deg4d-

sz d-Lomasn sicipn T | 3980} 3334
Coigyrighd T 1956 Blsevier Seisnce Limatad
Priniist i Cirdias Deivdiin, AN fatis resepend

GOBE- I HP6 51500+ (80

BTS00 IBE -

USING FIRE HISTORY MODELS TO E‘STIMATE
PR(}P@RTIONS OF OLD GROWTH FOREST IN
NORTHWE@T MONTANA, USA

Peter Lesica
Congerwition Biglags Reseurih:, 329 Z,m‘z;w Mivioude, Manpania 59803, {754 and Division of gfé?cga af Sciences,
apversiry of Mowmmana, Miseuld, Monfosy 39812, US4

{Received

Absiract
Mange and post-mdture Studs auzy. bE wnderaepré-

seritgdd in many moedern forest fandscapes as i résudt af "

areferenid harvest of these aze olasses. To I§ buppriup
Sor dand miaragers concerned wWith protéciing bidlogicul
" diversity o kuvw the dpproximite ;Jw;;grimu uf okl
grosth i forest landscapes pridr to Eurupean interfes-
ence. Negilive sxponeniial mudels, based on mpmy stand-
repliving Fre miervils whien frowr fire history studies,
were wsed . estimate preseiiaidng siond-age e
tons for thirge areay in nordivest Mopianae, Results werg
compared wilth empiricid distributions dafeulared frony
siand mdps prepared in 193738, prior 10 sigrdfivant e
ber hurvest i gffective fire suppression. The models
predicred the ohserved proporiion of 1937-38 old groseth,
{2200 pears) within 1% Bt wery phor g predicting
properiiens in 2-vegr age classes. These resules suggest
that hegative  exponentiol. models hused on empiri
gy deloriined extimates of fire iterval con be used
o offigin appr{,z vEnite eXimaies af” preseclemen: old
groweh ¥ decal fire history stucics lhave Bwon done.
Resurs of this stisdy and numerous ﬂ;ewfzzswrv Studies
suggest that old growth, occupied 205004 of masy prie
seetlement foresi ecosystems in The Worthern Rodkits.
Copyright & 1996 Flsevier Scigtice Trd
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and especially posemature (ne old growthy forests
{Mortisen, 198%; Norse, 2?%}, Conservation advocates
be%ze:ve that the extent of it growth foresis: has beent
rerfuead by harvest aclivities o tha ‘peint whire many
speﬁ;efs 218 gﬁapardzmd However, land management

agencies and private Umber interests. often argis that

the present inventory of oid grow%h 18 gimilar to preset:
terment fevals, and conservation is unaecsssary (USDA
Forest Service: 19925, :

Unfortunataly, keowledge of Jorest age structuse
prior-io. European disturbance s often difficuli to- obitain.
Ir. sorne cases this. information cun be obtamed from
historicat docymentation. However, (uantifiabis Histor-
ical wformation is pot available for many areas of
western North Ameriea,. In these cases 4 wethod for
gsstimating -the proportion of old Torests on the preset-
tement landseape would be aseful to those mansgng
fand’ {ur biological diversity,

Histoceally, fire bag been an nfegeal part of forest

egasystems in the Northern Rocky Mountaing and was

coptainly” the most important disturbance structaring
these. systemy. pfiot (0 Eurdpesn setilement {Wellner,

1970: Arno, 1980; Habeck & Muleh, 1983}, Fire régime
was the principal lactor daxemmmg,tm mosaic of difi-
erént stand ages across the landscape. At low eleva-

tigns. deier babitats _axperiéamé_ freguent nonsfethal

fires, while sroisy sites were wore iikgﬁ;iy to have fail
wifrequent stand-replacing fires, At higher elevations.
glopes éxperenned miréguent Jethal fires, while.

INTRODUCTION g

One goal of modern forestry is 10 tise ecological princ
ples 1o manage fovest Tands for both cammoduy pro~
ductivih " and the consérvation Qf Spem&% diveesity
{(Norse er o/, 1986 Mans{m er af, 1 §
artain this. gasa‘i 3 is pecessary (0 hav& u}mis wi 1 al)
sm:oesszomi stages in guantidies and spatial arrays hke
those 1o which resident organising are adapted (Harrs,
1984; Bunnell, 1995). During the past decade angntion
in wastern North Americs has bees Tocused on mature
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WATIMET slopes expenenced 2 mistare of more frequent
stand-replacing and noo-lethal fires {Barcett & Ame,
1991). Forest habitais with infreguent stand-repls¢ing

fres would have supported - greater proportisns of

widture and old-growth forests,

There have been several atiempte to mode] the rela-
Hpnship heiween firs interval and age»-ciass distribuion
mathematieally. Van Wagner 1978 pmpcased thet pRg-
ative -exponentiat distribution a5 an gpproximation to
this, refationship. The Weibull model takes changing .

Sarmalakity with stand age inito account and has bétn

considered by some o be ‘more ecols sgically real fstic
{Johnson, 1979; Yarie, 1981 ,%- These modcls hava fxen

shown t &t fire frequency daza collected in comferm-;
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Historiea] data

I compared results derived from. negative exponential

fnodels with empirical data from stand ‘maps. prepared
in 1937-38. Age of the cohort having the greatest basal
‘area was detérmined ‘from increment cores taken by
surveyors. Stand boundaries were delirieated on the
ground. withi the aid of aerial photography (Hart &
‘Lesica, 1994). Stands ‘were placed in 20-year age classes
up to. 60 years and then 160-200 years and 200+
years. Forests above 2130 m ‘were generally considered
-pon-comimercial and were not examjned. Stands were
delineated on 1:31,700 maps (USFS. 1937-43).

Hart dnd Lesica (1994) assessed the degree of con:
gruency between - these ‘eatly age estimates and those
from stand eéxams rhade during the last décade. They
found that-52% of the egarly estinyates were within - 20
years of the ‘maodern estimates, and léss ‘thin 27%
showed discrepancies of greater than 60 years. There
wis no bias toward éither vider or younger esumales.
and the distfibution of discrepaiicies Wwas symmetric
about zero. Thus, when a large number of stands are
considered, the distribution of age classes should be

JTeasonably accurate, D;screpanr_‘les may be the result of

errors in eithér the early or modern exams or differ-

" enices in how stand age was deterrnined for the. two
data sets.. Aliheugh far from perfect. these early maps
provide the best one-point-instine -estimales of stand
age distribution previous te timber harvest and fire
suppression available for western Montana.

For each study dren the dominant fire group was
used to obtain the estimaté of mean stand-replacing firé
inferval, Al stands in that fire group wére located
using 1:24,000 stand maps.based on surveys conducied
by the US Forest Service. Montana Depdrtment of
State Lands and Plum Creek. Thus. the fire regime of

‘the lands I mapped was similar to that on which the
fire frequericy estimate was. based. Areas were calcu-
lated. ot each age class using 1:2.4 ha dm grids.,

RESULTS

Stand-age distributions, using 20- yed':r" classes derived
from mean fre interval models were sighificantly diff-
erent than. from distributiohs derivéd from 1937-38

‘maost likely due to the farge variance in the size ‘and fre-

quency of fires compared to-the size of the age classes.
Fire hazard in fhe Northern Rocky Mountiins is not

‘constant over shori periods but ¢an vary on the scale

of decades due to .prolonped periods of drought or
cool. wet weather. As a result, some 20-year age classes
are large due (o exireme firé years, while others are
smuil us a result .of long firésfree perlods A model
based on a smgle mean fire interval’ derived from
300~500 years of fires:will not be robust.at- pred;ctmg
point-in-time’ distributions when small age classes are
used {(Baker, 1989). Estimates.of mean stand—replacmg
fire intervals were taken from study- areas close to my
study areas. but the lack of exact ‘geographical corre-
spondence could introduce errors into estimates
obtained from the fire history models. -Estimates of
mean fire interval obtained without. random sampling .
of fire-scarred trees may be blased (Yohnson & Gutsell,
1994); however, there is no reason to suspect any sys-
tematic’ bias in the data collection (s. Baryett, pers.

‘comm.). In some areas fire cycles have changed in the

200-400 years precedlng fire suppress:on [reviewed .in
Johnson, 1992). If the change in fire frequency was

large. models based on mean fire intervai for the whole

pertod could not accurately predict, age-ciass dlStnbu--
tion for a single point in time, |
The 200+ cldss ericompasses c. 200 years, an order of

"magmtude larger than the other ciasses. This is

undoubiedly the reason for the increased accuracy of
area predictions for this class. Usmg iarge age-classes

-reduces the effect of the variance assocrate:d wlth fire
-size’ and fréquency. Larger study areas would: likely

have increased the accuracy of the estimiates, especially
in the Hungry Horse drea.

One expianation for ‘the consistent underestimates in
oid classes is that the riegative exponential sodel
AS5uUmes 2 const.mt hazard of fire, but old stands are

“less prone to stand- replacing fire thad young and mod-
‘erate-age stands (Van- Wagner, 1977). The underesti-

mates may also result from some stand-replacing fires
failing to %ill all.of the trees in the stand, espemally fire-
resistant .species such as western larch (Barrest er-af.,

1991). If enoungharch survived, 1937-38 timber survey-

ors may occasionally have recorded theé survivors as-the

data (Fig. 2: Kolmogorov-smirnov tes{, p < @-Ul). 1he
models underestimated proportions in the two oldest
age classes in five of six cases (Fig. 2).

Although the mean five interval models predicted
individual 20-year age classes poorly for the 1937-38%
dita, predictions for the 200+ class were relatively
accurate {Fig: 2); medel predictions: of old growih pro-
portions were al¥ within 6-10% of observed proportions,

DISCUSSION:

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

aBmnanteono.

lmpllcatmns for coriservation

Negative exponential fire history models can be useful
for estimating approXimate propostions of old growth
in presettiement forest landscapes where: fire Is the
dominant foree contrdlling stand replacement. In the
Northern Rocky Mountains, mean stand- replacmg fire
frequency is variable even within the same fire group

. {Table 1: Arno, 1980). Thus, it is important to use

localized fire history data to estithate the.mean’stand-

. replacing fire interval. Such studiés can prowde man-
“agers ‘with information usefuf for setting guidelines for

the conservation of old growth in many forest landscapes,
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Table 1. Mean stand- <replacing fire intérvais and estimated %.of presettfement old growth (200 years old) forest (OG) in different
fire groups (Fischer & Bradley, 1987) i the Northern Rocky Mountains:of northern Idaho (ID). and western Moniapa. IMTY

Y -ald growth was derived. usmg negative. exponenna[ models computed’ from meén fire: interval {egn 2).

Me_an fire: oG

Fire group Location .Elcvano_n {m) Source _

. interval Y
Warm dry Douglgs fir 1D 550-{615 Barrett & Arno (19921 =200 =37
Moist Douglas fir MT VI00-1575 Barrelt ef ¢/ (1991} 186 34
Dty lower subalpine MT (800-1970 Davis {1980) >146 =25
Coal lodgepole pine D 6152285 Barrett & Arno (1991) 17 18
Maist lower subalpiie MT 10001140 Davis.{1980) =117 18
Moist fower subalpine MT 1200-165G Davis {1980) {2t 19
Maoist lower subilpine” MT (5731800 Davis (1980) (46 25
Moist lower: subalpine. I 1430-130° Arno.& Davig {1980} - >[50 »26
Moist lower subdlpine. i8] 1525-1980 Barreit & Arno (1991} {74 32
Moist Jower subalpine MT 1300-1575 Barrett er of, (1991) 86 34
‘Moist lower subalpine MT 1220-1830. Bacre{t-ef al. (19913 302 37
Grand fir/cedar-hemlock MT 12601400 McCune (1983} - 63 4
Grand firfcedar-hemlock [E 7601525 Arno & Davis { 1980) 106 [4
Grand firicedar-hemiock, 3] 1280-1830 Barrett & Arno (1991) 119 19
Cirand -firfcedar-hemioek 1D 550--1280 Barrett & Arno {1991} 497 36
Grand ficicedar-hemlock + * 1D 7601065 Arnc & Davis (1980) =200 >37
Grand fir/cedar-hemiock. MT

975-1535

Barrett er al. (1991} 261 46

There is. evidence that native. vertebrate faunss are.

adapted to particular. fire regimes and stand age distri-
butions {Bunneli, 1995, Furthermore; many species of

plants and. dmmdis reqilice or find optimum. habitat in.
old-growth forests of the Northern ‘Rocky Mountains

(McClelland, 1979: Hejl & Wood. 1991; Lesica ef al..
1991). Although old growth is oftén- defined by struc-
tural as well as age characteristics (QOld Growth Defini-
tionn Task: Foree, 1986). stand age is sirongly corfelated
with structural characiers ds well as thé occurrence of
many animial species {Franklin er «f, 1981 Norse:
.1990}: Theory and empirical studies- pred:ct that many
species will have difficulty mamtaining genetically and
'demogmph:&tily viable populations ina greatly reduced
habitat base- (Hdrr:s 1984: Gilpin. & Souls, 1986;
Wilcove, 1987 Gilpin, 1988; Doak. 1989).

Results of this study and model estimates based ‘on.

fire history studies throughout the- -Northern Rocky
Mountains {Tabie ) suggest that oid growihi ocnuplea
20~ 50", ‘of the presettlement forest landscape in fow-
and _many mid-elevation habifats. Vel most natjonal

increased the chance of stand-replacing fires in many
remaining eld-growth stands. Furthermore, low-eleva-
tion ‘habitats undoubtedly support a much smalier pro-
portion of old growth than before European-
settlement. All seral stages provide critical habitat to
some plants and animals (Hansen er afl., 1991). Perhaps
the ‘best prescription for maintaining biologtcal diver-~
sity and sustainable ecosystems is to-imitate as clasely

as possible, the natural stand age distribution (Bunnell,

1995). Although the method presented here: cannot be-
used 10 eslimate accurately presetllement stand age dis-

fributiod. it can’ ‘help guide manaoers in protectmg ader

guate amounts of oid growth.
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