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Abstract
Fire inten'als are presented for !lhitc ilrfor.sts in the co.ls|lll mountains ofnofh$,estern California. Firc dates were defiled ffom
fire scars and trcc cstablish lcnt dates hom 28 logged sampling sites spfead across an arca approximrtely 125 kln by 30 kn. Prc
suppression mcdian firc inlcr!els nnged iioln 12 to l6l yeaf\. The median fire intcrlal for thc pre suppression pefiod (27 years)
$as significantl) \horlcr lhan ibr the suppression period (7'1yeart. There \\'crc no significanr dilGrences in median fire inrerral\
among regelation scncs. Thcrc wcrc also no signiiicant regressions ofmedian llre inten'al wi!h dislance lioln the ocean. latitlrde.
or elevation. \,lost sampling !ilcs wcrc nuld aged and had experienced multiple surface fircs. Somc sitcs had expefienced stand-
replacing fte\. Fife suppression has incrcascd stand dcnsil,"-. iicreased lhe densit] of shade toleran! lrcc spccics. and decreased
the densit] of shade intoleran! tree specic\.

Introduction

Fire history studies of Califomia white 1lr (Ables
cr.lrcolor (Gordon & Glcnd.) Lindley lnr /orrcln
(Gordon) Andr. Murray) indicate that low elcva-
tion sites have shortcr nrean fire intervals than
high elevation sites (McNeil andZobel 1980. Agee
1991). Low elevation sites have been found to
havc mcan fire intervals between 9 and 25 years
(Kilgore and Taylor 1979. McNcil and Zobel 1980,
Bork l9tl5) and on high elevation sites mean fire
interr"als have been detemined to bc 40to 64 years
(McNeil and Zobel 1980, Agee 1991, Taylor and
Halpern l99l). These differenccs have been at-
t r ihu led  lo  lhe  coo le r  rnd  moi \ tc r  en \  i ronrncnt .
that are often present at higher elevations (Agee
1993). Previous studics of white t ' ir f ire hisrory
have been conducted in inland locations. Littlc is
known ofwhite fir firc history in the coastal moun-
tains of northwestern Califomia.

Pre-European settlement fire ignitions were
thought to bc a result of both Native Amedcan
fircs and lightning (Agcc 1993). Native Ameri-
cans burned regulally in the vicinity of whitc fir
forests on thc Six Rivers National Forest to naintain
plants used in basketry and lbr food and clothing
(Heffner 198.1. Blackbum and Anderson 1993).

The objectives of this papcr arc to: 1) repofi
fire interyals fbr white fir forests in the coastal
mountains ofnorthwestern Califomia and to com-
pare then with othcr tirc history studies of Cali-
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fomia white fir. 2) comprLre lire intervals among
the different vegetation series containing white
fir in the study area. 3) investigate whcther el-
evation. latitude, ordislrnce from the Pacific Ocean
are associated with median fire inter.,'als in these
stands. and,+) infer thc role fire and tire suppres-
sion have had on species composition and stand
structure.

Study Area

This study was conducted within thc Mad River
and Orlcans Ranger Districts on the Six Rivcrs
National Forcst. Study sites u'ere locatedon a serics
of mountain ridges that separate the Six Rivcrs
National Forest fiom the Klamath and Shasta-
Tr in i l )  Nr t i  n r l  Fores ts .  In  par t i cu la r .  s i re .  ucrc
locatedon South Fork Mountain on the Mad River
Ranger District and on ridges abovc Biuff Creek
on thc Orleans Ranger District (Figure 1). Sam-
pling sites were lbund on all aspects and at el-
evations l iom 1.183 nto 1,6,16 m. The most south-
erly sampling sites were 127 kn fron thc nrost
norlhcrl) one.. .Ln,.l lhe rno.t er.leriy \ i le\ \\r.re
3l km tiom thc most westerly ones. The whitc
fir forests oD the Six Rivcrs National Forest are
among the most westelly, occufiing from 26 km
to 81 km t'rom the Pacillc Ocean.

Annual precipitation varics frorn 175 cm on
South Fork Mountain to 230cm on theridges above
Bluff Creek (Miles and Roath 1993). Ninety-fbul
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Figure L Location of samplirg sites on the Si.{ Rivcrs National Forest in north*estefn California. Bolded lines are the
national forest boundaries
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percent of thc prccipitation occurs during the
nronths trom October through May (Elford and
McDonough 1964). Temperature and relative
hunidity are stronlily modemted by the proxim-
ity of the Pacific Occan. For a given etevauon,
winter temperatLrres are typically warmer and
\un t rnar  t (n lper i l lu re \  a re  coo le r  lhan  morc  in -
land forests. The avcrage July high tempemture
at Weitchpec, the closest $,ealher station with sini-
lar weathcr to the study sites. is 28.6'C. The sam-
pling sites. being at higher elevations. would be
5'to 8'coolcr (Eltirrd and McDonough 196,1).
In mid-summer. relative humidity averages 40 to
507c (EJtbrd and McDonough 1964). East winds
can dr:imatically reduce relative hun.ridity and
rncrease tefrperaturcs. During a 3-year pedod in
Eureka. winds blew from the east 57c of the time.
fi'om the northeast 67. of the time, and from the
soulhcasl 177. of the time (Elford and McDonough
196.1). Thunderstorms accompanied by lightning
occasionally occur. but less often than in the Kla-
math Mountains, Cascades, or the Siera Nevada
(Automaled lightning dctection systemApdl 1985
November 1997.).

Study sites u'ere located in forests with white
fir eithcr occuning as the don nant or co domi-
nant species. Olhcr associated conifers included
Douglas-lir (.Pseudotsuga rzer;lesil (Milbel)
Franco). inccnsc-ceLlar (Cdlocedrtrs deturrens
(Tone)) Florin). Port Ortbrd-cedar (Chamaecy^-
paris lavsoniana A. Murra),), noble fir (ADies
p rrcc ru Rehder). an cl stgar pine (.P irtus Lanrb e rt i-
dr4 Douglas). We classified each sampling site
r '  be lonr ing  I , \  t ,ne  r ' l  (h ree  po \s ib le  \ege lJ l io r )
series: Whitc fir Douglas-fir. and Incense-cedar
(Salycr and Keeler-Wolf 1995).

Fire suppressiou lecords date to 1910 on the
Six Rivers Natiolal Forest. Aggressive firc sup-
pression and prevemtion of NativeAmedcan and
minerignited fires in rcmotc arcas on the Six Rivers
National Forest, however, did not begin untj l the
end of Wolld War IL Othcr studies from the Kla-
nrath Region found that tlre llcquency decreased
in the 1940's (Agee 1991. Wills and Stuart 1994.
Taylor and Skinner 1998), presumably because
, ' l  In i ' re  e l lec ( i \e .uppr ( . . ion  c f io r l , .

Methods

Twenty-cight stimpling sites u'ere located in logged
areas that were dominatcd or co-dominated by
white fir. Sampling sites ranged in sizc fronr 1.2
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to 10.9 hr. with a mean size of 4.2 ha (s.d.=2.,1
ha). The sampling sites were chosen to be coin-
cidcnt with logged areas to take advantage of
readily available stunps. The sites. therefore. wcrc
not located without bias and may not ref'lect the
variation found throughout the range of white fir
in the broadly defined study area. We chose this
sampling scheme because it was easier to l lnd
fire scars on stunlps than on trces. Most trees in
our area, as well as in othcr similar vegetation
types in the Klamath Mountain fegion (Taylor
1993. Wills and Stuart 1994). have completely
healed over fire rvounds due to long fire-free in-
tervals. Trees that did have open lire wounds wcre
almost ?Llways rotten. Stumps from recently logged
sites, in contrast, yielded good. sound wood.

Stem cross-sections were removed t'rom all
sound stumps having visiblc fire scars and were
cut as close to the ground as possible, usually within
30 cm. Cross-sections were prepared with apower
sander and sanded with successivcly finer grits
of sandpaper whenever necessary to render an
easily readable surface. Once prepared. the cross-
seclions were aged using ahand lens. and in some
cases. a binocular microscope. Annual ring counts
were madc on one or more radii, depcnding on
growth and ease ofinterpretability. Fire scar dates
wcrc recorded as well as tree age at the tine of
logg inp .  F i re  : ( r r \  $ere  recogn iued ur ing . r i te -
ria described by McBride ( I 983). Some trees had
no fire scars but were aged as they presumably
represeDted a cohoft having been established fbl-
lowing fire. Three years werc added to the ages
o[  t ree .  r t  the  t im. '  , ' l ' l ugg ing  lo  der i re  r rc , .e . -
t blishment dates after a reconnaissance sample
dctcnnined the mean age ofstump-high seedlings.
Cross dating of tree rings (Stokes and Smiiey 1968)
was not possible wilh most specinens. presum-
ably bccause cornpetition influenccd radirl growth
more than climate. Othcr studies have also found
cross dating to be ditllcult in northwcstern Cali-
lbrnia (Brown and Swctnan 1994. Wills and Stuart
1994, Taylor and Skinner 1998).

A master fire chronology fbr each sampling
site was prepared based on fir'e scardates and veiLrs
of establishment of cven-aged cohofis. Fire scar
dates that *,erg uncertain were eithcr discarded
or adjusted using the techniques described byAmo
and Sncck (1977). Only confirmed firc dates nere
used to calculate fire interval statisl ics. The
Kruskall-Wallis H-test was selected to be uscd
to detect signitlcant differenccs in median fi le



interv;rls bctween vegetation sefies and historic
periods aftcr the data were proven to be non-nor-
mal. Simplc l incar regression was used to assess
whether mcdian fire intervals had a statistically
significant l incar relationship with elevation. lati-
rude. or distance from the Pacific Ocean.

Succcssion inferences for white tir forests on
the Six Rivers National Forest were derived us-
ing data frorn Talben (1996). Talben (1996) dem-
onstrated stand density and species changes us-
irg data collected in 1961 1963 on U.S. Forest
Senice Continuous Forest Invcnlory plots and then
rcmeasured in 1993-1995. He used stand density
index as a standardized density measure. Stand
density index is based on thc number of trees per
0.4 ha for trees 25 cm in diamctcr aLbreast height
and is independent ofage and sitc quality (Reineke
1933, Stage I 968). We reanalyzcd Talbert's data
after selecting fbr tbrests containing white fir.

Results and Discussion

A total of 126 tire-scarred stumps was found in
thc sampling areas. The number of tlre-scared
stumps per sampling site varied t'rom 0 Lo 11 with
a mean of:1.5. These stumps produced an aggre-
gatc of 238 aged fire scars and an averagc of 8.5
aged flre scars per sampling site. Tree establish-
ment dates were Llsed as surrogates for fire dates
on sampling sites rvithout flre-scarred stumps and
on sites with evident cohorts of $,hite fir. A total
of I 12 llees was used to rcpresent cohorts across
all sanpling sites.

Median tire intervals fol all sanpled sites runged
from 12 to 16l years. Fire intervals were highly
variablc within sampling sites with coefTicients
of variation ranging fron 2l to l l ,+7.. Pre-sup-
pre . \ ion  meJ iJn  l ' i r c  in tc r r  l l .  t27  r  ear .  '  u  e re  . ig -
nificantly shorter than thc suppression pedod (7.+
years) (P<0.001). Mcan fire intervals. hou'ever.
were longer fbr both thc pre-suppression pedod

135 years) and the suppression pefiod (83 )'ears).
The mcdian and mean nunber of years since the
last fire was 74 _v-cars and 78 years. respectively
(Table l). There u,erc no significant differences
in  med i . rn  l i re  in te r ra l .  hc l$ccn  rcgc l r l ion  \e
ries (P=0.284)(Table 2). Thcrc were also no sig
nificant regressions ofmedian llrc inten'alas func
tions ofdistance liom the Pacific Ocean 0J=0.001,
P=0.86), latitude (f=0.0,14, P=0.29). or elevation
(rr=0.052. P=0.25).

TABLE L Firc inicrlals for fie pre-suppression period, the
supprcssion pcriod. a.d since the last fire. Data
arc nlcdian iirc intervals from the sampling sites.
n = thc nunrber of sampling sites

Pre-suppression

(161,1 I94'1)
(n = 26)

Suppression Yearssince
pedod lasl lirc (datc

(1915 1995) of last  f i rc i  1995)
(n = 28) (n = 18)

Median

NIean

11

8l

3:l

31 ,163

11

l8

39

18  163

21

35

Standard
deviati0n 3l)

Range 12- 16l

TAULE l. Fire interlals (years) oflegetation series contain
ing whiie fir. Data.rre nedian iire inter!als from
rhe srmpling sites. r = the numbcr C)1 sampling
sires widin a \cgculion scrles.

whiic iir l)ouglas llr Incense-cedar
(n=16) (n=9) (n=3)

\{ern

'1u 26

3 l

Standard deliition ,ll

Range 12 82

l E  5 1

16  161  15 .5  l 0 , l

The median and mean prc-suppression fire
intervals (27 and 35 years, respectively) on our
sampling sites were bctwcen firc interr'als repofied
for inland low elevation and high elevation fbr-
ests (9 25 years and,10-6:1 years, respectively)
(McNeil and Zobel 1980. Agee 1991 Taylor and
Hr lpem r  I  9a  I  r .  Our  u  i th in  anJ  he tueen. i le  r rnFc
in fire intervals are similarto those tbund in Dou-
glas fir dominated lbrests in the Klamath Moun-
tains (Wills and Stuart 199,1. Taylor and Skinncr
1998). in Douglas-fir lorests in the Cascades
(Morrison and Swanson 1990). and in red fir 1br-
ests in the southem Cascades (Taylor 1993). The
somewhat longel fire inten'als determined lbrour
relatively low elevation sites are undoubtedly due
to lower fire danger caused. in part, by the moist,
cool climate of the Pacillc Ocean. The summer-
time dome of cool, moist marine air usually ex-
tends b the first sct of high ridges east of the
occan. East of these ridges, there are typically
sharp summefiime gladients of increasing high
temperalure and decleasing low relative humid-
ity (El ford and McDonough 1964). Thunderstorms
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and lightning arc lcss ticqucnt closc to the cotrst
than on inland sites (Elfbrd and McDonough 196.1,
Automated lighming detection systenApdl 1985
Novenber 1997). Many fires. therefore. werc
probably ignited by Netive Americans burning
to culture baskeffy matedals, food, and clothing
(Heflher 1984, Blackburn and Anderson 1993).

Since the early 1960s, und presumably since
hre suppression began. forests with white firhave
become denser. Stand density indexes incrcascd
fbr all tree species combined. increased for toler-
ant ffee species. and decreased for intolerant ffee
species (Table 3). Tolerant species were white fir,
Douglas-fir ' , incense-cedar, and chinquapin
( C h r.v sole p is c h rys o pftt'l1a (Hook.) Hielmq). In-
tolerant species included California black oak
(Quertus kelloggii Ncwb.), madronc (Arbalas
nenziesii Pursh), ponderosa ptne (Pinus ponde-
rzsa Laws.). and sugar pine.

Changes in the proportional stand density in
dex contributed by species over the sampling pe-
riod revealed that white fir and chinquapin in-
creased, incense-cedar contributed the same
proportional amount to the overall stand density
index: andDouglas fir, ponderosapine. sugarpine,
Pacific rnadrone, and Calitbrnia black oak de-
creased (Table 3).

Most of the sampling sites were multi-aged
and had experienced nrultiple surlace tires. In most
cases. there were more fire scar dates on a sam
pling site than there were cohorts of established
trees. Most f ires, presumably, l lere not severe
enough to create sufficient growing space to
reinit iate a cohoft. Occasionally though, a sur-
face fire was sevele enough to allow tree re-es-
tablishment in gaps. On a tew sampling sites there
u'ere dominant even aged cohorts that presum
ably had become established lbllowing a stand
replacing fire or wind event. These patterns are
similar to those found in Douglas fir/hardwood
fbrests on the Klamath National Forest (Wills and
Stuart 1994. Taylor and Skinner 1998). in mixed
$'hite flrforests in southern Oregon (Agee 1991),
and in Douglas-fir forests from the central west-
em Cascades of Oregon (Morrison and Swanson
1990). Fire has been the predonrinant stand re-
placing disturbance in these forests over the past
several centuries and was presumably similarly
predominant  o \c r  the  pasr  leu  mi l lenn ia .
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TABLE 3. Thify-two years of change in stand density in
dexes of major tree species occurring in $hitc 1lr
fofests. Data are from Talbert ( 1996).

1961,1963 1993- 1995
Proponional Pfoportiooal

Stand stand Stand stand
densitl'. density density densit\
index index index indcx

rhile iir

Douglas lil

chinquapin 2.3

Calilbnia black oak 11.5

Pxcific nadfone 1.6

ponderosa pnre 8.,t

susarpine 13.3

other species i8.7

371.'1

162.8

1 3 1 . 9

L000 121.1 1.000

0.138 207.9 0..t90

0.355 l '10.5 0.311

0.0.10 16.8 0.0:10

0.006 2.9 0.007

0.031 11.1 0.02'7

0.020 5.5 0.013

0.023 7.0 0.017

0.036 9.2 0.022

tr.5 0.05-5

Continued fire suppression in white fir forests
on the Six Rivers National Forest should lead to
fufiher increases in total stand density, increascs
in stand density oftolerant species, and decreases
in stand density of intolerant species. In particu-
Iar, white fir should continue to increase in den-
sity and extend into previously unoccupied stands.
The relative importanca of Douglas fil should
continue to decrease relative to white tlr in stands
u here thel areco dominant. Ponderora pine. sugar
pine, and Califbrnia black oak should continue
to decrease in density and wil l eventually be ex-
tilpated ftom nlore stands. These sfuctural changes
will increase live fuel loading and vertical fuel
continuity.
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