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INTRODUCTION

In 1982, Glacier National P;rk (GNP) initiated long-tefﬁ studies to document
the fire nistorv of all forested lands in the 410,000 ha. park. To date,
studies have been conducted for GNP west of the Continental Divide (Barrett et
al. 1991), roughly half the total park area. These and other fire history
studies in the Northern Rockies (Arno 1976. Sneck 1977,  Arno 1980, iomme 1982,
Romme and Despain 1989, Barrett and Arno 1991, ﬁarrett lb93a. Barrett 1993b)
have shown that fire ﬁistory data can be an integral elemént of fire management
planning, particularly when natural fire plans are being developed for parks
and wilderness. The value of site specific fire history data is apéarent when
considering study results for lodgepole pine (Pinus contorta var. latifolia)
forests. Lodgepole pine is a major subalpine type in the Northern Rockies and
such stands experienced a wide range of presettlement fire patterns. On
relatively wafm—dry sites at lower elevations, such as in GNP's North Fork
drainage-(Barrett et al. 1991), short to moderately long interval (25-150 yr)
fires occurred in a mixed severity pattern ranging from non-lethal underburns
to total stand replacement (Arno 1976, Sneck 1977, Barrett and Arno 1991).
Varkedly different fire history occurréd in high elevation lodgepole pine
stands on highly unproductive sites, such as on Yellowstone National Park's
(YNP) subalpine plateau. ‘Romme (1982) found that, on some sites, stand
replacing fires recurred after very long intervals (300-400 yr), and that non~
lethal surface fires were rare. For somewhat more productive sites in the
Absaroka Mountains in YNP, Barrett (1993a) estimated a 200 year mean
replacement interval, in a pattern similar to that found in steep mountain
terrain elsewhere, such as in the Middle Fork Flathead River drainage (Barrett

et al. 1991, Sneck 1977).
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Aside from post—1900 written records (Ayres 1900: fire atlas data on file,
GNP Archives Div. and GNP Resources Mgt. Div.), little fire history information
existed for GNP's east-side forests, which are dominated primarily by‘lodgepole

pine. In fall 1992, the park initiated a study to determine the fire history

of the Missouri River drainage portion of soufhea;géfnudﬁgji Given the known
variation in pre-1900 fire patterns for lodgepole pine, this study was seen as
a potentially important contribution to GNP's Fire Manégement Plaﬁ. and to the
expanding data base of fire history studies in the region. Resource managers
sought this information to assist their development of appropriate fire
management- strategies for the east—side forests, and the fire history data also
would be a useful interactive component of the park’'s Geographic Information
System (GIS). Primary objectives we?é’to: 1) determine pre-1900 fire
periodicities, severities, burning patterns, and post—fire succession for major
forest types, and.2) document and map the forest age class mosaic, reflecting
the history of stana replacing fires at the landscape level of analysis.
Secondary objectives were to interpret the possible effects of modern fire
suppression on area fofestst and to determine fire regime patterns relative to

other lodgepole pine ecosystems in the Northern Rockies.

STUDY AREA

The study area is aéproximately 32,800 ha. and ranges from 1500 m. to 2900
m. elevation in the Misséﬁri River drainage portion of the Lewis Range.
southeastern GNP (fig. 1). The study area's western edge abuts the Continental
Divide, which roughly bisects GNP in a southeast to northwest axis. The
southern edge o£ the study area adjoins the southeastern border of GNP
northeast of Marias Pass, while the northern boundary is defined by the primarsy
divide that separates the park's Missouri and Hudson Bay drainages. The park

Geographic Information System (data on file, GNP Research Div.) indicates that
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the area contains 10,118 ha. of coniferous forest, 2833 ha. of deciduous forest
and shrubland. 3909 ha. of herbaceous communities, and 13,922 ha. of alpine
rocklands and water. Ac;ordingly. this study documents the fire history of the
“13.000 ha. of forested lands, which occupy %0% of the total area.

The study area is composed primarily of moderatelyrsggéﬁ to ‘steep terrain
dissected by 6 primary drainages and associated subdrainages.in an alpine
glacial and dendritic erosion pattern. This area is representative of lands
comprising the front range of the Northern Rocky Mountains (Arno 1979).
Specifically, a relatively narrow band of coniferous and deciduous forest
between lower and upper timberlines (1500 m., 2400 m., respectively) occupies
large U-shaped canyons and associated morainal topography along the mountain
front. Perhaps significant to‘the afea's fire history, a relatively abrupt
change in landform and fuels occurs near lower timberline, which generally is
4-10 km east of the GNP boundary and adjoins grasslands on the Blackfeet Indian
Reservation. - Here. a very narrow zone of aspen groveland occupies rolling
foothills and largé lateral moraines that extend east to the Northern Great
Plains (Ayres 1900, Lynch 1955, Habeck 1970. Arno 1979),

Climate also is a very prominent feature influencing area ecosystems
(Finkiin 1986)}. The Rocky Mountain front experiences widely fluctuating and
occasionally severe climatic conditions——a complex interaction between large
scale factors, such as a transition zone between north Eapific coastal and
continental weather patterns, and small scale factors such as orographic
effects on local weather (Finklin 1986). For exémple,lin winiter this area is
commonly subjected to widely fluctuating temperatures and strong dessicating
winds that can ﬁiil many hectares of wind exposed trees in a red belt effect
(Habeck 1970, Arno 197%9). The study area typically has shorter and cooler
growing seasons than on GNP's west side (Arno 1979, Finkiin 1986). The area
also contains somewhat drier, less productive forest types (Pfister et al.
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1977}, due to a rainshadow effect that is produced By the park's high
mountains. However, decreased precipitation is not readily apparént in ldng-
carm averages, partly because of the higher elevations of east sidé weather
stations. Veather records (Finklin 1986) indicate an annual average of 77 cm

for Last Glacier, YT (1465 m. elev.)}, versus 76 cm for West Glacier (969 m.).

‘g

recipitation east of the Contintenal Divide can £luctuate more widely year to
vear than on the west side. and amounts also can vary more widely over short
distances (Finklin 1986). For example, mean annual precipitation declines from
-
i

.cm at Zast Glacier to 38 cm at Browning, ¥T (1313 m.), on the plains just 19

km east of the front range. Additionally, annual precipitation can exceecd 250

0
3
0

:t the crest of GNP's high mountains (Firklin 1986).

Because of these complex iéteracfions between climate and topography,
vegetation patterns are somewhat more complex in the front range than on GNP's
west side. For example, the study area’'s forests are primgrily lower subzlpine
coniferous {Pfister ef al. 1977), but the krurmholz ecotone can vary wideliy in
eievation (e.g., 1830-2100 m.), depending on slope exposure to prevailing
winds. (Krurmhoiz typically extends lower along the front's broad east-facing

siopes). Additionally. the study area contains the easternmost extens_.on o

such intermountain species such as Menziesia ferruginea, Xerophvllum tenax.
Luzula hitchcockii, and Clintonia uniflora--primarily intermountain species
"that are abundant west of the Continental Divide becausg of the prevailing
maritime climate (Pfister et al. 1957. Arno 1979, Finklin 1986). And typicallv
just east of the study area, in the rolling morainal topography adjacent to
prairie grasslands, wind-stunted stands dominated by aspen (Populus

tremuloides) along with scattered large diameter Douglas-fir {Pseudotsuga

menziesii var. glauca) and limber pine (Pinus flexilis) occur in a woodland
forest pattern (Ayres 1900, Lynch 1953, Arno 1979). {The southeastern corner
of the study area contains a comparatively large amount of this forest trpe)l.
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Lower subalpine forests consist of relatively short stature, singie- and
mulci-storied stands dominated by even age serals lodgepole pine and whitebarkh

pine (P. albicauiis). Here, as elsewhere in the Northern Rockies. stand

replacing fires have produced = mosaic of even age classes of lodgepole pine.
large numbers of which reéenerate in post-firé”ﬁiﬁéféimgailw(Brown 19753,
Pfister et al 1977). Such stands occupy excessively well drained sites of low
to moderate productivity (Pfister et al 1977), and have sparse to moderately

‘dense understories of shade tolerant subalpine fir (Abies lasiocarpma) andé

Zngelmann spruce (Picea engelmannii). At the upper limits of the lower

subalpine zone, the continuous forest is dominated by increasingly wind stunted
iodgepole~ and whitebark pines, then shifts to upper subalpine forest that is

characterized by scattered k-ummholz islands of subalpine fir, whitebark pine

or, rarely, subalpine larch (Larix lyallii). In the southeastern portion of

the study area, along the wind-swept foothills of the front range, single layer
seral stands of relatively even age aspen occur adjacent to and occésionally
interspersed among coniferous stands and communities that are dominated by
gramminoids or shrubs (Habeck 1970). These aspen groves generally range in
size from a few ha. to several hundred ha, and represent the westernmcst
extension of the aspen groveland, which apparently is a climax community type
at lower elvations east of the study area (Lynch 19553). The following mejor
habitat types (Pfister et al. 1977) define potential forg;t vegetation ir the

study area: 1)A. lasiocarpa/C. uniflora (C. uniflora and X. tenax phases) in

creek bottoms and moist draws. 2) A. lasiocarpa/X. tenax (¥. globulare phase)

on sheltered north slopes primarily at lower— to middle elevations, 3) A.

N

losiocarpas X. tenax (Vaccipium scoparium phase) on most well draincd exposed

siopes primarily at middle elevations, and 4) A. lasiocarpa—-P. albicaulis/V.

scoparium throughout the upper subalpine zone.



MYETHODS
The methods of Arno and Sneck (1977) z2rnd Barrett and Arno (1988) were used

to document the fire history. Since impacts Irom chainsaw sampling. were not

acceptable, Barrett and Arno's {1988) incrcment borer method was used to sampie

stand initiation years and fire scars, and to estimate f£ire: frequenecy when fire

scars were not avaiiable for sampling. Otherwise, both Arno and Sneck {1977)
and Barrett and Arno (1988) recommend analyzing post-fire tree succession and N

devecloping a forest age class map as a primary basis for interpreting fire

history in areas subject to stand repiacing fires.

Sample §ite Selection. In tﬁe office, 1968 series éerial photographs wefe
used to prepare a preliminary map of stand polygons that comprise the mosaic of
post—Iire regenerated seral! age classéﬁ (Heinselmar 1973, Taﬁae 1979). This .
agé class map (7.5 minute scale) was used to sélect'sampllng tfansects and any
potentially important sample sites. For example; sampling near the margins of
ad joining even—age classes often yields usef@l inférmatidn bécause such sites

encble documentation of more than one stand~replacing fire (Heinselman 1973,

Tance 1979, The occurrence of major vegetation types also was noted o the

ot

age class map, to ensure that transects would cross representaﬁive fores
ecosystemé.

Stand Sampling. In the field, sites were evaluated for sampling by £irst
verifying the e#istence of fire~initiatced seral age cLasse;.or fire scarred
trees. In even age stands lacking fire scarred trees, pgeiiminary estimates of
stand iniciation vears were made by increment boring the piths of dominant

L
seral trees 30 cm. above gSOuﬁd line. When possible, preiiminary ring counts
were made in the‘field to ascertain that similar pith years had been obtained.
from at least 3 trees. When a stand’'s trees also contéined datable fire scars,
the scars were sampled with an increment borer (Barrett and Arno 1988),
Postfire tree succession was documented iﬁ the sample stands by sampiing omne
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represencative circular macropiots (375 m?)(Arno and Sneck 1977,

Cy

arrcot and Arno 1988), depending on stand extent and variabillty. Stand

phvysical structure was documented by making ocular estimates of tree specles

[¢]

canop: coverage according to 4 dbh classes (0-10 cm., 10-30 cm., 30-76 cm., 76+

cm.). To complete the sampling of stand age structure, 2 or more dominant

rees within each dbh class were increment bored, augmenting the tree—age datz

rs

already taken from the stands’' seral trees.

- Age Class/Fire Scar Analysis. In the laboratory, the increment cores were
surfaced and datec by counting annual rings under magnification. First, for
the age class increment cores, estimates were made of the number of additional

rings to the pith for any cores that did not precisely intersec:t tree center.

’ry

inal estimates for initiation vears were derived using the following criteria
if more precise evidence, such as fire atlas records, was unavailabie: 1)
similar pith yvears were required from at least 3 seral trees per age class, 2)
3C vears was considered an acceptible range defining a seral age- class, and 3)
the earliest pith year found among similarly aged dominant trees was used to
designate the initiation year. (A correction-factor to estimate':ree age to
boring neight (30 cm.) was considered unnecessary because results ffom the

author's past studies in lodgepole pine [Barrett and Arno 1988, Barret: et al. y

1991, Barrett and Arno 1991, Barrett 1993a, Barrett 1993b] suggested that

Je

est

—

mates of age class initiation years often are within * 1 year of knowrn fire
years).

The fire scar increment cores were dated by making several ring counts £

]
c
8

the tree cambium to each apparent fire scar annulus. Similarly aged scars thac
evicdently dated from the same e.cnt were adjusted to the sample with the
clearest ring pattern (Barrett and Arno 1988, Arno and Sneck 1977). However,
in additlon to being slower and more tedious, the increment boring method often

vields substantially less accurate estimates for scar years than Arno and
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'y T1977! shain saw sampling method. Therefore, for reasons cf economy,

t
[
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A
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scors were not bored wnen transects were well within the known

'Y
"
(93
&)
3
1

“
re
0

perimeters of documented fires (i.e., age class sampling vsually suffice¢ to

decument zhaz fire yvear).

Postiire cuccession was interpreted Dy constructing stand tabies based on

the tree macropiot data {(Arno and Sneck 1977, Barrett and Arno 1988). Bar

grapnhs were constructed by plotting each tree species’ canopy coverage (Y axis)

abelling the mean tree ages that

accoréing to the 4% dbn classes (X axis), the

»
pae

were obtained from dominant trees in each class. If more than onc plot had
teen sampled in a2 stand, a composite stand graph was constructed by averaging
the canopy coverages and mean ages for each species per dbh class.
Successional inte:pretations then were derived by examining the stands’ tree

structure~ and age patterns relative to stand fire history.

rh

Fire Frequency Analysis. To anaiyze fire frequency, all fires detected from

sampliing and fire atias records were listed in a study area master fire
chronology (Arno and Sneck 1977). Mean fire interval (¥FI) was estimated for
the entire study area by dividing the estimated number of vears in the
chrenology by the number of fire intervals. Wheg sample stands produced da<ta
Zrom fire—scarrod trees, stand fire chronologies ailso were compiled (Arno and

Sneck 1977), and MFI was calculated for stands that had evidence of 2 or more

thy

ire intervals. Wher stands did not contain fire scars but had evidence of 2
cr more fire iniciated seral age classes, age class chrohologies were
constructed by estimating the vears of the successive fires (Barreft and Arno
1988, Barrett et al. 1991, Barret: and Arno 1991, Barrett 1993a). First, the
vear of the mosf recent fire was estimated based on pith samples from the
stand s yvoungest seral class. Likewise, pith samples from any older seral
trees, or fire killed snags. were used tobestimate the years of previous fires

vears on the site. These age class chronologies were usec to estimate fire
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irst, ¥FT was calculated for ail sites with evidence oF

2 or more fires (i.e.. at least 2 complete fire intervals). However, becausc

p4e

many lodgepols pine stands can, at best, produce evidence of oniy one Zire

inverval (i.e.. 2 successive Zires), the alternative was to caiculate a
multiple-site averzge fire interval {YAFI)(Barret: and Arno 1988, Barrett et
al. 1991, Barrett and Arno 1991, Barrett 1993a). MAFT is computed by totalling
the single fire intervals that were derived from sample stands of simiiar
habitat type, then dividing the total number of years by the number of fire
intervals,

Age Class Mapping. A final version of the forest age ciass map was compiled
using 3 dats sources: 1) the samples from seral age ciasses and trece fire
scars, 2) the aerial photographs. and 3). fire atlas records listing the years
of pos5:t~1900 f£ires (data on f£ile, GNP Archives Div. and GNP Resource ¥gt.
Div.). The sample locations and stand agés were labelled on the 7.5 minute
topographic maps, then the preliminary stand margins that had been drayn prior
to field sumpling were rechecked and edited where appropriate. When péssible..
unszmpled polygons were labelled by extrapolating ages from nearby sample
stands with similar crown appearance. When extrapolation was not possible, for

example, for very remote areas, unsampled polygons were labelled with

approximate ctané age labels, such as "pre-1800", by comparing canopy troits

bie

with those 0of the nearest sample stands. After the map editing, acetate

overlays were prepare¢ at the 7.5 minute scale, enabling future digitization
£or the park's Geographic Information System (data to be stored on file, GNP

Research Div.).

It Is impor:tant to note here =hat the fire size estimates that are discussed

pas

n this report are only rough approximations that were produced prior to GIS
igitizing and analysis, and are included only for broad comparative purposes.
5

The method was teo utilize & ciear acetate template, equal to 260 ha. at the 7.3
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minute scaie. —o make ocular estimates of polygon sizes and then total these
estimates for each post-fire age class :in the chronoiogy. While useful for
-his report. the estimates undouhtedly will differ'somewhat from those
vitimately produced by the GIS. For example, size estimates for 2 large post-

2900 fires were based on mapped polygons as well as fire atlas maps. These

maps typicclly peéertray only approximzte Zire perimeters, but also occasionally
depict a substantial amount of burning in non-forest ecosystems, such as alpine

grassiands. Therefore, a few estimates below might vary sustantially f-om any

o

rt

04

]

‘(:
e
[p]
bt
Q

computer generated statistics. (Also note that GIS statistics of
rough approximations because fire history maps are based on seral forest z2ione,

some of which represents only scant remnants of past buras).

RESULTS AND DISCUSSION

Landscape Fire Patterns. Sampling at 34 sites ir and adjacent to the study

ares (f£ig. 1) produced 248 age class— and fire scar iIncrement cores, mostly
from iodgepole pine ana whitebark pine. Because trees with old fire sca-s were
'sca:ce; nly 5 trees were scar bored, including one large diaweter (113 c¢m.
ébh) Douglas=-fir with 3 scars outside the study area, near the east end of
Tower Two Yedicine Lake (discussed later in this report; note that there are
few aspen./Douglas~fir stands in southeastern GNP but this stand was sampled to
estimate surface fire frequency on morainal.foothills near the plains: old
Dougias-firs in these areas frequentiy have 3 ¢ 6 basal fire scars each). By
comparison, when fire scarred pines were found in GNP, they usually had single
baszl fire scars that had beeﬁ caused by relatively recent, well documented
fires. Lack of old fire scars in stands occupying moist mountain :Lerrain
frequently attests to a general pattern of severe s;and replacing fires (Romme
2182, 3Barrett et al. 1991, Barrett 1993a}. However, one "61C year old.solitary

10
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whizsbark pine on a krummholz scree siope {Scenic Point trail) had 3 oid fire

scars {(céiscussed iztor in this reporz). Such trees occasionally reflect the

~ < £
margLiils ol

stand replacing fires, for exampie, in moist bottoms and along
ze_ines (Romme 1982), racther than areas where substantial underburning had

occurred In lodgepole pine stands {Barrett et al. 1991}, .

The master fire chronoiogy extends back 277 years, to ca. 1713 {izbie !

£ I\
< -J

[

g. , and is composed primarily of stand replacing firés_that initiated the
seral age class mosaic {refer to ége class maps included with this report).
The Increment core— and fire scar data suggested 16 fires between 1715 and
1992, thus producing an area ﬁFI of !9 years-—that is, stand replacing fires of
varving size occurred somewhere in the study area on an average of every 2
decacdes. In addition to these fires; a number of ignitions also have been
suppréssed in their incipient stages during this century (discussed later in
this report):l

The last fire of any significance in the study area occurred near Lubec Lake
in 1933, a human-caused fire that was suppressed at leﬁs than 8 ha.
Conversely, the last major fire activity occurred in the early 1900s, similar
to results for GNP's west side (Barrett et al. 1991). In 1919, which was a
severe fire year in the Northern Rockies (Wellner 1970), a large fire of
unknown cause apparently entered the study area from the Blackfeet Indian
Reservation. GNP has no f£ire report for the 1919 fire, hpwever, the burn
pattern shown on an old a{;as map suggests that this fire may have originated

outside the park. This fire burned ~1700 ha. in a virtually total stand

replacement pattern on both sides of Lower Two Medicine Lake, but most burning .

o]

ccurred north of‘:he lake on the south side of Two Medicine Ridge, and
throughout most of the adjacent Dry Fork drainzge. In 1918, an approximately
65 ha. fire of unknowﬁ cause burned most of the upper Fortyone Mile Creek
crainage, and the atlas map suggested that this fire also had swept up GNIP's
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mountain front from the east. Both of these fires apparently had burned up to

z2ipine rocklands before expiring.

Ixtonsive stand replacement also occurred in the study area during the
regionally severe 1910 fire year (Wellner 1970). Fires in 1910 had burned
large areas on GNP's west side {Barrett et al. 1991) and oné such burn, causec
Dy humans near Essex, successfully crossed the Con:igental Divide nezr
irebrand Pass. The age class map suggests that this £ire -had spreaé over the
Divide in 2 directions. First, one arm of the fire burned northeast, down
Raiiroad Creek, in a virtually total stand repliacement pattern, then evidentliy
reversed direction and burned in a more patchy backing pattern of stand
replacement toward Marias Pass. The age.class map suggests that “2600 ha. of
krummholz, lower subalpine forest, aﬁd aspen stands were replaced in the
general area between Midvale Creek and Summit Creek. The 1910 fire also had
spread northwest over the top of the Continentzl Divide. Embers appareatiy

biowing from the severely burned Jackstraw Lake basin on GXP's west side (upper
Ole Creek drainage) ignited fires that replaced “245 ha. of stands in upper
Pzradise Creek, near Buttercup Park. In total, post-1910 regenerated stands
sccount for the largest proportion of the study area’'s age class mosaic, an
cstimated 20% of the seral forest.

In summary of this century's recorded fire history, several spreading fires
before the era of efficien; fire suppression (ca. 1940; Weliner 1970) had
developed into major stand_replacing burns. With the exception of the 1910
Zize, park fire reports do not indicate fire causes orApoints of origin before
about 1920. However, old fire atlas maps suggested that the 3 important fires
had entered the s%udy area from other locations. east and west, and that these
Zires had burned within all major vegetation types. Today, primarily in the
middle and southérn portions of the study area, an estimated 23% of the seral

age class mosaic is occupied by mid-age stands that regenerated after 3 fires

12



Yetweon 1910 and 1919—-and most of this regeneration is attributadble to Just
one fire (1910}, Similariy. Barrett et al. (1991) found that nearly 40% of the

serzl forest on GNP's west side had regenerated after a few large fi-es between

P

910 and 1929, and some were caused by humans (0'Brien 1969, Key 1984).
Large Iires clearliy predominate the master fire chronology (tabie i, fig.
2). As ma2ny as 9 of the 16 fires (56%) between 1715‘and 1992 apparentiy
exceeded 400 ha.; moreover, as many as 63% of the fires exceeded 200 ha. The
1910 burn is the largest fire in the chfonology, but this might simply be a
refiection of diminishing age ciass evidence over time. Because some drainages
experienced multiple fires within the time span of the data, today's oldest age
classes undoubtedly represent vignettes of the actual fire sizes (e.g., sece age
class map for upper Two Yedicine and.North Fork Cut Bank Creek drainages). The
pre-1900 data are less precise than the written records, but age class sampling
verified that a pattern of mid- to large size fires also occurred in the
presettlement era. For example, 7 of the 9 largest fires in the chronoiogy
occurred before 1900, and initiated most of today's seral age class mosaic:

ca. 1885, 1875, 1855, 1842, 1778, 1761, .and 1715 (table 1, £ig. 2). Overall,
the data sugges: that an average of ! out of every 2 fires in the study arez

over the last 3 centuries became major events, and such fires rccurred on an

average of every 35 years. Both in terms of proportion and frequency, the

'.l-
"
o
(2]
i
1
0

nology for southeastern GNP thus suggests that large scale
disturbance by fire may have been even more prevalent than on GNP's west side
(Barrett et al. 1991). From a landscape perspective, these fire history data

ons in GXP's

(X

-
(9

b

He

support the following interpretation: while relatively few ign

subaipine and alpine ecosystems have potential to spread (0'Brien 1969, Key
1984), a comparatively large percentage of forest fires can be expected to
develop into significant ecological events. Clearly the largest fires occur

whern Ignitlon, drought, and severe fire weather coincide (Johnson et ai 1990).
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{Ignizlon patterns and fire suppression s

side fire history will be discussed later

pae

distributed over the last 277 years (fig.
. then followed by relatively long fire-free

of hectares have burned since 1919. ther

ntervals in the master chronology

potential role Iz iInfluencing eas

in this report).

nave been relatively
2), rather than being
intervals. - -However,

studies in lodgepoie

evenliy
ciosely gro

ornly a Iew

pine (Barret:

et 2l. 1991, Barrett and Arno 1991, Barrett 1993a, Barret:t 1993b) have foun

nighiy skewed distributions, perhaps suggestive of such. events as ciima:!

or mountain pine dectle infestations. Doubie- ang tripie

(]

[

QUS4

SO

- -

uped
teng———~—
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d

might be in evidence when fire intervals are clustered. Specificalily, severe

-eburns sometimes occur in heavy post—fire fuels and dense post-fire

regeneration within several decades of a previous stand replacing fire (Ayr

190C axnd 1901, Wellner 1970, Brown 1975, Lotan et al. 1983).

es

The mix of age

classes in several areas today suggests that 2 or more fires may have occurred

within a relatively short time span, and the fires might have reburned scme

sites (e.g., see juxtaposition of 1885 and 1910 age classes between Rzilroad-

and Surmit Creeks; also see 1778 and 1842 classes

Zrainage). In fact, the area's southern mountain

travel corridor, Theodore

Roosevelt Pass, evidently has an unusual history of reburns, some caused by

in North Fork Cut Bank Creek

aumans (Ayres 1900). Ayres' (1900) early forest survey often mentions severely

burned terrain, largeiy between Xar:ias Pass and the mountain front south of

Yicdvale Creek, and ir adiacent areas of the South Fork Two Medicine River

éraiznage. Ayres (1900) felt that fires often originated from railroad

construction activities, and his report contains 53 photographs of recently

1y burned terrain in and around the Railroad Creek drainage, whizh was

nearly totally occupied by various early stages of vegetative stccession.

(

Avres [1900] speculated that this area had burned in the 1860s and in 1889

whereas the 1992 age class sampiing suggested fires in 1867 and 1883). The
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following passuges describe the aftermath of these fires in and near the study

zTrez ' s southeastern corner:

"... From the railroad to the lower mountain slopes [Railroad- and
Midvale Creek area, ed.] the land has been repeatedly burmed over.
Vegetation on the burns is now varied between patches of grass, willow,
and occasionally an area that is fairly restocked with lodgepole pine.
The fires of about 8 years ago [ca. 18835, ed.] reached considerably into
the woods left unburned by former fires. .... (Ayres. 1900: 307)

... The land between the South Pork [S. Fk. Two Medicine River, ed.]

and Blk Creek [i.e., Railroad Cr., ed.] has been most subject to fires,

and ‘is now reduced to occasional patches of dense young stock among dead

and fallen trees; ;arge areas have only scattered young trees about 10

feet high and some brush along streams and ravines, while three-forths of

the surface is grassy. South of the South Fork and about its headwaters,

under the dead standing trunks killed by railroad fires a dense young

stock, some about 7 years old, is common. ... (Ayres 1900: 309)
Remarkably, Ayres’ (1900) accounts were written only a decade before z large
portion of the area reburned in 1910. This history of relatively recent severe
fireg during a known <rought era (ca. 1850-1935: Carrara and XcGiisey 1981),
likely aliso can be attributed to a pattern of heavy use by humans (frequen
ignitions) and terrain that frequently is subjected to high winds, which can
both dessicate fuels and rapidly drive fires out of control {human use patterns

alsc will be discussed later in this report).

This evidently unusual history of large fires after short intervals near :the
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ain front undoubtedly helped maintain site dominance by seral
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oids, or shrubs. For example, most of today's extensive aspen
stands occupy the lower Railroad- and Summit Creek drainages, an arcz that
burned at least 3 times invthe 43 years between 1867 and 1910. This arcz has
not experienced a significant fire in 82 yeafs. and many of the overmature
aspen stands are now decadent (Habeck 1970). Conversely, primarily old age
£.asses OCCupy moist canyonﬁ in the mountain interior (e.g., upper Two
VYedicine- and North Fork Cut Bank Creeks), suggesting that major burning
sometimes recurs in the glacial canyons after relatively long intervals (e.s.,
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*150 vr.). Today a substantial amount of stand decadence, for example, crown-
kiil. is present in some oider age classes. Habeck (1970) reported that red
bei: nad produced widespread mortality on GNP's east side, and white pine

biister rust (Chronartium ribicola)} also is contributing to dead fuel ioads in

st..ads occupied by infested whitebark pine. Presumably these factors help set

ct

he stage for the recurrence of stand replacing fire in coming decades.

In ferms of ;arge fires, the chronology suggests a possible increase in
acziviur after about 1840, closely coinciding wi:h‘the end of the Little Ice
Age (Carfara and-McGimséy 1981)(fig. 2) and similar to resul:s from the park's
wesf-side studies (Barrett et al. 1991). However, the east-sidc Efire

chronology is based largely on patterns of seral age classes, as opposed to

sequences of tree fire scars and seral classes. Therefore, it is difficul: to

(3]
ct
8
(1]

detect whether there actually was an increase in large-fire activity, sinc

datz might merely reflect diminishing evidence over time—-z common Zinding in

+

fire history investigations.

Because of large fires, the study area's mosaic of seral age cliasses
displays a relatively uncomplex to only moderately complex Tandscape pattern.
The mosaic is composed primarily of l-age (:.e., seral component) stands of
moderate- to relatively large size, for example. 20-200 ha. But compared to
mosaics along portions of the mountain front, especiallr in the southern area,
the mix of age classes in relatively narrow glacial canyons
is somewhat more intricate (the canyons often range from as little as .3 =o 2
km. in width). At least during the period covered by the master fire
chronology, fire behavior occasionally was more complex in the study arez's
interior than along the front. Complex fire behavior might be expected because
¢f the wide variation in fuel types, amounts, and moisture levels that occur on
¢ifferent sites. Fire behavior also would be strongiy influenced by erratic
mountain winds (Finklin 1986) and the highly variable terrain, which ranges

16



from gentle to precipitous over very short distances in the U-shaped canyons.
In comparison, the Rocky Mountain front has more uniform terrain, with slopes
that are relatively broad (i.e., less highly dissected) and more uniformly

exposed to east winds. (Finklin [1986] also indicates prevailing west winds

during the height of the fire season, in July and August). " A result of large =~

stand replacing runs, age class»mosaics along the ffént often are uncomplex,
particularly between Lower Two Medicine Lake and Railroad Creek (fig. 1). The
Rocky Mountain front also contains a larger proportioﬁvof non-forest
vegetation. apparently seral, and these gramminoid communities may have been
maintained in part because of frequent fires sweeping off the plains (Ayres
1900, Lynch 1955, Habeck 1970).

In summary of fire patterns at thé landscape level of analysis, most seral
stands became initiated after 9 moderate- to large size fires between 1715 and
1992. While age classes are relatively evenly distributed within the time span
of the data, large-fire activity may have increased between about 1840 and
1920, closely coinciding with a known warm—dry period following the end of the
Little Ice Age (Carrara and McGimsey 1981). About 25% of the seral forest
mosaic, primarily along the mountain front and including extensive deciduous
stands, is composed of 70-80 year old stands that regenerated after 2 large
fires, in 1910 and 1919. Conversely, today's oldest seral conifers occupy
glaéial canyvons in the mountain interior. These stands range from about 200-
280 years old and 6ccupy'an estimated 202 of the seral forest mosaic. (The
study area's oldest individual trees occur in the upper subalpine zone,
primarily non-seral forest, where sampled ages of dominant whitebark pines
typically ranged between 300 and 600 years, and where many such trees recently

have succumbed to disease).

Stand Fire Patterns. Fire history also was interpreted for the stand level of
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analysis, since most management and research activities occur at ;hat scale
(e.g. prescribed fire planning). Data from 16 sites were analyzed for the
lower subalpine zone, and the stands were grouped by terrain type (ﬁables 2-3).
Additionally, data from 5 sites were used to interpret fire patterns for the
upper subalpine zone (table 4). Because of recurrent severe fires and
subsequent decomposition, most sites today-lack evidénce of mulciple fires.
Reflecting this fact, MFIs could be calculated for only 3 of the study's 54
sample sites. Alternatively, MAFI provided useful inférmation about stand fire
patterns (tables 2-3), as i€ did during previous park studies in the Lake
McDonald- and Middle Fork valleys (Barrett et al. 1991).

Lower subalpine zone. Fire frequencies were estimated for stands occupying

different terrain, to detéct any posgible differences in historic fire pattern.
Specifically, data were grouped according to moist canyon sites (table 3)
versus sites along the mountain front, which often has drier habitat types and
gentler terrain (tgble 2). 'Large stand replacing fires clearly have been the
predominant se;erity type throughout the study area, but the data suggested
somewhat different fire patterns for the 2 terrain types. Por example, when
compared to data from the canyon stands, substantially shorter fire intervais
were suggested for lodgepole pine stands that occupy morainal foothills aloné
the mountain frént. Data were obtained from 9 such stands, 5 of which were 2-
age stands near the extensive aspen groves. Two—age stands indicate that the
site’'s most recentbfire Had produced only partial stand replacement (Barrett
and Arno 1988, Barrett et al. 1991), and the data suggested that intervals
between these secondary fires ranged from 26 years to 64 years long. However,
the 2—-age stands usually are small remnant islands (20-40 ha.) within
relatively large past fire perimeters that today contain l-age stands (e.g.,
1910 fire). Therefore, while mixed severity fires are not highly
representative of fire patterns in the coniferous forest, these data
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were useful for estimating fire frequency near the aspen ecotone (as discussed
telow, aspen stands contain virtually no long-term fire evidence). YAFI Zor
ixod severity fires was 42 vears. This statistic is closely similar to the 3
stand ¥FI's in table 2 (i.e., 43, 43, and 47 years), one of which was estimated
for 2 lower elevation aspen/Douglas—fir stand adjacent to the study area. In

terms of

stand replacing Zires in the foothills staﬂds, intervals determined
for 6 of the 9 sites r~anged from 64 to 167 years, and YAFI was 96 years--a
relatively short average interval for lodgepole pine sﬁand replacement (Sneck
1977, H;wkes 1979, Tande 1979, Romme'l982, Romme and Despain 1989, Barrett et
al. 1991, Barrett and Arno 1991, Barrett 1993a, Barrett 1993b).

Bata were obtained from 7 relatively moist canyon sites in the mountain
interior {table 3). There was littie evidence of mixed severity fires in these
stands. since most stands contained just one seral ége class. Moreover,
because most caanyon stands are old and have scant evidence of previous site age
classes with which to develop age class chronologies, it was necessary to
incorporate the current ages 0of 6 old stands Ln estimating mean fire frequency
{as per Barrett 1993b). These currently incomplete fire intervals enabied a
more comprehensive interpretation than otherwise would have been possible,
since only one stand produced evidence of an actual fire interval. Only the
oldest of the canyons' overmature sample stands were used in this assessmernt,
>ut this method necessarily yields z conservative MAFI be;ause the eventual
fire intervals will be somewhat longer than the current aées of the old stands
in table 3. The estimated intervais between stand replacing fires ranged from
114 to 277+ years ("+;=incomplete interval), and YAFI was 187 years--if
conservative, still nearly twice :the length estimated for sample stands alcag
the Rocky Mountain front (table 2). Yoreover, YAFI for the canyon stands
probably is closely repreosentative of actual mean frequency, since a 150-200
vear averazge interval alsc has beern estimated for similar habitat types on
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GNP's west side (Barrett et ai. 1991), and elsewhere in the Northern Rockies
{(A-no 1980, Barrett 1993a)(i.e., data based on complere fire intervals only).
As mentioned above, some of the data from dry-site lodgepole piné stands

(table 2) were useful for estimating the frequency of stand replacing fires
near the extensive aspen stands. In the West, stand replacing fires typically
have recycled aspen stands by stimulating root sprouﬁs from clones {Jones and
DeByle 1983), but on unproductive sites aspen dominanqe rarely lasts more than
100 years before being replaced by climax conifers (Habeck 1970, Houston 1973,
Loope ané Gruell 1973, jones and DeByle 1983). Lynch {1953) stétes that aspen
groves are climax communities at lower elevations on the Blackfeet Indian
Reservation, but most aspen stands in the study area are seral and occupy the
ecotone between the coniferous- and Goodland forest (Lynch 1955, Habeck 1970,
Arno 1979, Joﬁes and DeByle 19853). Clearly, most community types in this area
have been recycled by severe stand replacing fires (Ayres 1900). Since asper
in the Northern Roékies is both a relatively short lived and highly Sfire
sensitive species (Romme 1982), most aspen stands contain little evidence of
pre=-1900 fire history. Yoreover, rapid decomposition of aspen snags has
eliminated virtually all evidence of previous age classes én any given site.
Today's extensive grovelands are primarily in the southeastern portion of
the study area, and most stands apparently regeneratec after the large 1910
fire. (The transect sampling detected no older aspens in the study z-ea).
Eighteen increment'cores'wgre obtained from 2 sites that ﬁad burned in 1910,
and the cores were taken from trees of all representative diameters to
determine stand age structure. Results suggested that most trees were between
50 and 75 years old (mean: 62 yr), thereforé, the stands éppeared té be only
broadly even age (Jones and DeByle 1983), similar to the age structureS
documented by Lynch (1955) at lower elevations. Jones and DeByle (1983) state
that broadly even age stands might reflect effective fire suppression, because
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=pc: necz-fire regenerated stands are strongly even age. (Broadlr cven-zage
scunds result when gap openings occur at irregular intervals in 3

‘ng rise to scattered root sprouts). However, the daia

sites zlso might contain significant ring—count errors. Aspen's diffuse-porous
wood nias a very Indistinct demarcation between earlywood and lat?wood (Campbell
1981), and the annual rings were difficult to disting;ish even after the cores
were specially prepared (Mowrer and Shepperd 1987).

Jones and DgByle (1985) indicate that, while most aséén stands have
comparztively low flammability, even light surface fires can kill most
oversﬁory trees and stimulate root sprouting. As mentioned above, the shorter
fire Intervals that were found for dry-site lodgepole pine stands adjacentAto
aspen groves (723-100 yr) likely are representative of the range of stand
replacement intervals that also recycied aspen. Supplementing these data from
park sites, fire sc#rs were bored on a large tripled-scarred Douglas-£:ir
adjacent to aspen stands near the southern end of Lower Two Yedicine Lake.

This tree had aﬁ estimated YFI of 47 years (site 13, table 2).-apparently
representative of the pre—-1900 frequency of surface fires (Loope ﬁnd Gruell
1972, Houston 1573; Barrett 1993a) on lower glevation dry sites east of GXP.
Additionally, the master fire chronology and Ayres' (1900) written accounts
suggest that some sites in the Railroad Creek arez may have burned as many as 3
times in the 43 years between 1867 and 1910, thus suggesting an YFJ of 22
vears. - If this interpretation is correct, such short intefval fires might have
discouraged aspen regeneration on some sites and instead maintained site
dominance by shrub- or gramminoid species——Jones and DeByle (1983} state that

frequent fires can reduce site quality for aspen. (Ayres [1900] verified that

all of these community types occupied the area in 1898). Conversely, Jones and
DeByle {1985) state that seral aspen stands can persist within coniferous

ores: areas even when fires recurr at relatively infrequent intervals., GEarly-
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day and modern records (Ayres 1900: fire atlas on file, GNP Archives Div.: fire
reports on file, GNP Resources Mgt. Div.) suggest that most fires in this area
occurred during infrequent peériods of severe fire weather. Given the vagaries

of this area’'s fire history (i.e., short— vs. longer interval fires), and the

fact that aspen occupy a major ecotone in GNP, the relative coverage and vigor

of seral aspen groves likely has fluctuated over timé. Today, 8 decades after
the area's last important fire, many aspen stands are ovérmature and declining,
perhaps in part because of efficient fire suppression (Habeck»1970; and
discussed below).

in summary of stand fire patterns in the lower subalpine zone, age class
sampling appeared to confirm that relatively dry sites near the Rocky Mountain
front (cf. Ayres 1900) have burned sﬁbstantially more often than moist canyon
sites. At least betweeﬁ the mid—1800s and early 1900s, severe reburns recurred
along the front, generally within about 2-4 decades of one another. and these
fires recycled all.of the area's seral communities, including_the extensive
aspen groves. Overall, however, data from sites throughout the study.area
suggest a predominance of stand replacing fires after moderately long- to long
intervals. On GNP;S east side, absent an ogccasional reburn, apparently from 1
to 3 centuries can pass before drought, ignition, and fuels'coincide to produce
a stand replacing fire on any given site in the lower subalpine zone.

Upper subalpine zone. Sampling detected only limited evidence of fire
history in the uppér subélpine zone. Large fires that spfead from lower
eievation forests often are delimited by the area's extensive rocklands, and
the spregd and intensity of fires that originate in the upper subalpine zone is
likewise hampered\by the greatlf diminished and discontinous fuels (Arno and
Hoff 1989). Stand data from 5 sites (table 4) verified an overall pattern of
highly localized fires. Pirst, it usually was not possible to document stand

replacing fires because most tree regeneration was highly uneven-aged and
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comprised largely of climax species. Second, while old whitebark pines
commoniy had . or more basal fire scars, most of the relatively numerous snags
0f :=ls species appear to have died from causes other than fire;_ tﬁe 1968-
series aerial photographs indicated that many old growth whitebark pines have
succumbed, apparently to blister rust, within just the last 2 decades. The
maximum ages of dominant whitebark pines, including ;nags, ranged from 194 to
609 years (mean based on 5 oldest trees was 417 yr).

Two other observations readily attested to the patcﬁiness of most fires.
First, multiple scarred'whiteba:k pines often are encountered as solitary
individuals growing on scree slopes. These trees essentially are lightning
rods, and have been scarred by resultant tiny ground fires around the bases of
the trees; in addition to having beeA'scarred by small fires over the
centuries, some of these trees ultimately may have died as a result of having
been struck by lightning. Second, old whitebark pines with multiple fire scars
frequently are adjacent to small krummholz stands that are dominated by fire
sensitive subalpine firs of widely ranging age. This regeneration pattern
suggests that most fires had missed these.nearby trées.

To estimate site fire frequency, fire scar- and pith samples were obtained

rom a solitary, triple-scarred whitebark pine snag along the upper Scenic

Hy

o

oint trail. This snag lacked dead needles and some small branchwood,
suggesting that the tree had been dead for some time, yetAaerial photographs
indicated that many area'whitebark pines were still alive.in 1968. Therefore,
the cnag's cambium year was estimatéd to be ca.1970, and the fire scar aﬁalysis
would attempt to provide a better estimate after intervals had been estimated
(i.e., scars occasionally reveal fire intefvals similar ih length to those
estimated for nearby sites). This large diameter ("114 cm.) tree had lived for
about 610 years, and evidently had been killed by blister rust. XNumerous fire
scar cores taken from this tree suggested fire intervals of “36 and 136 years,
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and yielded an estimated MFI of 86 years (table 3). Interestingly, none of the
3 fire year estimates even closely approximated the well samplied years of large
fires that occurred in the continous forest below this high elevatiéh whitebark
pine. Since fhe sample sites were separated by.as little as .4 km., either
substantial sampling error had occurred for this snag, or, the -fire scars had
in fact been produced by highly localized fires. Bogh possibilities seem
equally feasible, therefore, no conclusions will be drawn here.

As enumerated above, highly complex terrain and fueiitypes maké it difficult
to develop meaningful iﬁterpretations about fire frequency and other
patternization for timberline stands. Because fires often involve only ! or 2
trees in a given tree island (Arno and Hoff 1989), the concept of stand
replacemerit frequently does not applf'in the upper subalpine zone {(Fischer and
Ciayton 1983). Still, numerous historical accounts and modern observations
show that high elevation fires can range widely in severity, from light surfaée
fires in herbaceous.fuels to occasional wind-driven fires that skip across the

landscape, torching individual trees and tree islands.

In summary of stand fire pétterns in the study area's major forest cover
type, lodgepole pine, the data suggest that GNP's east side stands have
experienced nearly the full range of fire patterns previously documented in the
Northern Rockies. However, relatively long interval, stand replacing fires
ha§e been the most'promiﬁept disturbance agents influenciﬁg community
composition and structure. Fire patterns on relatively moist canyon sites were
similar to those on comparable terrain elsewhere in the Northern Rockies. For
example, non-lethal and mixed severity underburns were uncommon and intervals
between stand replacing fires averaged 150 to 200 years in other arcas in and
adjacent to GNP (Sneck 1977, Barrett et al. 1991), in Kananaskis Provincial
Park (Hawkes 1979), and in the Absaroka Mountains in Yeliowstone National Park
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(Barrett 1993a). Conversely, near the aspen forest ecotone (Rocky Yountain
front), <here kas evidence of reburns and occasional mixed severity fires
securring at less than 30 year intervals, a pattern roughly similar‘to that
‘found on relatively dry, gently sloped terrain in GNP's North Fork Flathead
River valley {Barrett et al. 1991), in the Bob Xarshall Wilderness (Gabfiel
1976), in Jasper National Park (Tande 1979), on the ﬁitterroot National Forest
(Arno 1976), and in the Selway-Bitterroot Wilderness (Barrett and Arno 1991).
To date, no evidence has been found of very long fire in;ervalg in lodgepole
pine stands on GNP's east side, as would be apparent if forest mosaics
contained substantial amounts of very old stands. For example, on Yellowstone
National Park's subalpine plateau, highly unproductive habitat types (e.g.;.
lodgepole pine h.t. series) often aré‘occupied by very old and depauperate.
stands. Fuel accretion is extremely slow on such sites and stand replacing
fires have been delayed for 400 years or more (Romme 1982, Romme and Despain
1989).

In addition.to the fires that had originated in the mountains, some fires on
the east side entered the mountains from adjacent prairie ecosystems (Ayres
1900). Undoubtedly for millenia, large wind-driven fires often have bee=x
ignited by lightning and hgméns on the Northern Great Plains. Ayres (1900)
provided one of the first written accounts of area fire origins:

"...For many years fires have creét into this valley [upper S. Fork Two

Medicine River, ed.] from the prairie eastward, and others have been
started probably by huntlng parties, and have been swept. eastward by

prevailing winds. ... (Ayres 1900: 309).

Before the late 1800s, in addition to lightning fires and unintentionally
caused fires, it is now well known that Native Americans frequently burned
grasslands to imprgve forage.for game, to drive game during hunting, and for

other purposes (Ayres 1900 and 1901, Barrett and Arno 1982, Gruell 1985).

Subsequently, Euro—Americans have caused many flres, virtually all of which
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have been accidently or carelessly ignited {Ayres 1900, 1901: fire reports on

e

ilz, NP Resources Ygt. Div.). For example, beyond the passages already cited

stove, Avres' (1900) report contains numerous accounts of fires that had
resulted from railroad and other settlement activities in the area's southern

mountaia travel corridor.

Fire Suppression History. O0l1d fire atlas maps and firs reports (on File, G¥

Archives Div. and GNP Resources ¥gt. Div.) were examined to interpret whether
pos=-1910 fire suppression has influenced area fire history. Occurrence data
dating back to the park's inception in 1210 were examined, but the records are
not considered comprehensive until at least 1915 (0'Brien 1969). Furthermore,
the 214 Eire maps and computerized fire reports had to be examined in tandem
because the maps sometimes portrayed fires that were not listed in the computer
files, and vice versa. These records indicated that ignitions from all sources
have been reiativeiy infrequent when compared to GXP's west side (0'Brien 1969,
Key 1984}, and that humans have been the primary causc of fires in the study
arez. There were only 47 recorded fires between 1910 and 1992 in the 33,000
ha. study area (i.e., total of forested and non—forested land)-—-a mean of only

2 years. Reporteé ignitions were the most frequent during

the 1920s, 1940s, and 1970s, specifically, 9 per decade, and <ere the least
frequent during the 1960s and 198Cs (only 2 per decade). Slightly over half
(27%) »f the ignitions occurred during the drought period.between ca.1910 and
1940 (Carrara and ¥cGimsey 1981), and 11 fires (23%) occurred during known
severe Zire seasons (1910, 1919, 1926, 1934, 1941, and 1984) (0'Brien 1969, Xev
1985, Two of tﬁése 11 fires (18%) are listed as important fires in the studsr

re chronology, otherwise. most suppressed flres were tiny.. For

[T

area master f

example, 89% of the fires were suppressed at less than .! ha., and 4% were

I4

suppressed before burning 4 ha. However, as previousliy mentioned,
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1912, 1019) nroduced a large portion ("25%) of today's seral age class
mesaic, and most of that burned area is attributable to just one fire, in 1910.
In uorms of fire couvc:s., the f£ire reports indicate that a large ﬁajorlty of
report2d Zires have been caused by humans, specifically, 33 of the 47 fires
{70%.. Iz Zact. humans apparently causcd the large 1910-fire, near Essex on - — ... __
he wesT side of Continental Divide. Five of the huhén caused ignitions also
were listed as "'raiiroad fires" inm the southern mountain travel corridor.
Remarkabdbly, only 12 lightning ignitions have been detecﬁed in this
coﬁp;ratively large anzivsis area over the last 82 years (26% of total: 2 firec
were I uniinown origin)-—a mean of only 1l reported lightning ignition every 7
yearc. This finding supports previous interpretations that lightning ignitions

0'Brien

~~

have been infrequent on GNP's east siae, at least during this century
1969, Xey 19845), O'Brien {1969) reports that GXP east of the Continental
Divide hac only 10% of all recorded lightning Ignitions in the park between

and L968.4 3% way of comparisorn, Howe Ridge, which is the large lateral
morainz dordering Lake YcDonald on GNP's west side, has perhaps the highest
ignition frequency of any area in the park (Key 1984). Whereas the east side
scudy.area hzs had oniyv 12 recorded ignitions between 1910 and 1992, the far
smailer land area around Yowe Ridge occasionally may have experienced more than
that number during a single storm (O'Brien 1969, Key 1984). Since early
detectlon of small bdackcountry fires was inefficient before the mid-l900:
(Wellnex 1070}, the study area likely has experienced a séﬁewhat higher
frequency of lightning ignitions than reported, but most such fires probably

expired in alpine cerrain withou:t being detected. The records verified that

1

most reported fires occurred near well used campsites, in the southern mountzin
cravel corrider. and along the Rocky Mountair front near East Glacier.
Those Zata suggest Soth the continuing importance of humans as an area

ignition source and that. fire suppression notwithstanding, most ignitions have

27



failoed to spread because they occurred during non-critical fire weather. While

ignizicns from all sources have been infrequent, at least 4 fires were

suppressed in the southern mountain travel corridor during known drought years.
(It 1lready has been well illustrated that this area, which is occupied by

cxtencive aspen and other seral communities, has a know: 2istory of reburns

[Avres 1900] before the advent of efficient fire suppression). Based on fire

rr

reports ilone, however, it is unclear whether fire suppression has measurably
inflzenced ecosystem functioning to date.
Lan a1y

ire cvelies (Romme 1980) wer: estimated in order to Further address whether
modern £ire suppression has been an important event in this area’'s fire
. The concept of fire cycle can be useful for ccmparative purposes, and

efined as the amount of time necessary to burn an area equivalent to the

re
n
Q.

entire study area (13,000 ha.). Fire cycle estima;es were produced for each of

rst, an estimated 2.%

po

the roughly 3 centuries in the master fire chronology. F

of the study area burned between 1715 and 1799, and the master fire chronology

(9]

ontzins 2 or 3‘major fires (fig. 2). At that rate 25% of the study area would
have burned per century, thus fire cycle for the 1700s equals 400 years. This
undoudbtedly represents a very conservative estimate of fire cycle during the
16th century, because subsequent fires have progressively eliminated evidence
cf 1700s-regenerated age classes. Second, an estimated 28% of the area burned
between 18CC and 1899, and the chronology contains as many as 4 major fires.
Fire cycie therefore equals 334 years for the 1800s, again, a conservative
estimate because fires after 1900 no doubt destroyed some evidence. Finally,
an 2stimated 26% of the area burned between 1900 and 1992, and the chronology

contains 2 prominent fires (1910, 1919). Therefore, Ffire cycle for the 1900s

poms

so equals 3534 years. (Note again that these f£ire cycie estimates are based on
a pre—GIZ analysis of the data).

Another factor contributing to ccnservative estimates of zre—190C fire
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cveles Is o that the analysis included only l—age polygons that had been labelled
with spacific fire years, as opposed to also including approximate stand—age
2-s3ge stands. Such polygons do not repfésent a
targs prcporcion of the total age class mosaic, but tend to be pre-1900

O
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stands. Thercefore, when considering all of the-variables described. .

above. zuzunl fire cycles for the 1700s and 1800s may have been substantially
shortor than Zdescribed above. In contrast. when the fire cycle estimates were

based i the post large—fire period between 1920 to 1992, fire cycle was 7200

rears. Other 7-decade leong periods in the master fire chronology also may have
experiencad reiatively few fires, but fire suppression undoubtedly plays some

role In this near total lack of spreading fires over the last 7 decades.
Therefore, while imprecise, the fire'éyclevanalysis clearly suggests that a
decrease 1n stand replacing fires has occurred during this century.

Given ail of the above variables, it remains inherently difficult to detec=
whether fire suppression has preventad any fires from becoming prominent events
in the area's fire history. Intuitively, it is generally well accepted that

most igni:tions in the Northern Rockes have little potential to become spreading
-£ires {Wellner 1970), and thus are comparatively easy to extinguish.
Conversecly, suppression usualily is relatively ineffective when wildfires occur
during critical fire weather (Romme and Despain 1989). Fire suppression might
have procliuded some stand replacing f£ires, but Johnson et al. (1990) state
that, in mcist forests typically subject to large stand réplacing fires,
macroclimate (i.e., drought coinciding with severe fire weather) is the primary
miting Zactor influencing £i-= history-—not ignition sources or fire

suppressici. While this concept undoubtedly applies to most of GNP, it likely

Yas only limited applicability to some areas along the Rocky Yountain front.
Appar_.nl Zor milleniz near the primary mountain travel corridor, frequent

Ignizicns B humans have coincides with a generally severe microclimate {(wind),
o= - \
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occasionally producing severe fires after short fire intervals.

ire suppression evidently is promoting mosaic homogenity by preventing some

tand replacing fires (Romme and Despain 1989, Barrett et al. 1991, Barrett

e}

(%)

=
D

93a2) in the study area's forests. However, in terms of succession at the

tand level, a number of studies {(Romme and Despain 1989, Johnson et al. 1990,

(%]

co

arrett et al, 1991, Barrett 1993a, Barrett 1993b) point out that there still

cient time for unnatural succession to be noticeable, even if

bae

has been Insuff
f£ire intervals have been artificially lengthened in relépively old stands
(Romme and Despain 1989).

Aspon would be among the first forest types to be adversely affected by fire
suppression, since ﬁhis species is both short lived and fire dependent {Habeck
1970). Habeck (1970) reported that GN¥P's east side contains few aspen stands
younger than 80 years, and that these seral stands were deteriorating at least
in part because of area fire suppression. However, results currently suggest
that suppression’'s influence on these ecosystems is somewhat ambiguous. GNP's
seral aspen stands occupy an ecotone between woodland and coniferous forést,
and existed under a fire regime that incliuded both relatively short and
relatively long interval severe fires, primarily severe burns during critical
fire weather. Therefore, despite area fire suppression and the current decline
of older stands, succession in some areas still might be occurring under a
v natural fire regime. 1In drier aspen grovelands just east of the
studr area, presettlement fire intervals and burning pat:efns apparently were
substantially different from those along the aspen—conifer ecotone. At lower
alevations near the prairie, a fire regime of short- to moderately long
interval surface fires occurred before the advent of long-term overgrazing by
livestock and modern fire suppression {Lynch 1933, Loope and Gruell 1972

2y

Gruell 1980). These relatively frequent light underburns occasionally may have

[t
J
"~
it
o
.

o the aspen—-conifer ecotone before expiring, but the studv area

20



generalls lacks multiple fire scarred conifers and multi-age stands (Barrett et

L&

i. 1902 rhat would attest to such an occurrence pattern.

w

Aspen management has received widespread attention in recent yeafs (DeByle
and Winkour !983), including in such national parks as Yellowstone and Grand
~Teten. Results from several fire history studies in those areas (Loope and
Gruel!l 1973, Houston 1973, Barrett 1993a) suggested that small groves of seral
aspen adiacent to Dougias-fir stands burned after comparatiyely short intervals
ranging Srom 2bout 23 to 30 years long. Fire suppressidq and overgrazing by
unguiates {Kay 1990) apparently has severely disrupted ecosystem functioning in
many stands in these intermountain valleys. However, results from this GNP
study near the extensive aspen grqveland (Lynch 1953) along the northern Rocky
Yountain front reveal a substantially more complex mix of area fire regimes
than in the Greater Yellowstone ecosystem. Complex fire regimes result from
various interactions between biotic and abiotic factors, for example, terrain,
climate. and fuel types all can shift abruptly over very short distances.
Human use pattefns also have fluctuated widely over time. Additionally, at
least near the area's southern mountain travel corridor, humans have virtually
supplanted infrequent lightning storms as the primary source of ignitions,
apparently for millenia.

Habteck {1970) indicated that a program of scheduled pfescribed fires would
be an appropriate management strategy for rejuevenating aspen staﬁds. This
might be chailenging from a practical standpoint because mdst aspen stands in
GXP have been recycled primarily by large fires during severe fi;e weather.
Yhile human ignited fires are highly appropriate from a historical context,
poli:ical.considerations likely would prevent GNP managers from purposely
igniting severe fires in the boundary zones where most aspen occur. And,
because the aspen-conifer ecotone often occupies relatively moist, highly
variable te-rain, light surface fires probably would not spread sufficientlr

"
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during non-drought periods (or in the absence of dessicating winds). Such
underburning also might be made difficult by aspen's typically low flammability
(Jones and DeByle 1985). 1In the boundary zone, however, successful application
of prescribed fire might heip rejuevenate some stands of overmature aspen and
create living firebreaks (Jones and DeByle 1985) near adjacent private
properties. of course, these considerations are somewnat academic because
large wildfires doubtless will continue to recycle area forgsts. in spite of

aggressive fire suppression measures (Habeck 1970, Johnson et al. 1990).
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Table 1. Master fire chronology for southeastern GNP, ca.1715 to 1992.

Est. Est.
Fire Percent
Yeart of Yosaic?
1953 {1
1919 - 4
1918 i
1910 ) _ 20
1885 9
1875 11
1867 <1
1866 <1
18353 : 3
1842 3
1829 <1l
1785 2
1778 8
1761 3
1752 <1
1715 7

Estimated Iire years based primarily on seral age ciass sampliing.

? Zstimated percent of forested area occupied by fire initiaved seral age
classes (pre-GIS analysis). CUnlisted percentage >f area is occupied by
approximate stand age groups and non-seral forest,



Tay
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z Tire occurrence data for 9 primarily lodgepole pine-dominated stands
aiong the Rocky Yountain frenc.
Stand Habitat Fire Intervals Last
Yo.? Typet Aspect 33 SRS ¥ri? Fire
13* Psme/Syal E 36,37 - - 47 1955
16 AbiaXete S 26,44 64 45 1855
17 Abla/Xete S 26 64 45 1829
C 34 Abla/Xete SW - 167 - 1919
25 Ablia/Vagl S - 88 - 1866
27 Abla;Vagl [ 64 - - 1842
7 Abla/Vagl S - 125 ' - 1910
22 Abla/Xete SW - 70 - 1855
10 Abla/Vasc W 43 - - 1910
VAFI (stand repl. fires): 96 yr
YAFT (mixed sever. fires): 42 yr
> "%®" denotes sites adjacent to study area, thus some fire years are not
reflected in study area master fire chronology.
“* Acronvms follow Pfister et al. (1977).
i Yixed severity underburns.
6 c v

Scand replacing fires (7+" denotes incompiete interval as of 1992},

ire Interval based on complete intervals only.




Table 3. Fire occurrence data for 7 lodgepole pine—dominated stands on moist
sites, primarily in glacial canyons.

Stand Habitat Fire Intervals Last
No. Type Aspect UB SR YFI Fire
20 Abla/Clun NE - 207+ - 1785
71 Abla/Xete N - 277+ - 1715
72 Abla/Clun N . - 231+ - 1761
73 Abla/Xete NE - 117+ - 1875
39 Abla/Xete - NE - 114 - 1875
33 Abla/Clun F _ - 214+ - 1778

30 Abla/Xete "~ F - 150+ - 1842

MAFI (stand repl. fires): 187 yr®

8 MAFI based on complete intervais and incompliece LnLe*valJ in overmacure
stands.



Table 4. Stand- and fire occurrence data for 3 whitebark pine dominated sites
in the upper subalpine zone. :

Stand Habitat Fire Intervals

Xo.? Type Aspect CB SR10 ¥EI
41 Abla/Pial/Vasc SW 136, 36 609 86
82 Abla/Piai, Vasc \E - 513 -
iK Abla/Pial/Vasc E - 464 -
37 Abla/Xeta/Vasc E 113 309+ -
38 Abla/Pial/Vasc E - 194+ -

—

* Stancé X data obrainecd from C. Key {unpub.; on file, GNP Resezrch Div.)

*9 U"5R" indicates maximum tree age only; "+" denotes living trees.
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1. Study area map and sample site distribution.

2. Master fire chronology for southeastern GNP, ca.l1715 to 1992: estimated
percent of forested area occupied by fire initiated seral age classes {(pre—-GIS
analysis; estimated fire cycles [yrs] listed in parentheses above each
century).
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MAP KEY FOR FIRE HISTORY AGE CLASSES

Fire year-specific polygons:

e.g.,

e.g., "1910/1875"

"1910"

seral trees (stand dominants listed first).

Approximate stand age groups (polygon boundaries indistinct):

a

b

P4

1855-1918 period regeneration.
1785-1853 period regeneration.
1715-1761 period regeneration.
1761-1875 period regeneration.
1778-1842 periqd regeneration.
1842-1866 period regeneration.
1778-1866 period regeneration.
pre=~1778 period regeneration.

post-1866 period regeneration.

unvegetated terrain or non-seral vegetation.

l-age stand dominated by post=-1910 initiated seral trees.

2~age stand occupied by post-1910" and post—1875 initiated
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