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Fire Regimes of Mixed Conifer Forests in the North-Central Sierra
Nevada at Multiple Spatial Scales

Abstract
Dendrochronolos) wa\ uscd io quantift past lire reginc! in nrixed conifer foresls in lhc nonh ceniral Sierm \e!ada. Hisloric
managemelr ucririric:. particularll r.rilroad logging. scvcrelr limiled the nunber ol llir scar samples rvailable. Fires !'ere rc
cofded bet\\,een 16,19 and l92l and median poirl iire intcn'als, composite fire inteNrls al thc 3 5 ha spatial scale, aDd composilc
fire inrenals al lhe g 15 ha spatial scale \\'ere 9 15,6 11. and 5 l0 yr. The seasonality ofpast fires in the north-central Sierra
Nc\ada diffen liom |hrt rcporlcd else$ here. \\'ilh the lnaiorily of tires occurring iD Lrtewood. Thcrc js a general nend of increas'
ing latewood rLnd growing scason fires froln dre southem Cascades south to dle southem Sicrra Nevada. Superyosed epoch
analysis delermined rhal sidcspread fifes $ere signilicanll,v correlaied to droughts the y.ar of lhe fire. and in some cases, 10 a
\ignificrnt\ w.t,,-car hefore the fire year Fire rctum inlerlals are similaf to those lbund in mired conifer forests in the soulhcm
C|\cades and southcrn Sierx Nevada bLrr djlltrcncc in lhe size of sanpled areas conrphcates lire rnter\'. comparison\. In lhir
sludy. wc prcrenr lire \tatistics at sclcral spadal scxles rnd encourugc othcrs !o do so. If all fire hisrorr" rcscarch rcported fire

n:rristic\ at similar spatial scales il $ould allow for robust conparisons bcl{ccn diver\e lo(atiLrn\.

lntroduction

Fire was the cenffal theme ol United States for-
est managcmcnt during the 20th century (Agee
1998) and this has continued into the new mil-
lennium. Early United States wildland tire poli-
cies focuscd on fire suppression and control, which
coincided with the creation of the United States
Forest Scrvice in 1905 (Pyne 1982).

l-ire u as rnd \ ',\nlinuc\ lo be a mrjor eco.r r-
tem process in the tbrests of the Sierra Nevada,
Califbrnia (Skinner and Chang 1996, Husari and
McKelvey 1996). lgnitions ftom both l ightning
and NativeAmedcans werc common on the west-
slope of the Sicrra Nevada betbre Euro-Ameri
can settlement (Ander:on and Moratto 1996, Husari
and McKelvey 1996).

lhe N i 'enun Natir e Amcrican comrnunil) , 'n(e
inhabited the fbrests in the north central Sierra
Nevada (Kroeber 1925, 1929; MaLson 1972) and
they have lived in this area for at least 2000 yr
(Cook 1976). Fire was commonly used by this
culture to improvc hunting efficiency and to pro-
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duce cordagc materials of high quality (Wilson
and Towne 1978).

A malaria epidemic was inffoduced in north-
$,cst California in 1833 and it dcvastated the
Nisenan population (Cook 1955). The discovcry
of gold in California in 18.19 fuflher affected the
Nisenan. The actual discovery locatron was on
the American River in their teritory, and by 1851.
most of their tenitory was completely overrun
by gold miners (Wilson and Towne l97ti). Wide-
spread kil l ing. destruction of vil lages. and the
pe$ecution of the Nisenan destroyed them as a
viable culturc by 1851 (Wilson and Towne 19713).
Othcr land uses that have irnpactcd Siera Ne
vrdr  l r re  reg ime.  in ,  ludc  l i ve . tock  graz ing .  min-
ing, and logging.

\fter sorne debate. the pulicl ol l i lc ruppre.
sion u,as acccpled early in the 20th century in thc
western United States (Clar 1959. Pyne 19821.
This policl, cventually produced undesirablc cco-
system effects including highcr tree densities
(Biswell 1959), higher fuel loads (Dodge 1972).
and changes in wildlife habit ts (Lcopold et al.
1963), primarily in forests that once experienced
t'requent, low moderate intensity i lre regimes.
Presently > 30 mill ion ha offederal forests in thc
westem United States are at moderate to high risk
of severe wildfire (National Wildtire Coordinat-
ing Group 2001) and many of thcse areas nee,
restomtion.
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Unce ainty in desired conditions has cornpli-
cated tbrest rcstoration in fte westem United States.
Many federal agencies have defined prc-histoi-
cal ecosystem structures as their primary resto-
ration objective (Manlcy et al. 1995). A debate
continues about how, where. and to $,hat extent
natural variations or reference conditions dcrived
from historical ccology should be applied to land
nanagement (Millar and Wolfebden 1999). Sti l l ,
there  i . . rhu i l t l i ns  eon\cn .u :  th r l .  a l  a  min i rnum.
it is useful to know and understand thc pasl 10
manage ecosystems properly fbr tbe tuture
(Swetnam et al. 1999).

No crossdated (Stokes and Smiley 1977,
Suetnam c t  l l .  lqR5r f i reh is lo r f  in fo rml l ion  er i r t .
fiom the coniferous tbrests of the north-ccntral
Sicrra Nevada (Skinner and Chang 1996). an area
of > 2 nri l l ion ha. Past t lrc occurrence in portions
of the Siera Nevada have been estimated tlom
imprecise ring counts from an early forest pathol
ogy study (Boyce l92l).

This early work used field-based fing counts
and included one plot in nofthcm Sierra Nevada
in the Plumas National Forest (Boyce l92l). Show
and Ketok ( 1924) sunmarize the work done by
Boyce (1921) but years repofted trs producing large
fires arc nol in total agreement. A more compre-
hensive analysis of the data collected by Boycc
(1921) included estimates ol avcrage fire inter-
vals from each of the six sampled sites (Wagener
r96 r).

In l9l5 Boycc collected samples from 510
stumps in the nofthern plot. of *'hich 354 had
fire scars, over an area of 82 ha (Wagener 1961).
The fire record began in 16,10 and 38 dift'crcnt
t-rres uere reported for an average interval of 7
yr. Difliculties with field based ring counts were
reported and this reduced the accuracy ofthe fire
intervalestin.rates(Burcharn l959.Wagener 196J).

The nearest published firc history infomation
to the north central Sierra Nevada is from mixed
conifer forests lrom the southern Cascade moun-
tains (Taylor 2000, Bcaty and Taylor 2001) and
southem Siena Nevada (Kilgore and Taylor 1979,
Caprio and Swetnam 199-5). ln the southern Cas-
cades. analysis of56 fire scared samplcs yielded
a mcdian llre interval of -7 yr (Beaty and Taylor
2001). Ponderosa pinc-mixed conifer forests in
thc soulhem Siena Nevada had median flre re-
tum intervals of 5-11 yr (Caprio and Swetnam
995) .

The objective ofthis study was to reconstuuct
fire regimes in mixed coniter tbrests in the north-
central Sierra Nevada using dendrochronology.
Estimatcs of past tire frequency, seasonality. ex-
tent. and possible relationships with climcte were
exarnined. Thc land-use history of the study alea
was also examined to aide in explaining past firc
occulrence.

Methods

Study Area Descr ipt ion

Our study was undertaken in mixed conifer fbr-
ests at the University of Califomia Blodgett For-
cst Research Station, located - 20 km east of
Georgctown, Califomia (Figure 1). Blodgett Forest
is located ar rhe latitude 38' 54' 45" N, longitude
120' 39' 27" W, between I 100 and 1,1l0 m above
sea level. and encompasses 1780 ha. Tree spe
cics in this area include sugar pine (Piirus
lanhe rt iana), ponderosr pinc ( Pinu s ponde ro s a).
white fir (Abie.c <:oncolor), incense-cedar
(C ul oc ed ru s de c u r ren-s), Douglas-1ir (Pseadotsaga
nenTiesii), Califbrnia black oak (Qriercas
ielloggll), and tanoak \ Lit hoc arp us de ns iflo r us).

Soils at Blodgett are well-developed, well-
drained Haploxeralfs (Al|rsols), derived tiom ei-
thcr andesitic mudflow or granitic/granodiorite
parent materials (Hart et al. 1992). Cohasset,
Bighil l, Holland, and Musick are common soil
series. Soils are deep, weathcrcd. sandyJoams
overlain by an organic fbrcst floor horizon. Com-
mon soil dcpths range fron 85-115 cm.

Climate at Blodgett is Mediterranean with a
summer drought period that extends into the lall.
Winter and spring receive the majodty of pre
cipitation that averages l60 cm (Blodgett Forest
Rescarch Slation weather records ftom 1960 2000).
Average temperatures in Jlrnuary range between
a low of 0'C and high of 8'C. Summer months
are mild with average August temperatures be
twccn l0'C and 29'C and some light sumner
precipitation from thundcrstorms (avcraging 4 cm
overthe summermonths, Blodgett Forcst Research
Station weather records from 1960-2000).

Seasonal l ivestock grazing began at Blodgett
in the early 1800s. During the early l l l00s some
Iarge pine trees were harvested fbrlocal construc-
tion, and after gold was discovered in 1849, a large
number of rniners arrived. Oxen logging began

No h-central Sierra Fire Regimes 13



in thc 1890s but tree harvcsting was relatively
minor because of limited technology and poor
acccss.

From 1900-1913 extensive railroad loggug
occurred over thc majority ofBlodgett Forest and
almost all conmercial trees (dbh > 30 cm) were
harr'ested. Economically desirablc species included
ponderosa pine, Douglas-fir, and sugar pine bc-
cause oftheir high value. but all species with good
forn (t-ew lower lirnbs. no externally visible de-
fects) wele harvested. The first Blodgett Forest
inventory in 1935 reported an avcrage of only 1-5
trees/ha >60 cm dbh, halfofwhich were incense-
cedar. The removal of the najority of the trees
by railroad logging preventcd us lrom collecting
tree dcmography data to complement our firc his-
tory information. Analysis of demography data
could have detcmined if tree rcgenemtion was
continuous or episodic in these forests.

Forest Structure

To characterize existing forcst struclure, infbn'lla-
tion was collccted from 0.0.1 ha systenatic fbrcst
in rcn lo r )  f lo l .  p lu .ed  in  e tch  mlnrgement  un i t
that was sampled tirr fie scars. The circular in
ventory plots are separated by -120 m and the
management units vary in size fiom 10-25 ha.
Height and dbh of all trecs >30 cm dbh were
measured. Averagc basal area per hect;rrc' aver-
age number of tfees per hectare, average percent
basal areaby species, and average qulrdratic mean
diameter were calculated.

currcnt forest structure data were compared
to similar data (all trecs inventoried >30 cm dbh)
collected in Siena Nevada mixed conifer forests
in 1899 (Stephens 2000). The 1899 data rcpre-
sent the best plot level tbrest structure infoma-
tion from Sierra Nevada mixed conifertbrests that
hJ,l not been influenccd b1 l ire ruppres.ion ,rr
harvesting.

N,4aster Tree R ng Chrono ogy

The only rnixed conil'cr master trce ring chronolo
gies available near Blodgett Forest are ftom pon-
derosa and Jeffrey pines (Pin ir r jelirli) (Grissino
Mayer and Fritts 1998). Samplcs of remnant. llre
scaned incense-cedarwould notcrossdate (Stokes

and Smiley 1977, Swctnam et al. 1985) with the
adjacent pine chronologies. As a result, a master
tree ring chronology using incense-cedar was cre-

ated since no chronologies exist for this species
in the Sierra Nevada.

lncrement cores for thc naster tree ring chro-
nology were collgctcd from trees in xeric sites at
Blodgett. Two cores. oppositc each other and par
allel to the contour. \\"ere extracted tiom each of
241ive incense-cedar trees that survived the his-
torical logging. Coles werc mounted with the tra-
cheids up and sanded with a belt sander using
belts up to 400 grit.

Ring widths verc [reasured to the nearest 0.01
mm tbr all cores using a ring rcader and a digital
sliding stage. Measurements of all cores wcre
compiled and analyzed using COFECHA to check
for crossdating enors (Holmes 1983). Only mea-
surcments. or series, identif led as having proper
dating and significant corelation at P < 0.001
were used to create the master tree ring chronol-
ogy. Of the 48 series, 39 met these criteria, and
were analyzcd using ARSTAN to dclelop the
master chronology indices (Holmes 1983).

Fire H story

Our sampling strategy nlaximized thc complete-
ness of an inventory of tire dates within Blodgett
Folest over as along time period as possible. while
also collecting samples that were spatially dis-
perscd droughout the forcst (Swemam and Baisan
20U2 ). The entife Blodgett Ftrrc.t was re.onnoi-
tered to detemine where clusters withfirc-scarred
materials were locatcd. Each cluster thatcontaincd
a minimum of sevcn fire scarred samples ovcr an
area ( 15 ha was selected fbr sanpling.

Partial cross sections were cut with a chalnsaw
from all lire-scarred stumps. snags, downed logs,
and live trees, that met the cluster definit ion de
scribed above. In most cases, scveral partial sec
tions were needed to obtain a sample with a maxi
nrum numberoffire scan and a minimum 01 rctted
wood. Live trees wercnot sampledmore than twice
and thcy were sampled conservatively (by mini
mizing the size of removed section) to reduce the
probabiliLy of mechanical failure (Heyerdahl and
McKay 2001, Stephens 2001). Each fir'e scarred
.ample  u  r r  . rnded u  i th  a  be l t  s  nd ,  r  u . ing  se-
ries of belts up to 400 grit.

Fire scars were identified by the charactefis-
tic disruption and healing patterns of radial tree
ring growtb (McBride 1983). Calendaryears were
assigned to cach fire scar using crossdatir
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(Dieterich 1980, Swetnam et al. 1985). To assist
in the comparison of f irc statistics from this and
other rcscarch. we present data usrng a range of
spatial scales. First, mean and rnedian point fire
return intervals (PFl) wcrc developed for each tree
as a point in thc landscape. PFI are likely to be
constraincd by the time requiled for suflicient tirel
to accumulate to pemit consecutive fires at a single
porn t .  rnd  are  genera l l l  i l  con \er \a t i \e  e \ t imr t ( '
offire occurrence (Kitzberger and Vcblen 1997).

Composite fire intcrvals (CFI) refer to tlres
lft'ecting a group of trees or occuring within a
spccified alea and they provide a more compre-
hensive record ofpast fires (Dieterich 1980. Agee
1993). CFI were computed at two spatial scales
I ) C l0: fires that scarred at least 2 trees and 10%
of the recording trees (RT) in each cluster (spa
tial scalc 9- 15 ha). and 2) SC l0: f ires that scarred
at least 2 trees and l0olr of the RT in cach sub-
cluster (spatial scale 3-5 ha). Each llre scar clus
ter was separated into two or three independent
sub-clusters based on thc proximity ofthe samples
te one anothcr. Wc used a filter with a mrmmum
of 2 trees scaned per fire and at Ieast 10% of the
RT to renove the impacts of small spot f ires
(Swetnam and Baisan 2002).

Thc position within the ring in which a scar
occuned was noted as EE (early earlywood), ME
(middle earlyu,ood), LE (141c carlywood). LW
(latcwood). D (donnant). or U (undetermined) to
serve as an estimate of the season of file occur
rcncc (Ahlstrand 1980, Dieterich and S*etnam
19E.1).

We uscd a non-parametric Kruskal Wallis test
to detemine if signilicant ditTerences (P < 0.05)
existed in mean firc rcturn intervals at the point
(PFl) and composite (Cl0) spatial scales (Zar
1999). If a significant diffcrcncc was detected then
r  non.par lmet t i c  Tuke)  mu l t ip le  ( '  rmf r r i \on  lc \ l
(Nemenyi test.) was done to determine if signifi-
cant difTerences existed between samplcs (Zar
1999).

The FHX2 softwarc package was used to per
lorm temporal and superposed epoch analyses
(Crissino-Mayer 2001 ). Temponl analysis deter
mined ifsignificant differences (P < 0.05) in mcan
firc rctum inten'als existed fora given cluster (spa-
tial scale 8- I 5 ha, C l0 spatial scale) between two
distinct t imc periods (prehistorical period, 1750-
1850: historical period. 1850-1900). A Student's
t-test was used to determinc if significant differ

ences existed in firc return intervals (Grissino
Mayer  2001) .

Superposed epoch analysis (Baisan and
Swetnam 1995, Swetnam and Betancout l998)
was used to determinc if significant (P<0.05 or
P<0.01) corelations existed between the com-
posite flre history and a scasonal moisture avail-
ability. The PalmerDrought Severity Index (PDSI)
was uscd to capture seasonal moistule availabil-
ity. PDSI is a measure ofprolonged moisturc avail
ab i l i t ;  thu t  t i r le .  in t , r  J r  count  l rcc ip i tJ l ion .c \ i rpo-
transpiration, and soil moisture (Palmer 1965).

Cook et al. (1999) rcconstructed summer PDSI
for points on a grid across the continental United
States using a network of annual tree ring chro-
nologies. Two different grid points ofreconstructed
\ummer  PDSI  were  u .eJ  h . r .eL l  r rn  n rhr in r i t )  t r r
Blodgett Forest. One was locatcd on the east side
of Lake Tahoe, Nevada (PDSI 13), 80 km cast of
the study area. and the second fiom the east side
of Clear Lake. CA (PDSI 6). 160 kn west of the
study area. All fires since 1669 (the first year of
the PDSI rccord) that met or exceeded a mini
mum of 25% RT and two trees scarred per fire
were used for this analysis. The 257o of RT was
selected to include only fires that were relatively
widespread.

Results

Mean tree density, basal area. and dbh at Blodgett
main and Pilot Creek (trees above 30 cm dbh) is
- 200 hres/ha,46 m2/ha. and 46 cm (Table 1).
Pilot Creek is dominated by incense-cedar and
Doughs lrr. The lbre\ts ol Blodgett r nJin are i,,rn-
posed of mixed species with white fir dominat-
ing thc majority of the plots (Table l).

Six tire scar clusters were located at Blodgctt
Forest, fbur on the main propeny (210. 292. 390,
,150) and two in the Pilot Crcck area (LP. UP. '4

km north ofBlodgett main) that is separated from
the main property by a perennial streanr (Figure
l). We sampled 73 fire scaffed stumps, snags. and
trccs. 23 from Pilot Creek, and 50 from Blodgett
main. Eight-four percent of the trees were
crossdated (15 Pilot Creek,46 Blodgett main).
The remaining trees were not usable because of
excessive decomposition. Incense-cedar accounted
ibr the majority ofthe samples (727.), the remain-
ing samplcs were ponderosa pine. Fire scarsamples
fiom live trees were rarc (97a of collection).

North-central Siera Fire Regimes l5



TABLE L Stand charactcrisrics for erch lire historv clustcr and su ounding managencnl unit at Blodgett Fore\t Research
Stati0n. Ccorgetown. Califomia.

Elevati0n
Cluster 0n)

(>30 cm
dbh)

Nlean

0n',4ra)

Percentage ()1 basal

( 1 ) (c 'n )

2 1 0

t9l

1220

1 t 3 0

1300

l 3 l 0

1'110

I llt)

16l i

22r)

18.,t
2E Califomia black oak
2l Douglas-lil

53 Douglas l-rr
29 Calilbmia black oak

32 white fif
25 Califbrnia black oak
17 Dougl.rs-tir

32 !1'hiie fil
2 l  Douglus l i r

18 \\hite fir
2 l  Douglas-I i r

58 ponderosa pine

l6 sugar prne

l2 incensc ccdar

.17.8

16.9

There were few rccording trees before 1750
and atier 1910 in the maiorjty of thc stud)' sites
(Figure 2). PFI varied signil'icantly with Lower
Pilot Creek (LP) recording shorter intervals than
clusters.l50 and 210 (Table 2). CFI at the Clo
spatial scale varied significantly \\, ith Lq Uq 292.
and 390 having shorter CFI than clusters 450 and
210 (Table 3). CFI at the SC l0 spatial scale were
intermediate in comparison to the PFI and C l0
spatial scales (Table 4).Years when both Blodgett
rnain and Pilot Creek burned included 1750, 1768,
1812, 1829. 1865, and 1870. Fire scars occurred
most tiequcntiy in latewood ofthe annual growth
rings with fewer scars at lhe dng boundary asso-
ciated with domant season tires (Table 3).

Temporal analyses determined that in t$o of
thrce clusters (C l0 spatial scale) in Blodgett main
with sullicient sample depth, CFI t'rotn 1750 1849
were significantly shoftcr than the CFI fiom 1850-
1900 (Table 5). No signitrcant dift'crences were
detected in the Pilot Crcek plots. After 1900, tircs
\\,erc rare but the number of rccording trees de-
creased alter 1910 (Figure 2).

Superposcd epoch analysis revealcd a signifi
cant coffelation between the PDSI6 (ClearLake)
and 25clo scar class tires. for a wet year preced-

ing the firc event, and a drought year the year of
the fire evcnt (Figue 3). PDSI 13 (east Lake Tahoe)
was also signilicantly correlatcd with the 25clo
scar class fires, but only for a drought year the
year of the fire event (Figure 3).

Discussion

Thc results from this work indicatc that lire was
a common ecosystem process in the mixed coni-
t-er tbrests of the north-central SierraNevada. The
seasonality of past fires in the north-central Si-
erra Nevada differs from that repofed elsewhere
with the majority of Blodgctt fires recorded in the
latewood ofthe annual growth rings (Table 3).

The local incense-cedar mastcr tree-ring chro
nology facilitated crossdating. This is thc first fire
history study to use primarily incense-cedar in
No h America. A related species in the
Cupressaceae, Chilean cedar (Austrocedrus
cliilerrls). has been used to analyze fire, climate,
and Iand use intcractions in forests of Argentina
(Kitzberger and Veblen 1997).

Past railroad harvesting scverely limited the
number of fire scar samples l'ailablc fron this
areaofthe nofth-central Siena Nevada. Live trees

16 Stephens and Cdlins
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Figure L Fire ,icaf \ample loc.rlioDs liom Blodgefl Forest Research Sralion.
Georgeto$n. Califbrnia. Localion ()1 Blodgetr Forest Rcscarch Slalion is
pi\,en in the upper comer oi the iigurc.

IABLE L Point fire retum inrenals lioln Blodgcll Forcsl
Research Stat ion,Georgetown.Cal i ibmiu.Nlean
lalues in a column fbllowed b] the sane letlcr
are noI significantl)- difierenr (P<0.05).

Iv l in imun Al l t rees
N{cdian naxinrum average

Nlcan iirc fire fire Numbef coefficient
intenal intefval inler\. 01Iire o1'

Cluster (yr) (,""r) (,,"r) intcn'als \arlatron

with tirc scars were rare. a testimony to the etfi-
ciency of the past railroad harvesting. Incense-
cedar dominated thc 1935 Blodgett invenlory and
this is consistent with early logging operations in
the norlh-central Siera Nevada that commonly
focused on Lhe high-r aJueJ pun,.lertr.u pine. .ugar
pine, and Douglas-fir (Stcphcns 2000r.

Railroad harvesting of similar intensitl, and
du[ation was common in the northern and cen-
tral Sierra Nevada (Laudcnslayer and Darr 1990).
Rarity of live fire scarred trees and heavily de-
composed remnant materials have probably con
tdbuted to the lack of published fire history in-
formation from the north-central Siena Nevada.
The majority of fire history information in this
study came from trees harvested -100 yr ago

UP

LP

2 1 0

292

190
,150

| ] .0-

1 7 . 1 "

1.1.9."

13.1, .

10.2

10 .0

8.0

1 3 . 5

l 2

9

1 5

l- l l

3--15

6-.t0

r-53

3  9 l

65

l 1 3
'79

l7

0.68

0.62

0.5,1

0.68

0 .91

0.96
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TABLE L Cirnrposilc clusler fire histor] statistic! fron Blodge[ Foresr Re\earch Station. Ccolgclo$n. Ca]ifofnia (filrer of loti
of lamplcs scared .rnd a ntinimum scar class of 2). Vean !.rlues in a colum. ibllowed by the same leiter arc not
s isniUcan! l !  d i l terer l  tP < 0.051.

Clluslel

Nlean Nledian Firc
fire fire interval

intel\al interlal rangc
()r)  ( ,vr)  lyr)

Number Numbcr
offire ofllrc

Area scaned scars ln
sanpled samtles each

(ha) col lected c luslcr

Scals with
scason Late$ood Dormant

idenlilied lifes fires fircs
t.'tr ) (c/i) (ta) Aspect

LTP

LP

: 1 0

t9:

390
'150

Pilot Crcck

Blodgelr main

6.0 3-12

5.0 3,10

1 0 . 0  2 1 1

5.0 2 29

6 .0  2 ,13
'7.0 3-22
, 1 . 5  3 l E

.l  1-28

30 sw
16 sw
JO NE

21 E. \E

16 sw
33  NE

2 l

: l  -

8.8.

7.1.

10 .5 "

6.5.

5.',7

L l

1

t l

l 3

1

l 5

11

73

59

126

9l
.1.1

l t 0

.1.13

26

60

55

1 t

l0

70

19

8:l

61

19

19

l i

l l

l 5

l 5

TABLE ,1. Composite sub chtslcr llre histor! siatistics from Blodgefi Forcn Research Starion. ceofgetow.. California (lilter of
1 0 9 ; o f s a m p l c ! s c a r r e d . r D d r m i n i m u n s c a r c l a s s o f 2 l . T h c r c w e r e i n s u f i i c i e n t f i r e i n t e n a l s , a ! a l i l l e r o f l { l 7 o f
samples scarred and l minilnun scar class of2, to creatc sub cluners in UP and,150.

Cluncr

Nunber
of lire

Sub cluster

Median iirc Fire inter\,al
r l r tc l l l l  range

(r'r) (yr)

Ye.u
Coefficient ol lan
of !:riation iirc

l _P

2 l t )

292

190

N0nh

South

N0rlh

South

East

Certral

Er\t

Ccntral

11 .1

13 .6

t3 . r )

t 2  l i

l l . 7

1.1.8

l{). ,1

10.5

1 1 . 3

6 : 1

1-t2

2 ) 1

t0-22

9 - 1 9
.l-25

5 2 9

1-)1

l-20

0..11
0.33
0.,1I

0 .32

0.25

0.55

0.63

0.71

0.56

0.39

l 9 2 l

1882

1898

Il i65

1851

1838

1899

rE52

1865

1900

IJ

l l

1 3

l 0

t 2

6

9

3
l

l

5

5

t

I

5

5

9

l 0

1

E

9

t )

5

t l

I

TABLE 5. Temporal analysis of ean compositc lire inGr
\als f rom Blodgett  Forest  Rcsearch Str t iLrn.
Geofgeto$lr. California. Plot sparial \cale 8 15
ha. Mean ralues in acolunn lbllowedby the saDe
letter and not signiiicandy diffcrcl1t (P < 0.05).
Therewere insufficicnl ll.c inleNrls. al a l-rlter of
10t7. ofsamfles scarred and anlininuln scar class
of2, to perlbrln anal) sis in clustcr,l50. CFI: colr
posile fire inter\'.rl.

(Figure 2) and many stumps had no structumlly
sound wood available for sampling. High annual
precipitation has contributed to rotten rcmnant
materials and incense-cedar was the most peISis-
tent specics in this environment.

While the exact plot locations of an 1899 mixed
conil 'er inventory are not precisely kno$'n
(Stephens 2000), one occurred inside the bound-
aries ol Blodgett Forest (Bob Heald. University
of Califomia Center for Forestry. personal com-
munication). The 1899 forest structure data were
collected before the intluences oflogging and tire

Plot 2tt) 292 390 UP

CFI 1750 18,19 9.0' 5.1" 6.1" 7.9"

cFI 1850-1900 15.3F 23.5h 8.0, 8.3"

LP

6..r.
9.2.
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Filrure 2. Fire hislory fron Blodgell Forest Research Slation Ccorgetown Calilbmja Each horizonhl
' 

line is a tiie record froil a single lree Hori/ontal dashed and soljd lircs indicac null and re

corder ycars. respectrlel). Null ycars a|e rot includcd in 1-]rc intef!' nati\tics The verlical

liles iniicatc a fiie scarfron a single lrce The conrposile ident;fLes years whcn fire\ sc'rred >l

lrccs and >25t: ol rccotuing lree\'

suppression but are biased to arcas that contained
only large trees. Sorne areas of mixed conif-er

fbrests in the north-central Sierra Nevada had

average trce density. basal arca, and dbh of 225

trees/ha. 140 m:/ha. and 90 cm (Stephens 2000)

Current forest density is similar to that rccorded

in the 1899 inventory but mean dbh is -50qc lower

Since thc 1899 data were biased to includc only

arcas with large trees. we canrol fully compare

them to contempomry data that include intbnna-
tion fron all areas of thc forest.

Diflerence in sampling mcthods and the size

o l  s i rmp led  arer5  (omPl i \3 le \  CFI  comprr is . rn r
between fire histor)' studies As sampling arcas

Figurc 3. Supcrposedcpoch analysis of lires scarnlg more lhan

25ti oftfees and a ninimum oftr\o trccs scaffed pef

f i rc  conpared lo reconslructed summef Palmer

Droughl Severilr- lndexes ibf easlcrn L&c Tahoe'

Nevada (Grid Pojnt l3). and Clear Lake. California
(Crid Poinl6). HoriTontal solid lines and dashcd lines

nrdicate 99% and 95+ perccnt coniidence inlcr\'als'

based on l'lonte clarlo sinulations (S\\etnanr and

Betancourt  1998).
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increase thc rcsulting mean fire intervals wil l de-
crease because more fire events will be includcd
in the summary firc statistics (Tables 2,3, and 4)
(Baker and Ehle 2001). In this study, we present
lire statistics at several spatial scales and cncour-
agc others to do so. If all fire history research
l rom lou  .e re | i t5  rcg imt .  rcponed t i re  s ra t i . r i cs
at the PFI and SCl0 spatial scales. it would al-
low tbr robust comparisons between diverse lo
cations. We agree with Baker and Ehle (2001)
that i1 is appropriatc to present fire regime statis-
tics at several spatial scales to provide evidence
of vadability in burn paltcms.

There is a general trend ofincreasing latewood
iurd growing season lres southward frorr the south-
cnl Cascades to the southern Sierra Nevada (Table
6). Dormant season fires dominate in the north-
em lati ludes. lalc scason in the nofih-central Si-
err.r Ner rrIr. urrd l ir le \eil\on dnd e rou ing 5er.on
fires in the southem Sierra Ncvada. Seasonal in-
terpretation of scarposition requires cambia phe-

nology studics to characterize tree ring growth
within a year at different locations and elevations
(Capdo and Swetnam 1995). Seasonality ofpast
fires in the Rocky and BIue Mountains also tbl-
lows a latitudinal gradient with predominantly early
season fires in the south al]d late season fires in
the north (Brown and Shepperd 2001, Heyerdahl
et al. 2001).

Temporal analvsis detemined that twe of three
fire scarclusters in Blodgctt main had significantly
shorter CFI t'rom 1750- I 850 (pre historical pe-
riod) when compared to 1850-1900 (historical
peiod) (Table 5). The Pilot Creek clusters wcre
not significantly different. Native American ig-
nitions were probably elin.rinated in thc 1840s and
1850s becausc ofthe demise ofthe Nisenan cul-
ture. The decrease in Blodgett main CFI around
1850 is possibly explaincd because of its easier
access, gcntler topography. and impacts of live-
stock grazing that could havc reduced herbaceous
fucls. Pilot Creek was accessed at a later t ime by

'1ABLE 
6. I-ire histor) infomralion liom thc soulhcm C.rscades and Sierra Nevada belbre the impacl of Euro Anerican sertle-

Arer and legetauon

I,ledian
FRI
( )  r )

FRI

fange
(rr) (ha) T,!pe

S0ulhem Cascrdes.
JciiiJ,"- pinc whirc iir

Southem Ca\cades.

\0lth centrrl Sierr:r
N.\.rdr. mired conilef

\olth-centr.r1 Sie|r.r
Nc!rda.  mixed co ler

S0ulhem cenlr :
Sierra lievada

Yoscmilc NP

Southern Sierra
Ne!adr. giant

coni fer .  Sequoia NP

Soudrern Sierra
Ne!ada. mixed

Home State l-brest

r - l . l 3  1 6

82?c D. Ic.,
L ,  1 0 %  M E .

lcr LE

90'z D.5C.
L.57.  ME

2Ic/c D.
19'/c L

2l7c D.
19./. L

23c/c D.
5:17. L, 18%
1"E. ,17. \,1E.

l1ti. EE

Taylor 2000

Beaty and
Taylor 2001

this work

this sork

1998

Kilgorc and
Tavlor 1979

SwetDam et  a l .

r998

7 .5

I

8- 15

.1 5

2,3

2-29

|  2 1

3 -91

2-19
2-21

3 5
8 - 1 5

20-50

pornl

20|./ D,
61./. L. I6q.
LE ,  1% ME

D domanl, L late\rood. LElate earlyu{)od, VE-middle eaflyx ood. EE-earl,v carlywood. n.a. nc'( a\ ailable. FRI-fire rcturn intcrval.
NP Naliolal ParL.
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Euro-Anrericans because it is n-rore remote, it has
much steeper topography. and a perennial stream
had to bc crossed fbr easy access. After 1900.
fires were rare. u'hich agrees with other research
in the SieraNevada (Husari and McKeivey 1996).
Livestock grazing and changing climates may havc
influenccd this fire regime in the 20th century
(Millar and Wolfebden 1999. Stcphens et al. 2003 ).

Clusters 2l0 and.150 recorded thc longcst CFI
at the Clo spalial scale (Table 3.1. PFI reflect a
similar trend but are - 5-6 yl longer (Table 2).
Clusters 210 and 450 are locatcd on nofth and
nonheastern aspects, whereas the majority ofthe
other plots arc on drier seuthwest aspect (Table
3). Differences in aspect and loca1 fucl charac-
leristics probably contributed to the differing nean
lire return inteNals (MFl). A possible confbund-
ing factor is sanlplc composition ofclusters 210
and 450 that vere 100% incense-cedar in con-
tmst to the other plots that contained some pon-
derosu pine samples. Diftering abil it ies of spe-
cies to record and presgne the fire record is other
possible explanation of why the MFt wcre sig-
nil icantly difTcrent (Stephens 200 l ).

Large fire year s were conelatcd to drought years
and, when thc Clear Lake PDSI was used. to a
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