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Abstract
Fire frequcncy, iniensit!,. and size can inlluence the nlture of foresl developmenl. \\irh poren!iall,,- pfofound cl]ects on ecos]srem
processes and the abundance ofnalive spccies. The cllect ofrn inten\e wildfire and subsequent se!ere fires withn a sho( period
(reburns) on lbrest establishment. composition. and slructure wa! examimed in thc 16,000 ha Siouxon Creck waterrhed ir the
westerD Ca\cudes of sourhern Washinglon. Elidencc ol large intensc lires and small prrchv tlres wa\ found in rhe lvatcnhed,
\\'ith 4 fircs occurdng since I900. ltcc est.rblishmcnt w.rs fapid and abundant thro ughour mos( of rhe areabumed in thc t902 fire.
lossibly fiom sur\ivrl ofon-site sccd sources. Tree esrablishmcnt \\'as delayed on;rost rcburns and conesponded with ),ea.s of
abundant regional Douglas-flr lPseudat:u+a no<-i.ril) conc producdon. indicating off site sources of seed. Wcncm hemiock
( T s s a h e l ? n p h l l l a ) w l t s l e s s a b u n d a n i o n r c b u r n \ t h a n o n t h e 1 9 0 2 b u . n . T h e r a n g c s o f D o u g i a s i i r a g e s . | l ' i r h i D s t a n d s \ \ , c r e
grcaGr on reburns Lhan ()n iinglc bums. but firc lrequency etllcts could nol be distinguishcd froln poignriai stand agc and compo
rjtlon effecls. Ihcrc were no clcar patterns of lrce species abundmce relatcd ro preslrmcd dispers;l djnaDces ofup to 3 km fmrn
unburned forest. Firc iiequency. bpography, and sced source had impo.tant ellccrs on forest strudure andcomposition ilcross the
\- t ( r rh(1] .

Introduction

Wildfire is the primary natuml disturbance in the
forests of the Cascade Range (Munger 1930,
Franklin and Hemstrom 1981), but l i tt le is known
aboul the effect of fire frequency on for.est com-
position and structure. Understanding the role
of fire in lbrest development is crucial if we wish
to maintain native species and ecosystem procasses
(Hansen et al. l99l). Although fire on the west
side of the Cascade Range is usually described
as infrequent and catastrophic. many large burns
experienced repeated high-intensity f lres
("reburns") within dccades of the init ial cata-
strophic fire (Agee 1993). Comparcd to lbrest
development after single intense fire events. tree
establishment on reburns is often sparse or non-
existent for decades after the last fire (Hofmann
1917, lsaac and Meagher l936, Larsen 1925). It
is unknown whether poor dispersal of tree seeds
into large burns. poor tree regeneration caused
by degraded soil propeflies, or some other factor
are causes ofslow fbrest development on rebums.
Rebum fires can bc more intense, and therefore
may have greater effects, than the original bums
in Douglas-fir forests because recently-burned
lbrests often have greater amounts of fuel than
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maturc torests (Agee and Huff 1987). Indeed.
repeated wildlire has been hypothesized as a tac
tor causing slow establishment of nany ol the
old-growth lbrests in the Cascades that o ginated
around 500 years ago (Franklin and Hemstom
198  r  ) .

The size and shape of flres, and the composi
t ion  u l  sur round ing  fo rc . ts .  m l5  h r re  lppp lun l
effects on lbrest developmcnt within large bums.
Seed dispersal typically declines with distance
fronr seed-bearing adults, but dispersal curves vary
dramatically among species (Harper l977), po
tentially influencing forest composition at large
spatlal scilles. Although the density of natural
trl:e regeneration on clear-cuts in the Cascades
declines predictably with distance from the for-
est edgc (lsaac 19,13). some studies have lbund
coprous regeneration many kilometers from the
edges of large burns (Hofmann 1917, tsaac and
Meagher l936).

The purpose of this study was to characterize
l) the fire history of a warershed in which mul-
tiple fire events were known to have occurred and
2) compare the age stucture, size structure, and
tree conrposition on sites that experienced a single
severe flrc in 1902 ("single bum" sites) with sites
that bumed in 1902 and in subsequent sercre fires
within 30 years of the 1902 fire ("reburn" sites).
The focus ofthe study was on the Siouxon Creek
watershed of southem Washington.



Methods

Study Area Descr ipt ion

The Siouxon watershed is located on the west side
of the southern Cascade Range of Washington,
centered at 122'15'W latitude and 46'00'N lon
gitude. about 24 km south of Mt. St. Helens. The
study area of 16.000 hcctares included most of
the Siouxon Crcek and Nonh Siouxon Creek drain-
ages and portions of thc Nofih Fork ofthe Le\\,is
River drainage (cun'ently Yale Reservoir) across
from the town ofYalc, WA. Both Siouxon creeks
drain to lhe west into Yale Reservoir. Topogla
phy is rroderately steep and dissccted, with el-
cvations fanging frorn 149 m at the surtace of
Yale Resen'oirto l27l n1 at the summit ofSiouxon
Peak. Glacial tills are tbund in the main Siouxon
dmilages and at thc heads ofmany Siouxon tribu-
taries (Mundodf l984). Thc nroist temperate cli-
mate is characterizcd by generally rnild u'et win-
ters and wam dry summers. Annual prccipitation
ncar the town of Cougar avcrages 292 cm (Na-
tional Climatic Ccnter 1932 87), with a continu-
ous vinter snowpack forming abovc about l000
m (Topik et al. 19861.

Ve-setation in the study areafijlls into two zones.
The Tsugu hete ro ph-r /lri Zonc. dominated by Dou-
glas-tir- (P.readotsrga rn en zi e s ii (Mirb.) Franco)
and westcrn hemlock (.Tsuga heteropblkt (.Raf .)
Sarg.). occurs below about 1000 m. The ADfu,s
unutbil is Zone. dominated by Pacific silver l ir
( Ahie s anutbilis Dougl. Forbes) and noble lu (ADir:s
procau Rehder), occurs above 1000 m (Topik et
al. 1986). The bulk of thc study area had seen
little lbrest managcnlcnt actr\'lty.

F re History

The fue history ofthe stucly area was rcconstructed
using historical lbrest type maps. $'ritten accounts.
aerial and panoramic photographs. and field
samplcs ofdominart tlee ages. Thc objective was
to identify the boundaries of, and tree ages within.
fires occuring since 1900. Forest-type maps of
Washington made early in the century (Plummer
et al. 1902, USDA 1936) and fire atlases (USDA
Forest Sen'ice n.d.-no date l) were useful starl-
ing points. Aerial phok)s from 1959, 1976. and
198.1 and panoramic photos taken titlrn lookout
stations in the early 1930s (USDA Forest Ser-
vice n.d. 2) were studied for evidence of large
rernnant trccs. tree seedlings and saplings. and

edges between forests with differcnt trce sizes.
Fer tu rc .  uere  d tau  n  on to  l  b ise  map.  u : ing  r  i r -
ible landrnarks in thc photos to match those on
topogmphic maps.

Ages of doninant trees tiom plots (described
belorv) and point samples were used to date the
most recent file (atier Hemstrom and Franklin
1982. Agee 1993); tree stems, increment cores.
and stumps werc carefully examined tbr post-es-
tablishmentfirescars. Forty-six "reconnaissance"

points were located in areas \\,here fire bound-
alies on air photos were unclear; recently logged
sites were prcf'erentially examined. Three or more
d,'rrinlnt tree. or large \tump\ JI eir( h rect)nnil i\-
r rnce  po in t  uere  . rpeJ  b ;  eount ing  r ing .  on  in
crement cores or on stump sudaces scraped clean
with a pocket knife. Rings on young trees werc
distinguishable and rcadily counted in the field,
otherwise cores were collected fbr later analysis.
Clear-cutting dates wercknown in nost cases ftoln
direct observation, or were estimated liom the
annual height increnent of planted trces.

The age of the oldest tree at a sample point
was considered to date the origin of the stand.
Stands which established within eight years of
each other and were contained within flre bound-
aries identilied in historical documents and pho
tos were interpreted as being cohorts following a
common fire. The eight year criterion was cho-
scn to accommodate estimated errors in aging
stands (Gray 1990). Stand ages. stand bound-
aries visible in aerial and lookout phutographs.
and fire dates fiom histo cal sources were com-
bined to produce a single map of the burns in the
study area (see Gray 1990 for mapping details).

Stand Structure

Forest structwe data was collectcd in 1988-9 in
two diflerent ways: "suNey" plots were placed
throughout the study area to sample stand types
and ages, and paired "detail" plots $ere placed
on areas of adjacent single and multiple bums.
Fifty survey plots were distributed over five el-
evation zones and two general aspects (north and
south) to match the lelative area of those zones
and aspects in the study area (Gray l990). Sorne
arcas far from roads andtrails were under-samplcd.
P lo ts  u  e re  l ,  ' ca ted  r  n  . l xnd \  \ \  i th  a  concen l ra l ion
o fcon i le rs .  uh ich  erc luJeJ  mo. l  r ip r r i rn  r rea \ .
Suruey plots were circular with an area of 250
m'] (8.9 m rtrdius). Within each plot, diameter at
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breast height (DBH, at 1.38 m) u,as measured on
all livetees greatcrthan 5 crnDBH and tree height
was mcasured on the largest tree using tape and
clinometer'. Incremcnt cores were taken fronr three
large ea.rly-seral trees (usually Douglas-tir). The
presence ofchaned snags and logs on a site proved
to bc a reliable indicator ol a reburn (Klopsch
1985). Thcy are created by buming oftrees which
died and shed thcir bark after the first fire. While
somc ofthe large snags in single- burn aleas werc
charred, almost cvery large snag in multiple-burn
areas was heavily char:red.

Seven pairs of detail plots were established
on sites dominatcd by Douglas fir, r ith one of
each pair Jocated in an arca burned in 1902 ("single
bum"). and the other located in an area burned in
1902 and burned again within 30 yrs ("reburn").
The p lo t .  in  r  pu i r  had . i r r  i l r r  e le r  u l  ion .  aspcer .
.L ,ne .  lopog raph) .  . ,  ' i l  t1pe .  and p lxn t  r \ \ , ' c i r -
tion (Gray 1990). The environmental conditions
sampled by thesc paired plots langed frorn moist
low elevation flat sitcs to driel moderate cleva-
tion stcep sites. Pairs were designated bv letter
(A-G) and plots within a pair dilfercntiated by
numbsr (e.g. Al and A2 arc paired single burn
and reburn plols. respectively). Tree DBH was
measured on tll standing live and clead trees taller
than breast height (1.38 m) in circular 250 n2
plots around each detail plot center. Ages were
deternrined tbr up to 25 Douglas-tir trees within
a500mr circularplot around each dctail plot center:
trees u'er-e randomly selected if more than 25
Douglas fir were preselt. Incremcnt corings of
selccted trees $,ere taken up to thr-ee times in an
attempt to hit the pith of each trec. Heights of
three cored lalge-dianreter trees \\"ere fleasured.
Incrcnrent cores were also taken on up to fivc
trees ofeach olthe othel species present over the
range of tree sizes present.

Data Ana ys s

Tree agc (since seed germination) u'as estimated
liom stump and increment core samples by the
tirl lowing methods (see Cray 1990 for clctaiJs).
Collccted incrernent cores were mounted in wood
blocks and sanded and rings were counted with a
hand lens or dissecting microscope. For thosc
cores that did not intersect the pith of the tree.
the curvature of the innernost rings on the cores
was used to cstimate years to the pith (Arno and
Sneck 1977). Of 143 cored trees on survcy plors,
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38% hit the pith and 4:17. were estimared to have
nissed the pith by 3 ycars or less. Of 26:l trees
cored on detail plots. 4970 hit thc pith and .+2%
\\"ere cstimated to have missed the pith by 3 years
or less. Age estimates tbr I I very large trees fbund
on moist. sheltered sites which could not be cored
near to the pith $'ere developed by calculating
the inner diamelcr which had not been cored and
the age at which the avcrage Douglas-fir in a pro
ductive (site class I) stand would reach that breast-
height diameter (McArdle and Meyer 1930).

Estimatcs of the time it took 1br sampled trces
to grow ftom genninants to the hcight at which
incrcment cores were taken or stumps were cut
(mean height of:17 cm for all samples) were de-
veloped using intirrmation on Douglas-tir seed-
ling height growth as a function ol sitc class
(McAldle and Meyer 1930). Sitc class and site
iDdex arc measures of an arca's gt-owtlt potential
tbr trees, and wcre derived for thc plots in this
study using tree height and breast height tree age
(King 1966): reconnaissancc sites were assumed
to be ofintermcdiate site class l l l , the rnedian for
the study area. The same seedling growth rela-
tionship was used fbr-$'esteln hcmlock. Pacil lc
silvsr t'ir. and noble fir trees. since little detailed
information on hcight growth below breast height
exists for these species (Hanzlik 1925 and Williarns
1968 did find similarearly hcight growth for open
grown noble fir, silver tir. hemlock. and Douglas-
fir). All red alder (Ahas lrDra Bong.) and big
leaf maple (Acer rracroplrt,llrar Pursh.) werc as-
sumed to be 2 yrs old at core height based on
personal obscrvations of earlv growth on disturbed
mcsic sites. Estimatcd enors fbl individual t lee
ages nnged tiom t2 5 years, depending on mcthod.
sanple height, and presence of the pith in rhe
sample (Gray 1990).

Ditlerences in thc time required for Douglas
fir establishment between singlc burns and rebums
was evaluated with an F-test on the within-stand
vadance in trec ages lrom detail plots. The ef-
t'ect of a range ofenvironmental factors and indi-
cators on tree species composition in survey and
detailplots was analyzed for Douglas-fir and hcm-
lock with stepwisc multiple linear regression (Zar
1984). The proportion of total plot basal arca fbr
each species rvas regressed on elevation. slope.
r .pe( l  l l ran : l i , rmed to  the  c t \ : ine  o l  r .pec t  ,15 ' r .
slope*aspect, stand age. the shonest distance fronl
prc-1900 age stands (measured from thc fire map),



and site index (fiom King 19661. Signii icance
ler,els lbr inclusion of variables ir the regrcssion
modcls were set at p=. 15. Analyses of residuals
(rvith proc univariale in SAS Institute 1987) in
dicaled that proportional basal area data lbr Dou-
glas-fir and wcstern hemlock did not violate as
sumptions of homoscedasticity and nomrality (as
is common when orost clata are betweel .30 and
.10 Jar 1984). Proportional basal area data for
orher species appeared to violatc these statistical
assumptions. so thc inportarce of the dil'ferent
. i rc  l r i tu r .  \ \ ' ( re  re . le ( l  in , l i r id t t . r l l l  sn .pe t ie .
plesence using the non paraoretric wilcoxon
Mann-Whitney rank sums mcthod (Zar l98.1).
Diffelences in species abundance between singlc
bulns and reburns was evaluated with a t-tcst on
pr-oportional basal area tbr Douglns-fil and west-
ern hemlock (becausc they \\"ere present on most
plots) using the Satterwaithc rpproximation fi)r
unequal variances (SAS Institute 1987). Linear
regressions oftree dersity per plol (1og banstbrmed
to nonnalize residuals) on distance lion pre- l!)00
stands were also calculated fbr Douglas-fir and
\\,estern hcmlock.

Results

F-ire H story

Four separate. high intensity f ircs occuned in the
Siour.on drainage in thc 1900s and evidence ol
earlier f ires was also apparent (Figurc 1). Dou

-elas-fir trees established rvithin a ferv decades of
l480 in fivc sLands and ir the late 1500s and nid'
1600s in l lve other stands throughout the stud),
area. Three scparate fire events around 1803. 182:1,
and 18,i8 na.v have precedcd the establishtnent
of stands in the southwest. west. aDd northwcsl
portions the study area, respectively. Any fires
which did occtu in the early 1800s nust have been
relativell smrll. since observations indicaled that
nrost of the snrgs creatcd by the 1902 tlre werc
greater than 100 cm in diameter, which is larger
than thc size of the average 100 yr old Douglas-
l ' ir on even the best of siLes (70 cm McArdle
ard Me-v'.er 1930). Thus most of the stands in the
Siouron drainage rvere probably old growth ti)r-
ests orer 300 years old rvher the fire ol 1902 killed
most of the trees in thc drainage. The 1ew trecs
which survivcd the 1902 tlre and rvcre sti l l  alive
in 1959 (the date ol the earlicst air photos exam-
ined) *ere located along valley bott{)ms and
headu'rlls (Fi-qure I ). Historical mtps. doclllrents.

photos. ard stand ages concur that smaller intense
fires occurrecl within the 1902 burn in 1919,1921.
and 1932. A 120 ha 1918 fire was mapped on
Mr. Mitchcll (USDA n.d. l) but t ield evidence of
it would have been destroyed in the subsequent
19l9 and/or 1932 lires (the amount ofoverlap of
thcsc later events is not known.).

Sland Structu re

The timing of forcst establishment after fire dif:
lered betwccn single burns and reburns. Tree
regenemtion was prompt atier the l9021lre, wjth
5 I of 59 survcy and reconnaissance points w ithin
the 1902 bum dated between l902and 1909 (Fig
ure l), and regeneration on all 7 single burn de-
tail plots dated bctween l90l and 1906 (Figurc
2.). Tree regeneration was delaycd up to 5,vears
on two of the thrcc reburns. with most strnds in
the 1919 reburn init iating alter 1923 and most
stands on the 1927 reburn init iating af'ter 1932
(Figurcs 1 and 2). Stands on the 1932 rebun
trpparently established within I 2 years ofthe fire.

Douglas-tr on single-bum sites established over
a shoner period ofti[re than Doug]as-tlron rcbum
sites. indicated by ct)mpaing the variance in tree
ages on  the  de ta i l  p lo ts  (F .u , , , , . , r . , , ,=  1 .38 ,p=
.042)(Figure 2). Therc was considerable varia-
tion in stand age sffuctures within burns, how
ever Douglas fu on wetter sites in the single brur
(Al. B l. Cl. and Dl) apparently established more
rapidly (rvcr about 12 yls) than Douglas-fir on
drier sites in the single burn (24 yrs or more for
El. Fl. and Gl) (Figure 2). In addition. the larg
est \\"estern hemlock tended to establish sooner
after f ire on the wetter sites (A I and,A2)thanon
thc drier sites (G I and C2).

Wcstem hemlock was less abundant (as a trac
tion of total stand basal area) in rebuln stands
thrn in single bum stands ft 05i, .!= 2.3 I , p= .0242),
ard tended to be more common in the largest di-
amctcr classes present in single bum stands (Fig-
ure 3). Douglas-fir. on the other hand, was more
abundant in rcbum stands than in singlebunt stands
(t,r.,.,.,)= -.1.36. p=.0001). The strucnrre of most
stands consisted of Douglas fir clumped in the
largest diameter classes and shade-tolcranl west
em hemlock in a range of diameter classes. ancl
standing dead stems in the snrallcst dianeter classes
(Figure 3.). Thesc characteristics indicate sttnd

lirowth fi)11o\\,ing catastrophic disturbance and self-
thinning nortality of dense populations.
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TABLE 1. Relrtionship bet$een plor chafactefistics and ltecies conrposiiio.. Coclllc icnts (ll ) rnd p \,al ues of \ign iticrni fac'
tof\ selected by \ret$ise nruhiple linear resression\ on proporlional bi]sal rre! lll.e sho$ n ii)r Douglas-fir and henr
lock. Rank-sum test Z and p lalues ibr indi\jdrLal faclors arc sho$n ibr presence of the other species. Number of
p lo i \  Out of6 l ) \ r ' i th  specie\  present ls  sho$n under spccics nar)rc.  El . \=clc!adon (m).  rge=strnd ge.di \Fdistance
l iom pre-1900 stands,  Si te Ind=\ i re mdex (King 1966)

slopc (9i )

s lope'
rspccl Si te lnd

Dougl.rs fir

n lvcr  l l r

n=6

n = l  I

bigle.rfmrpLe

-0 068
(.0001)

0.60
( .0018 )

0.5 |
( . 0018 )

0.7.1
(.0038)

0.60
(.00,18)

0.0071
( .0508 )

2 .0
(.0:l3l)

2.0
( 0.188 )

7...

3.8
( .0001)

3 .5
(.0001)

2 ,8
1.0052 )

-2.',7
(.006:)

0.t7
(.0016)

1 .6
i.0091)

,0.28

i.0089)

2.6
( 001t6)

2 .3
\.0121)

2.1
(.0160)

3 . 1
( . 0011 )

2 .1
( . 01621

Thc agc and diameter structures ofsqne stands
differed substantially from those found in thc
majodty ofstands (Figures 2 and 3). Douglas fir
in single-burn detail p)ot Fl rvere relatively large.
had established over a 3.1 yeal period. and were
growing at low densitv in a relativel) ' open stand.
Slorv establishment may have been aresult ol poor
rcgeneration caused by summer drought on the
coarse. cobblcy substratc at this site. rvhich ap-
parently was an old glacial deposit (Mundorff
198,1). Douglas-fir age and size distdbutions in
rebun plot C2 suggest two distinct cohorts oftrees.
uhich appeared to be spatially distinct. Periodic,
:slni (onlinuou5 c\l irbli\hll lcnt uf [ irc-scrrsit ire
hemlock in this stand suggests that the young
Douglas-fir saplings did not establish lbllowing
a second disturbance; insLcad. thcy may have
established in gaps in the dense, mature stands of
brush u hich occupied parls ofthis site. The broad
age and size distribution ofDouglas-fir on rebum
plot D2 may be related to the mortality of the
larger diameter trees (Figure 3). which may have
maintained sLrt] ' icient l ight levels in the stand tbr
survival ofthe snaller. younger Douglas-fir. Large
basal sclr ' orienteJ in rrriLru' JireeLi,rn:, uc|c

tbund on many of the larger l ive and dead trees
in this stand. suggestive of feeding by bear or
porcupine (fire scars usually face in the same uphill
d ection Brown and Davis 1973).

The presence and abundance of several tree
species were signilicanlly relalcd to one or more
environmental factols that were sampled by the
distribution of survey and detail plots across the
watershed (Table I ). The nultiple linear regres-
sion for Douglas-fir (t'=.48) indicated greater rbun-
dancc on sites at k)wer elevrtions. on steeper slopes,
in younger stands. and at greater dislances from
old growth stands. The regression model for'
western hemlock (rr=.37) indicates greater abun-
dancc on gentle. nonh-fircing slopes, older stands.
and sites of relatively low productivity for Dou-
glas-fir (low sitc index). Both Pacific silver l lr
and noble lir rvere tbund primariiy at higher cl-
e\ations. which also tended to bc sitcs with lo*,er
site indiccs. Pacific silver f ir u'as also associated
with sites that were relatively close to old growth
stands. W-estern redcedar (Thujo plicalzr Donn.)
telded to be present on flatter slopcs and in older
stands. Red aldertendedto occur on steeper'. south
tacing lorv elevation sites. while bigJcaf rnaple
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tended to occur on producti\e.low elevatlon sltes
that $,ere relatively close to old-grou th stands.
Distance from old-growth stands was atbest only
J  n rJ rs ina l l )  s ign i l i c rn t  l i r c l , ' r  ln r .p rc ie . '  p ro -
portional basal area or presence (Table 1). Tree
density was veakly related to distance fiom old-
growlh for both Douglas-fir and western hem-
lock (rr =.005 and .07,1 and p = .60 and .086. rc-
spectively).

Discussion

F re history

Evidence of both large intense ancl small patchy
llres rvas lbund in the Siouxon Creek watershed.
The oldest Douglas-fir occurred throughout the
study area and were established around 1500A.D..
which is approximately when most remaining old-
growth stands in the Washington and northern
Oregon Cascades became established ( 1450- 1550
A.D. Franklin and Hemstrom 1981. A-qee 1993),
suggesting widespread and/or recunent fire at that
time. The relatively srnall lires that may have
occurrcd at the western end of the study area in
the early l800s could reflect localized ignitions
by humrns. The Co\r4itz t.ibe inhabited the Lewis
River r,alley (Rav l97,1) and maintained prairies
by regular burning (Leopold 1987): one ofthese
prairies (known as Chclatchic Prtrir ie) is located
onl,v 5 km southwest of the study area and is clea.rly
clepicted in Plummer et al. 's ( 1902) historical map.
lgnitionby Europcan bappcrs and explorers, which
$'ere travelling through southern Washington bv
the I820s. is also possible. howcvcr. Thc large
1902 t'ire was siruultaneous with malf intense
hur r rn -eru .cJ  i r res  r r  h i .  h  b r r lned in  u  es te l t
Oregon and Washington in Scptcmbcr 1902 (Or-
egonian 20/9/02. Holbrook 1943). The few trees
surviving the 1902 fire in the Siouxon were only
found in clumps in sheltered valleys or individu-
ally along creeks. The cause ofthe more recent
tires in the Siouxon is unknorvn; although ol
catastrophic intensity. they wele signil icantly
rml l le l  th r rn  the  1902 hurn .  In  .ummrr r .  i t  up-
pears that mostoithe study areaconsisted of maturc
and old-growth fbrest that bumed intensely in 1902,
portions of which burnecl once again in smaller
high-intensitl t ir-es. An undelined area around
Mt. Mitchell may have burned two or lhrcc times
since the 1902 burn, and the rvestern edge of the
study arca may have experienced multiple patchy
burns in the early 1800s.
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Some of the fire cvents examined in this study
conespond well rl,ith the infrequent. high-inten-
sity fire cycles described fbr moist Douglas fir
forests, in which fire intervals exceed 200 years
and rcgenerating lbrests are even-aged (Hemstrom
and Franklin 1982. Agee 1993). Considerable
r r r ia t iun  in  l i re  l iequenc l  and in ten . i t l  c rn  oc-
cur within an area, however (e.g. Yamaguchi 1986.
Monison and Swanson 1990), thus the range of
l i re . i , r  e  rnd  l requency  lound in  thc  S iouron ma1
be representativc ofmany areas in western Wash-
ing ton .

Stand Structure

Douglas fir trees on single burn sites established
over a shofier period of time than Douglas-fir trccs
on sites thatbumed again within 30 years (reburs),
but the dilference was not dramatic and thcrc-
fore may have bccn caused by differences in stand
development rather than effects offire frequcncy
on tree regeneration. Because single burn stands
were older than reburn stands. the nanowet age
distributions in the older stands may have been
caused by longerperiods of scll'-thinning. in u'hich
the youngest. smallest individuals in a popula-
tion die rs dominant individuals develop (Haryer
I 977). Difierences in animal-caused mortality
or soil composition may also have contributed to
the evident dift'erence in age distributions between
singlc bum and reburn sites. The apparcntly snaller
range in tlec ages on moist sites compared to drier
sites may also have been due to site dit lerences
as opposed to differences in regeneration. bccause
the intensity of thinning nortality increases with
site productivit) '  (Harper 1977).

Speed ofestablishment and within-stand den-
sity of Douglas fir was not al'fectcd bv distances
of oyer three kilometers from ulburncd stands.
Since Douglas-fil seed dispersal and regenera-
tion declines to verv low levels u'ithin E00 m of
seed bearing Lrees (lsaac 1930. Isaac l9'13). seed
sources musthave bccn readily available alterthe
l q 0 2  S i o u r o n  b u r n .  S c c J '  c r n . u r r i r e  i n  ! r e e n
cones on trees that arc kil led by fire (Hofmann
192.1, Isaac 1943): the 1902 firc occurred in nrid-
September, just pdor to the onset of Douglas-tjr
seed dispersal (Reukema 1982). Seed produc-
Lion by Douglas-fir is irregular, however; whether
seed was abundant in i902 is not known. Alter-
natively. maturc trees mav survive catastrophic
fires for a ferv ycars betbre succumbing to lire



injuries or outbreaks of Douglas-tir bark beetle
(.Dertdroctottus pseLtlorvrgae) rvhich breed in the
forest of lresh snags (Isaac and Meagher 1936. Agee
and Huff 1987). Survival fbr only two years after
fue u'ould be sullicient tine lbr a large "stess crop"
ofDouglas-lir seeds (A11cn and Owcns 1972).

The delay in establishrnent after f ire for Dou-
glas-fir on at leasl two of th(] rcbums suggcsts a
Iack of on site seed sources. Stands on the l9l9
and 1927 burns established after 1923 and 1934,
respectively, rvhich rvere the first years of abun
dant regional Doug)as-fir seed crops at'tel each
fire (Isaac 19'13). Potential on site seed soulces
may have been destroyed by the reburns. which
nray have been more intense than the 1902 burn
because ofgreater amounts of fuel in the fornl oI
deep litter and understory plants (Agee and Huff
1987.1 and dcnse canopics of young trees close to
ground fuels, which make intense crown lirc highll'
l ikcly (VanWagncr 1977). Seed trees which sur-
r,ir,ed the l933 Tillamook fire were killed by sub
sequent rebums (Andrews 19,14). and the same
apparently happened on the Siouxon burn.

Despite the delay in establishment and the
apparenl lack of on site seed sources, the rapid
e . t rh l i .hment  r r t 'D , r r rg l r . - l ' i r  n  rehr r rn  ' i te .  in -
dicates that regeneration was not impeded. Al
though most reburn sites were over I kn trom
pre-1900 tirrest. all were within 600 m ofexten-
sive postl902 stands. I)ispersal fron the large
number of trees in the 1902 lbr est may have con-
pcnsatcd tbr thc light cone production character-
istic ofyoung trees. Herbs and shrubs apparently
did not devebp sufl iciently on most reburn sitcs
to compete u'ith seedlings germinating 3,1 yrs
atier fire, possibly because vegetation recovery
is often slow after intense fires (Halpern 1989,
D1'rness 1973.).

The density ofwestem hemlock was not greatl,v
all'ectcd by distances ofover three kilometers fiom
unbumed stands, but it is unlikely that there were
abundant sources of on-site seed atier the 1902
fire. The sma1l concs of wcstcrn hcnlock arc
plobably less heat resistant than those of Dou
glas-tir, and hemlock trees are much less tire-re-
sistart than Douglas-fir (Minorc 1979), so it is
doubtful that hemlock seed sun,ived the 1902 fire
or *as produced within the burn after the fire.
However. hemlock seed can disperse much ttr-
thcr than Douglas-fir (lsaac 1930). and its shacle-
tolerance (Minore l9?9) allo\\, s it to establish iD

existing fbrests. Thus hemlock in the 1902 burn
may have established trom seed rvhich dispersed
from the edges ofthe bum overmany ycars. Since
seed dispersal was apparently not l imiting, the
leduced abundance ofwestem hemlock on sin-ele
burn sites compared to reburn sites could be at
tributed to soil dcgradation bl repeated 1ire. The
repeated intense fires on the rcburn sites prob-
ably reduced soil organic matter and coa$e woody
dcbris to a nuch greater extent than the isolated
lire on the single burn sites. Woody debris and
sot l  o rgan ie  n tu l l c r  raprL  \cn l  imf , , r l rn l  rc .e r \  o i r \
of moisture (Harmon et al. 1986. Kimmins 1987)
which are important to droughaintolerant hen.r
lock during thc sumrner drought ofCascade Dou-
glas fi l  forests (Gray I995). For nost species in
this study, however, topography appeared to be
ol greater importance than lire lrequency or dis-
tancc tiom potential seed source.

The speed and densitl' with u'hich the lbrest
cstablished on both single burn and reburn sites
in the Siouxon suggests that mesic Douglas l ir
fo re \ t .  r re  qu i te  re . i l i en t  $  i th  re .pec l  lo  in tens<
natural disturbances. This is in contrast to re
generation problenrs reported on the larger
Tillamook and Yacolt reburns (Andrcws 1944,
personal obsenation) and on large clearcuts (lsaac
1943). The adequate stocking of stands in the
Siouxon seerns attributable to on site seed sources
afier the 1902 burn, which are not plesent on large
clgarcuts. iind proximal seed sources lbr rebulns,
which would notbe the case atter large lircs. Poor
tree establishnent may also occur at'ter greater
fire frequency than was found in the Siouxon;
many areas oD the Yacolt and Tillamook bums
expedelced intense tire 3 5 tines within 30 ycars
(Felt 1977). Despite adequate forest esLablish-
nren t .  Ie ' .  l requent  reburn ing  nraS hare  imp, ' r -
tant eflects on lbrest composition, as was detecled
ti)rhenllock in this studv. Future studies ofrebuns
might focus on soil charactcristics importrnt to
plant composition. since fire can reduce soil or-
ganic matter, decrease porositl', destloy mineral
soil structure, and increase susceptibil i ty to soil
erosion (Srvanson l98l ). Loss of decaying woocl
in the soil. u'hich is impofiant for growlh oI my-
corrhizal-fbrrning f ungi and nitogen-fixing soil
miclobes may be a liniting l'actor to tree regcn-
cration on feburns (Barrett 1982).

Understanding the nature and rate of lbrest
clelelopment atier large, intense fbrest flres has
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importaDt implications tbl tbrest ecosysterns in
the region. Most raturally-established Douglas
1lr tbrests io the western Cascades developed af
ter lar.ge. intense lbrest fires, nrany ofwhich bumed
several t imes over a fe*'decades (Agee 1993).
The results ofthis stud) suggest that the sjze. in-
tensit), ald liequency of these past lires allected
forest development and composition. Current
lbrest nanagement. howcver. tends tobc patlcmcd
on simplc modcls of stand dcvclopment occur-
ring alier l l  l imited rangc of disturbancc typcs,
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