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Abstract 
lvftJ(ute and post-marw:e srands may be under-repr~ 
S,?Ttt¢ti in many tnQdem for.est landscapes as a result of 
prefl!rcntlal l:arves"f of 1/wse age classes . .-fr is imp,1rfw11 
for lane/ managers ('{)Jtcemed with prO!(!cfillg hio!og/cr1l 
dirersitv to knoir 1h_e uppn.;ximaJe .praportio11 o/' old 
growth· in forest fandscaP,e-s pl'lor -td European inierfet­
e)1ce, Negiliiri! e:.pon1:wial mvdf."Js. based vn me1m stand­
replucfng fire intervals taken from fire history studies. 
i·rere· used ti). estimate /Wi!sea!emen/ .m.md-uge diitrfbu• 
tions-_/Or three areas in ,wrf!nn:st ll40111t1nil, Results Were 
c,.m_ipared with empiri;:al distrihutions cafcuiarl!d from 
sl(ma' mup:rpreptired in 1937-38, prior I() signifinmf fWI• 

ber liurvest mu! effectfrl! Jin; .mppre.rsiun. Th~ mode!y 
-prcdid.ed the observed pmi,or,ion.Of !937--38 Olti growth 
(?200 years) rvirhin J()'¼ but u-ere pOor at predicting 
proportions in 20-yror age clas:,'es_ These re.mfrs s1tggesr 
#wt negative expone1,tiaf m9del!1 bused on empiri­
<'«!£1- det<:.rmined estimates ol fire /.'r.u:rva{ ,1.m be u.,ed 
ro ohru_in appr(1,rimatf! e_~amales u( pn:serti~mcnt o/cl 
gmwr'1 if !veal fire hiswry studic:; (mw: bi•':';1 done. 
Res11i!s qf this s£Uil;v and numerous jire-hlstory studies 
suggest that old gro_wth tH:t:upied 20-5(J'l/4 ~f muny pril·­

seuk,nent forest ecosysrems in -1'ie" lVorthern Rork1es. 
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and -especially post'mclture (Le. old" growth) fon:sts 
(Morriwn·, t988; Norse. J990), Conservation :advocates 
belie_ve th;,;t the exteflt o_f old growth forests has beert 
redue¢d by _h11rvf!St a~tivilies to the ·point wh·e-re many 
species- are Jeopardized. However. land management 
a_geflcies _ and privale: timber interests -often argtie thttt 
the present Inventory of old growth is similar to preset~ 
t!eniem levels. and con_ser,11tio_n is unnecessa,ry (USDA 
Forest Service, 1992). 

Unfortunately. knowl~dge of fores.t age slructure 
prior-to European disturbance_ is often difficult i:o oPtain. 
J"i-1. some cases rhis informatiOn can be obtained: (rom 
hiswrical documentµ_tion. However, quantijjable histor~ 
ical ·i!{formation is not available for man)' areas of 
western North America .. fn these ·cases a method for 
estimaiing the prownlon of old lorestS on the preset­
llement lan<lsca.pe would- be- Useful to th.ose managing 
land for biological diversity. 

Hisrodca\ly, iir-e has I-ken an inte~ral pai"t of fores1 
et;d;,ystems in the Northern Rocky Mot1Atalns and was 
cert;,infy ihe- roost -important disturbance structuring 
!he;,e systems ptior to Eun)pean sert!e·ment {Wellner, 
!970:-Arno, 1980: Habeck &-Mutch, 1983}, Fii:-e regime 
was the principal Jftctor deteitnining the mosaic of difl"':' 
erenf stand ages across the. landscape. ,At low eleva-
tions. drier habitats experi_em:;j'!d frequent non~fethal 
frres, w!-Jl.: moist- siti:s we-re more likely to have ha:J 
'frifrequent stand~replacing fires. At higher elevations~ 

~========================"7,co~o§l~·~'§lo~pes""'~ex:,'· ~~l!'.=Cd infrm!-1-~tb.aL~t,.~ 
;:;; warmer, slopes expenen&a a m1xtu,e of more frequent INTROOUCTfON 

One goal of:modern forestry is lo Use ecoiogicai pfinci­
ples to manage forest lands for both commodity\ pro­
duction and the com;_ervation of specia'> divkrslry 
(Norse et a/_, I986: Hansen er al.-. !991}. }n ,;;r~r lO 

anain this goal it is necessary to have. forests tvi -h all 
-successional stages in quanrities and spatial array, like 
those to which resident ,;;r.gaoism.s are adapted (Hlarris, 
!984; BunnelL 1995). D_uring the pa.st decade aneption 
m western North Amer1ca has been fqcus.ed on trl#J,ture 
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stand~repladng and non-leth_al fires (Barrett & Arno, 
t991). Forest habitarn· with irlfrequent stand-replacing 
fires -would have supported greater proportions of 
mature and oJd-growih forests, 

There have been severnl attempts rO -model the re!a­
tltmship' between fl"re interval and· age-class distri.bµ_tfon 
m:ithema_tlcatly. Va,n Wagner·0.978} pri;,p·os~ tJ:ie uegw 
at Ive -e:,.ponemiaJ d istributlon as an 8,pproximation to 
this relationship.- The W-eibul! model takes chahging 
'.iammabiUty with stand age into a-CWunt and has been 
considered by some lo be more ecologically realistic 
(John&on, 1979; Yar\c, J9SiJ These models.have ~en 
5hown to fit fire frequency <lara coUccted in coniferous 
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Historical data 
I compared results derived from negative exponential 
models with empirical data from stand maps prepared 
in 1937-38-. Age or the cohort having the greatest basal 
area was dete•nnined • from increment cores taken by 
surveyors. Stand boundaries were delineated on the 
ground. with the aid of aerial photography {Hart & 
·Lcsica. 1994). Stands were placed in 20-year age classes 
up lo 160 years and then 160...:200 years and 200+ 
years. Forests above 2130 m were generally considered 
non-commercial and were not examined. Stands we_re 
delineated on 1:31.700 maps tUSFS. 1937-43). 

Hart and Lesica (1994) assessed the degree of con­
gruency between these early age ~stimates and those 
from stand exams made during the_ last decade. They 
found that 52'% of the early estimates were within 20 
years of the modern estimates, and Jess than 27°/., 
showed discrepancies of greater than 60 years. There 
was no bias toward either older or younger estimates. 
and the distribution of discrepancies was symmetric 
about zero. Thus. when a large number of stands are 
considered, the distribution or age classes should be 
.reasonably accurate. Discrepancies may be the result of 
errors in either the early or modern exams or differ­
ences in how stand age was determined for the two 
data sets. Although far from perfect. these early maps 
provide the best one-point-in-time esltmateS of stand 
age c\istribution previous to timber harvest and fire 
suppression available for western Montana. 

For each study area the dominant fire group was 
used to obtain the estimate or mean stand-replacing fire 
interval. AH stands in that fire group were located 
using 1:24,000 stand maps based on surveys conducted 
by the US Forest Service, Montana Department of 
State Lands and Plum Creek. Thus. the fire regime or 
the !ands I mapped was similar to that on which the 
fire frequency estimate was based. Areas were calcu­
lated for each age class using ! :2.4 ha dot grids. 

RESULTS 

Stand-age distributions .. using 20-year classes derived 
from mean fire interval models. were significantly diff­
erent than from distributio'ns derived from [937-38 

-~-~;-Ko1111ogorov Sm1rnov test. p < 0-01). I he 
models underestimated proportions in the two oldest 
age classes in five of six cases ( Fig. 2 ). 

Although the mean fire interval models predicted 
individual 20-year age classes poorly for the l 937-38 
data, predictions for the 200+ class were relatively 
accurate (Fig. 2); model predictions of old growth pro­
portions were al! within 6-I0"/4, of observed proportions. 

DISCUSSION 

Model performance 
There are a number of possible reasons for the models' 
failure to predict observed distributions. The poor fit is 

most likely due to the large variance in the size and fre­
quency of fires coinpared to the size of the age classes. 
Fire hazard in the Northern Rocky Mountains is not 
constant over short periods but can vary on the scale 
or decades due to prolonged periods of drought or 
coo!. wet weather. As a result, some 20-year age classes 
are large dt1e to extreme fire years, while others are 
sma!l as a result of long fire-free periods, A mod.el 
based on a single mean fire imerval derived from 
300-500 years of fires wi!l not be robust at predicting 
point-in-time distributions when small age classes are 
used (Baker, 1989). Estimates of mean stand-replacing 
fire intervals were taken from study are.~ close to my 
study areas. but the lack of exact ·geographical corre­
spondt;;nce co,uld in_troduce errors into estimates 
obtained from the fire history models. Estimates of 
mean fire interval obtained without random sarnpling 
of fire-scarred trees may be biased (Johnson & Gutsell, 
!994); however, there is no re'ason to suspect any sys­
tematic bias in the data collection (S. Barrett. pers. 
·comm.). In some areas fire cycles have changed in the 
200-400 years preceding fire suppression (reviewed in 
Johnson. I 992). lf the change in fire frequency was 
large. models based on mean fire interval for the whole 
period could not accurately predict age-class distribu­
tion for a single point in tirne. 

The 200+ class encompasses c. 200 years, an order of 
magnitude larger than • the other classes. This is 
undoubtedly lhe reason for the increased accuracy of 
area predictions for this class. Using large age-classes 
reduces the effect of the variance asso.ciated with fire 
size and frequency. Larger stu,dy areas would likely 
have increased the accuracy of the estimates, especially 
in the Hungry Horse area. 

One explanation for the consistent underestimates in 
o!d classes ls thal the negative exponential model 
assumes a constant hazard of fire, but old stands are 
less prone to stand-replacing fire than young and mod­
erate-age stands (Van· Wagner, 1977). The underesti­
mates may also result from some stand-replacing fires 
failing to -kill all of the lrees in ,the stand. especially fire­
resistant species such as western larch (Barrett et al., 
1991). If enough !arch survived, 1937-38 timber,survey­
ors may occasionally have recorded the survivors as the 
dominant c0 r . 

Implications for conservation 
Negative exponential fire history models can be useful 
for estimating approximate proportions of old growth 
in presettlement forest landscapes where. fire is the 
dominant force controlling stand replacement. In the 
Northern Rocky Mountains, mean stand-replacing fire 
frequency is variable even within the same fire group 
{Table I: Arno, 1980). Thus, it is important _to use 
localized fire history data to estimate the mean stand­
replacing fire interval. Such studies can provide, man­
agers wiih information useful for setting guidelines for 
the conservation of o!d growth in many forest landscapes. 
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Table L Mean stand-replacing fire intervals and estimated % or presettlement old growth (:>200 years old) forest (OG) in different 
lire groups {Fischer & Bradley, J987) in the Northern Rocky Mountains or northern Idaho (ID) and western Montana (MT) 

'1/., old growth was derived using negative exponential models computed from mean fire interval (eqn 2). 

Fire group Location Elevation {m) 

Wimn dry Douglas lir JO 550-16!5 
Moist Douglas fir MT l 1()0-1575 
Dry lower subalplne MT 1800-1910 
Cool lodgepole pine ID 1615-2285, 
Moist lower suba!pine MT !000-1140 
Moist lower subalpine MT !200-1650 
Moist lower subalpine MT 1575-1800 
Moist lower subalpine ID !430-130 
Moist lower suba]pine JO ! 525-1980 
Moi~( lower subalpine MT !200-1575 
Moist lower subalpine MT l:!20-1830 
Grnnd fir/cedar-hemlock MT \260-1400 
Grand fir/cedar-hemlock ID 76'0-1525 
Grand fir/cedar-hemlock JO 1180----1830 
Grnnd fir/cetlar-hemlock ID 550-1,280 
Grand fir/cedar-hemlock ID 760-!065 
Grand fir/cedar-hemlock MT 975-1525 

There is evidence that native vertebrate faunas are 
ad<.1pted to panicular llre regimes and Stand age distri­
butions ( Bunnell. 1995). Furthermore, many species of 
plants and animals require or find optimum habitat in 
old-growth forests of the Northern Rocky Mountains 
(McClelland. 1979; Hejl & Wood. 1991: Lesica el al .. 
1991 ). Although old g·rowth is often defined by struc­
tural as well as age characteristics (Old Growth Defini• 
tion Task Force, 1986). stand age is strongly correlated 
with structural characters as well as the occurrence of 
many animal species (Franklin et al., !98!: Norse. 
1990). Theory and empirical studies predict that many 
species wiJI have difficulty maintaining genetically and 
demographically viable populations in a greatly reduced 
habitat base (H<\rris. i 984~ Gilpin & Soule. 1986; 
Wilcove, 1987: Gilpin, 1988: Doak. 1989). 

Source Mean fire OG 
interval u;., 

Barrett & Amo ( 199 ! ) ::-:wo ::.37 
Bnrrett et al. ( I 99 l ) 186 34 
Dnvis (1980) :> 146 :>25 
Barrett & Arno ( !991 J 117 18 
Davis ( 1180) >117 >18 
Davis { 1980) 121 19 
Davis {1980) 146 25 
Arno & Davis (1980) >!50 :>2P 
Barrell & Arno (I 99 l) 174 32 
Barrett er al. ( J 991 ) 186 34 
Barrett er al. ( 1991 l 202 37 
McCune ( 1983) 63 4 
Arno & Davis (1980) 100 14 
Barrett & Amo ( 1991) 119 19 
Barrett & Arno {]99!) 197 36 
Amo & Davis (1980) >200 >37 
Barrett er al. ( 1991) .261 46 

increased the chance of stand-replacing fires in many 
remaining old-growth stands. Funhermore, low-eleva­
tion habitats undoubtedly support a much smaller: pro­
portion of old growth than before European 
settlement. All sera! stages provide critical habitat to 
some plants and animals (Hansen et al .. 1991 ). Perhaps 
the best prescription for maintaining biological diver­
sity and sustainable ecosystems is to ·tmitate as closely 
as possible the natural stand age distribution (Bunnell, 
!995). Although the method presented here cannot be 
us~d to estimate accura1ely presettlement stand age dis­
tribution. it can help guide managers in protecting ade­
quate amounts of old growth. 
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low- to mid-elevation foreSts may well cau.~pa­
tion of manv oldki;rowth dependent species _ 

Fire suppression and management for timber pro~ 
duction have greatly altered t.he age~dass distribution 
of stands on forested landscapes {Arno, 1976; Habeck. 
!983; Harris. 1984: McCune, 1983), By reducing the 
occurrence of low intensity bums. fire suppression has 
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