'wps'+0.6—0;8 (Schulman

l?SG). If_we accept Schulman's correlations, théﬁ it seems appropriate

to use negative departures from mean growth rates of low-elevation trees
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on well-drained. sites as indicators of dfy climatic trends before 1918.
Precipitation departures for the. period 1700-1913 were deter-

-

miﬁéd from Figure 52 (Table 11). The end dates are éomewhat arbiﬁrary
'beéause they were read off the plotted curves where gkey significantly
crossed tHe mean l}ne;’ for significance,fche ”swing'of the curve"
across the mean‘line (growth expectancy = 1.0) hadtto last for at—

s

least two years ana reach as much as 107 below the mean. Minima of one
year were noted only wﬁen very prono;nced k>lOZ).'
Half of Ehe time periqd 1700-1913 e*perignced below-mean -

-'precipitation. When all fires between 1700-1913 Vefe plotted against
these below-mean precipitation periods; 75.67% of tﬁe fifés and 91.9%
of tbe_fotal areé burned was accounted for (Table 12). The 1758, 1847
and 1889 fires occurred during these pronounce& droughts and accountéd
for 60.5% of the total area purﬁea during the period of record. Only
8.1% of the area was covered Q&lfires éuriﬁg ;bove—me#n precipitétion
_periods. | |

| A comparison.of_diffetent studie§'in Minnésoﬁa;.Moﬁtana and
Aibertg'shows manj fire years in common (Table 13). The Years 1714,
1758, 1807, 1834, 1846, 1847, 1858, 1863, 1883, 1884, 1889, 1904, 1905
aﬁd 1908'apéear to have been major firevyeafs in the northern Rocky
Mg@ntéins. On a subcontinental ﬁasis, ;Hevfour areas have firejyears
1807, 1863, 1884 and 1904 in common. It’is suggested that these
éimilarities are related to major atmospheric'circulatioﬁ patterns
associatéd with.subcbntinentalAd;o;ghts. ﬁowever, more detailed
cdmparisons of fire»sevérit? aud extegt in éhese years, and a more
thorough invéstigation of past;climate,.aré necessary before Qalid

conclusions can be made. ~—

AJ’|
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TABLE 11. Years of below-mean precipitation trends for the Jasper
study area, 1700—%?13, as determined from the Pat;icia Lake

dendroclimaﬁological series of Stockton and Fritts (1971) .

1712 =-1722 , 1813 - 1818
1724 - 1728 © 1823 - 1828
1731, ' 1831 - 1844
1737 - .1846 - 1853
o N
1739 - 1748 1858 - 1866 -
1750 - 1752 . | 1868 - 1870
1756 - 1762 - , 1883 - 1884

1768 - 1781 | , 1889 - 1893
790 - 1797 . 1898 - 1901 ,
, . T

1801 - 1804 - - | 1907

1808 - 1810 o 1908
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The dendroclimatic record for Jasper has numerous short and”
long—ge;m below—meanlprecipitation'periods, and many fire'years corres-
pbnd.to gﬁg?. .The probability of fire certainly was higher dﬁring such

' "favorable"\begther conditions. T therefore conclude that climate has
béen the ﬁajor éﬁv{ronmental féctorvcontrolling the frequgnc& and
extent of past foregf fire§

Byrne (1968) stated thatﬂthe frequency and extent of fire in
Banff National Park'increased duriag\zﬁé‘nineCeenth century as a result
of a gbmbination of an increasingly favorable environment for {ire and |
the-arriQal'of-theAwhite man. A simiiar trend'of,increasﬁng fire —
-frequeﬁcf and extent occurred in Jasper. The correlatio;'getween bast
climaté and fire history and’tbe é;ratic human-use patterns associated

- N .
with the Athabasca River valley suggest that the white man alone should
not be blamed for the extensive forest“fifes of the‘nineteenth century,

‘nce he arrived in the area at a time when conditions were moré favor-

<«ole “or such fires. : @\

~Severity of Past Fires

The‘ecological effects and behavior of past firesuin the
study a;ea depénded on many i;teracting fac~ors. "The most important
were weather and'climate hQ@ore and during the fire, vegetation types,
amoﬁn; and patge{n of accumulated organic matter, apd features of the

s physical landscape (Heinselman 1973).‘ Survival-andﬁregeneration*of‘
mgny”herbs, shrubs and tf;es were affected by the extent of;crowning
-and dirgét overstory Kill,.and-the amount ‘of orgamic maﬁtéf%consuded.
Severity oflpast fires is therefore a key factor for aeveloping an

understandiﬂg of the importance of fire to the biotic communities of the



.l

study area.
Most ihvestigators’have not recognized the importance of
defining and characterizing the extent and severity of past fires.

Wellner (1970) stated that most ‘orested communities of the northern
' A\

¢

Rocky Mountains were characterized by severe, high intensity fires,
except where Douglas-fir and.ponderoéé pine (Pinus ponderosa) were the
dominant vegetation types. My initial inability to criticallyv examine
such stat;ments led to confusing questions about the fire history,ﬂthc
main one being: Why are there so many fire-scarred tr;es scattered
throﬁghout the study area and yet sq very few distinct fire margins?

_ The extent and intensity of pastvforest fires in the Jasper.
stﬁdy area have been alluded to in previous coﬁsiderations of the stand .

origin and fire year maps. Several lines of evidence are interpreted

below to assess the severity of these fires.

“ | 4
indicated by abundant fire sign such as scarred trees, charred stumps,

standing and fallen fire-killed snags, charcoal in the soil and old

Evidence for the widespread nature of past burns was

fire margins. One or more of these signs was found in 420 of 520 stand
origin plots analyzed the first‘summer. :
‘ The widespread occurrencé’of.similar—aged scars indicated
frequent and extensive fires. Tfees with multipLe fire scars were not
restricted to natural fire breaks but were seattered Fhroughdut the
area. This suggested a loné history of low to medium intenﬁity.surfacc
fires which consumed_undergrowthband'litter accumulation buﬁ did not
eliminate all overstory elements. |

The frequent incidence of past fires suggested that they were

generally not of high intensity because of the limited time for organic
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matter accumulation (Table 2). The stand origin map depicts a very
complex moséic of age structures which in turn indicates frequent, non-
holocaustic fires that left substantial remnants of the living forest.

Major fires of medium to high intensity did occur (1758,
1847, 1889) and destroyed large areas of the pre%ious‘forest§£F ﬁwa_
ever, even these fires resulted in a mosaic of heterogeneous to even;
waged stands, rather than vast areas of even age. \

In even-aged stands, the last fire was intense enough to

destroy all the above-ground elements within the area (Figure 53).

m
‘4

Although not inf{equent in the valleyquttom, the larger even-aged
foreét;vwere moreicommon on the upper élépes of the sﬁudy area (Figufe
12) . |

A common pattern was that of two age classeé'dating from
separate fires (Figure 54). This suggests a fire of ;ow to medium

intensity that was hot enough to remove parts of the former stand,
v C ; '
scar occasional remnants and provide for the regeneration of a new

age class. Such age structures are most widespread in the valley -
bottoms and become less frequent with iﬁcreasing élevation,(Figgre 12,
Results, page 109). » : <

h - .

The most. common stand age assemblage in the study area was a.

complex, fine-scale mixture of several -age classes. In this. mosaic,
-bpost~fire individuals dating from sepatate fires were found within
short distances of each other (Figure 55). These complex, ffre-

produced age structures are most comﬁonly found in rugged terrain of
. : - “*

EthevMiet;e River yaliey west of Jasper townsite and below theiPa“isade
(Figure 12). They nesﬁlted:from frequent, low- to médiumzintensity

fires that responded to Qggplif/physiographic moisture gradients.
. : Tﬂ , : .
i o - -
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Figure 53.

Mr.. Doug Currie standing in an even-aged stand of
lodgepole pine. Stand dates from the fire of 1889
(photo 45-3, 15 August 1974).

Figure 54.

Two-aged stand of lodgepole pine. Smaller trees date
from the 1889 fire. Larger trees originated after the

1758 fire and were scarred by the fire of 1889 (photo

19-3, 17 July 1974)




¢

Figure 55. Fine-scale mixture of age classes. Stand in the’
- foreground dates from the 1889 fire. Stand in the
background dates from the 1905 fire. The stand of

1889 origin is repeated 50 m behind that of l90§
‘ origin (photo 29-7, 29 July 1974). ‘
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Sﬁge stands contained scar dates but no regeneration
originatiﬁg from that fire year. This pattern was most prevalent in
bouglas—fir, but was also very common iq many remnant lodgepole pine
forests at lowe? elevatiéns (FiguréshSé and 57). Since lodgepole pine
is a highly fire—suéégptiﬁle tree species, such fires must have Been

" of low intensity and'confined to the grouna layer. To scar fire- -

resistant Douglas-fir, they must have been of moderate inténsity, but

not hot enough to ‘enter the crown. Iﬁ both c¢ases, fires were not-
inﬁénse enough to remove the forest overstory and tﬁﬁs stimu%atg_

"

régenerat&on of shade—intoleraﬁt conifers.

Fire.i;tensity wasvcorrelated with moistuée regime and
orgaﬂic matter aCcumuiation on a slépe angle, slope as?éct'and eievation
vbasis. Eréquent low intensity fires characterized the ;eric valley

g/bottoms.ana open south- ?nq~west—faq1ng slopes af,lower elevations
(Figure 58).. In graséland—savanna, these fires maintained several—éged
lodgepole éine énd Douglas-fir by periodica1ly removing‘the low
acéumulapion of }ittef. This furthér iﬁsufed that_reéﬁrring fires
would be of low,intensity.‘ ' -
Lodgepole pine forestslsurrounding the open areas of the
valley bottoms exhibited a more complex age structuré; Even-aged
“stapds occurred locally where Orgaﬁic‘w'fter éccumulation‘was high.
Somd of these stands are interspersed with :eiics from past fires‘.
(Figure‘545.. Where the moisture regir  » .5 more mesic, more organic'
matfer acéﬁmulated'(e.g.;_north- and‘east-facing slopes), and fifeé
’ . . -~ - .
burned more intensely when drought conditions prevailed (Figure 53).

This relationship between moisture regime, organic matter

and fire intensity is directly related to elevation. Since conditions
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4

Figure 56.  Wabasso Creek Douglas—fir forest (October 1975). ~

Todgepole pine stand harboring fire scars from 1758,
but no regeneration originating from that fire year.
This is evidence, for creeping surface fires 'in

lodgepole pine forests (photo 45~1, 15 August 1974).

Figure 57.

24

'

i

. . K & : o o §
ﬂ )
- .




- 137

Wabasso Creek grasgland—savanna; Periodic fires
maintained open-grown, variably-aged lodgepole pine
and Douglas-fir (October.1975).

Figure 58.

Organic matter accumulation on north-facing slope '
‘near Riley Lake 2" km west of Jaspem townsite (photo
29-3, 29 July 1974) :

Figure 59.

9 " | o . | .o ,;\

e
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at higher elevations are mesic and coolér for longer periods of time,
organic}matfer accuﬁulations tend to become greater between consecutive
fires. Qhep dry'conditioﬁs do pfevail, the large oréanic matter
accuﬁuiations insure a high intensity fire. Even—aged'forésts are
therefore more extensive at middle to high elevations in the study area.
Vast afeas of two 6r more age classes feflect the severity of fire on
* south-southwesterly slopes such asktho§e on the Colig and Ma}igne
Ranges (Fiéufﬁ 12). Lerf organic matter éccqmulations on these drier

. . ; . ) .
slopes carried subsequent low to medium inténsity fire thgt left many
remnants. Canerséiy, horth—facing slopes Qére more intensel§‘Purned{
but fires Qécurfé& 6n‘them leés often. Extensive afeas an;ort£r~and
‘eaét—facing lepes‘of Marmot and Signal Mountains  are e&enrégedrand date

only from the lasf major fire.

Based on these observations, it is concluded that'pre-l913_

fireé in Ahe study area were mostly low to medium intensity. Occasiénal

- mediumVto high “intensity fires 6ccurged, b even these burned_‘
. sporadically leaving many relic stands and individual trees across the

area.

-

Heinselman (1973) recognized that fires had left a mosaic of R

¢ v

age structures across the Boundary Waters Canoe Area, Minrésota, and
that many of these were of multiple age traceable to sepanate fires.
) : . 3 ’ : :

Such behavioral evidence has also been noted for the boreal forest

(Rowe and Scotter ,1973) and the Rocky Mountains (Habeck

been studied by Houston (1973). Other investigators have

BN

creeping‘surface fires are not uncommon in lodgépole pine

~

(Horton 1956, Loope\égc Gruell 1973, Gabriel 1976).

el



139

Arno (1976) specifically examined the problem of e¢-tent and
severity of past forest fires in the Bitterroot Mountains of Montana
He showed that frequency and intensity varied significantly ‘bétween
'yegetation types and ‘also between different portions of the study area.
Further, although high intensity, stand- destroying fires were detected
in certain habltat types, most historical fires were of low intensity
and left substantial remnants"of th@%previous forest. Thus;fthe
_pattern of fire'severity'exhibited by thé,forests of the‘Jasper town-

site study area is comparable to observations in other areas and is

- S &
closely similar to that of the Bitterroot Mountains in Montana.

Interrelations of Plant Succession, Organic Matter Accumulation and Fire

There is a gradual increment of biomass as forest ecosystems:

kd -

reestablish following a maJor disturbance such as fire. Many workers .
believe that (1) factors assoclated with plant succession increase the‘
probability that older stands will burn, and (2) fire plays a critical

role as a "decomposer" of organic matter that accumulates with time
A . By N :

_(Habeck and Mutch 1973, Heinselman 1973,'Wright and Heinselman 1973).

This thesic has shown that the frequency and severity of past B

o~
-

r_gtest fires. in the Jasper study area were related to ‘complex patterns
S

\of organic matter accumulatlon. It is therefore' useful to relate the
buildup of‘organic material to processes of-plant»succession_to asseSS'
‘changing forest flammability with time.

‘Two major pl' t‘ uel“successional'sequences may be recognized -

R .
in the study area: one in high—elevational forests and one in 1ow—
" elevational forests. Both are characterized by distinct fire regimes’
, ~2 ;

Jthat correspond- to organic_matter accumulation. The following
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generalized sequence might be observed as these forests develop.

Low-Ele&ational Forests. FPires of low to medium intensity are

4

characteristio of low-elevational forests. The understory is partially

) : Q) o .
-consumed and remnant individua?% or stands are left intact depending

'
N

on local moisture regimes and organic matter accumulations. All
foliage and twigs are partially or wholly consumed by the first fire,

but charred trunks with branches and twigs are left standing. "Relative-

Py . . '

1y high concentrytions of. potential fuel are present after a fire, but
susceptibildety to a second fire is low. Organic matter accumulations

on the landscape are broken up leaving widely-spaced, uncured, fire-
o - h ’ IR L
killed snags having low surface-to-volume ratios. The vertical and

hortizontal dispersion of unconsumed organic materfal is not conducive

to fire spread. - : S | L.

w’(\\

Qiﬁhvtime, foliage,rfnigs and branches (fall off, smaller.

roots decompose andtwind slonlp levels all trénkg to the ground,

- creating a "fire—falld.' In the meantine, foung pine, spruce and
Douglas—fir have become established on open and exposéd mineral soil.

"The combination of fallen fire—killed snags and dense young regenera—
tion_makes the stand almost impenetrable and increases both the amount
and continuity of fuel for.a potential fire.i Should a second fire
‘occur at' this stage during some dry period, all available organic’

material would potentially,be consumed.f Without fire, secondary

growth of the forest will attain full size and fire fall trees

7\-:7
gradually decompose and disappear ¥ '

' Pine regeneration‘ceases within 40 yrs after the initiating
fire (Horton 1956, Day 1972, results this study). Natural thinning

progresses as the dense young- stand matures. A higher’fire potential

- . : ’ - #*
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would be expected at the beginning of this stage if -natyxgl thinning
NG ) t"
. SN .
started before the fire-fall had completely decomﬁ$sed. Fire

~potential declines as thinning procegdé and tﬁe qhiﬁned~and fife—killqd
snags decompose. ' _ // |
‘ ‘A seéond minimal fire %otential is” reached duriqg mid-life
!ifdjﬁ;.stand at aonﬁ 50-100 yrs. Such a.stand is composed of widely-
spaced‘tfees that have matured éince natural thinﬁing. "Organic matter
accumuiation is restricted to spafse woody and herbaceous licheﬁ—moss,
herb,and shrub strata, and the highly flammable needle litter. Most of
thé fire-fall and natural thinning hgs been,dec;ﬁposed or is covered
by the lower vegetation'stréta and a duff)lafér. ,Stands‘are 6pen and
characterized by a distinct lack, of natufal thinning and fire—kiiled
snags. It is ?stigqyed that the fife—fall becomés unimportant to fire
s : : S
spread and intensity in 40—60 yrs, but large t;unks may persist longer.
‘This rapid decomposiﬁion'is attributed to a "dry—rot“ process dependent
on the warm, dry climafe of the valley bottom. Moisture swells the
fallen individuals an{ the warm, dry air causés rapid drying. This-
cycling between wetting up and rapidly drying out leads to diéinteg?g:\
tion of the thlnning and fire-fall which settle and become part of the
duff layer that is slowly covered by the understory strata and needle
litter. . Low productivity in the warm, dry environment and grazing by

ungulates also lowers total organic matter accumulation in the .valley

bottoms. Frequent, reéﬁrring, low-intensity su@facéffiges further

—

reduce and maintain thege low accqulatiodéi Thus, micrbé and macro-
climatic factors control ofgéhic matter buildup which is responsible

for the frequency and intensity of fires at lower elevations in the
. . ¢S o -

study area.
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Throughouc'the early growth of the pine population, spruce
and Douglas—fir slowly become established from seeds releaged season-
ally from residual trees. In many instances, tui~ijf:ﬁ; ecles come

in with pine after the fire, but pine is numerﬁcally superior, grows
. o / o

le*and forms the upper canopy. Dry, open conditions and
TR ; o .

7/-these kpwer elevational stands mature, pine may be replaced

’

by spnuxb%n mesic sites and Douglas fir on m en xerlc sites. The

younr- spruce and Douglas-fir are 'fuel ladders" capable of carrying
[+ y .

fire into the overstory be: se of their high flammable foliage

(Flint u1925). The vigor of thecse trees 1 ses as that of pine

declihes_with stand maturation. Stands open up as pine.density deciines,

further drying the undeérstory. Litter accumulation is partially removed

by decomposition, but total organg% matter slowlyféccumulates as new
regeneration of pine, spruce and Douglas;fizjbtcupy the onpenings. -

Since lodgepole pine is ‘not completely serotinous in the study area,

it sheds seeds which can reestablish_on disturbed sites. Thus pine is
constantly present, but of varying vitality in the’ life of low-elevation-
al forests. . , : o .

Pl
)

v v High-Elevational Fores;gl\\f::sé forests are character: :od by
}less frequent but higher intensity fires. The organic matter accumula-

tion sequence is similar, but slower, to that of lower elevational

forests. Orgauic material that Ys potentially available to burn falls

. virtually to zero: after fire, and accumulates with time as regenerationv

develops and a fire-fall is created. Higher fuel accumulations result
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20-50 yrs after fire becausF of lower temperatures ana slower
decomposltignm;;>higher elevatidns. The mid-life of decre;sed flamm-
ability is not as pfoqounced or as long as that of vélléy\sottom

forests because organic matter aCCUmulationsbare not decdmpésed as fast.
Vigor of spruce and subalpine fir increase as pine declineg. ‘Spruce

énd fir gain dominance during the mid-life of piqe extending from 70~

240 yrs (Horton 1956, Day 1972). Fire susceptibility of these stands

r

" increases as the crowns of these flammable species enter the pine

canopy.

As the forest matures, disease-caused mortality of trees

increases, which promotes a higher suscep:tibi ity to fire. Openings /

- tn the canopy are created as pine declines in the stand and the.dead

individupals fall. Such.openings increase insolation and air movement
thereby drying the accumulated organic materigl and inéréhsing the fire
‘hazard. For stands which escape fire for more than 250 yrs (Figure 49), new
regeﬁeration and the. windthrow of tops, branches and bbles of pine — 4
accumulate with age (Day ’1972). Undef'such condifidns, itvwould only

,berﬁ tter of time before a dry,lightning strike would reigitiaﬁe

the ;§:te§sion under the propér climatié conditioné.

In'summary; it is lmportant to note that forests of the study
aréa vary in flammability through timé and space, Z.e., plant'successéi
ional stage, slope, aspect and eIevational positions. The inter-
relationshipslbetween fire-reiated.comppnents and elevatién.afe
éortraygd in Figure 60. The more frequent,fires in the wafm, d;y lower-
elevational sites vere less inténse Pecause organic matter decompositigﬁ

was faster. Likewige; fires that Rurned into uppér elevational forests

" were less frequent but more’ intense because of cooler, wetter conditions,

MY
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slower decomposition rates and a more highly. flamnable fuel accumulation.
Organic matter accumulation is on the decline from post-fire

maximum fuel loading on a significant portion of the study area, e.g.,

.
-

stands originating -after 1904 (Figures 12, 14-18). To this extent, the

fire hazard 1s declining. The mid~life-organic matter accumulation
-t
N P ' .
minimum is long-lived at lower elevations because of rapid decomposition
Iy .
rates. Thus, thefflammability of these forests is lower for a longer

.:} .

period of time tﬁan high—e&evation forests. Flammability begins to
I -

increase when snkuceysnd D0uglas -fir establish fuel’ ladders into the

cro@n of the olJer, less viporous pine. The mid-life fuel minimumiis

'shortet at high%r elevations because removal of organic material is not

as fast as that in lower elevational forests. These observations are

écnematically colnared in Figure 61. The logical conciusion is that

lorganic matter adcumulation is increasing on most of the ‘area where

:fburning was more than approximately 80 yrs ago at lower elevations and

‘more than 70 yrs &go or less at higher elevations.

It is reTognized that the two seqnences presented above ate
oversimplified and man$ factors can modify'oJEanic matter accumulation
curves on any gisen‘site. More information is needec on organic ’. :
increment witn time |under different site conditions. The stand origin
map ptcvides a time-~scu_e referance for further innestigations

Heinselman (1973) H}pothesized that the pattern of occurrence
and the severity of past forest fires was regulated by fuel factors
related to vegetation type, stand age and 8uccessional stage interacting
with climatic,oscillations. He felt that lightning and man were both . |
ignition sources, but since the probability of lightning»caused

/
ignitions approac es certainty with time, it alone would have been an

et

/

/



146 |

"e21e Apnis 23Tsumol isdse[ 9yl UT S3Sa10J Hmm0ﬂum>wﬁm;nBOH pue -y31y foj (uorssadons
JI°n3) auwr3i ysnoays

A e

| _AI I417-QIN —

| oo AR i

153404 TIWNOL 7 4 10-

_

E:-o_s_i . T / O
-/ N\ , |

. / : _ : _

™ S e L
J . ~

- NOLLY INWNQOV

UOTJe]NuUNOOE 1833w OTuR310 9{qEWWET] ‘JO ugijejuasaidai STIBWLYOS "Tg dan3ry |

7 -77S1S3404 TWNOILVATT3-HOH

- -

T

© (T3n4) Y3LLYW DINVOLO 40 LNNOWY




147

. N

‘adequate source of ignition to puarantee that all rlar—able stands would

eventually burn. - n
The pattern of past forest fires in the Jasper townsite study

area supports Heinselman's 'vpdthesis. The estimated size of past fires

¢

form a series of irregular exponential curves (¥igure 8). These

fT‘Qtuations are attributed to oscillatipns in past climate and in the
accumulation of organic material with ¢ lu:

Integration of tﬁe fire histor-  ata, stand successional
sequences and heinselman s hypothesis leads to the conclusion that

- \

forests uf tho Jasper townsite study area will eventually burn again.

s well, the longer they are without fire, the more organic material

~will accumulate and the more severe will be the fire given favorable

\

' IS

" weather conditions. Once such a/ﬁ}re has occurred, the organic matter

is reduced and stand maturation processgs begin agein.

In the pést;ethe cumulative'imbact of previous figes was a

heterogeneous pattern of age structures and organic matter on the
- At , . ,

landscape. 'This pattern regulated the freqdenzy, intéwsity and areal

extent of subsequent fires. Since‘eﬁentually ven the lafger fires
extende! into areas of lower flammability, the burns themselves

maintainca the mosaic. ¢

The present pattetn 1s by no means as heterogeheous and

Tdramatic as it must have been in the past, because younger forests have

matured since the last big fires: The ecological role of fire has

"beer disiupted“due to ‘an ective suppression compaign since the park was

established in 1907., s a resdlt, organic matter is accumulatiﬁg'
faster vhan it is being consumed as plant successional sequences

9 ,
proceed through time. Therefore, I predict that given the proper

3
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weather conditions and an ignition source, the Athabasca, Miette and
Maligne River valleys around Jasper townsite will experience a fire or
series of fires that may well be larger and move catastrophic than any

recorded during the pericd of record, 1665 to 1913,

Climate as a Fac.uor 1 Fire History Investigations
. o
3
The sec of past forest fires in the Jaspér tcwnsite
- R 1N

study area has been shown to be related to complex moisthre end organic

mattervgradients Regional weather and climate were the overriding

v
factors determining the frequency and areal extent of fires Weather ¢\>
et
' ," e
and climate determined not only the rate of organic matter- T T
: ) -
SR

accumulation, and therefore the amount of fuel, but also whether or

not the fuel at;avperticular place/and time would burn once ignited.

. Most fire ecologists and foresters have used meun fire retmrn
2

Lo

,intervals (MFRI) to characterize the frequency of fire in the. vegeration
M

K4

type or ecosystem investigated,(Frissell 1973, Heinselman 1973,
Houston 1973, Logpe and Gruell 1973, Cwynar 1975, Arno 1976,

McBride'and‘Laven ‘L976). Such descriptions have been used for further

-
interpretive or management purpodes, as if these mean values were

statfc.end representative of that vegetatdion pypezdr ecosystem through
time. Although m;ny investigators have@shown marked‘correiations
between drier-than-average precipitation periode end najor fire years,
© few if any have considered the climatic variability for more than their
period‘of record. Climate may vary on a short—’andviong~term baeis

. between cool-moist and warm-dry periods. Individual fire‘years~may be

associated with either short—term or long-term climatic cycles, but a

higher fire frequency must be associated with the long-term dry periods.

Y
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- Whether or not the fire history investigation period overlaps or falls
within long-term climatic oscillations is a problem‘that has not been
seriously considered by firevocologists or land managersf

Long—term climatic trends in the/study area have oscillated

! between cool-moist and wa}m-dry conditions. Ofisignificance to this
tstudy is the fact.that the climate between 17000and 1950 was relatively'
warm and dtry with the exception of short~term cool-moist periods in the.

1730's, 1780's and 1870's; cooler and moister‘long—term climates

o

prevailed before and after ®his period (Byrne 1968) . Figure 52 shows
tne,dranatic shift from,avwarméory to a cool-wet climate after 1950.
This chaunge of climate before and after 1950 has not been confined to
the Canadian Rockies, but is recorded on a continental basis. Detailed
reviews‘onxthisysubject can be found in Byrne (1668), Bray (1971) and
Porter (1976). i g .

The existence of a readily-combustible community depends-g
. [ 4

N
4

largely upon past climate and present weather. Once a community type

is established in an area it changes-Ve?} slowly in response to lonék-

-

term climitic changes (Wright 1976). Siﬁ%t—term.fluctuations on the
order of ‘\few decades w1ll generally not be refleeted in radical
changes in &ommunity physiognomy or species composition, or in rates
and amountsr biomass accumulation. - However, long—term changes are
likely to haveja measurable and .important effect on -all -of these \, @

%)

available organic material, and consequently the frequency, 1ntensity_

\

/
communicyha&ttibutes, affecting the quantity and flammability of the,:

.

/‘”ﬁﬂ’;nd areaI/exténtT%f fites.
These long-term £luctuations raise many;questions concerning

i fire as a ecological factor. Byrne (1968)géuggested that the
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widesPreadsfireslin the Banff area following the arrival of the white
. man coincided with warmer, drier climate, and thus may have led _many
authors to over-estimatc the im;ortance of fire in vegetation change
under natural conditions, Based on the extensive fire ecology liter-
ature available todav; I do not believe that the importance of fire has
been overstated. However, not enoughAattention has been paid to the
effects. ot long term climatic fluctuations on the frequency, intensity
and eXtent of past fires. | |

Fire hasrhgsn'shqwn to be an integral part of the.Jasper
environment,fbut its‘role and importance-have changed vith changing
climate. Given a long period of;extended drought, one would “expect
'more,freque t low-intensity fire$ with occasional extensive high-
intensity fires. Likewise, one would expect less frequent but high—
Intensity fires and fewer low- 1ntensity fires during long periods of
~cool and ‘moist condltions since organic naterialjwould have built up
between successive fires. Thus mean .fire return intervals, extent
and intensity of fires for a. given vegetation type Or ecosystem are not

4

° ) : -
constant values but vary with major climatic changes.

I ‘therefore postulate that the periodicitv of fire for any )
given study area is valid only for the period of record investigated
and extrapolation of such information to the present or further intofthe

past must be undertaken with extreme caution, Although past climates
. B ~ .
have been shown to he cyclic in nature, the periodicity of'warming and/

drying trends have varied greatly and therefore are essentially

unpredittable Mean fire return intervals determined for a period of

v

a warmer, drier clJmate cannot be used to characterize periods of -

>
P4

‘cooler, wetper;plimate. ~ . .
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. suppression policy has been in effect‘éince 1907.
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Since regional climate and weather are the overriding factors
governing regional fire history, Heinselman's hypothesis can be
modified as followe: The frequency, extent and intensity of férest
fires are governed by both short;-and longqtcrm climatic oscillations
that regulate fuel factors related to Vegétat\ n type, stand age and
successional stage. The probability that a forést will burn approaches
certainty with time, given a proper combination of these factors and a

\
dry lightning strike. But the periodicity at whﬂch they burn is govern-

"ed by long-term cycles between warm-dry and cool—Aoist climatic

conditions. - ' ' \

Implications- and Management Recommendations \

A\

The major thesis of this study is that'fire<;as an integral

part of the coniferous forests in the Athabasca, Miette .and Maligne

~im

- River valleys around Jasper‘town51te Jasper National Park. " In the

past, land managers have tenaég to regard fire as an undesirable

disturbance rather than a natural factor in the environment (Mutch,

1970). This is the situation in Jasper National’Park today where 'a fire
L) ‘ ' ‘ : T

b

[

S _;' ReIevanthliterature on’integration of fire ecology and
management planning can be found in Heinselman (1970, 1973, -1975),
Mutch and Habeck (1975),.USDA4Forest Service (1975) and Arno (l976},r
In a,fire—dependent ecosystem, egclueion of fire disruptaéb
atural processes, Heineelman.(l975) listed the following prohable
ecological changes that would occurvas the result of fire exclusion

from the Jasper environment: .
PN ) . ,—\‘ £

N 1. "Closing up of savanna-woodlands and grasslands,
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2. "Aging of many forest stands beyond wﬁichfmight,not - K
otherwise have occurred, o B

A

3. "Uﬁﬁﬁugral progression of successional changes in some

kN

forests,

4. "Failure of stand regeneration due to lack of fire (theére
has been lirtie regeneration since 1913), |

5. "Changes in nutrient cycles; dry matter accumulation,

energy flows,

6. 'Changes in production of herbage and browse for wildlife

(probably changes in species availabiiiry;aod nutrient
" value and perhaps reduced total production)."

-This 1list of potential effects of flre exclusion is long and
alarming, but the actual 31tuat10n may not be as serious as it sounds
(Heinselman" 1975). First,vmost'of the fore?tS‘of‘the Studyiarea'
not very old because most of them were regeneratedAby the fires .

.of 1889, 1964, 1905, 1906, 1907 and 1908,-just prior to active fi
Suppression._ Second, orgaoic matter aceomulations in most of the
eieVational forestsfere-oot heavy due to low productieiry, dry ro
errgrazing bybunéulates,.and occurrence of occasional surface fi
Third, tﬁe forests are relativeiy long-lived aoo 5uccessioo is sl
" Fire e'~1u510o has therefore not had serious repercussions up to this
point in time. .
However,.oontindition of Parks“Canaoa policf to. prevent |wild-
fires will almost certainly lead to'the elimination ofia stroogt\\
enviropmenral selection pressure that has'oeen responsible for the

evolution of the forest environment. These communities have chardcter-

ized much of the.region since the last ice age (Day 1972), If it| is
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desired to maintain these communities, then fire shquld be re—introduc;
ed. A well—planhedvprogram of fire prescription énd control is needed
to maintain the patterﬁ‘of disturbance phases of the.forést maturation
séquencg, so that a more natural mosaié will remain for future genera-

tions., - ‘ ' N



SUMMARY AND CONCLUSIONS

e

RS
The objectives of this study were to document the fire history
. and investigate the interrelations of fire and the coniferous forests
around Jasper towﬁsite, Jasper National Park. Of primary concern was
the interpretation of neriodrcity, location and areal extent .of fires _
before 1907 when fire éuppression was'initiated. Cnitural history and:

past climate were examined in relation to the fire regime. The

severity of past fires was assessed to ascertain their impact on the
, ! -~ . Y

coniferous forests. ’

Fire history tech‘dques were used to es* -lish a fire

’

" chronology for the~3iQ §r”period 1665-1975.. Seventy-two fires were
i

recorded for,the period using sections from fire-scarred lodgepole pire

o

and Douglas~fir,
Maps were prepared for 45 fire years prior to 1910. Major
fire years were 1908 1906, 1905, 1904, . 1889, 1888, 1884, 1883, 1880,

1869, 1863, 1861 1858 1847, 1846 1837 1834, 1807, l791¢ 1780, 1758,

[

1737 1727 and 1714. Most of the forested landscape’ today originated
after the years 1889, 1847 and 1758 The fires 0f'1889 covered ca. 797%
of the area; the 1847 and 1758 fires covered at least 52 and 51%,

respectively. No major fires occurred in the area -after 1908. Thus,

N

very few new'age classes have been‘added to the landscape since 1919,

<

. or about 55 yrs ago. . Fires occurred at 1- 9 yr intervals from 1837—

1971, and were much wider before then, ranging from 1- 36 yrs. There

;

was a fire every year from 1894—1908. "Major fires" covered more than

1.2% (500 ha) of the study area, and occurred at longer intervals,
. L 154 ’
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ranging from 1-27 yrs. These fires accounted for most of the area.

burned from 1665—1975.

"

Mean fire return interval (MFRI) is the average number of
years between consecutive fires in a specified area. The MFRI for the

study- area was 4.4 yrs during the period of record 1665 1975. For the

248 -yr period prior to fire suppression (1907), there were 46 fires
e T .

with a MFRI of 5.5 yrs, 'Major fires had a MFRI of 8.4 yrs. Fires
covering more than 50% of the study area had a MFRI of 65.5 with a range

of 42-89 yIs.

Since no fires burned the entire Study area, MFRI's on an

areal and elevational basis were considered more realistic for future

research and management purposes. For comparison, 16-50 ha blocks of

vegetation were chosen from grassland-savanna, Douglas-fir, lodgepole

pine:. and subalpine forest community types.‘ MFRI was af - , .

least three times longer for any giveg block within a community type

than the MFRI for the entire study area. re periodicity varied from
I (- -
block to block” withln community types but the differences were not

significant at P - 05, The MFRI for lodgepole pine ‘wee 26.8, Douglas—.

fir 17.6, grassland savanna 20.6 and Engelmann spruce—subalplne fir

74 yrs. No’ statistic#ﬁJdifferences were found between lodgepole pine,
'grassland—savanna anq}Douglas-flr. However all three low~elevation

community types had(\ignlficantly shorter MFRI's than those of sub-

alpine forests. .

-

’ Tne number /of fires varied between different partshof the

sm area but there was no 51gnificant differences between bloc

within broadly define§ community types @*The npﬁﬁér of fires for 4 . \\~

] .-

Jl
lodgepole»pine,,Dizéias ~fir and grasslaﬁﬁ-savanna Were similar (8 11,

v~
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9 respectively) and showed a marked difference from the number of fires
for the subalpiqe forests (4), but none were significantly different
from each other at P <0.05. Fires significantly decreased in number
from low to high elevations 'in the study area. The number of fires on
N-NE slopes was smaller than on S-SW slopes, but the differences were
not significant at P <0.05. Iusiguificant differences may have been
oue to a small sample size of firea because very few fires were intense
enough to burn into high elevational forests.
. MFRI shortened from l6t5 yrs in the Pre-European Periud

(1665-ca. 180Q) to 1.3 yrs durine the Settiement Period (1892-1910).

This increase in fires could he - ~een~related t sed human

activity as well as to erasure of fire evidence with time. With fire .

suppression during the Park Period (1913-1975) MFRI increased to 4.4
. ‘ ] . | X
yrs and only 0.004% of the areg_bﬁrned per year. There was no increase

in thevfreqdency‘of fire during the short Rallroad Period (1909-1912).

Although the-Settlement Periodiexperienced the lowest MFRI, most of

the fires were small and total area burned . per year was only 0.99%.

ihree percent of the area burned per year during the Presettiemeﬁt

Period (ca. 1830-1892) and 13 of 16 fires were of major extent. These
fires_accounted for an equivalent of 3OOZ ‘of the area burned during the
period 1665-1975! ,There was no increase in fire periodicity'during the

Fur Trade Period (ca. 1800-ca. 1830).. Despite a MFRI .of 16.5 yrs and
?] - ’ !

loss of fire—scar evidence with time, the total area’ burnfd per yearv
"for the Pre—European Period (0.69) was more than that 1in the Fur Trade

Period (0.28) and almost equal to that of the §ettlement Period (O.99)t

Estimates of forest burned per year after 1830 have been
obtainei by separate workers for different regions in the Canadian
J N ) . Ce

* \ 5 ¢
7

% -

A
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Rockies. . Toey indicate that the frequency and areai extent ,of forest
fires were similar throughout the fegion, in spite of the fact thet/khe
areas did not experilence closely-similar humanwuse’patterne.. '

The area burﬁed.per year io the study area fluctuated erratic-
elly and was not well correlated with human-use patterns, especially

the larger area burned per year BEfore the arrival‘of—the white man.

Therefore, climate is believed to be the pviucipa. .'tor that

. controlled the frequency and extent of i st fires.

Since no precipitation recorc ist o+ Jasper befofe 1918,
below-average gro&th rates of tree i the_Jasper townsite area oere
sed as dendroclimatological(indicators offmajor‘drooght years or
periods which mighttcorrespond to fire yeats. Wheo all fires between
L4

1700-1913 Qere plotted against below—meah“pret@pitation périods,»762

of the fires and 92% of the total area burned were eecounted'for. The

1758, 1847 and 1889 fires occurred during pronounced droughts and

~

L
ac&ounted for 61% of the total area burned for the period of record

4 Only 8% of the area was covered by fires during above—meav precipitation

periods.
"A comparison of different fire history studies from Minnesota,
Montana and Alberta showed many fire years in common ., —The years 1714,

1758, 1807, 1834 1846' 1847, 1858 1863, 1883, 1884 1889, 1904 1905

'Vand 1908 appeared to have been major fire years. in the northern Rocky

Mountains. Fire years 1807 1863, 1884 and 1904 were common on a
subcontinental basis. It is suggested that these similarities were

related to major atmospheric circulation anomalies associated with sub-

.contlnental drought but further investigations should be initlated on

past climate and fire behavior duriné\individual fire years.
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Since, the probability of fire w- vater during such below-
mean prec%Pitation periods, it was conclu-- rat climate was the major
"environmental factor controlling.the 2quency and extent of past forest
. fires. Erratic human—use patterns associated with the study area and
the good correlations‘between past climate and fire histdiy suggest that
white man alone should not be blamed for the extensive f%%est fires of

the nineteenth century since he arrived at a time when conditions were

more faworable for such fires. _ . ’ . =y
. )
It was concluded that most fires between 1665 and 1913 {ere\ /

Y
of low to medium intensity although ocecasional medium to high inte\\ffy
o,
fires did occur. The basis of this conclusion was an integration of |

- i
° ' -

the following observationS' (1) scarring but not killing of fire-
susceptible tree species such as lodgepole pine, (2) multiple fire;
Scarred trees not restricted to natural fire breaks but scattered
throughout the area; (3) low MFRI's; and (4) a complex mosaic of age -
Structures on the landscape. |

Even-aged stands’ resulted yhete fite was intense enough to
;destroy all)above~gtound elements within an area. ‘Although‘not in-
frequent in the valley'bottom, the larger even;aged elements wete most
common on upper slopes of the study area. Stands with two‘or more age
classes resulted where fires of low—nediUm intensity wcte not hot
enough to kill all of the formervstand. Such fires removed parts of
the stands, scarred occasional remnants’and provided for the'regenera-
tion of new age classes. These complex age structures were most widei
_spgead in the valley bottoms and decreased with increasing: elevation

dWithin the valley bottoms the fire historv Awas most complex in an -

area bounded by Pyramid Lake Maligne Canyon and Jaspe?’townsite. A



. aédumulatioq resulted:between fires. Less organic mattef on south- amy

west-facing slopes carried subsequent fires-of low—medium;intensity t

B | o 159

fine-scale patchwork of several age classes over short discances was
/\L\ .

. A » ,
characteristic of rugged terrain where fire responded to ¢bmplex

%hysiographic moisture regimes. Some stands of lodgepole pine and

Douglas- fir contained scar dates but no regeneration attributable E//
that fire year and were evidence for low intensity surface fires Areas‘ "

containing no evidence for "past fires were found at. higher eleyé/ions,
v _ -

being eeBecially prevaientIPn northefly and easterly slopes of,Mermot,

Pyramid and Signal Mountaiﬁs. °

Fire:ieteneity was related to moistqgeﬂféﬁime,'qrganic\maﬁter

accumulation, and the change in these factors through plant succession

and slope, aspect and elevation position. Two major plant/fuel success-—

“ibnal sequences were recognized for the sg?dy area: high elevational

forests and low elevational forests. Each was characterized by a
vt ; : ~.

- - 7
distinct fire regime that %drresponded to organsic matter accumulation.
. 1! ' '
Because organic matter decompositicn faster in warm-dry lower -

5

elevation‘sites, subsequent fires weré'less intense. Where the moisture
regime was more mesic, more orgaeic matter accumulated and fires burned
more intensely when drought condiLlons prevailed Evep—aged forests"

were therefOre more extensive at middle—high‘elevations where ﬁ%

ST . / '
conditions were cooler and moister for longer ééfiods.of time,

decomposition rates weré slower, and a more highly flammable fuels

i
left many remnants. Conversely, north- and west—facing slopes were

more intensely burned, but fires occurred on them 1ess of ten. %%é
| o - "

The mid-life organic matter: accumulation minimum is longer at

lower elevations because of rapid decomposition rates, and therefore

3
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ffpreSts. - At the present time, organic matter accumulation is declining

Qelevations. To this extent the fire hazard is declining. Howevep“ ' s

‘ ignitions possible, fires occurred as f~r ntly as organic matter
~accumulated in sufficient quantity-to ¢ ombustion¥over the fore
floor. ‘

’:Sy 11-27 yr intervals (x f 17 yrs) Within ‘each’ ¢

* in the accumulation of organic material w.th time.

o

N

o)
these forests have a lower {lammability fof¥ a longer period of time.

The mid-life fuel minimum is shorter at higher elevations because

removal“of’organic material -is not as fast us that in lower elevational

o

from post—fir maximum fuel loading on the portion of the stud area

where stands are less than about 75 yrs old especially at lower o
. S

organic matter and flammability are increasing on most of the’ &rea
~F

since most of the forested landscape originated more than 80 yrs ago.
2 It was concluded that weather and climate determined not onlyA
the rate of organic matter accumulation, and therefore the amount of

fuel, but also whether the fuel at‘a’particular place and time would

burn once ignited. Whenever weather conditions were favorable and

s and were'separated

- . [

. Major fires occurred in clustgrs of 4—'

e o B4
ﬁstér, the size ofk
U > el ) "; -

' successive fires tended to increase exponentially with tlme, termlnating i

Vesizn
with very’ large f1ré§ such as 1758 1847 and 1889 These frregular
W

- - I

‘.
R d

exponential curv2§ were attributed to oscillations in past climate and

@ , ’ 13

-3
te

Integration-of the fire history‘daba and plant/fuel succession

lead to the conclusion that forestsref.the Jasper townsite study area

[4

will eventually burn again. The 1onger they are without fire, -
) Lt .d
the more organic matter will accumulate, and, the’ more severe fire will / ’

'be during favorable weatherﬁconditions.'

P

<
~3
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w0 .
The present age structure and h&ganic matter mosaicrare not

as heterogeneous and dramatic as in the past because of fire

suppression. ‘The cyclic fluctuation of past forest fires has been lost
« . ) .

since 1910. As a result, organic matorial is accumulating faster than

it isrbeiﬁé?consumed, and the age structure mosaic is becoming more
3smogeneous thus destroying the forest's own mechanism for controlling

*gk > erity of sticcessive fires. Therefome, it is predicted that .given

the ﬁroper weather conditions and an ignition sogyrce, the study area

s

around Jasper townsite will ekperiencejawfite or series of fires that

»;z;}may be larger and more catastrophic than any recorded during the period s

1 4

of record 1665 to 1913 . ) — é
o Continuation of PaTE§ECanada policy of ﬁire exclusion in the
' i - . EPt
A g oS

-ATea may lead to the elimination o§gstrong environmental selection

pressures that have been responsible ﬁnr”thé“évolution of the forest

o~

C ‘ b3 ‘
_environment. Although fi%ﬁ exclusion has not had serious repercussionsﬁ

“up to this point, development of a Well—planned program of fire

A ’

prescription and Contppl is deeded'to mainta¥h’ disturbance phases <o f

the stand'maturation séqueﬁ?k%So'that a more viable enviropment will .
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