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Paleoenvironments of the Torrey Pines State Reserve were re-
constructed from a 3600-yr core from Los Pefasquitos Lagoon
using fossil pollen, spores, charcoal, chemical stratigraphy, parti-
cle size, and magnetic susceptibility. Late Holocene sediments
were radiocarbon dated, while the historical sediments were dated
using sediment chemistry, fossil pollen, and historical records. At
3600 yr B.P., the estuary was a brackish-water lagoon. By 2800 yr
B.P., Poaceae (grass) pollen increased to high levels, suggesting
that the rising level of the core site led to its colonization by
Spartina foliosa (cord-grass), the lowest-elevation plant type
within regional estuaries. An increase in pollen and spores of
moisture-dependent species suggests a climate with more available
moisture after 2600 yr B.P. This change is similar to that found
280 km to the north at 3250 yr B.P., implying that regional climate
changes were time-transgressive from north to south. Increased
postsettlement sediment input resulted from nineteenth-century
land disturbances caused by grazing and fire. Sedimentation rates
increased further in the twentieth century due to closure of the
estuarine mouth. The endemic Pinus torreyana (Torrey pine) was
present at the site throughout this 3600-yr interval but was less
numerous prior to 2100 yr B.P. This history may have con-
tributed to the low genetic diversity of this species.
© 2000 University of Washington.

Key Words: late Holocene; Los Pefasquitos Lagoon; pollen;
charcoal; Pinus torreyana; chemical stratigraphy; estuarine
marsh; sedimentation rates.

INTRODUCTION

plant communities of grassland, coastal sage scrub, and ch:
arral, as well as a stand d?inus torreyana(Torrey pine)
(Munz, 1974), and it lies within Torrey Pines State Reserve i
San Diego, California (Figs. 1 and 2).

The reserve encompasses one of two naturally occurril
stands oP. torreyanaThe other stand is located 280 km to the
northwest on Santa Rosa Island (Fig. 1Bihus torreyanaas
the smallest natural population of any knoRimusspecies and
has little genetic diversity (Ledig and Conkle, 1983; Water
and Schaal, 1991). The lack of variability within the populatior
has been proposed to result from low population levels durir
the dry, middle Holocene (Ledig and Conkle, 1983). Fossils ¢
P. torreyana are unknown (Haller, 1967), except for the
5400-yr palynological record from near the Santa Rosa Islar
population (Cole and Liu, 1994) and the data presented hel
The mainland and islan®inus torreyanapopulations differ
somewhat, although not enough to be considered separ
species (Haller, 1986). Both populations are located along tl
tops of steep coastal cliffs where summer fogs are frequent

METHODS

Palynological Analysis

Several sites were sampled from Los™ Bequitos drainage
and lagoon (Cole and Wahl, 1997). Only the most complet
record, a 2.5-m core taken with a Livingston piston corer, i
reported here. Pollen and spores were extracted and coun
using standard methods (Faegri and Iversen, 1989), and poll

Los Pémsquitos Lagoon is one of 24 medium-to-large esoncentration was estimated using measured amounts of spc
tuaries in southern California (Macdonald, 1977). These estf- Lycopodium clavatumHigh intensity scans for trace
aries contain detailed stratigraphic records of past envirammounts ofErodiumsp. (storksbill) were made on extra slides
ments and events (Mudie and Byrne, 1980; Davis, 1992; Calentaining from 1500 to 3000 pollen grains for samples im
and Liu, 1994). Los Pasquitos Lagoon supports a uniquenediately below its first recorded presence.
salt-tolerant plant community and is surrounded by distinctive Because of the importance &f. torreyanain this study,
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FIG. 2. Coring site in the estuary viewed from the standPoftorreyana.

special attention was focused @inus pollen identification. Charcoal and Chemical Stratigraphy
Pinus torreyanaand five othePinusspecies native to southern
California, P. sabiniana(digger pine),P. coulteri (Coulter

pine),P. jeffreyi(Jeffrey pine) P. ponderosgponderosa pine),
andP. attenuata(knobcone pine), have pollen of similar sizeﬁ
(=78 um total grain length; Kapp, 1969) and morphology; . . . L
(without distal verrucae). All of these other species now gro}\{/t/lelr largest dlmenglon, were counted after hgnd-&evmg 8-
in distant mountainous habitats, the closest of which are dowanénr?elzﬁiggltgr?asljgelzrgg?trrfggruglzr%rear?tlsja\l:/ee(:esgﬁ;iete datt
\ll\lv:)nr(tjh(eAanfgriféZT ;T;ntlasg;:cri]e(sﬂr?é dlcr:géfgeiest?gi?lra?)%?(;;?moz\ﬁgiversity of Minnesota Research Analytical Laboratory using
modern distributional limits (Davis, 1983; Thompson, 19881‘?1

ductively coupled plasma spectrography (ICP), following :
and it is unlikely that plant species now restricted to mounta%?&_)l). Particle-size analysis was done at the University

The planar areas of microscopic charcoal particte3,0001
to <0.01 mnt, were measured and counted from the foss
alynological preparations using a digital imaging systen
arger, macroscopic charcoal particles0.125 mm along

icrowave/nitric acid digestion (US EPA, 1987; methoc
habitats would have been present along the California coast ) T . i
during the late Holocene. Innesota Soil Characterization Laboratory using the pipett

Undoubtedly, some. torreyanatype pollen deposited in method. Bulk magnetic susceptibility was measured at tf

Los Pémsquitos Lagoon comes from long-distance transpoH.n |.ver.s'|ty of an?SOta L|mnqlog|cal Research Center.. Loss
%nqgnltlon analysis of organic and carbonate material we

However, the regional wind patterns diminish the likelihood o one using a muffle furnace at the University of Minnesot.

this dispersal from the east. After weighting wind measure: .
P ghting epartment of Forest Resources. Radiocarbon dates were |

ments for speed (Sugit al.,1997), winds measured near Los_ . . o
Perasquitos Lagoon during the seasorPafiuspollen produc- %S:i]\?grsfirt(;/n;fv,g\/ﬁggr?aHuoslﬁ gOt(;]eeaRc'\J/?Srar%fgtch(I)gétltutlon and th

tion (January to May) are largely from the WNW (Fig. 1B).
The surface concentration &f. torreyanatype pollen at the

east edge of the lagoon is only half the amount deposited nearer
the Pinusstand. Surface samples from sites in the region wi
no nearby upwindPinus have lessP. torreyanatype pollen

than the lowest value in the lagoon record (E. Wahl, unpub-Results from the loss-on-ignition analysis (Fig. 4) demon
lished data). These data indicate the pollen signal fronPthe strate that the sediments are mostly inorganic with slightl
torreyanastand is relatively local in extent and suggest that ihore organic matter near the surface. The particle-size analy
exceeded “background” levels of similar pollen throughout thehows that the sediments are sandy at the base of the core
last 3600 yr. clay-rich near the surface. Phosphorus is concentrated in t

RESULTS

‘ghysical and Chemical Stratigraphy
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upper meter of the core, possibly due to recent phosphd®94). The sediment cores can be most reliably radiocarbo
pollutants from the sewage treatment plant within the estuatgited by using charcoal or fragments of plant or shell, whic
(Mudie et al., 1974); some phosphorus compounds are watare infrequent within these deposits.

soluable and may have translocated down the core. Calcium

reaches high concentrations between 83 and 53 cm, and so- DATING THE HISTORIC PERIOD

dium increases above 32 cm. Magnetic susceptibility, magne-

sium, and manganese all increase just above 65 cm. Iron anén historical chronology for the core is suggested by th
zinc concentrations are highest in the top 32 cm, and leadeigents listed in Table 2 and shown in Fig. 3. Although an

highest in the top 12 cm. single variable is not definitive, the series of multiple variable
correlating with historical events produces a consistent s
Palynological and Charcoal Record quence.

. . The European settlement horizon is placed at 65 cm becat
Pollen concentrations averaged about 30,000 grains/cc (lc)?rnumerous sedimentological changes in samples between
most samples but were much higher (115,000 grains/cc) be- 9 9 P

. ) . . nd 70 cm depth. First, the magnetic susceptibility rises dr
tween 175 and 130 cm (Fig. 5). The entire core is dominated rTYaticaIIy betwgen 68 and 64 crgn and mangpanesg doubles
pollen of the Chenopodium/Amaranthdgpe (Cheno/Ams- '

type) which averages 68% of the pollen counted (Fig. 5). T %)ncentratlon at 63 cm (Fig. 4). These unique changes refle

Cheno/Ams-tvoe pollen most likely reoresents the nearyman and herbivore disturbances on the adjacent mes
S-ype p . . y rep . Which are capped by the Linda Vista Formation (Inman, 1983
monospecific cover oBalicorniaspp. (glasswort), which now

surrounds the core site to a distance>df00 m. Because this This sandstone s uniquely rich in b(.)th ma_gneute (Emer)
. . i S . 1950) and manganese (Elenora Robbins, written communic
pollen is so dominant and is primarily aquatic, Cheno/AméE-

type was eliminated from the terrestrial pollen total in Fig. lon, 1998). Second, pollen of the introduced European pla

. ) . |rodiumwas found in trace amounts at 60 cm, but not at 70 cr
allowing a clearer representation of the other palynologica . . .
taxa or below. SeveraErodiumspecies are known to have invaded

Potamogetorsp. (pondweed) is only found below 165 CmCaln‘ornla during the earliest parts of the Spanish colonic

depth. High levels of Poaceae pollen are recorded between %Od (West, 1989), and possibly even 10 to 20 years befo

) ; It (Mensing and Byrne, 1998). Mission San Diego, 25 km sout
and 130 cm. Pollen of the. torreyanatype @inus, diploxy of Los Pémsquitos Lagoon, was founded in 1769. Thus, th
lon, >78 microns) occurs throughout the core. Several palyno; . :

; S absence oErodiumat 70 cm suggests an age prior to ca. 176(
logical taxa that could indicate greater wet season (November=,". .

) . and its presence at 60 cm dates to somewhat after that tin
April) moisture, such as Populus sp. (cottonwood),

Cheilanthessp. (lip fern), Ophioglossunsp. (adder's tongue Third, both macro-charcoal (at 65 cm) and micro-charcoal (:
p- UIp ,OPNIog - : 9u€ 5o cm) reach high values during this period (Fig. 5). One of th
fern), and Selaginellasp. (little club-moss), all increase at,

about 130 cm depth. Pollen &frodiumsp. (storksbill),Tama- T'rSt acts Of. ranchers in chaparr_a}l areas is to burn the qhapar
. . ) . in order to improve the palatability of the browse by stimulat:
rix (tamarisk), Cupressaceae (cypress family), Anémopsis

sp. (yerba mansa) are only found in the uppermost ortionsigg the production of young tender shoots from older wood
tr?é cyore y P P vegetation (Evarts, 1994; Cole and Liu, 1994).

High levels of microscopic charcoal occur at 130 and 60 ¢ The earliest historical records of settlement in théaeui-

with generally higher levels between those depths (Fig. %:’ drainage date from 1823 when the Ruiz-Alvarado lan

. . rant established a ranch within this watershed (San Diec
Macroscopic charcoal reaches very high values below 220 . . W
. istorical Society, 1996). The presence of cattle and “othe
and high values at 65 and 5 cm.

stock” is documented for the site somewhat after this da
(Kerr Collection, 1951). We assume that impacts of settleme
became evident in the sediment core about 1830. Because
Two samples from the base of this core produced neadhanges recorded within the core at ca. 65 cm depth invol
identical dates of 3625 190 (wood chip) and 361& 35 yr several variables, the impacts recorded are likely the result
B.P. (bulk sediment) (Table 1, Fig. 3). Two more comparisorssgnificant modifications to the landscape rather than incident
between plant and bulk sediment samples, one from the catenges.
reported here (Core 2b) and the other from another part of theEvidence of even-larger-scale impacts of settlement shou
lagoon (Trench Face 2), resulted in bulk sediment samples seen in the sediment record by ca. 1850. Historical da
dating 1190 and 149¢C yr older than the samples of plantrecord that in December, 1846, the United States Army of th
parts or charcoal (Cole and Wahl, 1997). These age dispariti¥sst collected “some 100 head of cattle [andhbout 100
are commensurate with the1200-yr error reported by Cole head of sheep” at the Ruiz-Alvarado rancho (a few km uf
and Liu (1994) for bulk sediment dates from another Californistream from the core site) and that by 1850, “large scale” catt
estuary. A “dead carbon” error apparently affects some bulkaising had begun in the area (Kerr Collection, 1951).
sediment radiocarbon ages from these deposits (Cole and LiuAt 35 cm depth in the core, a shift toward fine-grainec

Radiocarbon Dating
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TABLE 1
Radiocarbon Dates from Core 2b, Los Pefiasquitos Lagoon

Depth below Age range

surface (cm) Lab number Agé’C yr B.P.) (calyr @ 16)* atC Material dated
132-136 0S-19842 2606 40 814-592 B.C. —21.48 plant parts
133-135 0S-15528 3796 30 2276-2073 B.C. —23.29 bulk sediment
171-174 0S-9159 2818 30 1006-899 B.C. —23.25 charcoal and plant parts
245 AA-19539 3625 190 2269-1693 B.C. —27.6 wood chip
246-249 0S-5310 3616 35 2012-1884 B.C. —28.09 bulk sediment

#Based upon Stuiver and Reimer (1993).

sediments coincides with higher concentrations of sodium (Figccurred as the fine-grained clayey sediments filled the estua
4). This change likely reflects the weakening of tidal flushingovering much of th&alicorniahabitat. An aerial photograph
as the accumulating sediments diminished the tidal prism. Thiem 1928 shows that the core site was in the middle of a ba
mouth of the estuary was constricted by a road constructeadid flat, devoid ofSalicornia(Fig. 6). By 1953, much of the
over itin 1909, and it was closed entirely after the constructi@®alicorniahad grown back, and by 1964 it covered the cor
of a railroad in 1925 (Hubbet al.,1991) and Highway 101 in site.
1933. Salinity in the estuary reached high levels after thePinus torreyanaype pollen declines between 50 and 30 cm
closure (Mudieet al., 1974). This decrease likely reflects burning and cutting of the tree
Pollen of the Cheno/Ams-type reaches a minimum at 30 cimetween about 1870 and 1920. By 1885, San Diego officia
while Asteraceae (Composite family) pollen reaches a makiad become concerned about harvestingintisfor wood and
mum at this level. This minimum in Cheno/Ams-type probablposted signs to prevent it (Evarts, 1994). In 1890, the cit

Sedimentation Rate (mm cal yr'1)
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FIG. 3. Graph of sediment depth versus sediment age. Sediment ages are shown as lines representing 95% confidence limits in cal yr (Stuiver an
1993) for radiocarbon dates and as solid dots for recent ages (Table 2). Sedimentation rates are shown above each trend line. Horizontal zdressiare d
text.
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TABLE 2

Pollen and Chemical Stratigraphic Indicators Used to Date Historical Sections of the Core

Depth Proposed date  Sedimentation rate
(cm) (A.D.) (mmlyr) Pollen or sediment data Probable cause
10 1965-1975 4.1 —firstamarixpollen —expansion oTamarixin watershed
—increase inSalix pollen —expansion oSalix in watershed
—first Piceapollen —ornamentaPiceaplanted in adjacent developments
—increase in Pb deposition —rise in automobile traffic using leaded gasoline
(Interstate 5 built nearby)
30 1925-1935 5.0 —minimum dEhenopodium/ —bare mud flats of fresh sediment fill estuary (seen on
Amaranthugype (probablySalicornig 1928 aerial photo; Fig. 6)
—Ilowest levels ofPinuspollen —Pinus torreyanacut for fuel over previous 50 yr
—maximum in Tubliflorae pollen —weeds propagate in agricultural fields north of
lagoon
35 1910-1925 4.0 —shift toward finer-grained sediments —mouth of estuary closed by accumulating sedime
road construction (1909), and railroad berm (1925)
50 1860-1880 3.2 -Erodiumpollen rises —intensive grazing era and consequent increase of
Erodiumand decline of grass forage
—Poaceae pollen drops
65 1820-1840 3.8 —magnetic susceptibility rises —disturbance of magnetite and manganese bearing
sandstones on uplands
—NMn concentration rises
—high charcoal values —fire used to increase palatability of chaparral forage
—trace ofErodiumpollen —Erodiumalready present in watershed
70 1650-1760 0.23t0 0.29 —absence of settlement indicators —uncertain age due to large differential between

and post-settlement sedimentation rates

leased the land occupied by tire torreyanafor sheep and magnitude. Presettlement sedimentation rates averaged 0.5 1
cattle grazing. Cattlemen further cut and burned the chapari@) yr* between A.D. 1830 and 1848 B.C., but the averag
probably including somé®. torreyana,to improve the forage twentieth century sedimentation rate was 4.3 mm cal.yfhe
(Evarts, 1994). By 1916, the trees were still being cut fawentieth century rate derived from this study is almost ider
firewood, and it was estimated that only about 200 remainggal to the 4.6 mm cal yr* reported in an earlier study (Mudie
(Evarts, 1994). and Byrne, 1980). The average nineteenth century postsett
Pollen from the exotidamarix pentandras first recorded at ment sedimentation rate from the present study was 3.5 mm «
10 cm depth, dating to between 1965 and 1975 using oy (Taple 2).
chronology. These numbers are consistent with its growth incoastal salt marshes, such as Logdepitos Lagoon, were
the watershed late in this century (Mike Wells, Califormigay pelow their modern levels near the close of the Pleistoce:
Department of Parks and Recreation, personal Comm“”'cat'ﬂf'airbanks, 1989). The rapid postglacial rise in sea level the
1998).Salix sp. (willow) pollen also increases significantly in, \ndated Los Parsquitos Lagoon, forming an open bay with

this_ 1_0-cm saNmpIe._AeriaI photographs show an e_xpansionrgt:k% cobbly beaches before 6000 yr B.P. (Inman, 1983). B
Salixin the Pé&asquitos drainage over the last 40 I9rceasp_. 4000 yr B.P., sea-level rise had slowed and sandy beact
(spruce) and Cupressaceae pollen also are found only n ttt)%sgan to form, as indicated by a shift from rocky-coast Mol
ggzt r;%etggsiﬁﬂzlaers n(:epsriggiggl gg&ilgr(ﬁgﬁtesd by CUItlv"]lﬁscan species to sandy-beach species in coastal archaeolog
P . y . P : middens (Masters and Gallegos, 1997). Thus, the sandy se
Lead (Pb) increases dramatically at 12 cm depth. COnStrucénts at the base of this core formed at the time when lagoor
tion began on Interstate 5 in 1964, 1 km east of the core sﬂé 9

(Fig. 1A). The increase in Pb may be related to increasir'r1

illing and tectonic uplift were catching up with the preceding

automobile traffic using leaded gasoline (Cefeal., 1990). ise in sea level.

Another possible cause was the presence of a sewage p|arlRuring and following European settlement, disturbances ¢
within the estuary beginning in 1962 (Fig. 1A). the landscape caused sediments to be eroded from the upla

and deposited within the estuary. This larger sediment loz
decreased the volume of water entering and leaving the estu
with every tide, thus reducing the effectiveness of tidal flush
ing. Later, the roads and railroads obstructing the drainac

During and following the settlement period, sedimentatiochannel further decreased and eventually stopped tidal flushi
rates in the lagoon increased by approximately an order affthe estuary. As a result, the lagoon now contains 50 to 55 ¢

DISCUSSION

Sedimentation Rates and Geomorphic History
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FIG.6. Three historical aerial photographs of the core site (black dots) in Ltasgeitos Lagoon. The 1928 photo shows broad mud-flats within the lagoo
By 1953, Salicorniahad expanded into many of the bare areas, and it covered almost the entire lagoon by 1964 (FigP2joifeganastand is in the lower
left of each photo. Photo credit: Aerial Fotobank, Inc./Landiscor, 858-455-0780.

of excess sediment above its presettlement elevation relativeabe an expansion of upland grasslands surrounding the lagc
sea level. The results obtained here are similar to those framthe expense of woody chaparral. The microscopic charcc
other studies of southern California salt marshes for the settteeord (see below) and the concurrent declin@oércugoak)

ment era (Mudie and Byrne, 1980; Davis, 1992; Cole and Lippllen give some support for this interpretation. Modern sur

1994). face samples taken in southern California coastal sage scr
. _ and chaparral have far lower levels of Poaceae pollen, usua
Paleovegetation and Paleoclimate <3% (E. Wahl, unpublished data). Comparison of moder

Potomogetorsp. (pondweed) pollen is found in the |Owespollen percentages in Califorr_ﬂa grasslan_ds is problematic, f
levels of the core (Fig. 5), which are largely composed of san#}eSe aréas are now dominated by introduced Europe
sediments (Fig. 4). At least one lodabtomogetorspecies . grasses. Itis {ilso possible tt&partmacolomzed the core S|t.e
foliosug currently grows in brackish pools within the studyt the same time that terrestrial grasslands were expanding
area. The presence &otomogetorand dominance of sandy Several terrestrial taxa suggest the_lt moister conditions pr
sediments suggest the persistence of open water until ab¥@i{ed after about 2600 yr B.P. An increase Fopulussp.
2750 yr B.P. After that timePotomogetorpollen disappears, (cottonwood) pollen may indicate a more-consistent freshwat
and the sand fraction drops dramatically. flow into the lagoon. Increases ih torreyanatype pollen and

Poaceae (grass family) pollen and total pollen concentrati§Rores ofCheilanthessp. (lip fern), Ophioglossum californi-
greatly increase aBotomogetorand sand decline. High per-cum (adder’s tongue fern), andelaginella bigelovitype
centages of Poaceae pollen are recorded between about A§Bike moss) suggest greater winter/spring moisture availab
and 2600 yr B.P. This increase could indicate an expansioni®t Microscopic charcoal also increases at this time, possib
Spartina foliosa(cord-grass) at the core site. Although cursuggesting greater continuity between fire fuels (Cole and Lit
rently extirpated,S. foliosahistorically occurred within Los 1994).

Petasquitos Lagoon (Purer, 1942), where it formed the lowestOphioglossum californicuris infrequent today in San Diego

vegetation zone (Macdonald, 1977). If the sediment surfa€®unty (Beauchamp, 1986). Its abundance in this record, alo
was slowly rising relative to sea leved, foliosawould likely — with its presence in the record of Anderson and Byrd (1998
be the first colonizer. Also, the high sedimentation rate durirsgiggests that this species was formerly much more commo
this period (Fig. 3) and high pollen accumulation rate (Fig. 5) The suggested increase in late Holocene moisture is simil
could result from sediment trapping within the grassy vegets, but slightly later than, that of other southern Californie
tion. records. On Santa Rosa Island, Cole and Liu (1994) interpret

Alternatively, the high levels of Poaceae pollen could inda rise inSelaginella bigelovitype and microscopic charcoal,



350 COLE AND WAHL

similar to this record, as indicating greater moisture after 32&@arly Spanish accounts from the mid-sixteenth century (Be:
yr B.P. The difference between the onset of these late Holocaarad Lawton, 1973).
moister conditions, 3250 yr B.P. in the north and 2600 yr B.P. The high levels of microscopic and macroscopic charco:
in the south, could represent a time-transgressive strengthenmmayking the start of the settlement period (Fig. 5) probabl
of the winter precipitation regime. Present winter/spring preesult from burning around ranches to clear older woody ve
cipitation greatly increases from south to north. A gradualtation. Lower levels of microscopic charcoal occur during th
southerly shift of the modern gradient could produce the operiod of historic fire suppression. Higher values for the fine
served pattern. Anderson and Byrd (1998) report samples in both the microscopic and macroscopic charcc
radiocarbon-dated sequence of alluvial pollen and spores f@bably result from one of the recent small fires that burne
km north of Los Pé&asquitos Lagoon. Their record suggestshaparral and sage scrub close to the core site in 1972, 19
that more effective moisture was present at Las Floras CreE¥85, and 1992 (Mike Wells, oral communication, 1999).
ca. 3800 yr B.P. They also interpret a significant change at
2600 yr B.P., representing the establishment of the moddRecent and Past Pinus torreyana Populations
vegetation mosaic around their site.

Most coastal southern California palynological records in- Pollen of the P. torreyanatype occurs throughout the
dicate that available winter/spring moisture increased durifg00-Yr record from this core and is also present in 4200-yr-o
the late Holocene, but the timing of this change differs somg@Mmples from the eastern edge of the estuary (Cole and Wa

what from study to study. Because radiocarbon dating is prob297). Pinus torreyanetype pollen averaged 8.0% of the ter-

lematic in many of these records, future studies are needed§gt"i@l pollen since 2100 yr B.P. but only 3.6% before ther

clarify whether the moisture shifts were synchronous or tim&Ver the last 2100 yr, the. torreyanapopulation may have
transgressive as this study suggests. been ca. two to three times as large as it was about 3000 yr a

This interpretation is consistent with a reduction in the
Charcoal and Fire History torreyanapopulation during the warm/dry middle Holocene as

Beginning ca. 2800 yr B.P., macroscopic charcoal decreaseggested by Ledig and Conkle (1983), and this reductic

whereas microscopic charcoal reaches a peak and Poa&%hd be responsible for its present extremely low heteroz)
pollen greatly increases. This change in charcoal size could9®5ity (Waters and Schaal, 1991). Relatively high
caused by a conversion of woody plant communities to gradgfreyanatype pollen percentages during the last 30 yr sugge

land within the drainage. Burning grasslands could produf2at theP. torreyanapopulation may now be atits highest level

microscopic charcoal but might also produce less macroscopiece Settlement. The aerial photographs and pollen accun
ion rate values corroborate this inference. In the photc

charcoal. Such a relationship between plant-community ty, : ;
and charcoal size has been recognized in the Holocene cBfPhS, canopf. torreyanaincreased 2.8 times between 192¢

version of prairie to oak savanna in eastern Minnesota (Lea88d 1964 (Cole and Wahl, 1997), correlating positively with ai

1998). The simultaneous decline @uercuspollen further Ncrease of 1.9 times in the accumulation raté>oforreyana
supports this interpretation. type pollen over a similar period (ca. 1930 to 1970). Ar

Between ca. 2600 yr B.P. and the settlement period, micfCr€ase in canopy trees also corresponds with the age struct

scopic charcoal reaches its highest levels, while macroscoflcthe stand (McMaster, 1980). The parallel movement c
charcoal is at its lowest levels (Fig. 5). This zone coulBO!len percentage, number of mature trees, and pollen ace
represent a period of more-frequent fires. Microscopic charcéglation rate in the twentieth century support the estimates:
could be produced by burning grassland and other less wodifpt rélative population sizes based upanuspolien percent-

vegetation, such as coastal sage scrub. The dominant s3ge°>:
scrub specieshrtemisia californica(California sagebrush) and
Ligulifloreae-type Asteraceae, have higher pollen percentages ACKNOWLEDGMENTS
during this period. Frequent fires would suppress the growth of
woody chaparral species (Zedler, 1995) and thus produceéynne Christenson, Judy Gibson, Sara Hotchkiss, Douglas Inman, Patric
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uce a_ undant grassy "_:m erbaceous fuels, leading to S“’“&H rCarrie Kowalski performed the charcoal analysis, and Megan Cocl
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' n
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management by native Americans throughou IS period. ivate collections of Kenneth L. Cole and Margaret B. Davis were usec

original fire use i§ historically documented_for the late eighselpful comments on preliminary manuscripts were received from Owen K
teenth century (Timbroolet al., 1982) and is suggested byDavis, Maureen Stuart, Roger Byrne, and R. Scott Anderson. This reseat
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