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The Landscape Ecology of Western Forest Fire Regimes

Abstract
Flre ha\ hadr nrjorrole in shrping lhe lbrc\tcd land\crpes ol lheAmefican \\tst. 1n rcccntdectrdes. nlalof efforts to quantil_\ rh.rt
fole have bccn rnrdc. !n(i chrLmcteristic s ofhislonc lirc rcgimes hr\e been defined: frequcnc!. mrgnitude. vrLriabiliry. seasonrlit!.
svnefgisnr. and cxlcnl. To:ether. these characlerisric\ also dclined the histofic landscape cficcls of [re in lo\\,-. moderatc . and
hich-sever i lv  t i rc  rcgincs.  Coluse-f i l tef  consenar ion \ l ra lcgi .s qpical l l  fe l )  on knor l  ledgc of  nr tural  d istufbance regime\ to
define approprialc lorcst structLre gorls. both a! lhe nand and hndscape scale. rnd these \l jll dilcr by lire regime. Hisroric patch
siTe jncrcascd acrcss the 11)$- to high sevcrity spcctrun. but edge $as maximjTcd in thc modefate-\elefiN llrc rcgimc. fire
c\clu\ion in lhe 20th centun has caulcd ($o najor types of landscape changc: loss of openinss in once patch\ landsctrpes. and
imposi tion of high- \e!e|ity landscapc d,,- nrnic \ Ln areas u hefe \\'i ldfi rcs lhal c \cape suppres \i(D n or\ burn. I-lftccls ol historic rl
lirc regines nl.rt be in sone cass\ cillcr dillicuLt to lnimic of ndesirahlc.

Introduction

Fire has been a ceulral theme ofArnerican forest
managemcnt duling the 20th century. lt was the
inrpctus tbr the l irst legislation allowing Federal
firestlancl purchase (the Weeks Act ol l9I | ). the
tirst legislation allorving Federal cost-share pro-

Srams to the States (Clarke McNarv Act of 1924).
and the tocus on impressive tcchnology devel-
oped tbr purposes of firc control. The control of
fbrest fire has bcen one ofthe nost intensive natural
resource investments made by govcrnment. yet
paradoxically its success has rcsultecl in a l ire
control problem that Dow conrmonly over\r,helms
fir'efi-ghters (Brown and Arno 1990).

Emelging concems related to biodiversity have
stinulaled cfli)rts t{r tavor more "natural ' forms
oI nlanagenrent. ernulating historical disturbances
within the "natural rangc ofvariabil ity" (Morgan
et al. 199,+). tsiodiversit l plans can be classified
into coane and llnc fi l ter approaches. and usu
ally ale a conbination of both. Coarse filter ap
proaches lbcus on mana-sement at the ecosystem
level (Huntcr 1990). r, ith the assunption that
naturrl lv functioning ecosystem processes wil l
create and naiDtain appropriate fbrest structures
necessary for biodivcrsity nraintenance (Kar and
Freen.rark 1985, Attiwil l 1994. S$'anson et al.
lqq7r .  Whefc  lh i '  Jppr iu .h  le r \e .  c ( r t r in  \pc
cies or guilds at risk, f ine fi l ter approaches that
manage at fincr scale are also implemented (Huntcr
1990, Haufler et al. 1996). The coarse fi l ter ap-
proach can be successful onlv if the ltndscape

ecology of natural disturbance is known. and an
eveltual subslitution of a tew coarse fi l tcr ap-
proaches tbl a plethora of fine-filter approaches
can be justified only if the coarse filter meets the
needs of thc tine fi l ter species.

The role of l lre in landscape ecology is con-
founded by a lack of underslanding of the rela
tionships between pattcrn and process. Pattern.
or thc architecture of the forest as described by
species cornposition and shucture. including tuel
amounts. size classcs. and arangement. clearly
affects the mannerin rvhich thc process. fire. bums.
Yet the behavior of a tire is only partly depen-
dcnt on pattern. as the fire bchavior "triaDgle"

includes not only fuels and topography but also
weather (Agee 1997). which is marginally influ
enced b)  pJ l l c rn .  The uh jec t i re .  o i  th i .  p rper  u re
to describe what is currently known aboul land-
scape character ofwestem ti)rest tire regimes and
relate thcsc to pattern and process. including
manageinent i1nplicalions.

Firc hrs been the most pervasive natural dis
turbance factor across Western lbrest landscapes
(Spurr rnd Barnes 1980), but it did not work rn-
dependcntly of other disturbances. To rvoid con
tradictions in scalc terrninology (e.g., Silbcrnagel
1997). t ine scale wil l reler to minute resolutlon
(large scale in a cartographic sense) and coarse
scalc wil l reter to broad areas (sntall scale in a
cartographic sensc). Fire has had both llnc and
coarse scale eflects on the forests ofwestem Nofth
Amcrica (Agee 1993), but thesc elf'ects diftered
considerabl"- bv tire regime.
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The F i re  Beg ime

Naturai disturbances rangc fiom benign to cata
strophic, and can be gener.ated from withiu or
outside ofthe ecosystem (Whitc 19117). The dis-
r u r b i r l c c . l f . . r \  i n  e i t h e r  c r . e : l l (  d u <  i n  p J r t  r
curent pattern or slructure and to the nature of
the disturbance. Distufblnce is usually charac-
tcrized by a cunbination offactors: type. lrcquency,
valiabil ity, magniludc. cxtent, seasonality. and
syncrgism $ith other disturbances (Whitc and
Pickett 1985.). Weslem forcst f ires have a wide
rangc olhisbric frecluencies tron less than 10 to
over 500 vears that vary considerabl,v by iblest
type. Predictabil ity is associatcd with variabil ity.
unr l  .  r lh r r  \e r ]  .hur t  o I  re r )  lon i  f i re  |c lu |n  in -
teNals comparcd to the rverage inte al can have
major ecological effects. Nor-sprouting species
killed by one llre can bc locrllv extirpated by a
scconcl cioselv-spaced trre: rvhen fire inlervals are
unusually long, t ire-sensitive species nay pass
through the crit ical period of their l i f 'e history.
Nlagnitude is otten described as firelinc intcnsitl,.
a measurc ofcnergy outputrelated to llane length.
rlthough other less predictablc factors such as
, - lu r l t i . rn  , ' I  r r r r , , l r le r i r ru  , . r rn  i r l ' o  he  impor r rn l .
Extent describes the scale oI Lhc firc, but is gen-
erally poorly rclatecl to li re eftects rvithout knowl-
edge of nagnitude. Scasonality describes when
lires occur in the year. ID the Amcrican Solrth-
uest. spring months are infened to be the mosl
common season (S\\,etnanr rnd Betancourl 1990),
$hilc in the Pacific Northwest. mid to lale sunt-
merappears to be the lnostcommon scason (Wight
19961. Syncrgisrn. or the interaction of f ire wi$
other disturbances. is poorly understood and gen
erally unpredictable. Insecls. discase. and wird
may follou.fire evelts with more tltan endcmic
backgrouncl clTccts. ancl conversely. accelerated
file efl'ects rnry lbllow other distrLrbanccs. Manv
secondary el'fects such as soil mass movement
mal t ir l low intense fires iSwalson i98l ).

Thc tire regimes of westem lbrests are usu-
ally describcd in tclms ofhistorical t ires. and in
teryreted nuch the samc wa)'as potential veg
ctation (e.g.. Daubennrire 1968): r,haL occurrcd
historicall l 'and what thc trajectories of change
nra) bc \\'ith or without management (Agee 1993).
F i re  reg imc.  b l .ed  on  f i r 'e  \c \cu l \  |  \ece  l ( i ' r l )
are dcfincd by eftbcts on doninant organisms.
such ils lrecs, and although broadly described in
three classes. can be disag-trc-uated to the tbrest

type or plant association level if desired. Thc ap-
proach below is to use thcsc broader classes as
an organizing paradigm withir which individual
forest types are discussed. Thc high-severity l-ue
reglmes \\'ere those in u'hich the effect of a fire
was usually a stand replaceincnt elent (Figure I ).
Thc low-se\erity llre legimes werc those in which
lhe  l )p r ra l  f i r c  u r t r  hen i in  lo  donr inJn t  t ' r ! i l n -
isms across n.ruch of thc arca it burned. $'hile the
noderatc-scverity lirc rcgines had a complex mix
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ofsevedty levels. Thcsc anificial classe! obscure
thc variation that is better captured in Figurc L
Nevenheless. the landscapc cfl'ects ofhistoric tire
regimcs at the le1r. middle. and right side of rhe
spectrum were quite difltrcnt from one another.

Landscape Metrics

Thele are mlriad metdcs that nray bc generated
for lanclscapcs. and the imporlant ones ma,v dif
t'er clepending otr the problen] (McGarigal ancl
Malks 199.1). Patch sizc, edge. shape, cole area.
ncarest neighbor. and diversity netrics trrc anrong
ihe mosl common. F(n historical fu.e regines, these
metrics are rarely available in quantit iable fbrn.
and because the pattem of scale is so variable,
metrics iuc not eusil) conrpared across fire re-
gimes. The ' 'grain" size rray bc much less than I

'I 
ABLF- | Prtch size ch.rfactef of $ e\iem lbfed Ure regjnrcs.

ha in lristoric ponderosa pile (Pimts pondero.scr)
1o-ests (White 1985). but thousands of hectares
in subalpinc or boreal fbrests (Bessie and Johnson
1995). Two landscape metrics arc compared be
low across thc spectrum of Westem foresl firc
regimes.

Patch Size

Patch size ls used here refers to openings created
by fire within which post-tire regener-atioo is likel)
to occur and persist. This is a subjectivc defini-
tion but one that helps detinc an ecologically sig
niticant and recognizable shift in forcst structure.
Patch sizc clift'ers t'r-om f'lre extent it that a fire
may spread widely across a lrndsci,ipe but may
crerte conditions lbr regeneration only in selected
Iocales. A largc fire can be associated with creation
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'Fircs ol 180(ll9{)0 Cook/Quentin Cteck. rcmcrsurcd iiLrn mrps in repoft
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Figurc 2.  Ponderosa pi re ib i rnhas aclxssic l  v  sc\cr i lvure

rcgime. Patches on th is landscape lna} bc as s a l l

as 0.01 ha. Tlis pattern is disrppe|ring across ihe

mnge oi lhc species b,v ingrowth oi lrces since the

lire c\clusion pefid rnd sclccti\'e harvest oi lhc

older c lumps ol  t rccs.

of only very small patches. The dala shown in
Table I are noL a comprehensivc l ist ofpatch sizes
in westcrn forests but are rcpresentative of those
sizes.

The be st example of large fi res aIrd small patche s
(fegcneration) are firund in the lov-sevcrity fire
regimes (Figure 2). Fires burncd lrcquently in thesc
tbrcsts, and by regularly consuming iuels. kil l
ing small trees and pruning the bolcs of residual
tlees. maintained a relatively l ire resistant lancl-
scapc across which ovcrstory mofiality fiom llre
was rare. Forests with a large conponent ofpon-
derosa pine commonly had very small patch sizes
(Table 1). alfiough histofic tircs conlrrronly ranged
ovcr huDdreds to thousands ofha (Wri-qht 1996).
Thc  conL i i l i , ' n  Ih  .au .ed  the  l r rch  ua .  in  tnun)
cases sencscence of an old group of trees, bark

beetle attack, and subsequert consumpLion ofthe
debris by tire. resull ing in a range i)f palch sizes
usually < 0.;l ha. The rest of the ti)res1. for nost
eco lop icu l  purpr ' . c . .  ua .  a  lu i r l r  un i l i ' t rnmo. r ic
of nature tree cluslers and grassy undcrstories.

Largcr patch sizes are typical of noderate-se-
verity tile regimes. Although the lorver end ofthe
size range is within that ofthe low-sevcrity f ire
regimes, much larger patch sizes also occur (Table

1). These patches arc clefined by the amount of
nroflality created by the fire. with low-sevcrity
patches underburning rvith little nlodality. mod
eralc-severity patches haviDg some mortality bu1
substantial numbers ofresidual hees in the larger
size classes. and high sevedty patchcs wherc most
trees have been killcd (Figule 3). The low- sevel
ity patches may appcar much like the unbumed
lbrest. while the moderate severit), patches will
often develop a multiple age structurc. Higlt se
vcrit_"- patches wil l dc\elop an even-aged slruc-
ture if rcgeneration is immcdiate, or may reverl
to nonforest \egetation if tree sced sources are
limited (Chappell andAgee 1996). Smallcrpatches
related to canopy gaps at the scale of 0.0025 .0.1
ha (Ta,v' ' lor and Halpern 1991) also occur in these
forests. and largc stand replacement p|tches >-500
ha have occured in red fir lbrests in California
(D. Parsons. Sequoia-Kings Can,von National
Parks. pers. comm.).

High seYerit) tirc regimes ofteo have tirc elents
that are ddven by cxtreme weather (Bessic and
Johrson l995. Agec 1997). Although thc major
it1- of fir'es in such areas are ve4t small. nlost of
thc area buned is fiom the few larger flres. Thcy
occur inlrequently utd in ecos-ystens wherc most
or all of the trees species are not adapted to sur-
vive intense t ' ircs. so the result is usually a stand
replacement tire cvcnl (Figure.l). Becausc l lres
ale infrequent. tbrcsl stluctures are oticn lale suc
cessional, with nultiple crown layers and high
susceptibiJity to crown fire behavior. Wind-driven
e!cnts caD create prtchcs many thousands of ha
in size (Table l). Boreal t irrcsLs (Johnsor 1992),
subalpine tirrcsts (Agee ard Smith 198,1). and rl 'et
coastal lbrests (HeiDrichs l983) are thc most wide
spread examplcs ofthis type ofl ire rcgime in the
West. As $ith the high-severit l patches in the
noderate-sevcrity fire regime. post-fire tree re
generation depends on seed source availabilitl'
or legcLauve regenera on.
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Figufe L Rcd lir fbrest ha! a modefrLre-\ererir\ lire regime. Srlnd repl.Lce cnl patches are mr\cLt u,irh rho\c $hefe rhjnnins of
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i. lhc ibresround that appear to have a smootb ranop\ rc\rure rre stand rcplacemenr patches ffom a tjrc m.rnr decidcs
old.  $hi l , i  I  ne$ stand rcpl t tcemenl  ta lch is  v is ib le i l l  r i rc  b.rckground. Thc rcst  o l  rhe lJni lsrJpe hrs h r rnrd r i  t i r  t , ,q r r
\e\cr i t !  1 i re.
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hom rLltac..l unburned lbre(l
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Patch Edge

The metric chosen to comparc cdgc across hre
regines is the edge index usccl by Eberhart ald
Woodard ( l987 ). They calculrtcd thc edge index
by neasuring the per-imeter of all burned areas,
including unbumed "islands" s' ithin the burn. and
computing a ratio bct$,cen that total perimeter
and the perineter of a circle of the same area as
the l lre (representing the mininlun edge condi-
tion). Larger \,alues of the indcx represent fir'es
with higher proportions ()f edgc relative to patch
size. This irdex was adrpted fi)r use here by 1n
cofporaling the edge created bet\\ 'een patches of
varyJng sererity in moderate severit)'1ire rcgimes,
not just the edge betwccn bulned and ulburned
trreas used in high-severit) t ircs. Any edge index
I r r .  inhc len t  l i tn i t l r t i , rns  h . r .e r l , ' r r  t tn rgc  in te tp rc
t r lon .  ha . (d  nn  the  r r r in imr rnr  pu t ih  s iuc  rccop-
nized. horv nan-v fire severit_y classes are dehned.
and thc range ol f i le severity incluclcd in each
class. Tn this simplif ied analysis. only thrcc fire
severity levels \\ 'ere uscd. based on over-story
m,  ' r  l c l i r \ .  rnd  .peL i t i .  e rJg .  inJ rcc .  r rc  n . r t  in le t -
preted as absolute valucs but as relatire values
e, ' r rp r rah lc  b ro i 'd l \  hc l \ rccn  f i re  rcc ime. .

This index could not be computcd lbr low se
vedty lire regimcs. because edges are ditfuse er.
cept where small old patchcs are "decaying" and
r t l r r : rc  f r re .  m l1  h< m, ' re  r r l cn \e  rAeec lqq ] r
Such patches "wilk" in and out as thcy blend with
dder ti)rcst palches nearb-v. Structural dilferences
betrvecn a 150 1'ear old patch rnclan adjacent 250

1'ear-o1d patch are so slight as to bc ccologicall,v
meaningless. An edge index lbr lou'-severity t ire
regimes would probably be less thal I, as in any
clcllned fire size. that could bc represented as a
circle oflhe same a|ea, the perimctcrs oithe small
patchcs where hre would be intensc would likely
bc lcss thar the perimeter of thc fire size circle
(rvhich itself would not count as "l ire perimeter"
because i1 does not necessaril) creatc any edge).

Moderate se\,erity fire rcgimes appear to have
considerably nore edge than lo$- or high sever
ity f ire rcginlcs (Table 2). Because thcse values
u,ere taken tiom onll' a fiu llres. thcrc is prob
ably a vidcrrange oledge index values than shown
in rhe tablc. bul the raDge fiom 6 k) 20 suggests
that modemtc-sc\edty firc r'egimes crcatc substat]
l ial patchiness on the lanclscape. These lites typi-
cal1y burned for months (van WaglendoDk 1985).

TABLEI Patchedge!l r|c tcr o l \\tstern lbrest fi re regimes.

Sc!cit,"- of
I i re Reginre forcst Ttpc

6 . 1 9

1  1 . 1 6

2t.79

-1.71
lHoh f i  e 5( l i l  hJ Ol tnrpi !  \ r r i ' ,n , r l  Pcr l  I

\4oderate Red tif
(Agee t rnd Chappcl l  1996)

l\'lodefate Red lirl
(Agcc al1d Chappcll 1996)

N{oderate Dougla!  l r r '
(Nlorr ison and S\ i rnson 1990)

Nioderare Doughs-llr
( \ lorr i \on and Swanson 19901

High W!'slern henllock,Douglas'fif

Edgc

l i igh White \pure-black spruce
(Ebefhaf and $ixxlard 1987)

2(1.1{l M lires
.11 200 hx lircs
l0 l  100 hr  f i res
,101-1000 ha iirc!
2001 10000 ha lircs

2 . 1 7
l.t9
3..18
5 . l l
1.41

Goodbye lire. remersLrrcd irom maps in fepon
I Deseft CoDe iirc. rcncasured tiom maps in feport
I l89l E\cnl Cook/Quentin Cfeek. feme sured lioln mrps nr

'F i res of  1800-1900 CooUQLrcnl in Clrcck.  r .measured f ronr

and burncd under severe ald benign tire *eathcr.
across complex topography. during tbe dry ancl
at night, such thrt substanlial variation in bum-
ilg condjtions resulted. In addition, fuel varia-
tion caused tires to stop or slow at bounda es of
previously burned rreas (van Wagtendolk 1985).

High-scverity fire regines have loweredgc than
moderate-severity llre regimes. but therc appears
to be overlap, particularly as high-severity lires
bccome larger (Table 2). Wind-drivcn fires tend
to be elliptical in shape ratherthan circular (Ander
. , 'n  lq8 l r .  \o  rn  ed ! (  in t le r  > l  i . l lmo ' t  ie | t r in
e\en in unifomr tefiain and t'ucls. Largertires tend
to bc fiose that buln over Jonger periods and are
asscrcirted with morc weathel vadation and ahigher
probability ol the head nloving in more thar one
Jr ree t ion .  Th i .  i .  l i ke l r  to  . rc . r le  more  eJge In
addition, larger tires tend to havc larger unbumed
islands (Eberhat and Woodard 1987) and this is
associated with increased cclge effect. Simulated
fire spread models for boreal forcsts (Ratz 1995)
hale ploduccd edge index values similartothosc
shou,n fbr high-scvcrity file regimes il Table 2.
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Patch Characteristics, Fire Severity, and
lmplications lor Management

The landscape oretrics of historical tirlests ol thc
American West dill'cred by fire rcgirne (Tablc 3.
f i ! r r re  5  r .  l - i | i . . , ' t  lu rpe  er ren l  \ \ ( re  ( t ,mtnun in
all l irc regimes. but their effects on the landscape
were quite ciif lerent. Finc-scale patlern was cre-
r l cL IJ Id  n t : l i l ) l J l I r ( l  in  lou  .e r t  r i r )  l i l c  re ; r r rne . .
uhile coarsc-scale pattern occuned in high-se
veritv firc regimes. Whcre tbrest tvpcs of differ-
ent l lrc regines wcre closell juxtaposed, the

characters ofcach intemringled (Agec er al. 1990).
A smlll inclusion ofcool, moist lorest classified
as a high sevcrity f ire regime. surounded by a
nruch larger landscape of dry, warm lbrest with a
krw-severity fire regime, tcnded to have some of
the character of thc lorv-severity tvpe: patchier.
mole frequent lire with smaller patch size and
more edge than found where the typc was widely
distributed. The landscape context of ths fi)rest,
includirg lanclfbrm efttcts (Swanson et al. 198 8).
inhelent edge (Yahner 1988), and the adjacent
forcsts with thcir chamcteristic lire induced patch

TAUI-Fl- r .  Relr t i re l .nd\cape chafactcrs 01\Vestern forcst  l i fe fegimc\.

Fi rc Rr! ime

Cha c Ie r \loderatc \c\erit! High-se\er i ty

P tch SiTc
Idge
Pre-Post Fr'c
Snni l ru i t ) :

Smrl l  i -  |  hr)

l l igh

Nlcdiun (  l - -100+ ha)
High Anount

trf0deratc

Large( l  10000+ ha)

Lor

r  Tbe a\eragc p.r tch ! \ , i rh in uhich t ree regencrat ion \ r i l l  be opcr grown.
rOl the total .Lrei burned. the proporlion fe\emhling lhe pre-fire jbrcst structure.

Low-Severity Fire Regime Moderate-Severity Fire Regime High-Severity Fire Regime

[-l Low-severity Patch

[Xl Moderat+Severity patch

I High-severity Patch
FLgufe 5 A \chcm.rtic ol lmdscrpc prrttefn ottircregimes. Blacldots in lor \c\critr fife regines rre ver,v old patehes oflarge.

old trccs beinS kjllcd b) insects ancl dccomposed bt ire. rlnd gra,v dots .re emergin{ pole-si7c srands that ha!. les\-
def incdcdge.TheJrrodcr l lese!ef j t t i l rcrcginreist ]p icr l l r rcomplL 'xnosr icof largcrp.r tche\of lhcthreef i resc!er i tv
levels.  {h i le the high sc!cr i l }  i i fe  fegir rc h l ts  hfge rrand rephcement p, Iches.
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and edge patterDS. is important in undcrstanding
the historic landscapc character of a lbrest type.

The prcdominance of pattern ve$us proccss
as controlling frct()rs of fire and forest landscape
dynamics rvill vary by lire regime. Most theo-
retical approaches to disturbance and forest pat-
tern have simpliticd disturbance and fire to a bi-
nary proccss: a landscape cell is either disturbcd
or not (e.g., Turner et al. 1989). These models
have utilitl in high-severity fire regimes (Turncr
and Romme 199.1. Ratz I 995 ), buL have less uti l-
ity for modcrate- and low severity l ire reginlcs,
and present scaling problems whcn applied to leal
landscapes. In the low- and moderate severity lire
regimes. t ires spread widely but had significant
pattcm eifects on only nedium to small portions
of the landscape, and the control of process by
pattern is obvious. Frequent. k)w-inlensity fires
created tenrporary fire barriers by consuming lu-
els. and resulted in a j igsaw-like shape of subse
quent fires. This has bccn shown by Wright ( 1996)
lbr ponderosa pine, a lo$'severity t lre regimc.
and by vanWagtendonk ( 1985) for rcd llr. a mod
efate-se\,erity fire reginle. Patter]r, as represented
by age-class distribution and spatial structure, was
so fire-tolerant in low-severit.v fire regimes thrt
while the forest u,as dependent on fire in the long
run to naintain its pattcrn. it was relatively in-
nune to severe shorl-tenn effects; the interaction
of pattcm and process Iesulted in a quasi-stable
s)stem. While a true equil ibrium system with
balanced agc classes has not been shown cvcn
tbl ponderosa pine (Coopcr 1960), the lou'se-
verity llre regimes u'ere much more stable than
high severity lire regimes.

Under'hormal" weather, pattem has also been
sho$'n to control proccss in high severity lire re-
gimes. tr-aturally-occuring tires in older tifcsts
at Yellowstone National Park, between 1972 and
19ii7. tcnded to slow or stop irt boundarics olyoung
forest with simplcr, less tlre prone structure
(Despain and Sellers 1977. Romme and Despain
1989). However, very large hisLoric fires appeaLr
to have been the sourcc ofnuch of the widespread,
dder ti)rcst (Romme 1982), indicatin-q that pro
cess nLlst haye overwhelmcd paltem at some dis-
tant tinrc in the past. TheYellorvstone fircs of 1988
bumed fbrests of all agcs. indicating that process
overrlhclmed pattem (Romme and Despain 1989),
which has also been docunrented for Canadian
subalpine tbrests (Bessic and JohnsoD 1995). While
an individual stand may appear stable over tinlc

to a humltn observcr. the landscapes of high-se-
vcrity f ire regines (a specitic spatial scalc) ovcr
the l itespan of a trcc (a specific temporal scale)
are considered non-equil ibrium systcms (Baker
l9ll9. Turncr and Romme 1994) because of the
natule ofthe disturbance process: int'rcquent, large,
severe f-rres that have a pcrsistent effect (centu
riesJong) on landscape pattem.

Modern tbres|Iy has had signiticant eflects on
landscape patter-n, but probably the most peNa
sive elTect has been that of fire exclusion. Ellects
offire exclnsion are extensivs in low-sevedty fire
regimes (Wcaver 1943), less in moderate-sever-
it) t irc regimes, and least in high-severity t irc
regimes, because fire has been rcmoved for mole
lire-return intervals in low- and moderate-sever-
it), fire regines than in the high-severity firc re-
gimes. By allowing lorest patches in lorl'-sever-
ity lue regimes to converge in structure. developing
multi-layerecl characLer with increased lirel loads.
the inirequent wildtirc that esclpes control un-
der severe \\"eather conditions now has much more
.erere  ed i .  t .  r  Agcc  lgqT) .Fore . topen ing5.onc i
characteristic of mary fire-prone landscapcs. havc
decreased in sizc as surrounding forests have be-
corre more dense (Skinner 1995). Much 01 the
indueed eJg.  rh r r  pcr . i . led  in  r  . l l i l i i l !  n ro . r i ,
through the lgth century is norv a subtle edgc
belrveen nrature ard old-growth ti)rest (Morrison
and Swanson 1990), and thcse landscapes are row
nrore pronc to high sevedty fire. A persistent but
more unstable Iandscape pattcrn is being created,
not (nlly in patch netdcs but in susceptibil i t) ' to
luture severe t'ire. Highcr proportions ofpost fire
regeneration in sprouting hardwoods and seroti-
nous coned pines wil l be more l ikely Lo be kil led
by llture tires than tlre morc fire-tolerant mature
pines. larchcs (Lurrl-r occ idr:nralis). and Douglas-
nrs (Pseudotsugd nren;le.ill) they rcpiacc.

Wide riparian lbrcst bul'lers are being prescribed
lbr some western fbrests. While they havc bccn
delended on the basis of protection for aquatic
organisnrs. including endangered lish, corridors
lbr wildlife. and sources of coarse voody dcbris
for tuture stream habitat. they have also been
documcnted. undel some conditions. as corridors
for severe rvildfire (Sc-qura and Snook 1992, Agee.
pcrs. obs.). There re teu'data rvith which to evalu-
ate the tlammability of riparian zones. More com
pler  . t ruc lu rer , ' f t cn  do  oecu l  in  r ipar i rn  zone. .
but these may be due to better site qurlity, allow-
ing fastel post-fire succession, or to lcss frequent
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or lower severity tjr-e in thcse sheltered locations
(Romme aDd Knight l98l). In rhe dry easrern
Washington Cascadcs, high elevation fbrestrct'ugia
(areas less l ikely to buln) *ele idcntit ied as oc-
curring abovc 1500 n elevation on nofth aspects.
and ofien adjacent to the cont'luences of peren-
nial streams (Camp et al. 1997). In northern Cali-
fornia mixed-clergreen forest, late successional
forcst structnrc is most likeiy to be found in lou'er
slope positions and iD north and east aspects (Tay-
lor and Skinner in rer.iew). Convcrsely, in rvcst-
crn ldaho, riparian zones in sone locations have
burned more severely than associated uplalds
{  |  ipure  br .  C lc r r l l .  conrp lc r  in le ra( l i ln .  i l r (  oc -
curnng betwccn process, pattem. and landscape
position ofriparian fbresls. and need to be evalu
ated in more depth.

The concepl called "nalural range oI variabil
it; hl. heen prop,\.cJ r. rn appr,,priare eorr.e
ti ltel approlch to ecosystem managentent. Simu-
lating natural disturbance processcs and patlcrns
is one *ay to naintain broadly-defined ecosvs-
teIn productivity (Attiwil l 199,1. Su,anson er al.
1997). 1n most Westem ti)rest ecosystems. there
is sti l l  enough residual evidcnce in l ive trees and
stunlps to allorv rcconstruction of historic land-
scapes over time (Agee. 1993. Whllin et al. 1996).
In high-so'erity f ire regimes. Baker (199:l) sug-
gested (hat reintroducing the process offire might
itself be sufficient to restore the nrtural pattcrn.
In lou'scverity l ire rcgimes the issue has becn
debated (Bonnicksen and Stone 1982. Parsons et
a]. l9E6), bul the debate has centered more on
objecdvcs of pattem or process rather than whcther
sone lype ot reconstrl lctlon was desirable. Al-
though these debatcs were first associated with
natural rreas. the lrcnd towards coarse lilter c()n-
selvrtion strategies for manv forest lands has ex-
panded the potential implications of these argu-
nrents to llruch of the forcsled land of the West.
There is no ' 'r ight answer" in these arguments.
bu t  i t  i \  c lear  th r r r  in  lou  .c , ,e r i l r  l i r c  rcg ime ' .
nrodificrtion of fuel structures by underburning
or thinning u'ill move the syslcm towards a mor.e
latural prtten. Continuing to rcInove large green
trees in conjunction with salvage logging wil l
exacerbate current conditions (Agec 1997). In
moderate severity tire regimes. timber harvest
ing that mor,es away fiomtaditional large clcarcuts
to (a) pafiial cu|s, (b) small pttch cuts with snag
retcntion, and (c) a system of reserves. uti l izing

Figure 6. Portionsofthc ripafian zonc ofLittleFrcnch Creek.
Pr)ette Narionrl Fofest. ldaho. burned much nnne
sc\crely than adircent uplands. The rparian rone
(A) had subsranijal dcad Enselnlann spfuce (pir../
tng?!nwrt i i )  rnd mul l i la \efed srrucrufe.  and
burned lvith a cro$n fire. The upland torcst (B).
uhich had burned in ca.  1900 and ug.r in in t913.
$,as composed olseli pruned, widcly sp redlodgc

F  l e  p i n (  ' ,  i l h , l  h .  . l l .  b ( )  \ t t , \ . i  t t t r t . ,  , t . t , i , , , . . .

under(ory und little coarse $ood,v dcbris, .rnd spot
iife\ herc didnot sfread (U.S. Fofe\r Scr\ ire thoto
b)-  Morgan Be\er idge).

prescribed fire cven in leserves. will create morc
natural pattem than either past managentent or a
pure reserve system with no recognition ol pro-
cess. In high-scve.ity fue rcgimes,largc patch sizcs.
although perhaps historically preserr. will be dif
tlcult to mana-qe fbr and rnay be perceived as a' 'catastrophe best to be avoided" (Hunter 1993).
When the severe weather event occurs. we mav
not have as much conffol over nature as w9 think,
so large patch sizes wil l probablv occur in these
systenN regardless of our desiles.
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