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ABSTRACT

Tree ring fire-scars in Sequoiadendron giganteum (giant sequoia) stands record a high frequency, low
intensity, prehistoric fire regime. Difficulties achieving short prehistoric fire return intervals with
prescribed burns at a S. giganteum stand in Calaveras Big Trees State Park, California, currently
characterized by dense tree cover with little understory vegetation due to over a century of fire
suppression, suggest that a prehistoric grass understory provided fine fuel required for frequent fire
spread. We used phytolith analysis to test this hypothesis. Phytoliths, microscopic silica bodies found
in many plants but produced in large quantities with distinctive morphotypes in grasses, are preserved
for thousands of years in the soil. Soils under vegetation with extensive prehistoric grass cover retain
a high concentration of grass phytoliths regardless of historic vegetation changes. Phytoliths were
extracted from soil samples taken from pits dug at 14 plots throughout a S. gigantewn stand in the
South Grove Natural Preserve. Soil phytolith weight for most plots, currently without grass cover and
comprising most of the stand, was less than 0.10%, consistent with reported values for forests with no
grass in the understory. Soil phytolith weights for ridge-top plots and plots near the stream channel
were significantly higher, suggesting localized areas with sparse grass cover. The hypothesis that there
was substantial prehistoric grass cover in this S. giganteum stand was rejected.
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Fire is an important ecosystem process in
Sequoiadendron giganteum (Lindley) Buchholz
(giant sequoia) stands in the central Sierra
Nevada in California. Sequoia giganteum appears
to be dependent upon ground fires for regener-
ation in many areas. Cones open following fire to
release seeds; a few years following ground fire,
newly germinated S. giganteun seedlings domi-
nate burned areas (Kilgore 1973; Parsons and
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DeBenedetti 1979; Mutch and Swetnam 1995).
Analyses of tree-ring fire-scars from living trees
and stumps in the Sierra Nevada indicate that
prior to the mid-1800s there was a composite
mean fire return interval of approximately five
years in S. gigantewm stands of the mixed-conifer
forest type (Swetnam 1993; Caprio and Swetnam
1995; Parsons 1995). This means that tree-ring
fire-scars recorded a surface fire somewhere
within the sampling area (ranging from 13 to
69 ha [Swetnam 1993]) every five years, averaged
over a period of 2000 yr, with considerable
variability at the decadal and centennial scales
and between groves (Swetnam et al. 1992). These
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surface fires occurred in a patchy, mosaic pattern,
and because crown fires involving S. giganteun
were evidently rare (judging from the presence of
trees in excess of 1500 yr old), caused little
mortality to large trees. Frequent, low intensity
ground fires were probably important for forest
health and maintained S. giganteum groves in
open, park-like stands.

From about 1860 to 1900, natural ecosystem
processes in S. giganteum stands, including fire,
were drastically altered by livestock grazing
(mainly sheep), cessation of aboriginal burning
practices, limited logging, and suppression of
natural or human-caused wildfires (Kilgore and
Taylor 1979). Currently, many mixed conifer
forest stands at Calaveras Big Trees State Park
are thickets of mid-sized trees, often dominated
by Abies concolor (Gordon and Glend.) Lindley
(white fir) and Calocedrus decurrens (Torrey)
Florin (incense cedar). There is little understory
vegetation because the overstory canopy is
almost closed and provides little opportunity for
light to reach the forest floor. The conditions
wherein S. giganteum stands can self-perpetuate
and flourish no longer exist.

Based on tree-ring analysis, from 500 AD to
1900 AD, the longest recorded period without
a fire in a S. giganteum stand was approximately
60 yr, while during centuries with high fire
frequencies (generally periods of drought) the
longest non-burn interval per stand was typically
no more than 13 yr (Swetnam 1993). There are
currently some S. giganteum stands that have had
no fire for the past 100 yr.

Prescribed fire has been introduced into S.
gigantewn stands in many parks in the Sierra
Nevada, including Calaveras Big Trees State
Park, as a means of restoring more natural
conditions. Ground fires have typically been set
under proper conditions in late summer or fall
with goals of removing excessive fuels, killing
invading 4. concolor and C. decurrens trees, and
restoring natural processes. Experience at Cala-
veras Big Trees State Park has revealed that for
up to 15 yr following initial prescribed burning,
the understory vegetation and overstory canopy
conditions will not support extensive surface
fires. Maintaining a mean fire return interval of
five years has not been possible because not
enough fuel is available to adequately carry
surface fire throughout S. giganteum stands. To
approach the relatively short mean fire return
interval suggested by the tree-ring fire-scar
evidence, it appears there may have been different
overstory species, such as deciduous hardwoods,
contributing fuel to the forest floor, or un-
derstory shrubs, herbs, or grasses that grew more
densely and provided fuel for frequent fires.

The precise structure of pre-1850 S. giganteumn
stands, particularly the composition and biomass
of understory plant species, is unknown (Vankat

MADRONO

[Vol. 53

and Major 1978; Stephenson 1996; Stephenson
1999). In the 1860s, livestock grazing, principally
large flocks of sheep, was introduced into the
central Sierra Nevada (Swetnam 1993; Kilgore
and Taylor 1979), suggesting there was a sub-
stantial amount of forage available. Researchers
in many areas of the western United States,
particularly the monsoonal southwest, have
found that fine fuels, especially grasses, were
important for the spread of ground fires. The
removal of these fuels through overgrazing by
livestock beginning in the mid-1800s probably led
to sharp declines in fire frequency (Swetnam et al.
1991; Caprio and Lineback 2002).

Prior to alteration of natural fire regimes in the
mid-1800s, S. giganteurn and mixed conifer
stands in the vicinity of Calaveras Big Trees
State Park were probably composed of widely
spaced, large diameter, towering S. giganteum,
a few Pinus lambertiana Douglas (sugar pine) and
Pinus ponderosa Laws. (ponderosa pine), and
a lesser element of A. concolor and C. decurrens.
These stands were probably devoid of dense
woody understory vegetation because of frequent
surface fires ignited by native people or lightning.
The open nature of these stands may have
allowed sufficient sunlight to reach the forest
floor to support an extensive understory of native
grass species, which during the dry season served
to carry frequent surface fires throughout the
forest stand (e.g., Swetnam et al. 1992). These
surface fires would have killed most small shrubs
and trees, removed smothering duff layers,
recycled nutrients, perpetuated the grass-domi-
nated understory vegetation, and maintained
gaps in the stands for forest regeneration. Un-
fortunately, little solid evidence exists either way
regarding the existence of this prehistoric grass
understory.

We used phytolith analysis to test the hypoth-
esis that grasses were an important prehistoric
component of the understory of S. giganteum
stands. Opal phytoliths are microscopic particles
of silica formed in the cells of many plants and
released into the soil during decomposition
(Piperno 2006). Phytoliths are highly resistant
to weathering and in many soil environments will
persist for thousands or even millions of years
(Wilding 1967; Stromberg 2004). Grasses produce
many more phytoliths than most other plant
taxa, averaging 3% and commonly ranging from
1-5% dry weight phytolith content (Witty and
Knox 1964; Piperno 2006). Most conifer species
produce <0.5% dry weight phytolith content
(Klein and Geis 1978; Hodson et al. 1997).
Consequently, soils formed under grassland
vegetation contain an order of magnitude more
phytoliths (1-3%) than soils formed under forest
vegetation with few grasses (Witty and Knox
1964; Jones and Beavers 1964; Wilding and Drees
1968; Norgren 1973; Miles and Singleton 1975).
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Phytoliths often take the shape of the cell in
which they are formed. Most phytolith shapes are
produced by many different plant taxa, but a few
taxa produce distinctive phytolith morphotypes
(Rovner 1971). Grasses produce short cell phy-
toliths in specialized silica accumulator cells that
are diagnostic of the Poaceae family. Short cell
phytoliths, including rondels, bilobates, and
saddles, have been used to identify grasses to
the subfamily level (Twiss et al. 1969; Twiss 1992;
Mulholland and Rapp 1992).

Several studies have used soil phytoliths to
document changes in dominant vegetation over
time. In the prairie peninsula in Illinois, Wilding
and Drees (1968) used differences in soil phytolith
content (measured as percent dry weight) to
identify areas of prehistoric forest, grassland, and
the forest-grassland ecotone. In Utah, Fisher et
al. (1995) used changes in phytolith morphotype
percentages in the soil profile to document a shift
from grassland to shrubland with the introduc-
tion of grazing. Bartolome et al. (1986), working
at Jepson Prairie in the California Central Valley,
used changes in the concentration of bilobate
grass phytolith shapes with soil depth to infer
a prehistoric shift from Nassella-dominated
perennial grassland to the exotic annual grass-
land present today. Bicknell et al. (1992, 1993)
used soil phytolith concentration to map the
extent of prechistoric grasslands at several state
parks in coastal California, finding many cur-
rently forested areas were grasslands prior to
European settlement and many current grass-
lands were previously forested. In northern
Arizona, the percent dry weight of phytoliths in
the soil and the relative percent of morphotypes
in the soil phytolith assemblage were analyzed for
a P. ponderosa forest with a bunchgrass un-
derstory to determine the long-term stability of
the current vegetation (Kerns 1999, 2001; Kerns
et al. 2001, 2003). High concentrations of pine
and grass phytoliths in soil surface and sub-
surface samples indicated little change over time.
All of these studies have indicated that if there
was substantial prehistoric grass cover on a site,
there will be a high concentration of grass
phytoliths in the soil.

METHODS
Site Description

The study arca is located in the South Grove
Natural Preserve of Calaveras Big Trees State
Park, 200 km east of Stockton, California
(Fig. 1). The park is 2625 ha with an elevation
range from 1000 m to 1700 m. Topography is
dissected, with a western slope overall, and NE-
SW trending ridges between steep river canyons.
The climate of the western Sierra Nevada is
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distinctly seasonal and highly influenced by
elevation. The annual precipitation at the cleva-
tion of the park ranges from 100 to 170 ¢cm, much
of it coming as snow; about 90% of the total
precipitation occurs during the six month period
between November and April (Walfoort and
Hunt 1982).

Soils in the South Grove Natural Preserve
(Fig. 2) are dominated by the McCarthy scries,
inceptisols characterized as gravelly sandy loam/
very gravelly sandy loam found on slopes of 5 to
60%. Soil pH ranges from 6.3 at the surface to 5.9
at 60 cm depth. Parent material is well-drained,
basic, volcanic rock with rapid permeability.

Overstory vegetation at Calaveras Big Trees
State Park is largely pine/mixed pine and fir
forest dominated by Pinus ponderosa (ponderosa
pine), Pinus lambertiana (sugar pine), and Abies
concolor (white fir) in either pure or mixed stands.
Calocedrus decurrens (incense cedar), Quercus
kelloggii Newb. (California black oak) and
Quercus chrysolepis Licbm. (canyon live oak)
also occur within the park. Vascular plants that
have been identified in the park include over 60
families, 159 genera, and 219 species (Walfoort
and Hunt 1982). Common species are listed in
Table 1.

The Sequioadendron gigantewm (giant sequoia)
stands of the park are located in two groves,
designated the North and South Groves. In the
never-logged South Grove, S. giganteum com-
prises 65.9% of the total basal area, followed by
A. concolor at 21.7% (Walfoort and Hunt 1982).
Grass cover is very sparse throughout the grove,
with maximum 5% cover in patches near the top
of the watershed’s north ridge.

Phytolith Reference Collection

To better understand the soil phytolith assem-
blage, a phytolith reference collection, composed
of phytoliths extracted from leaf samples from all
major plant species currently present in the study
area (Table 1), was assembled. Phytoliths were
extracted using a modified dry ashing technique
(Piperno 20006; Pearsall 2000; Kondo et al. 1994).
Samples were washed in distilled water to remove
adhering minerals, dried at 60 C and weighed,
rinsed in 10% HCI to improve combustion, ashed
in a muffle furnace at 550 C for 4 hr, rinsed again
in 10% HCI to remove acid-soluble residue,
washed 3 times in water, dried in ethanol. and
the dry residue weighed. To view phytoliths, dry
residue was resuspended in immersion oil so that
phytoliths could be rotated and three-dimension-
al characteristics observed, mounted on a slide,
and viewed under a phase-contrast light micro-
scope at 400X. Two slides for cach plant were
scanned completely and potentially diagnostic
phytolith types noted.
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FIG. 1. Location of Calaveras Big Trees State Park and the South Grove Natural Preserve, georeferenced

in UTM.
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FI1G. 2. Location of phytolith sampling plots in the South Grove Natural Preserve, Calaveras Big Trees State
Park, georeferenced in UTM.

Soil Phytolith Extraction particularly but not exclusively in locations

currently occupied by giant sequoia. To assess

Soil samples were collected from soil pits dug within plot variation in soil phytoliths, two pits
on 14 plots (Fig. 2). Plots were selected to span  within 100 m of each other were dug and sampled
the topographic gradient of the watershed, at each plot. Phytolith samples from both pits
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PLANT SPECIES PRESENT IN CALAVERAS BIG TREES STATE PARK, SAMPLED FOR THE PHYTOLITH

REFERENCE COLLECTION, WITH LEAF SILICA PERCENTAGE BY WEIGHT AND OBSERVED DIAGNOSTIC

PHYTOLITH MORPHOTYPES.

Silica Diagnostic
Species Family Common Name (%) Morphotypes
Trees
Abies concolor (Gordon and Glend.) Pinaceae white fir 0.1 none
Lindley
Acer macorplyllim Pursh Aceraceae big-leaf maple 0.5 none
Alnus rhombifolia Nutt. Betulaceae white alder <0.1 none
Calocedrus decurrens (Torrey) Florin Cupressaceae incense cedar <0.1 none
Cornus nuttallii Audubon Cornaceae dogwood <0.1 none
Corylus cornuta Marsh var. californica Betulaceae California hazelnut 0.3 none
(A. DC.) W. Sharp
Pinus lambertiana Douglas Pinaceae sugar pine <0.1 none
Pinus ponderosa Laws. Pinaceae ponderosa pine 0.5 spiny bodies, spiny
rods
Pseudotsuga mencziesii (Mirbel) Franco Pinaceae Douglas-fir 0.4 none
var. menziesii
Quercus kelloggii Newb. Fagacecae black oak 0.3 none
Sequoiadendron gigantetnn (Lindley) Taxodiaceae giant sequoia 0.1 none
Buchholz
Shrubs
Arctostaphylos patula Greene Ericaceae green-leaf <0.1 none
manzanita
Ceanotlius cordulatus Kellogg Rhamnaceae mountain 0.6 none
whitethorn
Ceanotlius integerrimus Hook. & Arn. Rhamnaceae deer brush <0.1 none
Chamacebatia foliolosa Benth, Rosaceae mountain misery 0.4 none
Chimaphila umbellata (L.) Bartram Ericaceae pipsissewa 0.1 none
Clirysolepis sempervirens (Kellogg) Fagaceae bush chinquapin 0.1 none
Hjelmgq.
Rhododendron occidentale Ericaceae western azalea <0.1 none
(Torrey & A. Gray) A. Gray
Rosa pinetorum A A. Heller Rosaceae pine rose 0.4 none
Rubus parviflorus Nutt. Rosaceae thimbleberry <0.1 none
Ribes roezlii Regel Grossulariaceae Sierra gooseberry 0.2 none
Symplioricarpus mollis Nutt. Caprifoliaceae snowberry <0.1 none
Herbs
Adenocaulon bicolor Hook. Asteraceae trail plant 0.1 none
Agquilegia formosa Fischer Ranunculaceae crimson columbine 0.1 none
Asarum hartwegii S. Watson Aristolochiaceae  wild-ginger <0.1 none
Carex sp. Cyperaceae sedge 4.3 conical cells
Clintonia uniflora (Schultes) Kunth Liliaceae bride’s bonnet <0.1 none
Fragaria vesca L. Rosaceae wood strawberry 0.2 none
Galium aparine L. Rubiaceae goose grass 2.3 none
Hieracium albiflorum Hook. Asteraceae hawkweed 0.2 none
Iris harvwegii Baker Iridaceae Hartweg’s iris 0.2 none
Lonicera involucrata (Richardson) Banks Caprifoliaceae twinberry <0.1 none
Lupinus sp. Fabaceae lupine 0.1 none
Phacelia sp. Hydrophyllaceae  phacelia 0.3 none
Pyrola picta Smith Ericaceae white-veined 0.1 none
shinleaf
Swiilacina racemosa (L.) Link Liliaceae false solomon’s seal <0.1 none
Trientalis latifolia Hook. Primulaceae starflower <0.1 none
Viola lobata Benth. Violaceae pine violet <0.1 none
Grasses short cells, trichomes,
bulliforms
Achnatherum leimmonii (Vasey) Poaceae Lemmon’s stipa 5.1 bilobate short cells
Barkworth
Bromus carinatus Hook. & Arn. Poaceae California brome 4.5 rondel short cells
Danthonia unispicata (Thurber) Poaceae one-spike oatgrass 1.9 bilobate short cells
Macoun
Elymus elymoides (Raf.) Swezey Poaceae squirreltail 13.5 rondel short cells
Festuca rubra L. Poaceae red fescue 3.4 rondel short cells
Melica aristata Bolander Poaceae awned melic 32 bilobate short cells
Poa secunda J.S. Presl Poaceae one-sided bluegrass 6.1 rondel short cells

























