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Abstract
In the Nlorse Creek dr.rh.rge of the nofiheasrem Ol)-npic Mountains, nontane fbrests dominated b) Douglas-fir o\{e their promi
nence to a complex fife regine that incoryorates higb selerity \trnd-replacing tue\ and 1ow/nroderate severit! ground tires. \trt
quant i f ied the f i re h istor)  of  the se fbrests to dete ninethef t teplayedby\ | i ld f i retofa\ordominanceofDouglasf i r ra lhcr lhan
late-successional western hemlock. Three n trir fbrest typesreflect the influence ofpast $ildfires. The )oungest matrix $pc $as
<150 yr otd, nert $ as a natrir type 150 300 yr old, rnd the oldest $ as >300 yr old. Gernination dates and fire release markers
werc idendlicd on incrcncnl corcs i om I 1 8 Douglas fir\. and used to date pasr iire events. A 600-lr fire history was de\'e lofed
1br this 1500 ha area. Periods charlcterired b! man) slnall scale, low and moderate se!efit] fifes wefe interrupred by two high
seleril!. srand rephcing buning periods in 1687 1720 and 1897 190'1. Ntean tire return inre|\'.rls (FRI) wefe calculated for
v.rflous land units. The rnost inlbrmati\'e size \iris 200 hr. the rpprcxnnate mern \ize of latefal tributaries to l\{orse Crcck. FRI
$as 21 ]r.rt this \patial scale. For the entire 1500 ha dfainage. mern FRI $as estimated ar 3 yr. Similar to Douglas lir forcsls in
central Oregon and northem California. small patch! fires were nruch more common in thc casicm 01!mpics than pre!iousl,"-
thought. lnstead of fire exclusion. a policy that uses manasement fires !o bum nranr sinall patchcs of ibrcst eich year would
attroach the kind of r'ire regime typical ofthese lbrest\.

lntroduction

Foresls in the Pacific Northwest support three
diff-erent trre regimes, based on lire severity (Agee
1993). Low severity fires are surface fires that
kill a small pcrccntagc of thc trcc species on the
site. High severity t'ires are canopy fires that kill
a high percentrge ol \pecie\. Moder te .er erit l
fires define a broad range between these two ex
tremes, such that some of the species are kil lcd
by a tire whereas others survive. Authors writing
about westem fire regirnes often simplify the dis-
\  u . \ iun  hy  con l r l \ r in3  lo r r  r , r , r i t l  l i l e  rcg in re .
with high severit)' fire regimes (Kilgore and Ta1-
lor 1979. Amo l980, Swetnam imd Dieterich l983,
Schullery l989, Greenlee and Langenheim 1990,
S t e p h e n . o n  e t  l l .  l a a l .  S u r r n l r n  1 9 9 . 1 .  A g e c
1997), but all three llre types can burn in Pacific
Nofihwest forests (Agee ct al. 1990. Morrison and
Srvanson 1990. Wallin et al. 1996. Cissel et al.
1998. Taylor and Skinner 1998). The proportions
accounted fol by each fire type vary clcpcncling
on the vegetatiorl typc undcr consideration, cli-
mate, firc wcather. iind fuel accumulation (Agee
l993). Over sevelal centurics, thc combined dif '-

rAuthorto !l holn corrcspondcnce should be addressed. emril:
fonda(a blol.\r'!r'u.cdu

ferences in fire severity have crcatcd a mosaic
forest sfucture at the landscape level. withpatches
of fbrest reflecting low, moderate, and high sc-
vedty fires (Morrison and Swanson 1990,
Stephenson et al. 1991).

Mean ire rclum inlerr al 1FR l1 is the meun Lirne
span between tlres, speciflc to agiven unit ofland.
vegetation type, or region. FRI have been stud-
ied by many workers in the westem Unitcd States,
using units of land varying in size fiom a single
tree (<0.001 ha) to entire watersheds (>600
ha)(Kilgore and Taylor 1979, Madany and West
1980. Arno i lnd Peterson 1983, S*etnam and
Dieterich 19E3. Cooper et al. l987, Banett andAmo
1988,Agee et al. 1990, Monison and Swanson 1990,
Taylor and Skinner 1998, Brown ct al. 1999. Tay-
lor 2000). FRI provide lundamental information
about the fire history of a region, and fire sever-
it1' can be inferred from FRI. Communities with
shorter FRI generall.v are characterizcd by lorv
and noderate severity fircs. because tuel loads
accunru hteLl bcl\\ ccn l ' irc. .rre in.u h i( ient to .up
pon crown tlres. even under extreme fire $,eather.
Conmunities with longer FRI gencrallv are char-
actcrizcd by high severity lires during extrene
fire weather, which are suppofted by the high tuel
loads accumulated betu'een infrequent l'ircs.
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Douglas-fi r (Preldolsagn zez;le,rll) dominates
montane tbrcsts west of thc crest of the Cascade
Range from northern California to Washington.
Fire has been an impofianl environmental factor
throughout this rcgion, and the widespread domi-
nance of Douglas fir is tcstimony to its abil ity ro
respond positively to low. moderate, and high
severitv fire regirnes. When maturc. Douglas-fir
is a reslster to low and nroderate intensity fires
(Agee 1993). Since Douglas-fircommonly repopu
lates sites cleared by stand-replacement fires. it
is an invadcr in high intensity f ire rcgimes. When
young, Douglas-fir is sensitive to fire, and is clas-
sif ied as an avoider (Agcc 1993).

For over half a century. Douglas ffu forests on
the Pacific slope have been understood to sup-
port infrequent, high intensity. stand replacement
fires (Munger 1940, Fonda and Bliss 1969,
Hemstrom and Franklin 1982, Henderson et al.
1989. Agee 1997). FRI of 200-,100 or more years
u'ere commonly estimated for Douglas-fir fbrests
in the Pacific Northwest, largely based on dates
of stand establishment aftcr high sevedty fire.
Research in Douglas-fir forests since 1990, how-
evcr. has revealed that t'ire frequency is much
shorter. and fire scverity is much less. than prcvi-
ously thought. The central Cascade Range. Or
egon, has bcen the most intensively studied re-
gion, and Douglas-flr fbrests there support low,
moderate, iurd high severity firc reginres (Monison
and Swanson 1990, Wallin et al. 1996. Cissel et
al. i 998). In this region. Lhe rvcll-known 200 ,100
yr FRI resultcd in large, stand replacemcnt fires,
ho*ever miury old growth stands in the study arca
resultcd from multiple, patchy fircs of varying
sevedty. wilh 20-100 yr FRI (Molrison and
Swanson 1990). Data tionr Wallin et al. (1996)
and Cissel et al. (1998) agree with this general
pattem. Forests in the Klamath Mountains, Cali-
fomia, suppon a complex fire regime character-
ized by fi'equent.less scverc fires. with FRI ranging
fron 1 3-22 yr (Taylor and Skinncr' 1998). These
forests difftr from the northem Douglas-fir for-
gsts, however. bccause a mixture of overstory
conifers with a more flamnlable understoq/ char
acterize thc stands. Both the central Cascades and
the Klamath Mountains suppo( multi-aged stands.
products of low and nrodelate severity fircs. and
even-aged stands, products ofhigh severitv, stand-
rcplacement tires (Morison and Swanson 1990,
Taylor and Skinner 1998). Mean FRI ol7-9 yr at
Point Reyes. California. are the shofiest )rct re-
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poted lbr Douglas-fi r tbrests (Brown ct al. I 999).
Clearly. the fire regime associated with fbrests
dominated by Douglas-fir is much nore complex
than originally repoted.

The northeastern Olynrpic Mountains lie in a
min shadow that pfoduccs some ofthe d cstcon-
d i t i . rn '  nor th  o f  C: r l i l o rn iu .  ln  rh i .  reg ion .  mon
tane forests are doninated by Douglas-tir stands
initiated alier past fire events (Fonda and Bliss
1969). Even-aged stands grow whcre high sever-
ity crown fircs burned: uneven-aged stands with
mul l i - \ lo r )  ! l ruc lu re  remr in  uhere  lou  serer i t l
lircs burned (Pickford et al. 1977, Franklin and
Dyrness 1988.1, and they contain occasional fire
sunivors >1000 yr old (Henderson et al. 1989).
Fire weather. lightning patterns. and luel loading
govem lirc size in Olympic NationalPruk (Pickford
et al. 1980). Ignitions are governed primarily by
fire weather and luel moisture. secondarily by
available fuel. Ifextreme fire weather dominates
lhe region. cnd fucl moi.ture ir low. ignil ion cuu.e.
high severity crown fires (Agee 1997) that burn
unifomly through the foresl. Fuel moisture, how-
ever, is rarcly low enough to support stand-rc-
placement fires. If tlres start under less than cx-
t reme eond i l ion . .  ign i l ion \  r lu .e  low serer i t l
surface fires that bum in patchy pattems. Of the
fivc fire regines desclibcd by Stephenson et al.
(1991). two apply to thc general f ire regime of
the castern Olympics: I ) high intensity t lre with
patchy low intensity f ire, for which groups of
canopy tuees sulvive within a matdx ofdead trees:
2) unifbrm high intensitv fire. fbr which the ma-
joritv of the canopy trees are killed. For eastern
Olympic montane forcsts, FRI has been estimated
at 270-300 yr (Fonda and Bliss 1969), 200-300
yr (Fondr 1979). and 130-250 yr (Henderson et
al. 1989). These estimates, applied specifically
to high severiLy fire episodes in the montane zone,
were derived from stand establishment datcs. Each
rcflects the common clusters of postfire estab-
lishment dates. and possibly naximum trec ages.
rr.oeiateJ u ith the forcst. ' tuLlied. bur none rpcL.i-
fied the units of land ro which FRI applied.

No lire history studies in the eastem Olym-
pics have investigated thc possibil i ty of a com-
plex firc regime of low, noderatc, and high se
veritv fires, norhave any studies related FRI values
of Douglas-fir tbrests to specific units of land. In
this study, we quantilied the fire history of the
Maiden Creek tributary of Mo$c Creek in the



northeastem Olympics. We wanted to calculate
FRI to detemine the relative proportion of frc
quent, lowmoderate severity fires and inlrequent,
high severity fires. We asked lbur research ques-
tions: I ) has fire favored dominance of Douglas-
fir in this drainage, rather than the late-succes
sional westem hemlock (Tsuga heteroph-tllu), as
occurs elsewhere on the Olympic Peninsula (e.g.,
Fonda and Bliss 1969, Henderson et al. 1989)'l
2) what are the age and structure of stands in the
Morse Creek drainage? 3) when did widespread.
high severity fires burn compared to smaller low
and moderale intensity fues? 4) what are the modal
characrer i ' r i cs  and runge.  o i  the  f i rc  rcg ime in
this region?

Methods

The study site was in the Morse Creck drainage,
south of Port Angeles. Washington. We concen-
trated on the section of the drainage defined by
Maiden Creek and by Morse Crcck near the
confl uence with Maiden Creek. Topographically,
the area is characterized by stcep slopes falling
350-750 m ftom the forested ridge lines to Maiden
Creek and Morse Creek (Fig. I ). Morse Creck's
lowest elevation in the stud.v area is -325 m.
Maiden Creek's upper elevation in the study area
is - 1050 m. Forest stands in the montane zonc of
the drainage are dominatcd by Douglas fir, with
various amounts of western hemlock (Fonda and
Bliss J969). High severity f ires in the nrontane
zone of the Olympics kill nearl,v all trees (Fonda
and Bliss 1969. Henderson ct al. 1989). although
a fcu  t rees  ma1 .u r \ i \e l f ip .  2 ' .  In  th i \p rper . \ \ c
apply the tenn matrix forest types to stands that
dere lop  r l te r  lhe  t ' i re .  hur  uh ieh  c ln  conta in  a
tew survivor trees. The age of the natrix type is
defined by the ages of thc postfire trees, not the
older sunivor trees. Our stud)' idcntified matrix
types and sun ivor trees in the montanc zone.Above
this zone, al '1200 m. is the subalpine fbrest zone.
characterized by stands dominated b.v subalpine
lir (Abies lasiocurpu), and a lew localizcd stands
of lodgepole pinc (Pinirs contortu') dating ftom
fires near 1900 (Fonda and Bliss 1969. Zolbrod
and Peterson 1999).

we constructed the firc history of this drain-
age ftom two databases; 1) agc classes of natdx
types established after a high severity tlre, bascd
on germination dates of trees assumed to have
germinated in response to that f lre (Figs. 1, 2)i
and 2) fire releasc markers (Fig. 3) in cores taken

Figure L Vie\r sourh liom \{1. Angclcs inlo the eastern por
tion ol the slud)- ar.a and Slaidcn Creek. I'(Jresrs
responding Io fires $ithir the past ccnlur) hrlc
smooth. fine-gfained-appearnrg cruropies. forcsrs
responding ro older fires hr!e rough. coarse grained
canopies.

from trees thrt germinatcd in response to high
severity fires 250-500 or morc yeaIS ago. and that
sun'ived subsequent tires (Fig. 2).

A11 trees were bored -1..1 m above the root
collaron the upslope side olthe trcc during sum-
nrer 1994. Diameters of trees within 38 groves
were measured at 1..+ m (i.e., dbh). thc trces \\,ere
borcd, and the cores were stored in labeled stravs.
We bored >700 living trees. Many of thc Dou-
glas-tirs sampled were at lcast 250 yl old, but
various f'ungal pathogens nade more than half
the cores exffacted unusable firr this stud)'. All
trees used tbr analysis wcrc alive when bored,
and u,e assumed that the outerrirg u'as tion 1994.

Increment cores were mounted on boards. thcn
sanded smooth with progressivell' finer gdt to
exposc annual growth rings. Abrupt and sustained
increases in ring width (Fig. 3) were detennined
with an ocular micrometer intcgrated into a 6-,10X
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Conservative
* Sustaincd for at lcast 20 yr.

(only 15 yr. shown here)

Frgurc 3. Eranpl.s ol lirc release nllrkers. Liberal releases
lxe brsed on l0 )-r of sust.Lined gfo$th. as dro$,n.
Consef!.rlive felease\ are based on 20 !r of sus
tr ined gro\ th.  a l though onl)  15 ! r  arc \ho$n in
Inrs exrmpre.
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stereoscopc. These growth releases were associ-
ated with past fires. and they u'erejudged on each
core according to liberal and conservative crite
ria (Fig. 3). A release classified as meeting the
libcral criterion 'hrrued un abnrpr increl.e in l ing
width. with subsequent growth sustained for over
10 yr. Conservative releases showed at leasta fir'e-
fold incrcase in measured ring width over the pre-
vious year. with subsequent growth sustained for
at least 20 yr.

All increment cores in this study were scorcd
separately by t$'o people. Each pcrson evaluated
each core twice, first to identify liberal release
pattems and again to identify conservative rclease
pattems (Fig. 3). Cores with dates about which
the two disagreed were cornpletely reevaluated
until the disagreement was resolved. Ultimately
the pilh age at 1.;l m ofevery tree co1€ was accu-
rutely detemined. and accurate dates were as
signed to the growth relcases.

Wc cnsured that the dates associated withelcnts
recordcd in our tree cores were visually accurate.
bul wcdid not attempt to match ring pattems among
the 3l8 coles wc obtained. We sampled trees from
the forest intedor, and they had the characteris-
tics ofthe complacent trce ring series (Fritts 1966,
197I:Stokes and Smiley 1968).In contrast to the
sensitive series. tree-rings in the complacent se-
ries are unilurmll u ide. u ith jou conchti,)n arnonF
trccs. The standard deviation associated with ring
widths on individual cores is low (Fritts 1966,
l97l), and the lack of variation is unlikely to plo-
duce useful sequences (Stokes and Smiley 1968).
Bru$n e l  a l .  l l 9aa)  J3c .6  e rac l l )  lh i .  \ i l uJ t ion
with fire scar data from Douglas-fir in Califbr-
nia. In the lbrest interior, precipitation is eff'ec-
live fiom year to year, there is less variability in
annual precipitation. and fe\\ 'er days when mois-
ture is l imiring (Frirts 1966, l97l).Thus,rherrees
aLre unlikely to have missing rings. especially in
nonhern  c l i rna tes  rFr i t t .  lq7 l t .  Mr r . rng  r inps  in
Douglas-1ir are uncommon west of the Cascade
Mountains in Washington. and are a negligible
source of error in establishing the age ofthe tree
and tlre events (Morison and Swanson 1990).
We assumed the trees in the study area had no
nissing rings and they presented a conplete record
of the age and history of the trees.

ln dricr nrountainous regions, Douglas fir and
IronJ.rr'\J pirre lPllr ir pou& r, '.w\ are re\i: ler\
to low intensity fires (Agee 1993). and both exhibit

Figufe 2. T!\o lunivor l)ouglas fir trccs. >300 vr old. in a
90 ir l)ouglas l-rr snnd (DFl). The high rree den
\ilr" .rnd moralit_,- arc typical of the DFI matrix
l lpe.

- Sustained for at least 10 yr.

I eun pt rrle*"
*

Liberal



visible injuries in the foml of cat-faces with as-
sociated fire scars. Douglas-fir that survive fires
intheOlympic Mountains lack cat faces eutd visible
fire scars. however. their responses to file can be
recognized by release marken in the growth rings
(Fig. 3). Fires that kill neighboring trecs open the
canopy of the stand, providing an improved glow-
ing environment for surviving trees (Stephenson
et al. 1991). The improved growth is recordcd in
tee-rings in years subscquent to the fire event
(Morrison and Swanson 1990, Stephcnson et al.
1991, Swetnam 1993, Mutch and Srvetnam 1995).
We assumed that the wood oftrees recording ti res
by growth rclease markers was uninjurcd by the
fire. Still,lire may scorch tbliagc andbark (Mutch
and Swetnam 1995), and injure fine roots (Su'ezy
and Agee l99l). Damaged trees might rcspond
to high severity fircs initially with decreased grorth
for up to 2 yr (Morrison and Swanson 1990. Mutch
and Swetnam 1995), although subsequent growth
incrcases are possible beginning in the third year
(Mutch and Swetnan 1995). To account for pos
sible lags between firc and the growth release,
we adjustcd fire dates for cohort trees within the
same grove and Jikely firc perimeter that had
nrarkers within 3 yr of each other to the earliest
fire date within the pcriod in question.

Conversely. it is possiblc that a larger growth
ring could be thc rcsult of a canopy gap created
by wind throw. Monison and Swanson (1990)
acknorvledged this relationship. bu1 discounted
the importance ofwind relative to fire. They noted
that stands disturbed by $ ind $ erc locally small,
rnd had a lorv abundance of early seral tree spe-
cies in these areas. In our study area. thc Dou-
glas iir matrix surrounding any witness tree was
more extensi!c than could be accounted ttrr by
rvind throrv. Furthermore, the.160 gro$th rclcases
recorded by the 3113 trccs bored in this study, the
rcpeat releases registered b)' most of thc older
trees, the extent ofthe sunounding matrix stands,
and the frequency of docurnented tires (Pickford
et al. 1980) argue that only fire as a rcpeatable
disturbance could havc contributed the gro\\"th
releascs wc documented.

All fire event data in this study were derived
fron usable increment corcs laken tiom 318 liv
ing Douglas fir trees. We were most interested in
Douglas-tir >300 vr old. bccausc they presum
ably had survivcd and recorded the one or two
high severity fires notedbl' FondarurdBliss (1969).
Because the size of the study area encompassed

more than 25 kmr. topographic maps, aerial pho-
tos, and ground reconnaissancc wcre used to iden-
tity candidate trees and groves. Groves contain-
ing older trees \a,ere easily identified, because the
canopy of the forest appears rough and coarse-
grained (Fig. l). We identified matrix forest types
that delimited the physical borders of different
tirc cvents, and worked with candidate trees within
smaller groves. Trees >300 yr old, howevct o1'-
ten occurred as single survivors in youngel for-
est types. Even when groves of;ifew >300 yrold
trees wcre located. their area was -l-2 ha. Be-
cause we worked in a wilderness, access \4'as an
important consideration. All sites had to be within
5 hr cross-country travel from roads and trails in
the study area. We targeted multilayered. uneven-
aged, older gtoves. because they had thc bcstchance
to contain the fire event data we sought. We also
worked in single-laycrcd, even-aged younger

! ro \  c : .  msny  o f  $  h  i ch  contu ined \u  r \  i \  o r  l ree \ .
The younger tees in these groves lackcd fir{] re-
lease mllrkers, but we used thcir gemination dates
as evidencc of f ires near 1900.

We analyzcd 15 cut saplings to determine the
number ofyears required fbr trees to rcach 1.,1m
tall. Wc dctemined this value on naturally ger-
minr ted  .ap l ingr  -  l5 - . rU 1  r  o ld  g r ,  'u  inp  in  opcn.
previously torested sites and on downed ffees -60

70 yr old thaL had grown in stands that had origi-
nated in the open. We dated the cut trees at the
root collar and at L4 nr. Thc mcan age difference
bctween the two markers was ll.7 I 0.5 yr. The
low standud error associated with this sample
indicated that the 12 yr factor was accurate tbr
our estimates. with a possible difference of tl yr
lionl the germination dates we present. This l2
yr valuc was added to the pith age ofeach tree at
1.,+ m to obtain a closer estimate of year of gcr-
mination and stand cstablishment.

Mcan FRI based on fire release markers u,us
calculated fbr each individual trec corc. The bulk
of the data came from Douglas-fir >250 yr old.
Trccs with the longest record offirc history were
invadably the oldest and largest trees, which had
survived and recordcd one to six fire events in
thcir l i fetimes. Survivor trees >250 vr old. grow-
ing in matrix types <150 yr old (Fig. 2), caried
fie best long tem evidence of fire events in this
drainage. Survivor trees in scparated groves of-
ten recorded separatc fires. We also located trees
>300 yr old in small groups ofup to five trees, all
ofwhich had survived past t'irei. We built our FRI
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database trom 318 single point samples into pro-
gressively largcr units of land, working with the
llre interyals rcpresented by the trees specific to
the unit of land in qucstion. Documented 20'h
Lentur ;  u  i lL l l i re '  in  the  ea . tem Ol l  mp ic .  com-
monly bumcd small areas (Pickford et al. 1977),
Ieading us to assume thc sa|lre relationship firr
presettlement fires. Although our FRI data prcgrcs s
fiom point tire fiequencies to area frequencies
(Agee l99-l), we intend to lbcus our discussion
on -200 ha units because that is the genelal area
of the tributary drainages to Maiden Crcck in the
study area.

Although trees were bored ir groves through-
out the drainage. *e selected 23 sites to charac
terize the matrix lbrcst types. Data on tree spe-
cies (density and diameter class) and understoly
species (percent cover) wcrc gathered on one l6-
m radius macroplot per selected site. We chose
this size prinarily bccause the areaofgroves cotn-
pdsing trees >300 yr old commonly was -1000
m'. Data fbr downed and dead fuel weights were
gathcrcd on six 15.3 m transects at each of these
selected sites using the methods ofBrown (1974).
Fuels <2.5,1 cm diameter were tall ied along 182
crn of l ine (10.9 m total length per site). fuels
2.55-7.62 cm diameter were tall ied along 364 cm
of l ine (21.8 m total length per site), and fueJs
>7.62 cln diameter were talliedalong the full length
of the l ine (9 | .8 m total per site). Mass of stand
ing dead elevated fuels (>2 m above the top of
the organio soil horizon) was calculated using den
sity values obtained from thc macroplots and an
equrtion derived trom cornmercial harvest weights
for each spccics and size class. These values were
combined for each plot for lotal standing dead
I]lass.

The researrh was designed so that FRl among
various sizcd units rnd fi lel loads among forest
types could be analyzed by conpletely random-
ized designANOVA. Signifi cant differences arnong
the ffeatunents were detemined by Newman-Keuls
multiple range test (Zar 1999). Significance level
was sct at 5% tbr all tests betbre the data \\,ere
collected.

Results

N,4atrix torest types

Tbree matrix foresttypes were presenl in thc Morse
Creek  J ru inage.  u rnong u  h  i ch  age.  compos i t ion .
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structure. and lire history differed. These types
arc named according to the age of the trees that
lbrm the matrix tbrest, so that the Douglas-fir I
type (DFl) is <150 yr old. the DF2 type is 150-
300 yr old, and the DF3 type is >300 yr old. ln
actuality, few stands in the study area were 150
200 yr old. so that the effectivc age rtrnge of the
DF2 type is 200-300 yr Every DFI and DF2 matrix
type contained a lew trees much older than the
given age limits. These older, large diameter trees
.ur\ i\ cd r hc l ' irc l hal Je.lro) ed rhe prcviou. ntr.
trjx stand. and occuned only as widely scattered
individuals or in small groups, often near the limits
of the fire (Fig. 2). Prcsumably, they were the
parent h'ees of the postfire matrix tbrest.

The data in Table 1 speak to density and di-
amctcr class. and provide information on doni-
nant and subordinate positions within the tbrest.
Trees with smaller diameters tbnned afragmented.
intermediate layer below thc canopy. Douglas-
fir dominated all three matdx forest types. with
the greatest density and basal area among all trees
>l4 cm diameter (Table l). For DFI and DF2
types, there were considerably more westem hcm-
lock than Douglas-fir <14 cm diameter. Onlv in
the DF3 type were there more small Douglas-fir
than westem hemlock.

ln thc DFI matrix type. shade tolerant west-
em hcmlock and westernredcedat (Thuju plicdttil
were wcll represented in diameter classes <25 cm.
but were virtually absent in the larger size classes.
Standing dead stems were a mixture of Douglas-
fir and $estern hemlock. A mean of 38% of the
slanding stems in the DFI matrix type were dead.
Although the DFI type was the youngest of the
three nratrix types, Douglas-fir trees >64 cm di-
ameter and >250 yr old always were present (Fig.
2; Table 1). The understory u as depaupente. Step
moss (Hl kttttniun splenders) and Oregon beaked
moss (Kindberg,iu orz,gairzr) combincd for 25%
cover. More than 12 herbaceous understory spc-
cies greu, in inftequent openings. but nevcr aC
tained 27r cover Rocks and bare ground togcther
accounted tbr 64clr of the forest floor, and tree
litter wrs a prominent component of the forcst
l loor

The DF2 mat.ix type was chiLracterized by large
Douglas-fir 200-300 yr o1d. with western hem-
lock and westcrn redcedar well represented in
the smaller dianrcter classes (Table I ). Trees >300
yr old. with records of past t ire events, were



TABLE L Sizeclass distribution (!rees/ha) ofthe three matrir forest1)pes in the study arca. The DFI ttpe was <150 )r old. the

DI-2 r)pe wxs 150 300 yr old. and the DF3 llpc uas >100 )f old. The cacgot! "other specieJ' includes all lpccies
present in snall sizcs and densities: wescm whitepine(l'in s nnnri(ola). Pacillc yer\' ( 7ir-trr ,rcffri nr ). rcd alder
(Arrrr,"rrl.r). Pacitic silver fir (Arl.s .rrr.rrili !). and subrlpine lir (4. /. n(d/lzt

Spccles <J

Diameler c lass (cm)

l - i 3 l-l 25 26-18 19 51 52-6.1 65 76 >16

Douglas llr

Other specics

Dougla! frr

Other spccics

Douglas-fil

Other spccics

DFI mafrix rype

r05 't+

1 9  5

7 2 8

6 2 1

DF2 matrix type

211 5l

I t  2 2

5 2

DI'3 matrix type

103 62

1.16
,7

t 2

25

99

I t l

128

88

38,1

r560

268

1 1 6

r 7 8

t 6 l

t9

507

166

176

l 0

111

115

3 1

5 l

161

219

1 5 8

l 9

l 5  l 2 l

I  r l

I

,10 l0 10

2 3  l l  l l

112 28

9 -

t 5

1orJ I

r721
l l l

15,1

6t6

l2l

168

1097

883
.l l1

9l

common in this type. Overall stand density was
less than the DFI type, as 51%,ofthe standing
trccs were dead. Thc dead trees were mainly
Douglas-firand wcstem henlock liom thc smaller
diameter classes, similar to moflality in the DFI
Lype.

UnUke thc DFI type, understory specles were
more common in the DF2 type. Step moss (4li7c)
and Oregon beakcd moss (9q.) accounted tbrwell
over half of the understory cover. The DF2 type
supponcd a strong shrub component. Salal (Gail//-
heria shullon) averaged 99c cover; red huckle-
benr- (Vaccinium pun follrrn), kinnikinnick (Atr-
tostuph!Los uva-ursi\. and dull Oregongrape
(Berberis nen,osa) combincd for another l07r
corer .  The on l l  n , , t cuor th l  herbaceou\  \nc . ' ie \
was pipsissewa (C/rinaphilu umbellata). with 5c/c
cover Six other species averaged <27. covereach.
Rocks and bare ground averaged 136/. cover. and
tree litter was abundant.

The DF3 matrix type had f'ew dead standing
trees, and a higher trce density of Douglas-tir and
western hcmlock than the DF2 type (Table l).
Although Douglas-fir was the dominant ffee spe-
cies. westem hemlock and western redcedar ac-
counted for many more 1,1 5l cm diamcter stems

than in the DF2 type. Large, evenly spaced Dou-
glas-t'irs that had sur-vived numerous fire events
fomed an open crown layer. The olderage classes
of Douglas-l'ir and westem hemlock had evidence
of common pathogens and decreased vigor Thc
h)0  Douph5- f i r .  <  l . l  i rn  t l iameter  a re  n  in te r -
esting characteristic of the DF3 types, because
they addrcss replacement potential 1or the future.
These diameter class distributions indicate that
populations ofDouglas-fir in DF3 types are morc
stable than in DFI and DF2 types.

The DF3 type had the best developed under
story structure of the three stand types. Cover of
step moss and Oregon beaked moss was.187c,
bu1 cover of the vascular species exceeded 70'lr.
Salal (457c) and kinnikinnjck (1,1%) dominated.
Pipsissewa (4%), red hucklebery (37o). and dull
Oregongr i lpe  r2 ' ,  r  \ \e re  theo lhernrominen l  spe
cies. Rocks and barc ground averaged <27e in thc
DFJ lo res ls .  nJ  l ree  l i t t r . r  ua .  Iess  prorn inent
than in the other two forest types.

Fire H story

Wildlire is thc common disturbance agent in the
Morse Creek drainage. Wind, snow avalanches.
and mass wasting can crcate small dlsturbances,
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1600

1280 - 1599 germination

Figurc, l .  F i rerecofdsfor t rec\ lhatgefminatedbclorel600.Germi l rar iond| tesafeindicarcdblJ. f i rerelcasc\b! t .The
$idc gr:ry band marks the 1681-1720 bumng period; rhe nanor gray band aRs rhe 189?-190.1 burning
pcriod All tfees $erc ali\c in 199-1.

but these agents are intrequent and localized. Thc
database of llre release nrarkers and germination
dates contains evidence of periods of widcspread.

270 Wetzel and Fonda

high sevcrity liles and snraller. low and nroder
ate sevedty fires (Figs. ,1-7). A series offire years
frcm 1687- 1720 is indicated by thc wide gray band



t n , . l
1600 - lE9 gamfuatior

FigLrrc 5. Firc ircords lbr tr.es that germ inated I 600- I 699 ( lefi I and 1br trees w ith unknos n gcn11inalion dalcs (ri gh t). Ccnnina
ljon datc\ are indicated h! J. Lines fbr lrees \rith unlno\an gemintldon darcs bcgin rith thc first firc c\ent I | ). All
l rccs scrc a l ivc in 199,1.

in Figures .+ and 5. The databasc contained 74
mlturc trccs alive in 1700. of $1ich 30 (.117c)
canied a flrc release marker firr 16117- 1720. Ger-
mination in response to these firc years appears
to extend tiom 1690 b 1740. whcn 59 olthe trees
jn the datrblse gcnninatcd (Fig 6). The ffees that
|c rpont lcJ  to  th i . .e r ics  o f  l i re  5eJr \  l luv ,  eun\ l i -
tute the DF2 natrix type.

The narrow gray band in Figs.,1-7 marks a
burning period t'ronr 1896-190.1. Thc database con-
tains 168 mature trees alive at this time. of \\"hich
:t3 (26%) carricd a fire release marker for 1896-
190:1. Thousands ofDouglas-firs in this drainage
date fiom this burning period. and they forn] the
DFI matrix typc. Thc forests tbmed by these tlees
are easily visible in the drainage (Fig. l). Our

No g.rmidioi dde

Douglas-fir Fire History 271



lE& l!
, , , 1 , r , ,

1700 - | 7zt0 germination

Figur. 6. file record s ibr trees thrt gerrninrted I 700- I 7,t0 ( leli ) and I l,l I I 799 (risht). Germimtion dates are
indic:rted b) J. fire relerLse\ by | . The lr,ide gral band mards lhc 16E7 1720 bumins pefbd: the
narro$' gm) band marks the 1 897 | 90,1 bumin g pcriod. All lrees $ erc ulive in I 99.1.
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l74l - 1199 germination
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E-
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o--

o--

o-

o--

o--

1800

l80O- l9l0 genainatioo l9ll - 1975 g€rminarion

Fi lurc 7.  Fi re records lbr  r rccs rhar gcrnr inalcd 1800 l9 l0 ( ler i )  and l9 l  l -  1915 (dght) .  Germinrt ion dates are indic.Lted br-  L l .
lire relerses b) L The nrnow gra,,- band nrark! thc lE97 190,1burning period. All tree\ xere alive in 199,1.

database contains 4-,1 trees that germinated bet$een
1898 and 1919 in response 1r: these fires (Fig. 7).

The t$,o major burning periods. during which
widespread fires bumcd in thc Morse Creek drain
agc, identified by the combination of fire release
markers and gemination dates have been kno$'D

for many years. The tbrests that have developed
in response to the two burning periods character-
ize the landscape in the Morse Creek drainage
(Fig. l). Additionally, many small fires rvere dis
covered in this research, and the cvidencc is not
visually obvious across thc landscapc. Bascd on
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fire releasemarkers, unrelated tires bumed through-
out the drainage over the last 650 yr (Figs.4-7).
The earliest llre event recorded by release mark-
ers was in 1 323. by a tree that germinated in 1280,
the oldest tree in the sample (Fig. ,1). Trees in the
study area responded to the ellects of a tire event
on an individual basis. The variabil ity anrong the
release markers is highl few trees in the study
area recorded the same file event via growth re
leases. Only coho( trees in the sure grove matched
growth releases. Even then. differences of a few
years rernained in the actual record, depending
on whether the growth increases came immedi
ately after the frre. or alier l -2 yr of lower growth.

Decades during *hich at least 12 living trees
recorded flre events by release markers are sho*n
in Table 2. Few decades had <5 fires. and only
during periods of above-average fire incidence
did the number ofrecorded fires exceed 15. Some
time periods were relatively tree fiom fires. such
as thc cariy and mid-1600s (Fig. 8) and 1760-
1840 (Table 2), whereas many trees recorded fire
events 18,11-1870 and 1880-1920 (Table 2, Fi_e.
8). There were. however. no decades when fire
was completely nonexistent in the study area. Fires
did bum somewhere in the dlainage dudng each

decadc. cvcn into the 1980s (Table 2. Figs. 4-8).
The four decades from l800to l839 had the fewesl
trecs (12) with tire records. although other de-
cades earlier than 16,10 had fewer trees with re
corded fires (Fig. 8). For examplc. fires were re-
corded by only seven tees during t 580- 1620. Data
fiom pre-16,10 must be interyrcted with caution,
however, because fewer trees alive then survived
until 199.+.

TABLE l. Decrdes in which at least 12 trees recorded tircs.
by fe lea\e markers onl ! .  in  the Nlorse Creek
drarnage.

Decade \umbcr ofjircs

1670 1679
t 7 r 0  t 7 r 9
t1)0-t129
18.10'18,t9
1850  1859
11J60 1869
lEEo  r889
lE90  1899
i900 ,1909
1 9 1 0 -  l 9 l 9
1910 1939
1910 r9.r9

l 5
1 2

l l
56
l5
I 2

33

2lt
2t)

_g

E
E

Year
Figurc E.  Nu bcr of l i r ing l rccs rccording i i rc  c!cnts 1, t00 1985.
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Fire release markers fiom survivor lrees in DFI
stands (Fig. 2) matched the ages of the younger
rees in the poltt lre matrix stand (Figs. 4-8). Fire
rclcase nlarkers were cornmon in DF3 stands. Most
tees >38 cm dbh had at lcast onc release. and
many 26-38 cm dbh tlees also had fire release
markers. Past fire events have favored shade-in-
tolefant and llre resistant Douglas-fir ovcr shade-
tolerrnt, fire sensitivc wcstem hemlock and westem
redcedar

F re Return Intervals

Although we constructed scparate FRI based on
Uberal and conscrvative growth cdteda to reveal
dr ffcrencer in tree re.ponse\ to l ire e\ ent\. nu \iI-
nificant FRI difl-erences between libcral and con-
servativc databases emerged for an,v landscape
unit. We choose to present thc liberal estimates,
however. because we are convinced that definite
l i re  e r  en t '  u  e re  e  r ( lu t l c . l  u . ing  rh (  con :er \ r l i \ c
cnterra.

We calculated mean FRI at four spatial scales
in thc study area (Table 3). As the size ofthe unit
increased, intervals between fircs decreased. Tribu
tar1, drairages in mountains are important fire
ecology features, becausc wildfires often are con
fined by the ridges separating adjacent tributar-
ies. Mean area fbr the lateral tributarics in the
study rrea is -200 ha, a sizc we believe yielded
the most appropriate estimate of fire inte als in
the forests of the Morse Creek drainage. At this
spatial scalc. mcan FRI was 2l yr. r'ith a median
of 15 yr (Table 3). Of the I 2 tributarics in which
we gathcrcd dala. mean FRI for all but three was
I 1-22 yr. Two tributaries exceeded 40 yr. A con-
fidence inte al conshucted fiom thesc dala shows
that the true mean FRI value on the tdbutary spa-
lial scale l ies between 13 and 30 yr, with a 57r
probabil ity of error.

Man) groves on smaller units of land were
distributed tbroughout the study arca. Of thc -sroVes

TABLE 3.  Fi re rc lum in lcr \a ls (FRl)  on lour landscape uni t
sires ir the Vorse Crc.k drainagc. based on lib-
eral crileix lbr grolvlh rclcasc markers (Fig. l).

studied, 38 contributed to the rnean FRI calcula-
tion. Each had at lcast three trees that cafi ied
multiple fire release mffkers, except for otre grove
in which two trees con.rbined fol seven fire re
Iease markers. Mean FRI tbr these 38 groves was
about twice as long as the tributary 1evel, and the
median was about l7 yr longer (Table 3). Of the
38 groves, 20 had mean FRI between 20 and :t0
yr, and tlre returned to three ol thc grovcs on av-
crage <20 yr. Al1 but two groves had nean FRI
< 100 yr.

Of thc 318 Douglas firs contributing to this
study, l42 had multiple lire release markers. tionr
which we could calculate FRI on the individual
level (point frequcncy). Mean FRI was 106 yr,
with a median of 9l yr (Table 3). Of the l.+2 trees.
37 had mean FRI ol 50 yr or lcss, 80 had FRI
<100 yr. l4 had FRI >200 yr, three of u hich had
FRI >300 yr.

The entire drainagc cxpcrienced a fire eyent
on thc average of once every 3 yr (Table 3). Pre
l650 mean FRI was 5 yr, somewhat longer th n
the overall meiin becausc of fcwcr trccs in the
database. The longest time span without flre be-
tu,een 1400 and 1650 was 10 yr. From 1650- 198-5,
the longest firc free interval was 8 yr ( 1780- 1781i).
and post-19,10 it was 6 yr (1964-1970). The longesL
interval during which at least one fire burned per

)'ear in the Morse Creek drainage was 1849- 1862.
If a tlre had burned in 1863, this intcrval rvould
havc cxtended to 1871.

Standard erors generally were small, and de-
clined as unit sizc increased. lndividual trees \\,ere
the most vadable unit: the entire drainage was
the least variable. These low standard errors in-
dicate that f ire is a rcgular cnvironnental factor
lbr these folests. It is notewofih,v that standard
error lbr the point t iequency ol f ire on individual
trces is merely 6 yr. Fire has retumed often to the
Morse Creek drrinage, and lew trccs l i\,c thcir
entire lives without experiencing one or tu'o fires.

Fue Load lng

Surface wurdy t 'uels wcrc significantly lower in
the DF3 matrix type, and there were no signifi-
cant dif lerences betwccn the DFI and DF2 types
(Table 4). Percent f ine luels (0.I -2.5,1 cm diam-
etef.) in thc surl 'ace woody fuel component dil
f e l e d  s i g n i l i c a n t l l  a c r o : :  a l l l h r e e  m a l r i \  t ) p e . .
Fine fuels represented a significantly snraller
percentage of the surface fucls in DF1, and a

Unrt Sizc (ha) FRIt  SE l i r )  Median () t

Gro\e
Tribular)
N{orsc Crc.k

<0.001 r05.5 r 6.1
0 . t  I  1 1 . 3 1 1 . 8

:00  2 r . 3  1 . r . 7
1500  2 .910 .3

l2
l 5
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TABLE,l. \body tuelloads (tonVha) in DF1. DF2, and DF3
slands in the l\'lorse Crcck drainage. Like super-
scripts indicate no sigDificant dillerel1ce between
the stand tlpes. Percent finc lucls (0.1 :.5 cm
diancler) lvere transfonned by arcsin bclbre sra-
tisljc.d unalysis.

significantly higher percentage in DF3. Elevated
fuel mass did not dif'fer signilicantly between DFI
and DF3. and both had significantly greater el-
evated fuel mass than DF2. Total woody fucl load
was signiflcantly different among all three types.
DFI had signilicantly higher total woody t'uels.
and DF3 had significantly 1o$,er total woody fu
els. Thesc fuel categories relate to thc ages ofthe
maffrx stand typcs. In the DFI type, for which
387r of the standing stems were dead and many
more had fallen to the ground. coarse (>2.54 cm
diameter; woody debris accounted tbr >27 kg/ha
of the fuel component. The DF2 type had fcwer
total standing dead stems. but many decades of
branch and twig tall contributed to the heavy sur-
lace fuels and high percentage offine fuels. Stand-
ing dead stems were common in the DF3 type,
but <14 kg/ha of coarse woody fucls character-
ized the sparse surfacc fuel component.

Discussion

The Morse Creek drainage supported a fine-grain
mosaic of three matrix fbrest types (Table 1 , Fig.
1) that retlect a mixed fire rcgime. The DFI ma
trix type originated atier stand replacement fires.
The DF2 and DF3 matri\ typcs probably o gi
nated after high sevcrit)' tires. but for the past three
to five canturies have expe cnced only low to
moderatc severity surface files. Any DF2 or DF3
units that had expericnced high severity files havc
been replaced by the postfire DFI tvpe.

The diflerences in woody f'uels relate to the
structural charactcristics of the natdx types and
to firc history. The younger DFI type included
snall, standing dead trces. $ hich contdbuted high
amounts of elevated fuels. Abundant woody lit-
ter on the ground provides the fuel continuity to
sustain fire and lift it to the canopy. The signifi-
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cantly lower percentagc of fine fuels, however
argues that suface tlres would be difficult to stafi
and sustain to the pointofigniting the large woody
fuel loads. Thus, the DFI type is unlikely to sus
tain low severity surface fires, but it could sus-
tain high sevcrity fires dwing exbeme firc weather.
Pickford et al. (1980) noted that the probabiliry
of crown llre was higher in these young stands.
This relationship is reflected in the tire release
data. Few trees that germinated in rcsponse to the
1896-190,1 burning period carried fire release
markers (Fig. 7).

The DF2 matrix type could support low, mod-
erate. or high sevcrity fires, depending on fire
weather. Fires are more likely to be supported once
ignited by lightning in this lbrest rype. The sig-
niticantly lower mass ofelevated fuels argues that
staDd-replacement fires in DF2 would burn most
probably under extreme fire weather conditions,
which was the case in the two major fire episodes
in 1687 l?20 and 1897-190,+. When low and
moderate sevedty sudace fires bum in DF2, the
gaps in the downed woody fuel bed must be bd dged
by dead salal leaves and live mosses, salal, and
kinnikinnick. Fire release data (Figs. 4-6) indi-
cate that such low and moderate sevedty fires have
started many times in the past in DF2, but low
fuel continuity limited the spread to small areas.
These fires probably were intense enough to kill
westem hemlock and westem redcedar, leading
to the growth releases in Douglas-fir

The DF3 matrix typc is likely to suppofl low
and moderate severity suface fires. largely be-
cause of the significantly lighter total fuel load.
Although elevated fuel mass was signiticantly
higher than in DF2, the lower surface fuel loads.
coupled with higher densities of less-flammable
weste[n hem]ock and westem redcedar. argue
against fires running into the canopy and dcvel-
oping into stand-replacemcnt fires.

At any spatial scale from individual tree to the
entire drainage (Table 3), all FRI estimates were
shonerthan Fzu previously estimated for the cast-
cm Olympic Mountains (Fonda and Bliss 1969.
Fonda 1979, Hende$on et al. 1989). Fires in the
study area have burned more frequcntiy and with
more variable sevcrity than the earlier 130-300
yr estimates. The firc regime is characterized by
periods of50 70low and moderate severity f ires,
interrupted by infrequent. large-scale. high sevcrity
burning episodes (Figs. 4-13).

Su lrce fuels

Elelatcd iucls

Total iucl load

50 .2 -  31 .0b
.15' 56.
r . 9h  8 .3 ,

5 t . 1 '  39 .3 .

48.5'

22,

9 . 1 "

57.6.



Based on date of stand cslablishment. Fonda
(1979) and Hcnderson et al. (1989) identif icd two
widespread. najor tire cpisodes that bumed in
the area ca. 300 and 500,vr ago. Hendcrson et al.
( 1989) estirnated FRI of 130-259 yrin large (>200
hal Douglas-fir stands of the eastern Olympics.
and statcd that stand replacement tlrcs were com
mon. In contrast to the datt of Henderson et al.
(1989), mean FRt based on fire release markers
in this study equaled 2l yr on thc 200 ha level
(Table 3). Our gcrmination and fire release dala

l, iclded no conclusive evidcncc of high severity
fires earlier than 1680.

Fire history has bccn studied in other Dou-
glas-fir tbrests on the Pacific slope. Since 1990,
it hr' beconrc elear that Dr'uglr.-f ir iorest. rang
ing from nonhern Califomia (Browr et al. 1999).
through the Klamath Mountains (Taylorand Skin-
ner 1998), thc centnl Oregon Cascades (Morrison
and Swanson 1990, Wallin et al. 1996, Cissel et
al. 1998), to the Not1h Cascades in Washington
(Agee et al. 1990) have supported combinations
of t'requent low and noderate sevcrity fires. and
infrequent. high scvcrily fires. Now the eastem
Olympics can be added to the l ist. and the estl-
mated FRI for northern forests dominated by
Douglas-fir can be shortened considerably. Even
at the level of individual trees, mean FRI was only
106 yr. These studies ranging from Califbrnia to
Washington demonstrated that low scvcrity fires,
presumably started by lightning, bumed nore fie-
quently than high seredty flres. Thc longest FRI
was 94 137 yr in the North Cascades (Agee et al.
1990); the shofiest rvas l3-22 yr in thc Klamath
Mountains (Taylor and Skinncr 1998). Douglas-
fir forests at Point Rcyes actually suppoted 7-9
yr FRI (Brown et al. 1999). Although man) of
thc fires werc attributed to Nativc American bum-
ing, the short FRI establishes that Douglas-fir
forests are capable of suppofling t'requent, lo$
severity f ires.

Fires throughout westen North Anrerica have
been less fuequent since 1900 because of fire ex
clusion and changing land use pattems (Fonda
and B)iss. 1969; Habeck ard Mutch. 1973: Amo.
1976; Madany and West, 1980: Swetnam and
Dieterich. 1983, Morrison and Su'anson 1990,
Brown et al. 1999). In the Morse Creek study area,
thc number oftrees recording fires changed from
168 between l84l-1900to 125 from 1901 to 1960
(Table 3), a decrease of -25%. Most of the docu-
mented fires in this region were small (Picklbrd

ct al. 197?.). Of the 140 fires documented by
Pickford et al. (1977) for the eastemmontane zone
bctween 1916 and 1975,76% burned <1 ha. Only
6% burned >20 ha. and the two largest burned
3,18 ha in l924and l2l ha in 1930. Nevertheless.
in  cont ru . t  ( r '  u lmo\ t  i l l l  o ther  ue . te rn  reg iunr .
tires continucd to burn in the Morse Creek drain-
age throughout the 1900s to the present (Table 3,
F ig .9 ) .

The Littte Icc Age extended from - 1600 to
I 850 (Peterson et al. 1999). Thc fire record from
the Morse Crcck drainage appears to reflect the
end of Lhe Little Ice Age (Table 2, Fig. 8). Fire
incidence during the Little Icc Agc was low. and
only lbur decades had a dozen or morc trees that
recorded firc (Table 2). The narked increase in
1850 lE59 in the numbcr of trees canfing fire
releasc sca$ (Table 2, Fig. 8) appears to signal
the drier and warmcr conditions when the Little
Ice Age closed. Of the 56 trees that recorded fircs
liom 1850 to 1859 (Table 2), l0 rccorded fires in
1850. Of the 71 trees rccording fires 1850-1869
(Table 2). 5 27. recorded fires 1850- 1855. Clearly,
a long period of low fire activity ended dramati
cally as post-Little Ice Age weather became dricr
and warmer. One possiblc consequence ofglobal
climate change is a higher incidence of wildfires
(Lenihan et al. 1998), presumably because ex
treme llre weather could bc mole common under
drier and warmcr conditions. Fires in tbe Dou-
glas-fir folests in this region tue govemed pima
rJIy by fire $,cather, rather than by fuels (Agee
1997). If the climate in the castcm Olympics
changes toward dder and \\,amer, so that the in-
cidcnce and length of tire weather incrcase. fire
events could increase suddenly, similar to the end
of the Litde Ice Agc.

The fire history of the Morse Creek drainage
provides a fiamework u'ithin which recom[ren
dations for managing fire in Douglas-tir tbrests
in the eastem Olympics can bc suggested. Light
ing-ignited wildfires continued to bum in this area
during thc 20"' Century. and the)' should oontinue
into the future. Given the previous scenario of
high intensity, stand-replacement fires every two
to three centudes when extrenre fire wcathcr co-
incided rvith suttlcientfuel loadings (Fonda 1979.
Henderson et al. 19E9, Agec 1997), f ire exclu
sion and supprcssion were reasonable llre rnan-
agement strategies. This scenario no longer ac-
curately describes the tire regime, howcvcr. Low
to rnoderate severity fircs have been common ln
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the Morse Creek drainage. bul they have been
small, not widesprcad. Management fires thatburn
nany small patches of forest cach year would
approach the kind of fire regime typical of thesc
forests. Such tires uould pelpetuatc DF2 and DF3
matrix forest typcs, rather than allowing thc fire
iivoidel westem hemlock to dominate the forests
in thcabsence oftire. Futhermore, suchfires would
leduce fuel loadings. so that exteme fire weather
would be less likely to cause high intensit)'. stand-
replacenent fircs.
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