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Microscopic charcoal from varved Santa Barbara Basin sediments
was used to reconstruct a 560-yr record (A.D. 1425 to 1985) of Santa
Ana fires. Comparison of large (>3750 wm?) charcoal with docu-
mented fire records in the Santa Barbara Ranger District shows that
high accumulations correspond to large fires (=20,000 ha) that oc-
curred during Santa Ana conditions. The charcoal record recon-
structed a minimum of 20 large fires in the Santa Barbara region
during the study period. The average time between fires shows no
distinct change across three different land use periods: the Chumash
period, apparently characterized by frequent burning, the Spanish/
Early American period with nominal fire control, and the 20th cen-
tury with active fire suppression. Pollen data support the conclusion
that the fire regime has not dramatically changed during the last 500
yr. Comparison of large charcoal particle accumulation rates and
precipitation reconstructed from tree rings show a strong relationship
between climate and fire history, with large fires consistently occur-
ring at the end of wet periods and the beginning of
droughts. © 1999 University of Washington.
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INTRODUCTION

California was one of small frequent fires that created a fin
grained vegetation mosaic, which prevented large fires. Lan
sat images from southern California and Baja California for th
period A.D. 1972-1980 showed that Baja fires were freque
and small, whereas southern California fires were fewer al
much larger. Baja California has no policy of fire suppressio
and Minnich reasoned that, without fire suppression, the pr
historic fire regime for southern California would have bee
similar to the pattern found today in Baja. In contrast, Saut
(1977) suggested that because chaparral commonly burns c
ing Santa Ana conditions the fire regime has probably not be
substantially altered by human intervention.

Efforts to determine long-term fire history in chaparral hav
relied largely on proxy evidence. Standard fire-scar method
ogy can not be used because fires are stand-replacing .
shrubs are short-lived<(100 yr). Charcoal in sediments pro-
vides another method of reconstructing fire history (Swail
1973; MacDonaldet al., 1991; Millspaugh and Whitlock,
1995; Bradbury, 1996; Clark and Royall, 1996; Clakal.,
1997).

Byrne et al. (1977, 1979) analyzed charcoal accumulatio
rates in varved sediments from the Santa Barbara Basin for
period A.D. 1931-1970. They reported a significant correlatic

Wildland fires consume thousands of hectares annualigtween total acreage burned per year in the Santa Barb
throughout California. Periodically, large fires bur20,000 Ranger District of the Los Padres National Forest (LPNF) ar
ha. In southern California, such fires typically occur in latthe accumulation rate of large particles of charcoaB{50
summer and early fall during Santa Ana conditions, charactesm?).
ized by low relative humidity, high temperatures, and strong Two major peaks in large charcoal particle accumulatic
northeasterly winds (Davis and Michaelsen, 1995). Conflagrate were associated with the two largest fires within the Sar
tions in southern California have been suggested to be Rarbara Ranger District, in A.D. 1955 and 1964 (Figs. 1 an
artifact of fire suppression, begun in the early 1900s (MinnicB). Both fires occurred in late summer/early fall under San
1983). Minnich argued that the natural fire regime in southeAna conditions (Table 1). Large fires50 km from the core
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TABLE 1
Fires Greater than 12,000 Hectares for the Period 1911 to 1990 on the Los Padres National Forest and
Adjacent Areas in the Santa Barbara Region

Start date Total ha (acres) burned Cause Name District
9/28/1917 12,800 (32,000) Unknown Piru-Sespe ORD
8/7/1921 27,872 (69,680) Brush burning Creston SLRD
9/14/1922 23,840 (59,600) Incendiary Kelly Canyon SLRD
9/1/1923 28,000 (70,000) Smoking Oso Canyon SBRD
9/1/1928 17,152 (42,880) Smoking Aliso Canyon MPRD
8/19/1933 12,320 (30,800) Smoking Indian Canyon SBRD
9/7/1932 87,701 (219,254) Campfire Matilija ORD
7/10/1953 29,400 (73,500) Powerline Big Dalton SLRD
9/6/1955 33,908 (84,770) Burning bldg. Refugio SBRD
9/22/1964 26,800 (67,000) Unknown Coyote SBRD
6/11/1966 37,440 (93,600) Plane crash Wellman SLRD
7/1/1985 47,744 (119,361) Incendiary Wheeler #2 ORD
10/14/1985 18,284 (45,710) Incendiary Ferndale ORD

Note.Data were obtained from the Los Padres National Forest fire database. Ranger districts are as follows: SBRD, Santa Barbara Ranger District; C
Ranger District; SLRD, Santa Lucia Ranger District; MPRD, Mount Pinos Ranger District. Fires listed are mapped in Figure 1.

site were not clearly evident in the charcoal record. They The eastern flank of the Pacific high-pressure cell dominat
suggested that large charcoal particles were most likely depsammer weather in coastal southern and central Californ
ited by Santa Ana winds associated with conflagrations ne@irculation around the high produces persistent northweste
the coast (Byrnet al.,1977). Analysis of a core spanning A.D.surface winds that flow roughly parallel to the coast. As th
730-1505 identified large charcoal accumulation peaks eq@alcific High weakens and shifts southward in early fall, tray
to or greater than those from the A.D. 1955 and 1964 sampkeig high- and low-pressure centers associated with the No
(Byrneet al.,1977). The authors suggested that very large fir@acific storm track begin to affect the orientation of pressu
must have a long history in the Santa Barbara region; howevgradients along the northern and eastern edge of the Pac
they had no data documenting the critical prehistoric/historigigh. An anticyclone trailing a traveling cyclone through the
transition. Pacific Northwest can push the eastern edge of the Pacific Hi

This paper presents new charcoal evidence from the Sajpi@ the Great Basin, shifting large-scale wind patterns fro
Barbara Basin and represents the first high-resolution charcastthwesterly to northeasterly. This pattern leads to warm, d
study spanning the prehistoric and historic periods in southegit moving from the interior into coastal southern California
California. First we replicate the study of Byret¢ al. (1977) As these northeasterly winds move downslope, temperatt
for the period A.D. 1931-1970 and compare our results to th@d wind speed increase and humidity decreases. These
LPNF wildland fire database. We then reconstruct a 560-ylassic ingredients of the hot, dry Santa Ana winds. Typicall
record of Santa Ana fires~20,000 ha for the period A.D. Santa Ana episodes will persist for about 2—3 days (Baile
1425-1985. Finally, we compare the charcoal record with1®66).

climate record reconstructed from tree rings to see if there iS\while the wind-driven wildfire events occur in late summe

any relationship between climate and fire history. and early fall, the Santa Ana meteorological pattern is mo
common during winter. Hourly readings at the Santa Barba
STUDY SITE AND METHODS Airport show winds between compass headings 330°-6
. (north-northwest to east-northeast) 15-17% of the time b
Study Site tween October and March, 13% in April, 10% in May9% in

Santa Barbara (Fig. 1) has a winter-wet, summer-ddune—August, and 10% in September.
Mediterranean-type climate. Physiographically, the region is Santa Ana winds and related downslope wind events are
atypical of coastal California because of the east/west trendiingportant part of the current climate of the region. While th
mountain ridges (Transverse and Peninsular Ranges). Hyaoptic meteorological conditions that produce them are we
Santa Ynez Mountains rise abruptly north of the coastal plainown, there has been no research on variability in the fr
Vegetation is dominated by fire-adapted chaparral taxa, incluglsency of events on interannual and longer time scales. T
ing Adenostoma fasciculatum, A. sparsifolium, Arctostaphyloseteorological conditions are not particularly unusual, hov
glandulosa, A. tomentosa, Ceanothus megacarpus, C. spipwer, requiring that the North Pacific storm track be active |
sus,andC. cuneatugKeeley, 1992; Hickman, 1993). the Pacific Northwest and Great Basin. It seems likely, ther
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FIG. 1. Map showing the study area and major fires. The coring location identifies the area where core SABA 87-1/88 and core 262 §Byt8&9)
were taken. Fires shown arel2,000 ha and numbers refer to the year of the fire (Table 1). Ranger districts shown within the Los Padres National For
Santa Barbara (SBRD), Santa Lucia (SLRD), Ojai (ORD), and Mount Pinos (MPRD). The Los Padres National Forest, Santa Barbara District region:
provided fire maps. The different gray tones are intended to help separate the different burned areas. Modified franaBy(fir8¥9).

fore, that Santa Ana conditions have occurred periodicallygical data (Soutar and Crill, 1977). Core recovery and sar
throughout the period of this study. pling are described in Schimmelmaanhal. (1990, 1992). The
The sediment cores upon which this study is based (SAB#ecision of the time scale i 1 yr for the period A.D.
87-1 and 88-1) were collected in the Santa Barbara Basin (3W00-1987 and:- 2 yr at the A.D. 1840 level (Schimmelmann
11'-34° 16N: 120° 01-120° 08W) (Fig. 1) by investigators et al., 1992). Downcore, the precision deteriorates to appro.
from Scripps Institute of Oceanography. Water depth in thmately = 10 yr at the A.D. 1425 level (C. Lange and A.
central basin is ca. 590 m and the bottom waters are normaghimmelmann, personal communication, 1992).
anoxic. The absence of bottom fauna allows differences in
seasonal sediment density to be preserved as seasonal IanWH
tions or varves. Laminated anaerobic sediments are found onhA. Schimmelmann kindly provided us with freeze-driec
below 570-m depth in a relatively small region (110 %mof sediment. Sediments from A.D. 1931-1970 were subsampl
the basin (Soutar and Crill, 1977). A continuous highat ca. annual intervals to replicate the study by Byehel.
resolution varve chronology has been developed for the 1&$077) and to compare charcoal accumulation rates with LPI
560 yr (Soutar and Crill, 1977; Schimmelmaanal., 1990). fire history. The remaining core sections (A.D. 1425-1930 ar
The chronology has been corroborated by radiometric datiAgD. 1971-1985) were sampled in 5-yr intervals (108 pentad
(Emery, 1960; Koideet al., 1972; Krishnaswamet al., 1973; to reduce the number of samples analyzed and because
Bruland, 1974) and cross-correlation with tree ring and hydrdewncore chronology is not sufficiently precise to justify an

(ér_oscopic Charcoal Analysis
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nual sampling. Results from the A.D. 1931-1970 samples watata for LPNF and adjacent land have been recorded sir
then aggregated into eight pentads for reconstructing long-tefD. 1900 and fire extent has been mapped since A.D. 191
fire history, making a total of 113 pentads. During the origindlotal area burned per year by ranger district on the LPNF al
sampling of the core, varves were sometimes split at subanntred mapped boundary and data on all fitre6000 ha were
resolution, resulting in samples that combined portions froobtained from the United States Forest Service.

different years (A. Schimmelmann, personal communication, The correlation coefficients between total area burned p
1992). For example, the late-season portion of a varve (idgrear and accumulation rates of small, large, and total particl
tified by light-colored sediments) was combined with the earlyf charcoal were calculated for each of the five LPNF rang
season fraction (dark-colored sediments) from the followingjstricts for the years A.D. 1931-1970. Correlation coefficien
year. In one case (A.D. 1955) approximately 0.25% of thgere also calculated for 2-yr periods (year plus one) to identi
varve was initially sampled as part of the A.D. 1956 layepotentially significant lags in charcoal transport. To compal
Because this sampling strategy split a significant late seashe charcoal record with known fire history for this century
fire event between 2 yr, we allocated 0.25% of the A.D. 1956tal area burned was compared with charcoal particle acc
charcoal fraction to the A.D. 1955 varve. In general, aggregatulation rates for the same 5-yr period for the years A.L
ing samples into pentads minimized sampling problems. 1901-1985.

Samples were concentrated following standard pollen anal-For the period prior to 1900, charcoal peaks above a defin
ysis procedures (Faegri and Iversen, 1975). Standard palybaekground level were interpreted as evidence of large fire
logical procedures do not significantly alter charcoal size @te background level was determined by comparing the lar
abundance (Clark, 1984). A known quantity of exotic sporeharcoal accumulation record with the known fire history. W
was introduced to calculate charcoal and pollen accumulatiosed one standard deviation above the mean as the threst
rates (Stockmarr, 1971). Concentrated residue was placedvaiue because this was slightly above the 1965 pentad lal
glass slides for charcoal and pollen analysis. charcoal accumulation rate, which included a known large fir

Slides were scanned using a computerized system consistingl well below the 1925 pentad value, which also included
of a video camera mounted on a compound microscoRrown fire. We first normalized the data to control for shifts il
equipped with a motorized stage (Host al., 1992). The background accumulation rate over the record. Mean charcc
system recognizes charcoal above a threshold optical dengitylen, and sediment accumulation show four distinct synchr
calibrated with known charcoal particles. Hoeh al. (1992) nous shifts (see Results, Fig. 4) over the last 560 yr. Transitio
found that scans of 200 fields:(0% total slide area) provided between these shifts are particularly abrupt (Table 4), occl
accurate counts. We measured 20% of the total slide argiag within the span of about 5 yr. We normalized the larg
examining a minimum of 500 fields with a X6objective and charcoal data by dividing each value by the mean accumulati
an image capture size per field of 550330 um, or 90 mni. rate for that period (from Table 4). We then calculated th
Al particles >3750 um* were individually verified to correct standard deviation for the entire period of record (A.D. 1425
for system misidentification. Exotic spores were counted dur985s) to determine the threshold value for inferred large fire
ing pollen counts for 59 samples. For the remaining samples
(54), spores were counted along transects covering a minimfifhe Series Analysis
of 20% of the slide. Charcoal concentration was calculated
from exotic spore counts and the known volume of sediment. The charcoal data were compared to Santa Barbara Ba
Charcoal concentration was divided by the number of varvedrve thickness records determined by Schimmelmeainal.
years per sample to calculate charcoal accumulation ra(@890, 1992) and Santa Barbara precipitation reconstruct
(mm?* cm 2 yr ). from tree rings (Haston and Michaelsen, 1994). Santa Barb:

Charcoal particles were divided into two size fractiondasin varve thickness has been shown to represent smoot
small (312-3750um?) and large 3750 um?®) following records of regional precipitation (Soutar and Crill, 1977). Th
Byrne et al. (1979). Byrneet al. (1979) counted charcoal raw thicknesses show a strong decreasing trend downcore 1
visually using a 25wm ocular grid. In their study, large char-is related to changes in water content due to compaction of t
coal was defined as>6 grid squares %3750 um?®). This sediments. This trend was fit using an exponential trend ov
minimum size (approximately 0.061 mm in diameter) comtime and removed by dividing the raw values by the trend-lin
pares closely with the smallest of three size fractions recentlglues. Biondiet al. (1997) fit and removed the trends using
tested by Whitlock and Millspaugh (1996). In that study, thesnore complex method based on singular spectrum analysis,
found that the smallest size fraction (0.063—-0.125 mm mirtiley report that the simple exponential fit produced very sin
mum diameter) identified the same trends in charcoal abular results. The dendroclimatic precipitation reconstruction |
dance as did much larger charcoal particle®.25 mm). for rainfall season precipitation (September—August) at Sar

Reconstruction of fire history from microscopic charcodarbara and is based on big-cone sprueseidotsuga mac-
requires a good understanding of the charcoal source areaarpa chronologies developed for three sites in the mour
(Swain, 1973, 1978; Cwynar, 1978; Patterstal.,1987). Fire tains of Santa Barbara and Ventura Counties. The overall s}
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FIG.2. Charcoal accumulation rates for the years A.D. 1931-1970 from the Santa Barbara Basin SABA 87-1/88-1 core, accumulation rates for large
of charcoal from core 262 (Byrnet al., 1977), and total acreage burned per year on the Santa Barbara Ranger District, Los Padres National Forest. A
scale differs among graphs.

of the reconstruction is reasonably good, with a cross-validateides time scales longer than 100 yr and a band-pass filter t

variance of 54% explained (Haston and Michaelsen, 1994)emphasizes variations on 20- to 100-yr time scales. The filte
The various time series showed varying degrees of coriag was accomplished by applying a Fourier transform to tf

spondence and different lead/lag relationships at different tirtime series, multiplying by the frequency response of either t

scales, so spectral analysis was chosen as the main statistmaipass or band-pass filter in the frequency domain, ar

tool for identifying and testing the relationships among thiaverse transforming back to the time domain (Bloomfielc

variables. Auto and cross spectra were estimated using a p@76). This approach is directly analogous to applying appr

riodogram smoothing approach (Jenkins and Watts, 1968) wihately weighted moving average filters in the time domain.

a modified Daniell smoother spanning nine frequency bands,used here for the convenience of being able to specify

followed with one spanning five bands (Bloomfield, 1976). Thigequency response directly rather than having to determine t

resulting spectral estimates had approximately 17.6 degreeslofdpe and length of an appropriate set of moving avera

freedom and an effective bandwidth of 0.052 cycles/decadeeights.

The primary statistics of interest were the coherence and phase

of the cross spectrum. Coherence is a measure of the percent- RESULTS

age variance shared in common by two time series and is

comparable to an’® value that varies as a fu_nct_u_)n of fre'CaIibration of Charcoal with Fire History

quency. Under the null hypothesis, the 0.05 significance level

for an estimate with 17.6 degrees of freedom and no coherenc&mall charcoal (312-375am?) accumulation rates range

is 0.32. The phase gives the amount by which one series lefsn 0.65 to 6.47 mrhicm * yr ' and contribute 75-100% of

or lags the other. The values are initially in radians but can ltee total (Fig. 2). Large charcoat-@750 um?) accumulation

converted to time lags in years. rates range from 0 to 1.38 nfnem ® yr *. No significant
Time series were filtered using a low-pass filter that empheerrelations were found between small and total charcoal &
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FIG. 3. Accumulation rate of large particles of charcoal, percentages of selected pollen taxa, and total pollen accumulation rate for the peric
1425-1985 from the Santa Barbara Basin SABA 87-1/88-1 core. Samples are aggregated into pentads. The thin vertical line in the normalizeddhrge
graph represents the threshold value for large fires, one standard deviation above the mean (1.78). Inferred large fires are markedneitmdines from
this century are marked withya Pollen values are presented as a percentage of the total terrestrial pollen sum. RhanmtnRosaeeae includes the genera
Ceanothus, Adenostomand RhamnusPoaceae includes all grasses.

cumulation rate and total area burned for 1-, 2-, 5-yr periodsiethodology. Byrneet al. (1979) worked with wet sediment
For large charcoal, no significant correlations were identifiethd counted charcoal visually. Our study used freeze-dri
between accumulation rate and area burned by district, in thediment and counted charcoal with an automated scann
same year; however, for the Santa Barbara Ranger Distsgstem. Automated systems create light bleed around the ed
there was a significant lagged correlation between the amdacharcoal particles that potentially cause underestimation
burned and charcoal accumulation for the year of the fire plasge and can reduce the total number and area of charc
the following year £ = 0.43,p <0.05). The two largest fires in particles (MacDonalet al., 1991; Hornet al., 1992). Freeze-
the Santa Barbara Ranger District during the period A.[drying may have also caused some breakage. However,
1931-1970 were in A.D. 1964 (26,800 ha) and A.D. 195&milarity in findings between the two studies is quite goo
(33,900 ha) (Table 1 and Fig. 1). The highest peaks in largesen that the analyses used different cores with independer
charcoal accumulation rate (A.D. 1955 and 1965) coincidgeveloped chronologies and measured charcoal by differe
with or fall within 1 yr of these events. An offset of 1 yr ismethods.
within the published precision of the SABA 87-1/88-1 core For pentads (A.D. 1901-1985) we found no significant co
chronology. relation between small and total charcoal accumulation rat
The pattern of peaks in large charcoal accumulation ratesd hectares burned in each district. However, a significe
corresponds well with those found in the earlier study by Byrreorrelation was found between large charcoal accumulatit
etal.(1979) (Fig. 2), although the absolute amount in our studgte and total area burned on the Santa Barbara Ranger Dist
is smaller. This may be due to differences in core handling afd= 0.74,p < .001). The A.D. 1925 pentad had the highes
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TABLE 2 Reconstructed Fire History
Pentads with Inferred Large Fire Events for the Period A.D. .
1425-1900 and Known Large Fire events for the Period A.D. The pre-1900 record of large charcoal accumulation ra
1900-1985 (Fig. 3) shows 20 peaks with values one standard deviati

above the mean. Each peak represents an inferred fire

Pentad with Years since Average time  >20,000 ha. Large fires occur in every century, with th
Cultural period fire last fire between fires |ongest period between fires being 75 yr (Table 2). The reco
has been divided into three cultural periods representative

AD. 1900-1985 15(;5 330 23y different attitudes toward fire. Period 1 (A.D. 1900-1985
1925 30 represents the period of active fire suppression and historic
records (Minnich, 1983; USFS Santa Barbara fire data). Peri
A.D. 1770-1900 1895 5 2 (A.D. 1770-1900) encompasses the early period of Span
1890 10 and American occupation characterized by a policy of fir
1880 75 29 yr . . .
1805 o5 suppression, but with little means of enforcement (Barref
1780 30 1935). Period 3 (A.D. 1425-1770) represents the Chuma
period during which fires were purposely set along the coas
A.D. 1425-1770 1750 60 plain (Timbrooket al., 1982). The average interval betweer
1228 3(5) large fires for each period is 23, 29, and 21 yr, respective
1655 5 (Table 2).
1650 45 ) , )
1605 25 Time Series Analysis
1222 fg 2Lyr None of the autospectra (not shown) had significant spect
1530 5 peaks, indicating a lack of periodicities in the records. Th
1525 10 autospectra did show evidence of different degrees of pers
1515 15 tence and partitioning of variance by time scale. Table 3 give
ﬁgg ig the percentages of variance for each record on long time scz
1455 >0 greater than 100 yr, intermediate time scales between 20 &
1435 100 yr, and short time scales less than 20 yr. The range is gt

broad, with almost no variance on long time scales for the tr
Note.Pentads include the years prior to the date given; i.e., 1895 includémg precipitation record and large charcoal accumulation rat
the years A.D. 1891-1895. Cultural periods are defined in the text. to substantial amounts of variance at long time scales and ve
little at short time scales for the varve thickness and polle
records. The small charcoal accumulation rate has variar
large-charcoal accumulation rate (1.1 fnem* yr ") for the spread fairly evenly across all time scales. These differenc
560-yr record (Fig. 3). This pentad included the second largegflect a combination of varying sensitivities and respon:
fire in the Santa Barbara Ranger District (28,000 ha) in 192Zhes to environmental forcing and different degrees of pre
(Fig. 1, Table 1). The pentad with the second highest largessing the data. The information in Table 3 needs to |
charcoal accumulation rate, A.D. 1961-1965, included th®nsidered when interpreting the cross-spectral results, |
third largest fire on record (26,800 ha) in A.D. 1964. Theause high coherence at time scales where there is little ve
largest fire (33,900 ha) was in A.D. 1955, but was less appareiice is not generally very meaningful. Large charcoal is ¢
in the record, probably because our sampling strategy split therent with tree ring precipitation on 20- to 40-year time
charcoal from this event between two pentads. scales.
Normalized values for large charcoal accumulation rate by The temporal record of the coherent century-scale oscillati
pentad are plotted in Figure 3. Despite the smoothing effect
caused by averaging over 5 yr, the 1965 pentad, which in-
cluded one fire>20,000 ha, had the highest accumulation rate TABLE 3
for the A.D. 1931-1970 period. This shows that a single Partitioning of Variance (%) by Time Scale
conflagration can deposit enough large charcoal in the Santa
Barbara Basin to produce a significant peak even when annual

100-500 yr  20-100 yr  10-20 yr

samples are aggregated into pentads. Peaks greater thanpp&gpitaﬁon 6.3% 49.0% 24.7%
standard deviation above the mean (1.78) were consider@ge charcoal accumulation rates 12.5% 42.3% 45.1%
large fires. Charcoal peaks approaching one standard deviagomll charcoal accumulation rates 27.0% 39.3% 33.7%
may also represent large fires but were excluded from consyd.ve thicknesses 42.2% 40.3% 17.5%
Total pollen accumulation rates 59.3% 35.0% 5.7%

eration in our analysis.
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FIG. 4. Low-pass filtered versions of the records of the total pollen accumulation rate, small charcoal particle accumulation rate, large charcoal
accumulation rate, and varve thickness records. Dividing by the standard deviation of the unfiltered record standardized each filtered series.

is depicted in the graph of the low-pass filtered records (Fig. 4jgnificantly different, not only in the pollen accumulation bu
The magnitudes of the oscillations give indications of thalso for several transitions in the charcoal accumulation al
proportion of the total variance they represent. The samarve thickness records (Table 4).
pattern is present in all the records: low values prior to A.D. Tree ring and large charcoal band-pass filtered time ser
1600, high values continuing to ca. A.D. 1750, low values t@cords are shown in Fig. 5. The coherence between lat
ca. A.D. 1850, and moderately high values to the present. Tparticles of charcoal and tree ring widths is significant (cohe
phase spectra (not shown) indicate that all four records amece= 0.32,p = 0.05) for a broad range of periods from 25
within one pentad of being in phase. The smoothing producer39 yr. The broadness of the coherence peak indicates that
by the low-pass filter makes these oscillations appear graddhictuations tend to follow similar patterns but with no clea
but the unsmoothed data show abrupt transitions. This is pperiodicity. The phase relationship shows that the two recor
ticularly clear in the total pollen accumulation record thaire about one-quarter cycle out of phase, with precipitatic
appears to have four regimes. The averages for the regimespaks leading large charcoal peaks by about 5-10 yr. Hi
accumulations of large charcoal tend to occur at the end of w
periods (beginning of droughts) while low accumulations c

) TA_BLE 4_ ) large charcoal occur at the end of droughts (beginning of w
Means for Different Time Periods in Years A.D. ;
periods).
1425-1605 1610-1745 1750-1850 1855-1980
DISCUSSION
Tree ring
Po‘flf:'z'ctgﬂmgg art 451 44.5 44.6 The evidence indicates that Santa Ana fire events are
(grains cm?yrY) 2750 5390* 3160* 4540* corded in the cores as peaks in the accumulation of lar
Small charcoal charcoal particles. The large charcoal is transported to the c
(mm? cm2 yr) 1.28 2.02* 1.99 2.55*  site by Santa Ana winds during the fire and by fluvial transpo
Large charcoal within a year of the event. The evidence also indicates th
(mm'’ cm ~yr ) 0.16 0.34 0.24 030 |arge charcoal accumulates in the Santa Barbara sedime
Varve thickness . . .
(standard units) 0.93 1 90 0.83* 099+ €Vven inyears without Santa Ana fires. We assume that most

this background charcoal is brought to the coast by wat
* The mean is significantly different than the mean of the preceding periotfansport. Five drainage systems contribute sediment to t
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FIG.5. Band-pass filtered versions of the tree ring precipitation record and the large charcoal accumulation rate record. Dividing by the standard c
of the unfiltered record standardized each filtered series.

Santa Barbara Basin, the Santa Clara River (51%), the Sadéda show no strong periodicity. However, the average tin
Ynez River (27%), coastal streams (12%), the Ventura Riveetween large fires has remained relatively consistent throug
(7%), and the Channel Islands (3%) (Fleischer, 1972). Theat the record, with no large differences between the thri
correlation between runoff and net sedimentation accumulationltural periods (Table 2). Large fires occurred in every cel
in the Santa Barbara Basin is highest the first year, with thary. Neither the Chumash practice of setting fires nor tt
relationship diminishing to zero over the next 4 yr (Soutar andodern practice of suppressing fires appears to control t
Crill, 1977). In 1969, record levels of runoff (174% normalperiodic occurrence of conflagrations in the region.
and sediment flow were measured in the Santa Clara andNinety-five percent of the total area burned in the LPNF for th
Ventura Rivers (Soutar and Crill, 1977); however, no charcopériod A.D. 1950-1991 was chaparral and only six fires a
peak is evident in the core sample for this year. One and ocmunted for half of all area burned (Davis and Michaelsen, 199!
half years after the flood, one-third of the sediment depositétiese large fires nearly always occurred during summer he
on the shelf remained in place (Soutar and Crill, 1977), sugraves or during Santa Ana conditions. The probability of
gesting that the process of fluvial sediment transport from thédfire >400 ha in the Santa Barbara Ranger Districts is close
coast to the basin is slow. The significant correlation betweearo on days when the maximum daily temperature at Sau
total acreage burned in the Santa Barbara Ranger District @atbara is less than 25°C (Davis and Michaelsen, 1995). T
large charcoal accumulation lagged 1 yr lead us to conclupmbability increases dramatically when temperatures exce
that large charcoal particles produced by conflagrations n&®°C. Human activity is responsible for most fires; howeve
the coast are rapidly transported to the Santa Barbara Basightning is still an important ignition source (Keeley, 1982).
primarily through wind transport during the fire and second- Background levels of both large and small charcoal sugge
arily by fluvial transport the following winter. The high corre-that small fires are also common. Fires at this scale may he
lation between total acreage burned per pentad on the Sareated a fine-grained vegetation mosaic in portions of tl
Barbara Ranger District and the accumulation rate of lar¢gndscape, as suggested by Minnich (1983). However, there
charcoal in the Santa Barbara Basin suggests that large chmar-evidence that such a mosaic acted to prevent Santa /
coal provides a good record of Santa Ana fires. conflagrations. Such fires would have converted large portio
The charcoal record indicates that large fires are part of thethe landscape to an even-age, coarse-grained structure, |
natural fire regime in this region (Fig. 3). These results suppaibly contributing to the importance of seedling-obligate chaj
the conclusions of Byrnet al. (1977) that large fires occurredarral taxa, such as some specie®\dénostomandCeanothus
prior to the modern period of fire suppression. The charco@eeley, 1977).
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. . co_mmen S On an earlier version o € manuscript. Funding for tnis reseal
a_rral over the last 560 y_r (Mensmg, 1999)' There is no apprv(eas provided by the National Science Foundation, the California State Ini
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