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INTRODUCTION 

In 1982. Glacier ~ational Park (GNP) initiated long-term studies to document 

the fire history 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 ~orthern Rockies (Arno 1976. Sneck 1977., Arno 1980. ;omme 198~. 

Romme and Despain 1989, Barrett 3nd Arno 1991, Barrett 1993a. Barrett 1993b) 

have shown that fire history data can bean integral element 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 apparent when 

considering study results for lodgepole pine (Pinus contorta var. latifo1ia) 

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 warm-dry sites at lower elevations. such as in GNP's ~orth Fork 

drainage (Barrett et al .. 1991). short to moderately long interval (25-150 yr) 

fires occurred 1n a mixed severity pattern ranging from non-lethal underburns 

to total stand replacement (Arno 1976, Sneck·1977, Barrett and Arno 1991). 

Xarkedly different fire history occurred in high elevation lodgepole pine 

stands on highly unproductive sites. such as on Yellowstone National Park's 

(~~) 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 ~ountai~s in YiNP, Barrett (1993a) estimated a 200 year mean 

replacement interval, 1n 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 p05t-1900 written records (Ayres 1900: fire atlas data pn file, 

G~P Archives Div. and GNP Resources ~~t. 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 stady to determine the fire his~ory 

of the ~issouri River drainage portion of southeastern G~P. 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 ~anagement Plan. 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 were 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 6f stand replacing fires at the landscape level of analysis. 

Secondary objectives were to interpret the possible effects of modern fire 

suppression on area forests, and to determine fire regime patterns relative to 

other lodgepole pine ecosystems in the Northern Rockies. 

STUDY AREA 

The study area 1S approximately 32,800 ha. and ranges from 1500 m. to 2900 

m. elevation in the Missouri 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 of the study area adjoins the southeastern border of GXP 

northeast of ~arias Pass, while the northern boundary is defined by the primary 

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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:he area contains 10.118 ha. of coniferous forest, 2833 ha. of deciduous forpst 

and shrubland. 5909 hap of herbaceous communities, and 13,922 ha. of alpine 

:"ocklands and water. Accordingl):. this study doc'..:IIIents the fire history of the 

'13.000 ha. of forested lands, which occupy 40% of the total area. 

The study area is composed primarily of moderately steep to 'steep terrain 

dissected by 6 primary drainages and associated subdrainages ~n an alpine 

glacial and dendritic erosion pattern. This area is representative of lands 

comprising the front range of the ~orthern Rocky ~ountains (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 area's fire history, a relatively abrupt 

change in landform and fuels occurs near lower timberline, which generally is 

4-10 kID east of the G~~ boundary and adjoins grasslands on the Blackfeet Indian 

Reservation .. Here. a very narrow zone of aspen groveland occupies rolling 

foothills and large 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 

(Finklin 1986). The Rocky ~ountain front experiences widely fluctuating and 

occasionally severe climatic conditions--a complex interaction between large 

scale factors, such as a transition zone between north Pacific coastal and 

continental weather patterns, and small scale factors such as orographic 

effects on local weather (Finklin 1986). For example, in wi~~~r this area is 

commonly subjected to widely fluctuating temperatures and strong dessicating 

winds that can kill many hectares of wind exposed trees in a red belt effect 

(Habeck 1970. Arno 1979). The study area typically has shorter and cooler 

g:row~ng seasons than on G~P 's west side (Arno 1979,· FinkEn 1986). ~he· area 

also contains somewhat drier .. less productive forest types (Pfister et al. 
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:977), duE' to a rainshadoh effect chat is produced by the park's high 

mounta.ins. However. decreased precipitation .!.s not readily apparent ir. long

~2rm averages. partly because of the higher elevations of east side weather 

s~ations. Weather records (Finklir. 1986) indicate an annual average of 77 c~ 

for East Glacier. XI (1465 m. elev.), versus 76 cm for West Glacier (969 m.). 

?~ecipitation east of the Contintenal Divide can~luctuate more widely yea~ to 

year than on the west side. and amounts also can vary more widely over short 

distances (Finklin 1986). For example, mean annual precipitation declines from 

7fcm at East Glacier to 38 cm at Browning, XT (1313 m.), on the plains just 19 

kIn east of the front range. Additionally, annual precipitation can exceed ~50 

cm at the crest of G~~'s high mountains (Finklin 1986). 

Because of these complex interactions between climate and topography, 

vegetation patterns are somewhat more complex in the front range than on GXP's 

west side. For example, the study area's forests are primarily lower subalpine 

coniferous (Pfister et a1. 1977), but the krummholz ecotone can vary widely .!.n 

elevation (e.g .. 1830-~100 m.),depending on slope exposurE to prevailing 

winds. (Kru~olz typically extends lower along the front's broad east-facing 

slopes). Additionally. the study area contains the easternmost extens~o~ of 

such inte~ountain species such as ~enziesia ferruginea, Xeroohvllum tenax. 

L~zula hitchcockii, and Clintonia uniflora--primarily intermountain species 

t~at are abundant west of the Continental Divide because of the prevailing 

~~~~t~me climate (Pfister et a1. 1977. Arno 1979, Finklin 1986). And typica.ll;' 

just east of the study area, in the rolling morainal topography adjacent to 

~ra~rie grasslands, wind-stunted stands dominated by aspen (Populus 

tremuloidcs) along 'o1i th scattered large diameter Douglas-fir (Pseudotsu!!<i 

me:~z.!.eSE var. glauca) and limber pine (Pinus flexilis) occur in a woodland 

forest pat tern (Ayres 1900, Lynch 1955, Arno 1979). (The southeas tern co:-,:e:

of the study area contains a comparatively large amount of this forest type). 



Lo~er ~ubol?ine forests consist of relatively short staLure, singl~- anc 

m~l:i-stori~d s:..::.nds dominated by ever. age ser-als lodgepole pine a~c w;':'tEba::-~: 

pine (L albicaul.is). Here. a's elsewhere in the ~orthern Rockies. st::.md 

re?lacing =ires have produced ~ mosaic of even age classes of lodgepole pine. 

large numbers of which regenerate in post-fire mineral soil (Brown 197j, 

Pfister et ul 1977). Such stands occupy excessively well dr-ained sites of low 

to moderate productivity (Pfister et al 1977), and have sparse to moderately 

dense understories of shade tolerant subalpine fir (Abies lasiocaroa) and 

Engelmann spruce (Picea engelmannii). At the upper limit£ of the lower

SUbalpine zone, the continuous forest is dominated by increasingly wind stunted 

lodgepole- 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 por-tion of 

the study area, along the wind-swept foothills of the front range, single :ayer 

seral sLands of r-elatively even age aspen occur adjacent to and occasionally 

ir.terspersed among coniferous stands and communities that are dominated by 

gramminoids or shrubs (Habeck 1970). These aspen groves generally range 1n 

size from a few hap to sever-al hundred ha, a~d represent the westernmost 

oxtension of the aspen groveland, which apparently 1S a climax community type 

at lower elvations east of the study area (Lynch 19j5). The following maJo= 

habitat types (Pfister et alp 1977) define potential forest vegetation ir. the 

study area: l)A.:.. lasiocarpa/~ uniflora (~ uniflora and x.:.. tenax phases) i:'l. 

creek bottoms and moist draws. 2) ~ lasiocarpalx.:.. tenax (~ globulare phase) 

orl sheltered north slopes primarily at lower- to middle elevations, 3) ~ 

l~siocar?a; X. tenax (Vaccinium scoparium phase) on most well drained exposed 

slopes pr-imarily at middle elevations, and 4) ~ lasiocC!r-oa-L, albicaulis/:L.. 

sconarium throughout the upper subalpine zone. 
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~THODS 

7hl' :::cthods of Arno and Sned: (2977) 3r.C Barrett and Ar:1o (1988) were used 

to joc~ment the fire history. Since impacts from chainsaw sampling were not 

acceptable, Barrett and Arno's (1988) increment borer method was usee to sample 

st.:lnc initiation years and f':'re scars, and to estimate fire' frequency when firlL 

scars were not available for sampll~g. Otherwise. both Arno and Sneck (1977) 

and Barrett and Arno (1988) recommend analyzing post-fire tr~e succession and 

deV910ping a forest a8e class map as a primary basis for ~nterpreting fire 

history in areas subject to stand r~p:aci:1g fires. 

Sample Site Selection. Ir. the office, 1968 series aerial photographs were 

used to prepare a preliminary map of stand polygons that comprise the mosaic of 

post-::ire regenerated sera':' age classe's (Heinselma:n 1973, Tande 1979). This. 
. . 

age class map (7.5 minute scale) was used to select sampling transects and any 

potentially important sample sites. For example, sampling near the margins of 
, .. 

adjoining even-age classes often yields useful info~~tion because such sites 

en~ble doc~er.tat~on of more than one stand-replacing fire(Hei~selman 1973, 

Tal,ce 1979). The occurrence of major vegetation types also was noted 0:: the 

age cl.:lsS m.:lp, to en$~r~ that transects would cross representative fores~ 

ecosystems. 

Stand Sampling. In the field. s~te~ were evaluated for sampling by f~rst 

verifying the existence of ':irl:'-initl.at.cd seral age classes or fire scarred 

trees. In even age stands lacking fire scarred trees, preliminary estimates of 

stand initiation yearz were ~de by increment boring the piths of dominant 
• 

seral trees 30 em. above ground line. w-nen possible, preliminary r~ng coun~s 

were made in the field to ascert<lin that similar pith years had been obtained 

from at least 3 trees. When a stand's trees also contained datable fire scars, 

the scars were sampled with.an increment borer (Barrett and Arno 1988). 

Postfire tree succession was documented 1:1 the sample stands by sampling one 
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0, :r.~~(; :-8p-eSe!1Lat:ve ci~cular macroplots (373 m2 )(Arno and SnecK 1.977.
 

Barr'2:~ and A:-:10 1988), dependi:l~ on stand extent and variab:':':'t:y. C'-'Lane·•


phys:'c~:11 SL~uc(.ure was documented by making ocular estimates of tref:' spec.~es
 

CallaD"' co\"e~ag'2 according to 4 dbh classes (0-10 em., 10-30 cm., 30-76 crr.., 76+
 

C~.). To complete ~he sampling of stand age structure, 2 or more domin~nt
 

::'ee~ \-;i.tOi.ll each dbh class were increment bored,' augmenting the t.ree-age dat:;;..
 

al~eudy taken from the stands' seral trees.
 

Age Class/Fire Scar Analysis. In the laboratory, the increment cores were 

z::.::facec and dated by counting annual rings under magnification. First, for 

:he age class increment corez, estimates were made of the number of addit~ol"al 

r~ngs to the pith for any cores that did not precisely intersect tree center. 

Final estimates for initiation years,were derived using the following criteria 

if more precise evidence, such as fire atlas records, was unavailable: 1) 

similar pith years were required from at least 3 seral trees per age class, 1) 

30 years 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 t.ree age to 

bor:'ng height (30 em.) was considered unnec~ssary because results from the 

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

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

est.i~ates of age class initiation years often are within; 1 year of known fire 

The fire Gear increment core~ were dated by making several ring counts from 

the ~ree cambium to each apparent fire scar annulus. Similarly aged scars t""M"'
-. ...0. '

eviden=ly dated from the s~me e~ent were adjusted to the sample with the 

clearest ring pattern (Barrett and Arno 1988, Arno and Sneck 1977). Ho~ever. 

i~ addition to being slower and more tedious, the' increment boring method often 

yields subs~antially less accurate estimates for scar years than Arno and 
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S::C?cl'.' ~ ~ ~ ')77; :::HllI: saw sampl':'ng method. :'hererore. for reasons Ol: economy. 

~0C0::: fi:-c sc~rs were no~ bored when transectS were well within the known 

?e~i~~tu~~. of documented fires (i.e .. age class sampling usually su£ficec :0 

doc~mei:: :h~~ fire year). 

?ost::ire ~uccess':o!l was i:1tarpra~=d by constructing standt.:;:b:i.es based on 

~he tree macroplot data (Arno and Snack ~977. Ba:-rett and Arno 1988). Bar 

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

accorci~g :0 the 4 dbh classes (X axis), :hen labelling the mean tree ages tha~ 

were obtainec fro~ dominant trees ~n each class. If more than one plot had 

been sam?led .:.n a stand, a composite stand graph was constructed by averaging 

~he canopy coverages and mean ages for each species per dbh class. 

S~ccessional interpretations then were' derived by examining the stands tree 

structure- and age patterns relative to stand fire history, 

Fire Frequency Analysis. To analyze fire frequency. all fires detected from 

samp!ing and =ire atlas records were listed ~n a study area master fire 

chronology (Arno and Sneck 1977). ~ean fire interval (~FI) ~as estimated for 

~he entire study area by dividing the estimated number of years in the 

ctrc:lo1ogy by the number of fire in~ervals. When sample stands produced da~a 

::-om :ire-scarrcd trues, st3nd fire chronologies also were compiled (Arno and 

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

::~~ intervals. When stands did no~ contain fire scars but had evidence of 2 

C~ more fire in~~iaced seral age classes, age class chronologies were 

constructed by estimating the years of the successive fires (Sarrett and Arno 

1988, Barrett et al. :991, 3arret~ and Arno 199~, Barrett 1993a). First, the 

~'ear of the ::lost recent fire was estimated based on pi th ~amples from the 

stand's youngest seral cl~ss. Likewise. pith samples from any older seral 

t~ees. or fire killed snags. were used to estimate ~he years of previous fires 

years on the site. These age class chronologies were usee to estimate fire 
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~ 0= ~ore ::~es (i.e .. at least ~ complete fire incervals). However, because 

:r.:l::Y ~odgcpo19 ?ine st.and!; CD-no at best. produce evidence of only one :irc 

i:tt:ervaJ. (i.e .. :2 successive ::ires), the alternative was to calculate a 

~~ltiple-site average :ire interval (Y~FI)(Barrec: and Arno lry88. Barrett et 

a:. :991, Ba~~e~: and Arno 1991. Barrett 1993a). ~AF! is computec by totalling 

the single fire intervals that were derived from sample stands of similar 

habitat type, then dividing the t.otal number of years by the number of fire 

incc:-vals. 

Age Class ~apping. A final version of the rorest age class map was compiled 

us~ng 3 data sources: 1) t.he samples from seral age classes and tree fire 

sca=s, 2) the aerial photographs. and 3). fire atlas records listing the years 

of post-1900 fires (data on file. G~T Archives Div. and ~~ Resource Y~t. 

Div.). The sample locations and stand ages were labelled on the 7.5 minute 

topog~aphic maps, then the preliminary stand margins that had been drawn prior 

to field s~~p:ing were rechecked and edited where appropriate. When possible. 

uns~mpleci polygons were labelled by extrapolating ages from near~r sa~ple 

stands with similar crown appearance. Wnen extrapolation was not possible, for 

ex~mple. for very remote areas, unsampled polygons were labelled with 

approximate ~tand age labels, such as "pre-18DO", by compa:d.ng canopy tr~.:ts 

Ni:h t.hose Qf the nearest sample stands. After the ~2P editing, acetate 

ove~·lays were preparec at the 7.5 minute scale, enabling f~ture digitization 

for the park's Geographic Information System (datn to be stored on file. G~~ 

Research Di\·.). 

It :s impor::ant· to note here -:hat the fire size estimates that are discussed 

:"~1 this !:'eport are only rough approximations that I'i'ere produced prior to G:S 

cigitizing and analysis. and are included only for broad comparat~ve purposes. 

:::e ~C::1Oc'. was to utilize a clea= acetate template, equal to 260 ha. at the 7. j 
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~~nute scaLe. ~o make ocular estimates of po~ygon SLzes ana ~hen tot~: these 

estimates fo:- ~ach post-f:'re age class ~.: the ch::-o!lology. Hhile useft::' for 

-::l:lS report. the estimates undocbtedlY will differ somel.;hat from those 

~:~imately produced by the GIS. For example, size estimates Eor 2 large ~ost-

:~oo :lres were bnsed on -mapped polygons as well as :ire at~as maps. These 

;naps typ~c.:.lly pertray only approximate :ire perimeters, but also occasio::ally 

depict a substantial amount of burning in non-forest eco!;ys:ems, such as alpine 

grass lands. Therefore, a few estimates below might vary sustantially ==orr...ny 

computer generated statistics. (Also note that GIS statistics oiten yield 

ro~gh approximations because fire history maps are based on seral forest alone, 

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

RESLLTS AND DISCUSSION 

Landscape Fire Patterns. Sampling at 54 sites in ana adjacent to the study 

area (fig. 1) produced 248 age class- and :ire scar :'ncrement cores, mostly 

from lodgepole pine and whitebark pine. Because trees with old fire sca::-s were 

sc~=ce. only 5 trees were scar bored, including one large diameter (>115 cm. 

d~h) Douglas-fir with 3 scars outside the study area, near the east end of 

:"o\'er Two :":cdicine Lake (discussed ~ater H~ this report: note that there are 

few aspen/Douglas-fir stands ~11 southeaster!! G~"P but this stand was samplec to 

estimate surface fire frequency on moroin~l :oothills near the plains: old 

Douglas-firs ~n these areas frequently have ; :~ 6 basal fire scars each). By 

comparison, lihen fire scarred pines were found ~n GXP, they usually hud single 

basa: fire scars 'that had been caused by relatively recent, well documented 

fires. Lack of old fire scars in stands occcpying ~oist mountai~ ~erra~n 

frequently attests to a general pattern oE severe staud replacing fi~es (Romme 

:082. 3arrett et alp 1991, Barrett 1993a}. However, one ~61C year old solitary 
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scn~~ (c:sc~ssec LaLC~ in ~his repo==). Such ~rees occasionally reflec: t~e 

:n<l!"~:'::S 0:: s"L.and replacing fires, for example. in moist bott.oms a:ld along 

~:'~ge:incs (RO~~E 1982), rather tha~ areas l~here substantial underburning hac 

occ~~=eci :n lodgepole pine stands (Barrett et al. 1991). 

:'he mas::er :ire chronology e~:tends ~ack 277 years, to ca. 1715 (';..::b~e :., 

fig. :), ar.c is composed primarily of stand replacing fires that initiated the 

se::-a: age class mosaic (re::er to age class maps included· with this report). 

Th0 :nc=emel~: core- and fire scar data suggested 16 fires between 1715 and 

1992, thus ~roducing an area XFr of 19 years--that is, stand replacing fircs 0:: 

varyi:1g size occur:-ed some\ihere in the study area on an average of every '2 . 

decades. In addition to these fires, a number of ignitions also have been 

suppressed in their incipient stages during this century (discussed later in 

this report). 

~he last fire of any significance in the study area occurred near Lubec Lake 

i:, :953, a human-caused fire that was suppressed at less than 8 ha. 

Con\'ersely, the last major fire activity occurred in the early 19005, similar 

to results for G~P's west side (Barrett et a~. 1991). In 1919, which was a 

severe fire year in the Xorthern Rockies (Wellner 1970), a large fire of 

unknown cause apparently entered the study area from the Blackfe·et Indian 

Resc~vat:'on. G~~ has no fire report for the 1919 fire, however, the burn 

pattern shown on an old atlas map suggests that this fire may have originated 

outside the park. This fire bu=ned ~1700 ha. in a virtually total stand 

~eplacement pattern on both sides of Lower Two ~edicine Lake, but most burning 

occ~=red north of the lake on the south side of Two ~edicine Ridge, and 

th~oughout most of the adjacent Dry Fork drain~ge. In 1918, an approx~~ately 

65 ha. fi.re of unknown cause burned most of the up'per Fortyone ~ile Creek 

c~aiaage, and the atlas map s~ggestec that this fire also had swept up GXr's 
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:=~~~:a~~ ~ront from the eas~. Both of these !~res apparen:~y had burned up to 

~l?ine rocklands before expiring. 

~~~~nsive stand replacement also occurred i~ t~e study area during the 

reg:ona1ly severe 1910 fire year (Wellner 1970). Fires in 1910 had burned 

~.:'arge ~reas on G~-P' s westside (Barrett et <.& ..... 1.991,- .inc one such burr., causec 

by humans 'lear Essex, successfully crossed the Cont.inenta~ Divide :1e.:;.r 

Firebrand Pass. The age class map suggests that this fire had spread over the 

Divide in 2 directions. First, one arm of the fire burrted northeast, down 

Railroad Creek, in a virt~a11y total stand replacement pat.tern. then evidently 

reversed direction and burned in a more patchy backing pattern of stand 

replacement toward ~arias Pass. The age class map suggests that ~2600 ha. of 

lower sUbalpine forest. and aspen stands were replaced in the 

general area between ~idvale Creek and Summit Creek. The 1910 fire also had 

spread northwest over the top of the Continental Divide. Embers apparently 

blo,~ing from ~he severely burned Jackstraw Lake basin on G~P's west side (upper 

Ole Creek drainage) ignited fires that replaced ~245 ha. of stands in upper 

~3radise Creek, near Buttercup Park. In total, post.-1910 regenerated stands 

account for the largest proportion of the study area's age class mosaic, an 

estimated 20% of the seral forest. 

In summary of this century's recorded fire history, several spreading fires 

~e£ore the era of efficient fire suppression (ca. 1940; Wellner 1970) had 

developed into major stand replacing burns. With the exception of the 1910 

=~re. park fire reports do not indicate fire causes or points of origin before 

about 1920. However, old fire atlas maps suggested that the 3 important fires 

~~d entered the study area from other locations. east and west, and that these 

::':'res had burned within all major vegetation types. Today, primarily in the 

n:ddle and southern portions of the study area, an "estimated 25% of the seral 

age class mosaic is occupied by mid-age stands that regenerated after 3 fires 
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:';0 7 ,,-C' '2:: : 'l'~Q anci ':'919--a:1C~ most of this :-egeneration 1.S att::-':'bu:.::b~~e ~o .~ust 

one ~~~e (:9:01. Similarly, Barrett et al. (1991) found that nearly 40~ of the 

ser:l': ::ore~~ on GXP' s west si:de had regenersted after a few large:i~e$ between 

:910 ane 19~9. and some were caused by humans (O'Brien 1969. Key 198!t). 

:arge :i:-es cle~rly predominate the master fire chronology ~table :. fig. 

2). As ffi3.!ly as 9 of the 16 fires (S6~) between 1715 and 1992 apparently 

exceeded !tOO ha.: moreover. as many as 63% of the fires exceeded 200 ha. The 

1910 burn ~s the largest fire in the chronology, but this might simply be a 

:-eflect':'o:: of diminishing age class evidence over time. Because some dr3in3ges 

expe:-ienced multiple fires within the time span of the data, today's oldest age 

classes uncoubtedly repre~ent vignettes of the actual fire sizes (e.g., see age 

class map for upper Two Xedicine and ~orth Fork Cut Bank Creek drainages). The 

pre-1900 data are less precise than the written records, but age class sampling 

ve:-i:~ed that a pattern of mid- to large s~ze fires also occurred in the 

presettlement e:-a. For example, 7 of the 9 largest fires in the chronology 

occu:-red before 1900, and initiated most of today's seral age class mosaic: 

ca. 1885, :875, 1855, 1842, 1778, 176l,.and 1715 (table 1, fig. 2). Overall, 

the data suggest that an average of 1 out o~ every 2 fires 1n the study area 

ove:- the last 3 centu:-ies became major events, and such fires recur:-ed on an 

average of eve:-y 35 years. Both in terms of proportion and frequency, the 

m~ster fi:-e chronology for southeastern G~~ thus suggests that large ~cale 

disturbance bj' fire may have been even more prevalent than on G!\"P' s west side 

(Sa:-:-ett et ale 1991). F:-om a landscape pe:-spective, these fire history data 

support the following inte:-pretation: while relatively few ignitions in GXP's 

subalpine and alpine ecosystems have potential to spread (O'Srien 1969, Key 

1984), a comparatively la:-ge percentage of forest fires can be expected to 

develop into significant ecological events. Clearly the largest fi:-es occur 

whe~ ~gnition, drought, and seve:-e fire weathe:- coincide (Johnson et al 1990). 
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. .
fire ~:.:.ppresz.:.o~ 5 poterlt.iDol -- influencing east-

side ~i~c history wil~ be discussed later in this report). 

r i:oe i~tervals .:..n the mast:er chronology nave been relatively c\'cnly 

distributed over the last 277 years (fig. 2). ~ather than be1rlg close:y g~ouped 

t:wn followed by relatively long fire-free 1.ntc=v&ls-. - --However; only Ci Ie,... tens-----~--

0: hectares have burned since 1919. Other studies loll 'Lodgepole pine (Ba::-ret~ 

et ~~. 1991, Barrett and Arno 1991, Barrett 1993a, Barrett 1993b) navp found 

• • °highly skewed distributions, perhaps suggestive of sech.events as C':"':"r:12.:.:.c 

.
~~i=ts or mountain pine bectl~ infestations. Double- ~~~ triple ~~r~5 ;).:..50 

~ight be in evidence when fire intervals are clustered. Specifically, severe 

=eburns sometimes occur in heavy post-fire fuels and dense post-fi=e 

regeneration within several decades of a prev1.OUS stand replacing fi~e (Ayres 

19"00 o.::d 1901, Wellner 1970, Brown 1975, Lotan ct al. 1985). The m.:.:: of age 

c:asses l.n several areas today suggests that 2 or more fires may have occ~rrec 

within a relatively short time span, and the fi~es might have rebu~~ed some 

sites (e.g., see juxtaposition of 1885 and 1910 age classes between Ra.il=oa~-

~rld S~~it Creeks; also see 1778 and 1842 classes in Xo~th Fork Cut 3ank Creek 

~rainage). In fa~t, the area's southern mountain travel corridor, Theodore 

}oosevelt Pass, evidently has an unusual history of reburns, some caused ~y 

humans (Ayres 1900). Ayres' (1900) early forest survey often mentions severe':"y 

bur~ed ter~ain, largely between XariDos Pass and the mountain front 50~th of 

~idvale Creek, and l.n adiacent areas of the South Fork Two ~edicine River 

c::-a.:.~:agc. Ayres (1900) felt that fires often originated from ~ailro<ld 

co~s:ruction activities, and his report contains 5 photographs of recently 

heavily b~rned te~rain in ~nd around the Rail~oad Creek drainage. which was 

nearly totally occupied by various early stages of vegetative succession. 

(Ayres [1900] speculated that this area had burned in the 1860s and i!1 1889. 

~hereas the 1992 age class sampling suggested fires l.n 1867 and 1885). The 
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~o::o~i~g pas5ugcs describe ~he aftermath of these firQs In and ncar the st~dy 

3~CS'S so~t~easter~ corner: 

..... From the railroad to the lower mountain slopes [Railroad- and 
~idvale Creek area, ed.] the land has been repeatedly burned 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. 1885, ed.] reached considerablY into 
the woods left unburned by former fires ..••• (Ayresl900: 307) 

" The land between the South Pork [So Pk. Two Medicine River, ed.] 
and Elk 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; large 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 Pork 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) 

1emurk~bly, Ayres' (1900) accounts were written only a decade bcfo~e a :arge 

portio~~ of the area reburned In 1910. This history of relativel)· recent severe 

Eres during a known ~rought era (ca. 1850-1935:· Car::-ara and ~:cGi=:sey :98.l), 

likely also can be attributed to a pattern of heavy use by humans (frequent 

iGnitions) a~d terrain that frequently is subjected to high winds. which can 

both dessicate fuels and rapidly drive fires out of cont::-ol (human use patterns 

alse will be disc~ssed later in this report). 

This evidently unusual history of large fires after short intervals ncar :he 

sc~ther:1 mount~in front undoubtedly helped maintain site dominance ~y ser~l 

aspen. gramminoids, or shrubs. For example, most of today's extensive aspen 

stands occupy the lower Railroad- and Summit Creek drainag~s, an arc~ t~at 

burned at least 3 times in the 43 years between 1867 and 1910. This are~ has 

not experlcnced a signific~nt fire in 82 years, and many of the overmat~re 

aspe~ stands are now decadent (Habeck 1970). Conversely, primarily ole age 

c:asscs occupy moist canyons in the mountain interior (e.g., uppe~ Two 

~edicine- and ~orth Fork Cut Bank Creeks), suggesting that major burning 

sometimes recurs 1n the glacial canyons after relatively long intervals (e.~., 
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"::>0 y:-.). Tod<ly':) sub!lt<:lr:tial <:lmount of stand dec<:ldence. for.ex<:lmple. c:-mm

ki~l.. 1S ;>:-csent. in some older age classes. ~abeck (1:970) reported t.hat. red 

':1cl: ::ac prodt;ced widespre<ld mortality on GXP's east side, and white pi:1C 

~list.er rt;st (Chronartium ribicola) also is cont:-ibuting to de<ld fuel loads 1n 

s~; ...ds occ'..1;:,ied by infested i ..hi tebark p1ne. ?resumably these factors :tclp set 

the st~ge for the recurrence of stand replacing fire in co~~ng dccades. 

In terms of large fires, the chronology suggests a possible increase 1n 

ac:iv':"~'· after about 1840, closely coinciding with the end o~ the ~ittle Ice 

ABe (Carrara anc~cGimsey 1981)(fig. 2) and si~ilar to rest;l~s from ~he p~=k's 

west-side studies (Barrett et a1. 1991). However, the east-siC0 :':"re 

chronology is based largely on patterns of sera~ age c~asses. ~s oPpo5~d to 

sequences of tree fire scars and seral classes. Therefore. it is di:=ic~lt to 

detect whether there actually was an increase in largc-fire activity, since the 

data might merely reflect diminishing evidence over time--a co~or: fincing in 

fire history investigations. 

Because of large fires, the study area's mosa1C of seral age classcs 

displays a relatively uncomp1ex to only moderately complex landscape pattern. 

The mosaic is composed prim<:lrily of I-age (i.e., seral component) stands of 

moderate- to relatively large S1ze, for example. 20-~OO ha. But compared to 

mosa1CS along portions of the mountain front, especially 1n the southern area, 

the mix of age classes 1n relatively narrow glacial canyons 

1S somewhat more intricate (the canyons often range from as little as .3 to ~ 

kIn. in width). At least during the period covered by the master fire 

chronology, fire behavior occasionally was more complex in the study are~'s 

interior than along the front. Complex fire behavior might be expectec because 

of the wide variation in fuel types, amounts, and moisturc levels that occ~= on 

different sites. Fire behavior also would be strongly influenced by erratic 

mot;ntain winds (Finklin 1986) and the highly va:-labl~ terrain, Khich :-nnges 
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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 Augus-t). -. A result of large" ._--~._-_._

stand replacing runs, age class mosaics along the front often are uncomplex. 

particularly between Lower Two Medicine Lake and Railroad Creek (fig. 1). The 

Rocky Mountain front also contains a larger proportion of 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 the 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 

mosa1C, primarily along the mountain front and including extensive deciduous 

stands, 1S composed of 70-80 year old stands that regenerated after 2 large 

fires, in 1910 and 1919. Conversely, today's oldest seral conifers occupy 

glacial canyons in the mountain interior. These stands range from about 200

280 years old and occupy ·an estimated 20% of the sera1 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 lire Patterns. Fire history also was interpreted for the stand level of 
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analysis. S1nce most management and research activities occur at that 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 (tables 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 evidence of multiple fires. 

Reflecting this fact, MFls could be calculated for only 30f the study's 54 

sample sites. Alternatively, MAFI provided useful information about stand fire 

patterns (tables 2-3), as it did during previous park studies in the Lake 

McDonald- and Middle Fork valleys (Barrett et ale 1991). 

Lower subalpine zone. Fire frequencies were estimated for stands occupying 

different terrain, to detect any possible 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 (table 2). Large stand replacing fires clearly have been the 

predominant severity type throughout the study area, but the data suggested 

somewhat different fire patterns for the 2 terrain types. For example, when 

compared to data from the canyon stands, substantially shorter fire intervals 

were suggested for lodgepole pine stands that occupy morainal foothills along 

the mountain front. 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 recent fire had produced only partial stand replacement (Barrett 

and Arno 1988, Barrett et ale 1991), and the data suggested that intervals 

between these secondary fire~ 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 I-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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\{~~~ ~50r~~ for es:~mat~ng fire frequency ~ear :he aspen ecotone (a~ disc~ssed 

De:OI' ..).spe:, stands cO:1tair: '::'r-,:t;2.::Y no long-term fire evidence). Y_l>,..FI fo~ 

=~~2C sever~ty fi=e~ Kas ~1 years. This statistic 1S closely similar to the 3 

st.:illC ~f:'s 1n table ~ (i.e., !+5, 45. and 47 years), one of which was estimated 

:a= a lo\\er ele\'ation aspen/Dougl.:ls-£ir stand adjacent t-o the study area. In 

terms of stane r:-eplacing fires in the foothills stands, intervals determined 

for 6 of the 9 sites ranged from 64 to 167 years, and Y~Flwas 96 years--a 

r:-elatively short aver:-age interval :0= lodgepole pine st~nd replacement (Sncck 

:977, HaKkes 1979. Tande 1979, Romme 1982, Romme and Despain 1989, Barrett et 

a~. 1991. Barrett and Arno 1991, Sarrett 1993a, Barrett 1993b). 

~ata Hcre obtained from 7 relatively l!lo':"st canyon sites in the mountain 

interior (:a~le 3). There was little evidence of mixed severity fires in these 

st~nds. s~~ce most stands contained just one seral age class. ~oreover, 

because most canyon stands are ole and have scant evidence of previous site age 

:lasses with which to develop age class chronologies, it was necessary to 

ir.corpor~te the current ages of 6 old stands in estimating mean fire frequency 

(as per Burrett 1993b). These currently incomplete fire intervals enabled a 

more comprehensive interpretatio~ than othe~ise would have been possible, 

since only one stand produced evidcnce of an actual fire i~terval. Only the 

oldest of the canyons' overmature sample stands were used in this assessmer:t, 

~U~ this method necessarily yields a conservative ~~F! because the eventual 

fire inter\'als will be ~omewhat longer than the current ages of the old stands 

in table 3. ~he estimated intervals bet,~een stand replacing fires ranged from 

::4 to '277+ years ("+"::incomplete interval). and Y~FI was 187 years--if 

co::scr\'ati \·c. still nearly tHice ::he length estimated for sample stands alo:J.g 

the Rocky ~ountain front (table '2). ~oreover. Y~FI for the canyon stands 

probably is closely repr~sentative of actua~ mean fr~quency. since a 150-~OO 

yea= ave~~gc interval also has bee~ estimated Eor similar habitat types on 
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GX~'s \vest side (Barrett et a1. 1991), and elsewhere in the ~orthern Rockies 

(Arno 1980, B~rrett 1993a)(i,e., data based on complcce fire intervals only). 

As mcncioned above, some of the data from dry-site lodgepole pine stands 

(table 2) were useful for estimating the frequency of stand replacing fires 

near the extensive aspen stands. In the West, stand repl~cing·fires typica:1y 

have recycled aspen stands by stimulating root sprouts f:roI:l c:'ones (Jones at~c. 

DcByle 1985), but on unproductive sites aspen dominance rarely lasts more than 

~oo years before being replaced by climax conifers (Habeck 1970, Houston 1973, 

Loope and Gruell 1973, Jones and DeBy1e 1985). Lynch (1953) states th3t 3spen 

groves are climax communities at lower elevations on the Blackfeet Incian 

Reservation, but most aspen stands in the study area are seral and occupy ~he 

ecotone between the coniferous- and woodland forest (Lynch 1935, Habeck 1970, 

Arno 1979, Jones and DeByle 1985). Clearly, most community types in this area 

have been recycled by severe stand replacing fires (Ayres 1900). Since asper. 

in the ~orthern Rockies is both a relatively short lived and highly =:re 

sensitive species (Romme 1982), most aspen stands contain little evidence of 

pre-1900 fire history. Xoreover, rapid decomposition·of aspen snags has 

elireinated virtually all evidence of previo~s age classes on any given site. 

roday's extensive grove lands are primarily in the southeastern portion of 

the study area, and most stands apparently regeneratec after the large 1910 

':.ire. (The transect sampling detected no older aspens in the study .:.:rea). 

Eighteen increment cores were obtained from 2 sites that had burned ~n 1910. 

~nd 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), therefore, the stands appeared to be only 

broadly even age (Jones and DeByle 1985), similar to the age structures 

documented by Lynch (1955) at lower elevations. Jones and DeByle (1985) state 

that broadly even age stands might reflect effective fire suppression, because 
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~o~: ?cs:-£i~e rcgene~Dted st3nd~ arc ~tron81y even age. (Broad!y ~vc~-=g~ 

s :.j,::~~ :"es~l~ when gap openings occu::- at irregular intervals -.. 0. dec: :':::'::6 

("P" ......, 0s ~.:::.:: . 0-" ... ··0 to ::-oot HOl"ever, da::. .. "",-""=:.sc scattered sprouts) :he =r::,::: v_ .• 

site~ ~l~o mi~ht contain significant ring-count e=rors. Aspen's diff~se-?orou~ 

'icod h~5 a vc:-y ~ndistinct de~c:lrcation ~etl.;een earl.r~;ood and latewood (CuI::?bcil 

1981). and the annual rings were difficult to distinguish even after the co::-es 

were ~Fecially prepared (Xowrer and Shepperd 1987). 

Jones and DeByle (1985) indicate that, while most aspen stands have 

compar~t:vely low flammability, even light surface fires can kill most 

overstory trees and stimulate root sprouting. As mentioned above, the sho::-ter 

fire intervals that were found for dry-site lodgepole p1ne stands adjacent to 

aspen g::-oves (-25-100 yr) likely are representative of the range of stand 

replacement intervals that also recycled aspen. Supplementing these data from 

park sites, fire scars were bored on a large tripled-scarred Douglas-~ir 

adjacent to aspen stands near the southern end of Lower Two Xedicine Lake. 

This tree had an estimated XFr o~ 47 years (site 15, table 2), apparently 

rcpresent3tive of the pre-1900 frequency of surface fires (Loope and Gruell 

~973, Houston 1973, Barrett 1993a) on lower elevation dry sites east of GXP. 

Additionally, the master fire chronology and Ayres' (1900) written accounLS 

s~ggest that some sites in the Railroad Creek area may have burned as many as 3 

times in the .+3 years bett.;een 1867 and 1910, thus suggesting an IT~ of ~~ 

years .. If this interpretation is correct, such short inte~val fires migtt have 

discour3ged aspen regeneration on some sites and instead maintained site 

dominance by shrub- or gramminoid species--Jones and DeByle (198j) 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 

~eByle (1985) state that seral aspen stands can per~ist within conifero~s 

forest areas even when fires recur~ at relatively infrequent intervals. Early
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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 1n this area 

occurred during infrequent periods 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 relaL1ve coverage and vigor 

of seral aspen groves likely has fluctuated over time. Today, 8 decades after 

the area's last important fire, many aspen stands are overmature 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 substantially more often than moist canyon 

sites. At least between 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 occasional 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. 

Upoer subalpine~. Sampling detected only limited evidence of fire 

history in the upper subalpine zone. Large fires that spread from lower 

elevation forests often are delimited by the area's extensive rock1ands, and 

the spread and intensity of fires that originate 1n the upper subalpine zone 1S 

likewise hampered"by the greatly diminished and discontinous fuels (Arno and 

Hoff 1989). Stand data from 5 sites (table 4) verified an overall pattern of 

highly localized fires. First, it usually was not possible to document stand 

replacing fires because most tree regeneration was highly uneven-aged and 
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~~0~?~~~ed largely of climax spec~es. Second, while old whitebark p~nes 

cOI':'.:::o:~l.r had 1. or more basal fi!:"e scars, most of the relatively numerous sn.::.gs 

o~ :~is species appear to have died from causes other than fire: the 1968

series aerial photographs indicated that many old growth whitebark pines have 

succuobed. apparently to blister rust, within just the last 2 decades. The 

maximum ages of dominant whitebark pines, including snags, ranged from 194 to 

609 years (mean based on 5 oldest trees was 417 yr). 

Two other observations readily attested to the patchipess of most fires. 

Fi~st. multiple scarred whitebark 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 been" scarred by small fires over the 

cent~ries, 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 

se:~~itive subalpine firs of widely ranging age. This regeneration pattern 

suggests that most fires had missed these.nearby trees. 

To estimat~ site fire frequency. fire scar- and pith samples were obtained 

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

Point trail. This snag lacked dead needles and some small branchwooa, 

suggesting that the tree had been dead for some time, yet aerial photographs 

indicated that many areawhitebark pines were still alive ~n 1968. Therefore, 

the snag's cambium year was estimated to be ca.1970, and the fire scar analysis 

would attempt to provide a better estimate after intervals had been estimated 

(i.e., scars occa~ionally reveal fire intervals similar ~n length to those 

estimated for nearby sites). This large diameter (~114 em,) tree had lived for 

about 610 years, and evidently had been killed by blister rust. Xumerous fire 

scar cores taken from this tree suggested fire intervals of ~36 and 136 years. 
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and yielded an estimated ~FI of 86 years (table 3). Interestingly, none of the 

3 fire year estimates even closely approximated the well sampled years of large 

fires that occurred in the continous forest below this high elevation lihitebark 

p~ne. Since the 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. Both possibilities seem 

equally feasible, therefore, no conclusions will be drawn here. 

As enumerated above, highly complex terrain and fuel types make it difficult 

to develop meaningful interpretations about fire frequency and other 

patternization for timberline stands. Because =ires often involve only 1 or ~ 

trees in a given tree island (Arno and Hoff 1989), the concept of stand 

replacemertt frequently does not apply' in the upper subalpine zone (Fischer and 

Clayton 1983). Still, numerous historical accounts and modern observations 

show that high elevation fires can range widely in severity, from light surface 

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 patterns in the .study area's major forest cover 

type, lodgepole pine, the data suggest that GXP's east side stands have 

experienced nearly the full range of fire patterns previously documented in the 

Xorthern Rockies. However, relatively long interval, stand replacing fires 

have been the most prominent disturbance agents influencing community 

composition and structure. Fire patterns on relatively moist canyon sites were 

similar to those on comparab~e terrain elsewhere in the Xorthern Rockies. For 

example, non-lethal and mixed severity underburns were uncommon and intervals 

between stand replacing fires averaged 150 to' 200 years in other areas in and 

adjacent to G~~ (Sneck 1977, Barrett et al. 1991), in Kananaskis Provincial 

Park (Hawkes 1979), and in the Absaroka ~ountains in Yellowstone Xational Park 
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(Barrett 1993a). Conversely, near the aspen forest ecotone (Rocky ~ountai~ 

front), ~here ~~s evidence of reburns and occasional mixed severity fires 

=ecurring at less than 50 yegr intervals, a pattern roughly similar to that 

found 011 relatively dry, gently sloped terrain in G~~'s Xorth Fork Flathead 

River valley (Barrett et al. 1991), in the Bob YArshall Wilderness (Gabriel 

1976), in !asper Xational Park (Tande 1979), on the Bitterroot Xational Forest 

(Arno 1976), and in the Selway-Bitterroot Wilderness (Barrett and Arno 1991). 

To date. no evidence has been found of very long fire intervals in lodgepole 

pine stands on G~~'s east side, as would be apparent if forest mosaics 

contained substantial amounts of very old stands. For example, on Yellowstone 

Xational Park's subalpine plateau, highly unproductive habitat types (e.g." 

lodgepole pine h.t. series) often are' 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 win~-driven fires often have been 

ignited by lightning and humans on the Northern Great Plains. Ayres (1900) 

provided one of the first written accounts of area fire origins: 

" •.• For many years fires have crept into this valley [upper S. Pork Two 
Medicine River, ed.] from the prairie eastward, and others have been 
started probably by hunting parties, and have been swept. eastward by 
prevailing winds .••• " (Ayres 1900: 309). 

Before the late 18005, in addition to lightning fires and unintentionally 

cat.:sed fires, it is now ,,,ell' known that Xative Americans frequently burned 

grasslands to lrnprove 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 fires: virtually all of which 



::::1'."e ':)l~'_'~ ,-.lccidently or c::lrelessly ign,£ ted (Ayres 1900. 1901: fire reports on 

:~_e . •;~~ ~e~ources ~gt. Diy.). For example. beyond the passages already cite~ 

~to'."p. ~rres' (1900) report contoins ~umerous accounts of fires that'had 

resL~tei trom railroad and other settlement 3cti,-ities ~n the area's southern 

~ount~1n tr::lvel corridor. 

Fire Suppression History. Old fire atlas maps anc fire reports (on file. GXP 

.\:-c::': \'es Di'li. and GXP Resources Y,;gt. Div.) \.;ere eX.:lm': ned to interpret whether 

pos:-:910 Eire suppression has influenced area fire history. Occcrrence data 

dating back to the park's inception in 1910 were exa~ined, but the records are 

not considered comprehensive until at least 1913 (O'Brien 1969). Furthermore, 

~.he 'J~d .Eire maps and computerized £i're reports had to be examined in tandem 

because the maps sometimes portrayed fires that were not listed in the computer 

fi:es. and vice versa. These records indicated that ignitions from all sources 

ha\'e been relatively infrequent when compared to G~P's west side (O'Brien 1969. 

Key 1984), and that humans have been the primary cause of fires in the study 

area. There were only 47 recorded fires between :910 and 1992 in the 33,000 

1'1",. ;;t'..:cy area (i.e., total of forested and non-::orested land)--a mean of only 

one ig::i tior. every:! years. Reportee igr..i.tio::s '.;ere the most frequent during 

:~c :9:!Os, 19405, and 1970s. specifically, 9 per decade. and ~~re the least 

:r~c'..:ect during the 1960s and 19805 (only:! per decade). Slight~y over hal~ 

(;7~) '): :he ignitions occurred during the drought ?er~od between ca.19l0 and 

1940 (Carrara and ~cGimsey 1981), and 11 fires (23~) occu~red during known 

3eV0~e ~ire seasons (1910. 1919. 1926, 1934. 194!. and 1984) (O'Br~en 1969, ~cy 

!98~). Two of th~se 11 fires (18%) are listed as importa~c fires in the study 

area master fire chronology, otherwise. most suppressed fires were t~ny. For 

example. 89~ of the fires wer8 suppressed at less th3n .1 ha .. and 4% were 
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(1.910. :'):~. ~~l~) ;::-roduced a large ;:JOrtion (~25%) of today's seral age class 

mC's;..i':'·~. ::1 I:'; :nost of that burned area i.s attributable to just one fire. in 1910. 

Ir: ::2:-:::S of fire C~l.:~:·S. the fire reports indicate that a large majori ty of 

:-0?0:-t2~ :~res have been caused by humans. specifically, 33 of the 47 fires 

(70":': . ::::act. numansapparently caused the large 1910 fire, near Essex on 

tr.': I'e~·.- sid"" ::,f Co::t':'nen::::l:' Di\'ide. Five of the human caused ignitions also 

NerE' ~i5te<i as "railroad .Eires" in the southern mountain travel corridor. 

Remar~a~~y. only 12 :ightcing ignitions have been detected 1n this 

area over the last 82 years (26% of tot~l: 2 fir-c!:: 

were 'J: :..:::l~r:OIm origin) --a mean of only 1 reported lightning ignition every 7 

years. This finding suppo=~s previous interpretations that lightni~g ignitions 

have ~ee:: :"~f=equent on GXP's east side, at least during this century (O'Brien 

1969. Key :98~). O'Brien (1969) reports that G~~ east of the Contincnt~l 

Di ': ide r:<.?c only :0% of all recorded. lightning ':'gni tions 1n the park bet\-;een 

:r:::" ::u:c :~68. 3:; way of compar~50n. HOI"e Ridge, which 1S the large lateral 

mo:-ai"e :>ordering Lake :X:cDonald on GXP's west side, has perhaps the highest 

ignit':'un :=equency of any area in the park (Key 1984). Whereas the east side 

study 3r~a has hac only 12 ~ecorded ignitions between 1910 and 1992, the far 

sma~:er :~:1C ~rea 3round Sowe Ridge occasionally may have experienced more than 

~hat nl.:!nDQr dl.:·::,':':~g a single storm (O'Brien 1969, Key 1984). Since early 

detec~:~on 0= small ~ackcount::'y fires was inefficient before the ~id-1900s 

(Wel~ne~ 1~70'. the study area likely has experienced a somewhat higher 

f~equencj' of lightning ignitions than reported, but most such fires probably 

ex?i~ed ~:: aiLJine ::er:-ain wi.thou~ being detected. The !:'ecords verified that 

most repo::'tec Eires occ~rred near Nell used campsites, in the southern mountain 

'::-3\'el cor:-':'co:-. and along the Rocky :X:ountain front near East Glacier. 

:~~S0 ~~L~ 5~ggest ~oth the continuing importaric~ of humans as an area 

':'gn::~on SOI.:!:'CE' ana that. Eire suppression notwithstanding, most ignitions have 
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=~~:~d ~o spread bec~use they occ~rred during non-critical fire weather. While 

igni:~cns Erom all sources have been infrequent. at least 4 fires were 

~"lpp:-,·~scd in the southern mountain travel corridor during knOl-ln drought years. 

(I~ ~lre3dy has been well illustrated that this area, which is occupied by 

:~:·;t0!,~.;";e :ispen and other seral communities, has a knOl,:: 1:istory of reburns 

[Ayres !900] before the advent of efficient fire suppression). Based on fire 

~'(~por::s .i1;)!1e, hOl..ever, it is ul1cle~r ,..nether fire suppression has :neas~rably 

:r.=:~enccd ecosystem functioning to date. 

::re '~'yc:es (Romme 1980) \-ler-:: estimated :n order to ::l:·t~ier address Nhet~er 

mode:.-:, f:rp. suppression has been an importa:l':: event 1.:': t!:is area' 5 fire 

~ist~ry. The concept of fire cycle can be ~seful for ccmpar3tive purposcs, and 

is defined as the amount of time necessary to burn an area equivalent to the 

er.t~re study area 03,000 ha.). Fire cycle e.sti:n3tes were produced for each of 

;:~e cough':"y 3 centuries in the master fire chronology. F:.rst, an estimated :z:"~ 

of the study area burned betNeen 1715 and 1799. and the :naster fire chronol08Y 

contains ~ or 3 major fires (fig. 2). At that rate 25% of the study area would 

h.:l\·c burned per century, thus fire cycle for the 1700s equals 400 years. This 

undoubtedly represents a very conservative estimate of fire cycle during the 

16th century, because subsequent fires ~.:lve progressi,cly eliminated evidence 

of :700s-regenerated age classes. Second, an estimated 28~ of the area burned 

'jet~.;een :800 and 1899, and the chronology contains as many as 4 major fires. 

Fire cycle therefore equals 354 years for the 1800s, again, a conservative 

estimate because fires after 1900 no doubt destroyed some evidence. Finally, 

an ':stimated 26~' of the area burned between L900 and 199:Z. and the chronology 

""'h ~cont~ir.s : prominent fires (1910.	 1919). J...ererore. fi~e cycle for the 19005 

3:50	 equ.:lls 354 years. (Xote again tha"c '.::hese C=e cycle estimates are 'jased on 

?r0-G~S analysis of the data). 

Ar:othe::-	 factor contributin~ to ccnscn·a;:l.ve es;:':mates of ?re-1900 :':re
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r:;'C:l'~ ~s L::~t t~le .:malysis ~ncluded only I-age polygons that had been labelled 

h<':~: sp~c~:~c :ire years. as opposed to also including approximate stand-3ge 

, ,-.. ('). , ~re-1850) ~nd ~-~ge stands. Such polygons do no~ =cpr~sent 3 

:,~~:;(!::,<·~,:,~'C;[.J.ncs . Therefore. when considering all of ,"he variables Jescr':'~eG 

.::00'. ~ . .2C:'-.:.:\:" fi:,e cycles for the 1700s and 18005 may have been substantially 

sno:-~C'!' ::,::.:, .~esc:-ibed 3bove. I:1 contrast. when the fire c;rcle estimates \'i'ere 

basec .;,;: '.::,e post large-fire period between 1920 to t992~ fire cycle was 7200 

:·'ears. ')t:::e:, 7-2ecodl.! long pcr iods iI, ~he master fire chronology a1 so may have 

experie:lcec =e13cively few fires. but Eire suppression undoubtedly plays some 

role ::1 ':~is near total ~ack of spreading fires over the last 7 decades. 

Iherefore, while imprecise. the fire cycle analysis clearly suggests that a 

deC:'P3sc :n ~tand replaci:1g fires has occurred during this century. 

Gi. ve:, of the above variables, it rema~ns i.nherently difficult to detec': 

E::.-e suppression has preven~2d any fires from becoming prominent events 

1" ~he area's fire history. Int",itivelY, it is generally well accepted that 

mos': ign:~':'ons ~n the Xorthern Rockes have little potential to become spreading 

:':'r=s (Kel.:::e!:' 1970), and thus are comparatively easy to extinguish. 

ConH'rsC'.ly, suppression usually is :,elatively ineffective when wildfires occ'..::' 

duri:~g c:,itical fire weather (Romme and Despain 1989). Fire suppression might 

hnve pr~cl~ded ~ome stand replacing fires, but Johnson et al. (1990) state 

th~t, in mcis~ forests typically subject to large stand replacing fires, 

macroclimate (i.e., drought coi~ciding with severe fire weather) ls the primary 

limi':~~g ~actor influencing f':'~8 history--not ignition sources or fire 

Sll;Jp::-eSSE::. Hhile this concept undoubted2..y applies to most of GXP, it likely 

~~~ o::ly limited applicability to some areas along the Rocky Xountain front. 

:
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occasionally producing severe fires after short fire intervals. 

::re suppression evidently 1S promoting mosaic homogenity by preventing some 

3tand ~eplacing fires (Romme and Despain 1989. Barrett et al. 1991, Barrett 

~~~3a) in the study area's forests. Ho\,ever, in terms of succession at the 

~t~nu level. a number of studies (Romme and Despain 1989, Johnson et al. 1990. 

Bar~ett et al. 1991, Barrett 1993a, Barrett 1993b) point out that there still 

has been :~sufflcient time for unnatur31 succession to be noticeable, even if 

fire tntervals have been artificially lengthened in relatively old stands 

(Romme 3nd'Despain 1989). 

As~"n would be among the first forest types to be adversely affected by fire 

suppression. since this species is both short lived and fire dependent (Habeck 

1970). Habeck (1970) reported that GXP's east side contains few aspen stand~ 

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. GXP's 

sera1 aspen stands occupy an ecotone between woodland and coniferous forest, 

and existed under a fire regime that included both relatively short and 

relat:\Oely :ong interval severe fires, primarily severe burns during critical 

~ire weather. Therefore, despite area fire suppression and the current decline 

of older stands, succession in some areas still might be Qccurring under a 

primarily ~atural fire regi=e. In drier aspen grovelands just east of the 

study area. presettlement fire intervals and burning pat~arns apparently were 

substantially different from those along the aspen-conifer ecotone. At lower 

, ° hnlGVat:ons nea~ t e prairie, a fire regime of short- to moderately long 

int8rval surface fires occurred before the advent of lo~g-term overgrazing by 

:i\"estock ~nd modern fire suppression (Lynch 1933, Loope and Gruell 1973, 

Gruell :980). These relatively frequent light underburns occasionally may have 

spread ~o the aspen-conifer ecotone befor~ expiring, but the study area 
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:;t>!1er:J.':"~:" ~.:lcks multiple Eire scarred conifers and multi-age stands (Bar::-ett et 

a:. lnQ:) that would attest to such an occurrence pattern. 

Aspen m3n~gcment h.:ls received widespread attention in recent yearS (DeByle 

and Ki~kou= :985). inc:u~ing in such national parks as Yellowstone and Grand 

Tet0:1. :lC:5il':" ts from sev~ral fire history studies _i~ thQ!?~Cl.reas (Loope and 

G~~ell :973. Houston 1973. Barrett 1993a) suggested that small groves of seral 

aspen ad~~~~nt to Douglas-fir stands burned after comparatively short intervals 

ranging ~rcrn 3bout ~5 to SO years long. Fire suppressi~n and overgrazing by 

ung~13t0s (Kuy 1990) apparently has severely disrupted ecosystem functioning 1n 

many 'stands in these intermountain valleys. However. results from this GXP 

study ~e3r th~ extensive aspen groveland (Lynch 1955) along the northern Rocky 

Xountai:1 front reveal ~ s~bstantially more complex mix of area fire regimes 

than in ~he Gr~3ter YelloNstone ecosystem. Complex fire regimes result from 

var~o~s interactions bet"een biotic and abiotic factors, for example, terrain. 

c~~mar.e. and Euel types all can shi:t abruptly over very short distances. 

Human use ?atterns also have fluctuated widely over time. Additionally, at 

least :le."r the .:lrea· 5 southern mountain travel corridor, humans have virtually 

supplanted infrequent lightning storms as the primary source of ignitions, 

Habeck (':"970) indicated that a ?rogram of scheduled prescribed fires would 

be an appropriate management strategy for rejuevenating aspen stands. This 

might be challenging from 3 pract.i.cal standpoint because mo.st aspen stands in 

G~? ha'"e been recycled primarily by large fires during severe fire weather. 

Hhile ::uman ignited fires are highly appropriate from a historical context, 

~olit~cal considerations likely would prevent GXP managers from purposely 

ignitir.s severe fires in the boundary zones where most aspen occur. And, 

beca'..1se the aspen-conifer ecotone often occupies relatively moist. highly 

variable ~~=:~in. light surface f~=es ~robably would not spread sufficient:y 



during non-drought periods (or in the absence of dessicating winds). Such 

llnderbllrning also might be made difficult by aspen's typically low flammability 

(Jones and DeByle 1985). In the boundary zone, however, successful application 

of prescribed fire might help rejuevenate some stands of overmature aspen and 

create living firebreaks (Jones and DeByle 1985) near adjacent private 

properties. Of course, these considerations are somewhat academic because 

large wildfires doubtless will continue to recycle area forests, in spite of 

aggressive fire suppression measures (Habeck 1970, Johnson et a1. 1990). 
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Table 1. Xaster fire chronology for southeastern GXP. ca.1713 to 1992. 

Est. Est. 
Fire Percent 
Year1 of Xos~ic2 

1953 <1
 
1919 4
 
1918 <.:..
 

1867 <1
 
1866 <1
 

1829 <1
 

1752 <1
 

1910 20
 
1883 9
 
1875 11
 

1855 3
 
1842 3
 

1785 2
 
1778 8
 
1761 3
 

1713 7
 

E:.i,imaLed ::irc years based primarily on seral age class :.;;:.:npling. 

2 ~stim3~ec ?erce~~ of forested area occu?ied QY Eire ini~i~~ed seral age 
classes (pre-GIS analysis). C'nlisted percentagc)f 3rea is occupied by 
approxinate stand age groups and non-sera! forest. 



T~i)le ~ fire occurrence data for 9 primarily lodgepole pine-dominated stands 
along ~he Rocky Xountain front. 

St3nd :13D.i tat Fire' Intervals Last 
'\_.0 •.' 'IypeL 

Asp~c:: CBs SR6 XFI7 Fire 

1- .'.:r Psme/Sya1 E 36.57 47 1955 
16 Abla/Xete S 26,44 64 45 1855 
17 Ab1.s!Xete S 26 64 45 1829 
34 Ab.la/Xete SW 167 1919 
')_:l Abla/Vagl C' 

oJ 88 1866 
'27 Ablai-\',sgl S 64 1842 

7 Abla/Vagl S 125 1910 
22 Abla Xet~ SW 70 1855 
10 Abla Vase W 43 1910 

Y.AH (stand repl. fires) : 96 yr 
Y_l\fI (mixed sever. fires): 42 yr 

"*" deI~oces sites adjacent to study area. thus some fire years arc not 
reflected in study area master fire chronology. 

,\c:-on:-l1ls follow Pfister ec al. (1977). 

Xixed severi~y underburns. 

6 C'. •J,.ane replacing Eres ("+" denotes incomplete im:erva1 as of 1992). 

:~eo:: ~':'!"e ':'::.:erval based on compietc interval·~ o:1ly. 



Table 3. Fire occurrence data for 7 lodgepole pi~e-dominated stands on moist 
sites, primarily in glacial canyons. 

St::md Habitat Fire Intervals Last 
);'0. Type Aspect liB SR XFI Fire 

20 Abla/Clun ~t: 207+ 1785
 
71 Abla/Xete ~ 277+ 1715
 
72 Abla/Clun N 231+ 1761
 
73 Abla/Xete ~'"E 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 yr8 

6 Y.AFJ: based on complete intervals and incompiece .inLe:-vals .in over:n<lc-,,::-:; 
stands. 



Table~. Stand- and fire occurrence data for 3 whitebark p1ne dominated sites 
in the upper subalpine zone. 

Stand Habitat Fire Intervals
 
Xo. q Type Aspect ~B SRIO !-':FI
 

41 Abla/Pial/Vasc SW 136, 36 609 86
 
82 Abla/Pial/Vasc XE 513
 
lK Abla/PiaL'Vasc E .464
 
37 .\bl alXet ~ .lVasc E 115 309+
 
38 Abla/Pial/Vasc E 194+
 

~ S~and :K data ob~ainec from C. Key (unpub.; on" file, G~~ Resecrch Div.) 

io :·S~" Lmiicates maximum c~ee age only; "+" denot:es :iving c:-ees. 
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MAP KEY FOR FIRE HISTORY AGE CLASSES 

Fire year-specific polygons:
 

e.g., "1910" = 1-age stand dominated by post-1910 initiated sera1 trees.
 

e.g., "1910/1875" = 2-age stand occupied by post-1910' and post-1875 initiated'
 
sera1 trees (stand dominants 

Approximate stand age groups (polygon boundaries 

a = 1855-1918 period regeneration. 

b = 1785-1855 period regeneration. 

c = 1715-1761 period regeneration. 

d = 1761-1875 period regeneration. 

e = 1778-1842 period regeneration. 

f = 1842-1866 ,period regeneration. 

g = 1778-1866 period regeneration. 

h = pre-l778 period regeneration. 

1 = post-l866 period regeneration. 

listed first). 

indistinct) : 

N = unvegetated terrain or non-sera1 vegetation. 
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