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EDITORIAL

Habitat protection and restoration are the themes for this
issue of Fremontia. European man’s presence has altered
the landscape in California in numerous and ongoing ways.
Native plant losses and habitat degradation continue at an
accelerating rate. In the opening article Dan Cooper reviews
some of the vegetation resources on military bases in this
state. Since several bases are reverting to non-military
status, maximum efforts need to be made to assure that
plants will receive consideration when bases revert to other
uses. In other articles Margaret Stassforth reports on post-
fire vegetation on public lands in the Santa Monica
Mountains. Doug McCreary searches for ways to assure a
future for oaks on grazed lands and reports on a possible
tool, a treeshelter for seedlings. These three articles reflect
the kinds of difficulties that exist for preserving the great
diversity of our California flora.

In an article about lewisias, the authors share in their
search for species definition using an isozyme analysis
technique. In the world of endangered plant protection,
these definitions assume increasing importance.

Please support the important work of CNPS in 1997.
Each of us needs to find at least one new member for the
society. We need to grow.

Phyllis M. Faber

THE COVER: Indian Spring on the Naval Air Weapons Station at China Lake in San Bernardino County. Photograph by Denise LaBerteaux.
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A Brown towhee nest site at Lower Mammoth Mine in Inyo County. Photographs by Denise LaBerteaux unless otherwise noted.
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HABITAT CONSERVATION ON MILITARY INSTALLATIONS
by Daniel S. Cooper and Dan L. Perlman

N EARLY 1993 entomologist Rudi Mattoni was sur-

veying a Navy-owned vacant lot south of Los Angeles

when he noted the presence of a small blue butterfly,
which he identified as a Palos Verdes blue (Glaucopsyche
Ivgdamus palosverdesensis). This butterfly was believed
to have become extinct almost a decade earlier, shortly
after its only known habitat was converted into a baseball
diamond. However, recent surveys have confirmed that it
is not extinct, but is confined to a small area of coastal
scrub.

The Palos Verdes blue is far from the only rare species
in California that receives protection from a most unlikely
source, the U. S. Department of Defense (DOD). Military
land provides habitats for about 250 rare plant and animal
taxa in the state, including several with virtually no occur-
rence outside the bases. In remote parts of the deserts and
along the central coast scattered military bases support
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vast stretches of relatively undisturbed creosote bush scrub,
oak woodland, and chaparral where military activity is
often light. Near urban or agricultural regions small instal-
lations often hold the only substantial reserves of native
vegetation in the vicinity.

While recent base closures may immediately benefit
biotic communities on land directly affected by destruc-
tive military activities such as battle simulations and ord-
nance testing, in the long run many smaller holdings near
urban centers will be jeopardized. Even though the high
cost of cleaning up buried hazardous material (up to
$250,000 per acre) may spare portions of polluted hold-
ings from development, environmental toxins are often
limited to small, easily contained areas, leaving large
sections of closed bases and their habitat available for
private developers. Several large bases, including South-
ern California’s Camp Pendleton, have already taken steps
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to carve up portions of their coastal property for housing
developments.

In an effort to assess the implications of base closures
for the conservation of biodiversity, we designed ques-
tionnaires and conducted telephone interviews with re-
source managers at thirty DOD installations throughout
California, as well as most of the large National Park
Service holdings for comparison. Offshore holdings (is-
lands) were excluded. We requested information on the
plant and animal communities present, descriptions of any
ecosystem management techniques employed by each base,
and the long-term prognosis for biodiversity protection.
For information on the status of rare species, we relied on
the Federal Register from 1991 for mammals and 1993 for
plants, and consider as listed any taxa listed as Candidate
2, Candidate 1, Potentially Threatened, Potentially Endan-
gered, Threatened, or Endangered.

Natural Communities on Bases

West of the Sierra Nevada the Department of Defense
oversees 230,000 hectares of open land on twenty-three
major holdings in the Central Coast, the Central Valley,
and southwestern California. These represent just under
one-third of the acreage managed by the National Park
Service west of the deserts. Nine active or recently closed

DOD bases protect five or more plant communities; three—
Fort Ord near Monterey, Vandenberg Air Force Base
northwest of Santa Barbara, and Camp Pendleton south of
Los Angeles—support nine such habitat types within their
borders. Because many military installations are located
in lowland areas of Central and Southern California that
historically have been altered by agriculture and urbaniza-
tion, they now protect some of the most endangered plant
communities in the state, such as those found in vernal
pools, coastal sage scrub, and coastal salt marsh. Many of
these plant communities have extremely limited ranges
outside the bases on scattered national wildlife refuges,
Nature Conservancy preserves, and state parks.

Camp Pendleton, a particularly well studied base be-
tween Los Angeles and San Diego, provides an example
of this diversity. Of the base’s seventeen natural commu-
nities, thirteen were recognized by Holland in 1986 as
rare. Pendleton’s 12,000 hectares of native valley needle-
grass grassland is the largest remaining example of native
grassland in southwestern California, now reduced to 0.5
percent of its former range throughout the state. The
coastal sage scrub that occurs there represents the largest
contiguous patch of this globally rare community in the
country. The base also protects patches of Engelmann oak
woodland, dominated by a tree species (Quercus engel-
mannii) endemic to low mesas of southwestern Califor-
nia, and hundreds of hectares of coastal salt marsh, which

Coastal sage scrub on a site adjacent to March Air Force Base in Riverside County. Photograph by Scott Morrison.
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has already been reduced by over ninety percent along
California’s coast.

Miramar Naval Weapons Center in San Diego, Vanden-
berg Air Force Base, and other coastal installations protect
unique chaparral communities maintained by regular fog
cover, collectively known as maritime chaparral. At Van-
denberg, this chaparral grows beneath rare southern Bishop
pine forest, dominated by Pinus muricata, a closed-cone
species restricted to small patches along the central and
northern coast and Baja California. In the Central Valley
the desert-like scrub of the Elk Hills (formerly a naval
installation but currently administered by the Department
of Energy) lies adjacent to The Nature Conservancy’s
Carrizo Plains Preserve and protects 30,000 hectares of
valley saltbush scrub, an endemic-rich community that
elsewhere has been virtually eliminated due to agriculture,
flood control projects, and groundwater pumping.

East of the Sierra four mammoth bases in the Mojave
Desert cover over a million hectares, and several weapons
testing areas in the Sonoran Desert account for another
270,000 hectares. Death Valley National Park and Joshua
Tree National Monument roughly equal the land area of
DOD bases in the Mojave, and the amount of land pro-
tected by Anza-Borrego State Park in eastern San Diego
County is comparable to the acreage of the various DOD
holdings. According to Peter Raven, the Sonoran Desert’s
Chocolate Mountains represent one of the six regions of
the state with a high level of relictual flora. The entire
range, which lies just east of the Salton Sea, is a weapons
testing zone, and relatively little is known about its biotic
resources. Its thorn woodland habitat, dominated by all-
thorn (Koeberlinia spinosa), is virtually unstudied, and
according to Holland does not occur in California outside
this range.

As of 1993 about 250 listed plant and animal taxa were
believed to be present or potentially present on DOD land,
which represents roughly two-thirds of all listed or candi-
date species in the state. This number exceeds the number
of listed species in California’s national parks and monu-
ments by about a third. Installations that are located in
California’s several regions of high endemism often pro-
vide the only habitat available for several plant taxa. The
marine terraces of Miramar, Camp Pendleton, and Vanden-
berg support coastal scrub communities rich in rare en-
demics, and both Fort Ord and Fort Hunter-Liggett lie in
the Monterey Endemic Area, a region whose unique or-
ganisms include over a dozen rare manzanitas (Arctostaphy-
los spp.), and herbs such as sand gilia (Gilia tenuiflora ssp.
arenaria) and purple amole (Chlorogalum purpureum var.
purpureum), which have few known occurrences outside
Fort Ord and Fort Hunter-Liggett, respectively.

March Air Force Base in western Riverside County
east of Los Angeles covers an area only a tiny fraction of
the size of Yosemite National Park, yet its scrubby grass-
land harbors more listed plant taxa than either Yosemite or
Sequoia National Park. Many of these species are re-
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Habitat Types and Acreages on Military
Installations in California
Habitat Types Total # Rare  Acres
California Floristic Province 569,650
Central Valley 93,050
Elk Hills (now DOE) 2 1 70,000
Beale AFB 4 2 19,000
Travis AFB 3 2 2,500
Castle AFB 2 1 700
NAS Lemoore 5 3 500
McClellan AFB 3 2 350
Central Western California 330,800
Fort Hunter-Liggett 5 1 165,000
Vandenberg AFB 10 6 100,000
Camp Roberts 5 1 43,000
Fort Ord 9 6 24,000
NAS Concord 2 1 6,500
Camp S.L. Obispo 6 2 4,800
Moffett Field 2 1 4,500
Camp Parks 2 1 2,600
NWS Alameda 1 1 2,000
Southwestern California 145,800
Camp Pendleton 10 9 113,000
NAS Miramar 6 4 18,000
Fallbrook Annex 6 4 8,000
March AFB 4 3 22,000
Pt. Mugu 3 2 2,200
NWS Seal Beach 1 1 1,000
El Toro 2 1 500
Norton AFB 1 1 575
Imperial Beach 2 2 325
Desert Province 3,201,000
Maojave Desert 2,541,000
NAWS China Lake  § 1 1,000,000
29 Palms 2 0 600,000
Fort Irwin 2 0 580,000
Edwards AFB 3 1 360,000
George AFB 2 0 1,000
Sonoran Desert 660,000
Chocolate Mtns. 2 1 600,000
USNAGR 1 0 50,000
Salton Sea 2 0 10,000
Great Basin Province
Mococ Plateau 96,460
Sierra Army Depot 2 0 96,460
Terminology of habitat types and rarity based on Holland (1986)

stricted to vernal pools that form each spring in the grass-
land between the asphalt runways.

In the Desert Province the large installations protect
pockets of taxa with naturally small ranges, often re-
stricted to a single dune system or set of limestone cliffs,
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including Munz’s cholla (Opuntia munzii) at the Choco-
late Mountains and Lane Mountain milk-vetch (Astraga-
lus jaegerianus) at Fort Irwin, both of which are threat-
ened by military activity at their respective installations.

Military Lands Protect Habitat

Destruction of habitat by urbanization and agriculture
appears to be the most pressing threat to California’s
restricted terrestrial communities on military bases. Re-
source managers at nearly every base west of the deserts
mentioned threats found commonly throughout the state,

Near Coso Village, Coso Mountains in the Naval Air Weapons Station
at China Lake.
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as well as off-base development, not hazardous waste, as
the most likely source of plant habitat loss on their base.
Drought, exacerbated by water projects designed to en-
courage agriculture and urbanization, continues to de-
grade ecosystems in the Central Valley and in the deserts.
Modification of the surrounding habitat leads to increased
threats from introduced and invasive plant and animal
species, with wetland, riparian, and grassland habitats
most affected.

Cattle grazing, permitted in the management plans of
several bases in western Central California and in the
Central Valley, and growing populations of feral pigs (Sus
scrofa) in the Coast Ranges bring associated environmen-
tal problems such as stream siltation and vegetation tram-
pling. Finally, toxic chemicals released from nearby mines
continue to pollute streams that flow into Camp San Luis
Obispo, pesticide use in the surrounding farms may be
decimating native insect populations near bases in the San
Joaquin Valley, and Point Mugu’s list of over a dozen
toxins in Santa Clara River-fed Mugu Lagoon testifies to
the presence of hazardous agricultural runoff from the
nearby Oxnard Plain.

Miscellaneous military-related disturbances on base
properties represent another threat to the plants found on
military bases. In 1988 at a Mojave Desert base a combat
unit was found camped directly on a small patch of white-
margined penstemon (Penstemon albomarginatus), severe-
ly damaging one of this species’ three known locations in
the world and the only one in California.

Bases are sometimes candidates for mitigation projects
that result from the loss of endangered species at off-base
sites. One such project resulted in a tidally influenced
saltwater lagoon on NWS Seal Beach, built by the Port of
Long Beach, as mitigation for the destruction of a fishery
off-base. What historically had been a fully tidal mudflat
wetland, and later converted to agricultural fields to pro-
vide a foraging ground for raptors, was returned to an
estuarine condition.

Several installations have been or are currently used for
environmentally destructive activities such as bombing
practice. The largest ordnance testing areas are confined to
the installations of the Desert Province, especially those in
the Sonoran Desert. At the bases in the Mojave impact
areas generally take up less than ten percent of the installa-
tions’ property, while Camp Pendleton and Edwards AFB
reserve larger proportions of their land for testing. Histori-
cal weapons detonation often has left buried ordnance and/
or has disturbed habitats at numerous installations through-
out the state.

While the impact of weapons testing on biotic commu-
nities has received little study, its effects depend upon the
frequency and intensity of the bombings within these ar-
eas. At Camp Pendleton, the land in more intensively
bombed areas burns frequently. The wildlife caught with-
in this impact zone (one-fourth of the base’s habitat) un-
doubtedly suffers as a result.
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Military installations have enjoyed a history of lax en-
vironmental standards regarding the use and disposal of
hazardous material, a term that refers to everything from
engine oil to radioactive waste, and soil and water pollu-
tion persist on many bases. Federal programs have only
recently begun to address the effects of decades of aircraft
painting and paint removal that have left toxins in the soil,
threatening the regional water table around McClellan Air
Force Base and Moffet Field. At Point Mugu and Seal
Beach, residue from missile launches and buried lead bul-
lets from firing ranges are being cleaned up by the Navy.

Public Programs to Preserve Plants

In contrast to the environmental abuse that often ac-
companies military training, most California installations
are involved in active conservation programs, generally
in conjunction with the U. S. Fish and Wildlife Service
(USFWS). The status of wildlife on military installations
began to receive attention during the mid-1960s, when the
federal government began to encourage bases to develop
and update multi-use natural resource management plans
with the help of the USFWS. Recent examples come from
Miramar Naval Weapons Station, where base biologists
are using GIS technology to assist in mapping the base’s
plant communities and locate rare plants or plant commu-
nities such as vernal pools or riparian corridors. Despite
such efforts, few installations had such plans or even
baseline wildlife inventories prior to the 1980s, and only
in the 1990s have bases begun to consider the potential for
community-scale habitat management of their property.

Within the DOD the Land Condition Trend Analysis
program (LCTA) has begun long-term monitoring of the
habitats and organisms at every major Army/Reserves
holding. While not as comprehensive as complete biologi-
cal inventories, the LCTA has allowed forts Hunter-Liggett
and Irwin, and camps Roberts, San Luis Obispo, and Pen-
dleton to institute vegetation and habitat mapping and
vertebrate surveys to locate rare organisms. The Legacy
Program, another DOD program, had financed resource
management projects on military holdings across the coun-
try, but Congress recently voted to eliminate its budget for
1997, which was $50 million in 1993.

California’s Resources Agency, the entity that includes
the California Department of Fish and Game, launched the
Natural Communities Conservation Program (NCCP) in
1991 to avoid the species-by-species battles similar to the
situation in the Pacific Northwest. The NCCP seeks the
cooperation of public and private landholders to protect
critical habitat for numerous organisms before it is con-
sumed or further fragmented by development. The coastal
sage scrub community of Southern California was se-
lected as the pilot area for the plan, and Camp Pendleton
and Miramar have supported the objectives of the NCCP
and agreed to share data with other agencies involved in
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Mojave fishhook cactus (Sclerocactus polancistrus) grows in limestone
areas and in creosote-bush scrub in canyons at the Naval Air Weapons
Station at China Lake.

planning. Discouragingly, only about fifteen percent of
the remaining coastal sage scrub was protected under the
NCCP in 1995.

The Nature Conservancy (TNC) has become one of the
most active private organizations involved in conservation
on military land. In 1989 TNC signed an agreement with
the Department of Defense to inventory all “significant”
military installations for their biodiversity, and has as-
sisted in numerous base management plans. Of the many
projects they are supporting, TNC is coordinating the
establishment of an herbarium at NWS Fallbrook Annex
and has paid for baseline plant, animal, and soil surveys to
locate rare species and unique habitat areas at Fort Irwin
and at Beale Air Force Base.

Future of Closed Bases

The most encouraging example of post-closure conser-
vation attention on DOD property in California comes
from Fort Ord, where more than half of the property
(6,500 hectares) has been transferred to the Bureau of
Land Management (BLM) for habitat preservation as part
of a federally funded venture to convert the property into a
new public university campus. With the rapidly develop-
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ing Monterey Peninsula area currently expanding around
Fort Ord, local conservation groups are working toward
continued preservation of its rare plants and plant habitats.

The most urgent conservation problems involve instal-
lations that have closed and currently face development.
With the Pentagon favoring fewer and larger bases, it may
be assumed that any California base could close, leaving
its plant communities vulnerable. Unfortunately, with the
current practice of mitigating habitat destruc-tion by re-
planting and relocating rare taxa off-site, not even the
presence of endangered species ensures habitat protection.

Several bases were not included in this study because
they had no resources manager or have already closed; all
of these properties could fall to development without a
fight. The USFWS found the habitat protected by the
recently closed George Air Force Base too marginal to
warrant conservation; the remaining desert tortoises were
removed from the land and fines were collected as devel-
opers bulldozed the few listed plants. On the fringes of the
San Francisco Bay Area, Camp Parks has ceased opera-
tions with no adequate survey of the rare species undoubt-
edly present on the base. A similar situation occurred at
Norton Air Force Base in San Bernardino, which protects
a region of alluvial scrub along the Santa Ana River from
local gravel mining operations that threaten the entire
range of the federally endangered Santa Ana woolly-star
(Eriastrum densifolium subsp. sanctorum). Habitats on
closed or closing bases near other urban areas, such as Los
Angeles, may be beyond saving because of the pace at
which land is developed.

Fortunately, habitats in and around the larger and more
remote bases in the deserts may be relatively safe from
development with the 1994 passage of the California Desert
Protection Act (Senate Bill 21). This measure guarantees
protection of five million hectares in both the Mojave and
Sonoran deserts and establishes a 600,000-hectare Mojave
National Park along with over 1.5 million new hectares of
wilderness. Unique or valuable habitat on these bases and
on those in other sparsely settled parts of the state, such the
endemic-rich serpentine chaparral communities of Fort
Hunter-Liggett, should also be spared pressure from ur-
banization as resource managers continue to combat the
other threats affecting these holdings.

The Defense Department must continue to work suc-
cessfully with government agencies and private organiza-
tions to study and preserve the habitat protected by its
installations, especially that of bases facing closure and
realignment. Voters and law-makers must make intelli-
gent land use decisions that protect the natural heritage of
California as well as its economic potential, especially
where the balance has been historically skewed, such as in
the Central Valley and in southwestern California.

In this era of consolidation and base closures, Califor-
nia’s installations could either become covered with office
parks and golf courses or they could make meaningful
contributions to the preservation of California’s remark-
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able biodiversity. The successes of species and ecosystem
management programs on several California bases pro-
vide a model of active conservation fully compatible with
the military mission. The transfer of Fort Ord’s natural
areas to the BLM should set the trend for the accommoda-
tion of rare natural communities once bases have closed.
By preserving wilderness, open space, and rare plants and
plant habitats in Southern California, the use of military
land for conservation could help avert further destruction
of California’s natural heritage.
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A prescribed burn in standing chaparral was conducted at Eagle Springs in Topanga State Park in mid-June. Photographs by the author.

CHAPARRAL RESPONSE TO PRESCRIBED BURNS
IN THE SANTA MONICA MOUNTAINS
by Margaret L. Stassforth

N RECENT YEARS the value of prescribed burns has

been a topic of debate among public land managers,

biologists, and fire agency personnel. Managers and
biologists agree that fire is necessary for the maintenance
of the chaparral community and that wildfires inevitably
result from the buildup of dead fuel within aging vegeta-
tion. But what constitutes chaparral’s natural fire fre-
quency—the average length of time between fires—is still
a matter of contention. Researchers have estimated the
average interval between chaparral fires to be from ten to
forty years, while others believe that the interval is much
longer.
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Fire suppression has been the preferred policy on most
public lands for many years. Recently some land manag-
ers, hoping to restore the natural process of fire to shrub-
lands under their stewardship, have been conducting pre-
scribed burns more frequently than some ecologists find
acceptable. However, Keeley and his associates describe
chaparral as resilient to a wide variety of fire frequencies.

Long intervals between fires rarely occur in Southern
California’s Santa Monica Mountains, since almost all
ignitions there are human-caused and frequent, making it
difficult to find stands of chaparral greater than fifty years
old. According to Scott Franklin, former vegetation man-
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Bush poppy (Dendromecon rigida ssp. rigida) in bloom three and a half
years after a burn on the Eagle Springs Loop site.

agement officer for the Los Angeles County Fire Depart-
ment, average intervals between chaparral fires in the
western half of the range are fifteen to seventeen years and
around twenty-five years in the eastern section.

Fire agencies, charged with protecting lives and prop-
erty, are concerned with fire safety and have practiced a
policy of fire suppression in the Santa Monica Mountains
for most of this century. It has become apparent, however,
that fire suppression has not lessened the hazard, but has
led to larger fires due to a greater buildup of dead vegeta-
tion. The problem of destructive wildfires is particularly
troublesome in these mountains where large tracts of open
shrublands intermingle with housing development. The
Los Angeles County Fire Department has been conducting
a series of prescribed burns in the central portion of the
range since the 1980s, particularly at the urban-wildland
interface. By creating a mosaic of different-age burns,
they are making an effort to reduce the hazard of wildfires
during the wildfire season.

Different Fire Regimes

A map constructed by Richard Minnich compares a
fifty-one-year fire history of northern Baja California,
where fire suppression is not practiced, with that of South-
ern California. His map shows a pattern of many small,
different-age burns in Baja California, and a burn pattern
of far fewer but much larger fires in Southern California
with an occasional very large fire. In Baja California the
pattern of small burns is the result of fire’s tendency to
stop burning when it reaches the boundary of less flam-
mable, younger vegetation. This phenomenon was illus-
trated in the Santa Monica Mountains when the 1982
Dayton fire died down at the boundary of the 1978 Kanan
fire. A more recent example occurred during the 1993 Old
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Topanga fire. The area burned by the smaller 1985 Piuma
fire was contained within the perimeter of the Old Topanga
fire. The wildfire burned with much less intensity in the
younger vegetation and fewer structures were lost to fire
than in the surrounding, older chaparral. Significantly, in
Baja California during the study period more than 2,000
fires occurred with no fire more than 6,000 acres. In
contrast, during the same period southern California expe-
rienced fewer than 400 fires, with a few fires consuming
more than 50,000 acres.

Because prescribed burns are frequently carried out in
winter and spring, objections have arisen concerning the
negative effects on chaparral species resulting from out-
of-season burns. Cool-season burns in California have
resulted in poor shrub regeneration for those species that
reproduce only by seed germination. The seeds of these
species require scarification to germinate, and low-inten-
sity burns generate insufficient heat to crack seed coats. It
is thought that chamise (Adenostoma fasciculatum) burls
can be negatively affected by fire when burned during the
spring growing season because of low starch reserves in
the burls during the growth period. Additionally, winter
and spring burns have resulted in poor herbaceous re-
sponse, since the ground is often wet at this time and the
seeds of herbs that have imbibed water are usually killed
by heat. The question is: can chaparral prescribed burns be
conducted out of the wildfire season, while still maintain-
ing the integrity of this vegetation community?

Burns in the Santa Monica Mountains

To answer this question [ have been monitoring chapar-
ral regeneration after prescribed burns conducted by the
Los Angeles County Fire Department in the Santa Monica
Mountains for the past ten years. These studies have fo-
cused on burns in untreated chaparral and in chaparral that
had been crushed by bulldozer prior to burning. Each
technique carries its own set of problems. In order to burn
live chaparral successfully and safely, vegetation moisture
readings must fall within a certain range—above this range
the shrubs won’t burn, and below it the danger of a fire
escape is too great. Weather conditions must also fall
within ranges prescribed for safe and effective burns on
each site.

In the Santa Monica Mountains optimal conditions fell,
during the years of burns in standing vegetation, in late
June and early July. While these burns were not cool-
season burns, they still ranged from low to moderate in-
tensity. These fire intensities were favorable for resprouting
species, but carried risks for obligate-seeding species.
Big-pod ceanothus (Ceanothus megacarpus), one of the
primary dominants in these mountains, and buck brush (C.
cuneatus), another obligate-seeding species that occurred
on two small sites, were most at risk. Because of the
vegetation structure formed by these species—a high shrub
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Regeneration of a mixed stand of chaparral (above) on a slope above the Stone Canyon Reservoir two years after a burn. Species include resprouting
chamise (Adenostoma fasciculatum) and laurel sumac (Malosma laurina) and seedlings of big-pod ceanothus (Ceanothus megacarpus) and bush
mallow (Malacothamnus fasciculatus). Resprouting Eastwood manzanita (Arctostaphylos glandulosa) (below) two months after the burn. Shoots are

up to ten inches tall.

canopy with little dead wood beneath—cool fires can kill
the shrub without delivering enough heat to the ground to
scarify seeds. This is particularly a problem in pure stands
of Ceanothus species because there is no understory of
lower-growing plants to carry heat to the ground.
Standing chaparral, ranging from twenty-five to twenty-
eight years old, was burned between 1986 and 1989 in a
series of prescribed burns. Initial seedling densities—a
measure of the number of seedlings germinating in a given
space—for Ceanothus species were lower on all sites than
those reported in the literature. In a study after a wildfire in
the Santa Monica Mountains big-pod ceanothus average
initial seedling density was ten per square meter. On the
prescribed burns in the Santa Monica Mountains average
initial seedling density for the same species was about four
per square meter, dropping after several years to slightly

VOLUME 25:1, JANUARY 1997

FREMONTIA 11



B

A bulldozer crushes mixed chaparral in January before April burn. The blade is set about three feet
moving soil.

less than two per square meter. However, initial seedling
densities on the individual transects were extremely vari-
able on the prescribed burns. Monitoring results suggested
frequency levels—a measure of the spatial distribution of
each species—high enough on four sites to maintain aver-
age previous contributions to these stands by ceanothus
species. The fifth site showed a substantial reduction in
frequency. Low seedling germination here resulted from a
lack of scarification because of the high canopy and lack
of understory.

Initial seedling densities for chamise were so varied as
to make averages meaningless. However, even with re-
sprouts and seedlings contributing to this species’ regen-
eration, there was a reduction of chamise on three of the
five burn sites. Field and laboratory experiments indicated
a good relationship between heat and big-pod ceanothus
seed germination, but no such results for chamise. The
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reduction in chamise thus can be attributed to both fire-
caused burl mortality, although this mortality fell within
the range of that reported on wildfires, and low seedling
survival.

Ten non-dominant resprouting chaparral shrub species
were monitored on the various sites, with all but two
resprouting one hundred percent. Those resprouting were
laurel sumac (Malosma laurina), sugarbush (Rhus ovata),
Eastwood manzanita (Arctostaphylos glandulosa ssp.
glandulosa), toyon (Heteromeles arbutifolia), holly-leaf
redberry (Rhamnus ilicifolia), chaparral currant (Ribes
malvaceum), mountain mahogany (Cercocarpus betu-
loides), and blue elderberry (Sambucus mexicana). None
of the three spiny redberry (Rhamnus crocea) shrubs oc-
curring on the transects resprouted, but two of the three
greenbark ceanothus (Ceanothus spinosus) shrubs re-
sprouted. Although most of these species produced nu-
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merous seedlings, few survived, with the exception of
greenbark ceanothus seedlings. Regeneration of all other
shrubs resulted almost entirely from resprouting. Thus, it
would appear that the cooler prescribed burns favor rees-
tablishment of the non-dominant shrubs listed above. While
greenbark ceanothus had some burl mortality, survival of
seedlings ensures its continued presence on the one site
where it occurred.

Crush-and-Burn Projects

Using the crush-and-burn technique, chaparral is crushed
by buildozer at least a month before burning, allowed to
dry, and burned when weather conditions are optimal. The
dry vegetation burns intensely at a time when the moisture
of the surrounding vegetation is too high to cause a fire.

In 1992 a site was selected for a controlled burn near
Entrada Road in Topanga State Park that had not burned
since 1925. The site contained dense chaparral growth
with a high diversity of shrub species resulting from its
varied topography. Burning standing vegetation was not a
viable alternative because houses surrounded the area on
three sides. Although chamise was the most abundant
species on half of the transects set out for monitoring
purposes, various combinations of the resprouting green-
bark ceanothus, laurel sumac, mountain mahogany, cha-
mise, and scrub oak occurred on the other half. Twenty-
five acres of mixed chaparral were crushed by bulldozer
on the site in January and burned the following April.

Because this technique results in a hot fire burning close
to the ground, the soil is heated enough to scarify seeds of
shrubs relying solely or partially on seed germination for
regeneration. However, uprooting burls was a significant
problem for some species, particularly greenbark ceanothus
and laurel sumac, with their large, heavy trunks. Crushing
over wet ground undoubtedly contributed significantly to
uprooting. Other species for the most part snapped off or,
as in the case of mountain mahogany, were not uprooted at
all. In addition, because resprouting occurs after crushing,
there was a question as to whether these species would
resprout a second time after burning. Although twenty
percent of chamise and scrub oak shrubs monitored did not

Top to bottom: Chamise in bloom on a slope in Topanga State Park four
years before the Eagle Springs prescribed burn. Large shrubs on the
lower slope are primarily big-pod ceanothus with laurel sumac inter-
spersed.elmmediately after the Eagle Springs prescribed burn, chamise
has completely burned off but big-pod ceanothus shrubs are only par-
tially burned.eFour years after the Eagle Spring burn, chamise and laurel
sumac are growing well. There is some loss of big-pod ceanothus on the
lower section of the slope. Bush poppy (Dendromecon rigida), a short-
lived ftire follower, bloomed prolifically over the whole burn site.»Six
years after the Eagle Springs burn, chamise and laurel sumac continue to
grow well. Old big-pod ceanothus is in bloom, but it is too soon in the
fire cycle to see new seedlings from this vantage point. The gray clumps
within chamise stand are dead and partially dead deerbrush (Lotus
scoparius).
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resprout, burls of the remaining species did. In spite of
uprooted burls and burls that did not resprout a second
time, seedlings of most shrub species germinated and sur-
vived to replace lost burls. The exception was chamise.
Burl mortality and low seedling survival of chamise re-
sulted in fewer individuals on the site than before the burn.
Still, chamise remains the most abundant species on the
transects, as it was before the burn.

Although sections of the site were damp when burning
was carried out, seeds of herbaceous species germinated
well. A fine mosaic of unburned and burned-over ground
resulted from the uneven distribution of crushed vegeta-
tion, and a different group of herbaceous species appeared
on burned and unburned areas. In fact, seventy-eight spe-
cies were counted on the entire site, a far richer herb flora
than occurred on any of the burns in standing vegetation.
While herb and shrub seedlings had less-than-normal
time for growth before the dry season, shrub seedling
mortality was not increased over that found during the
monitoring of burns in standing chaparral or reported in
the literature on seedling survival after wildfires. All
herbaceous species bloomed and set seed before the onset
of summer’s heat.

Another controlled burn was undertaken on Zuma Ridge
in 1993. Conditions were different on this approximately
200-acre site, which last burned by wildfire in 1978, and
results differed from those observed on the Entrada site.
Crushed in April and burned in May, dominant species in
the Zuma Ridge vegetation were chamise, mountain ma-
hogany, and big-pod ceanothus, with greenbark ceanothus
occurring on one transect. Because the vegetation was
only fifteen years old, far less growth had accumulated
here, particularly on south-facing slopes. Two northeast-
facing slopes supported a heavier load of vegetation, and
there was less dead fuel on all slopes. Crushing resulted in
few uprooted burls because the younger stems were more
flexible, and all clumps of mountain mahogany resprouted
a second time after burning. However, low chamise seed
germination coupled with burl mortality caused by the fire
resulted in fewer chamise shrubs than were present before
the fire. Moreover, the light fuel load did not burn in-
tensely enough on most transects to scarify ceanothus
seeds, with the exception of the two northeast-facing slopes.
The heavier fuel load here led to a fire hot enough to
scarify seeds and thus seed germination was adequate for
shrub replacement.

The herbaceous flora was both diverse and abundant, in
spite of areas of damp ground while burning took place.
Thus, this site lost some small stands of big-pod ceanothus
on south-facing slopes because not enough seedlings sur-
vived and chamise individuals have been reduced, while
resprouting mountain mahogany held its ground. It is
probable that the low seedling survival for chamise and
big-pod ceanothus was due to the timing of this late spring
burn which did not give seedlings adequate growth time
before the summer dry season.
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Management Implications

Assuming that fire prescriptions are followed and veg-
etation that cannot carry a hot fire is not burned, it would
appear that prescribed burns can be conducted in the Santa
Monica Mountains in such a way as to achieve hazard
reduction while maintaining the natural chaparral ecosys-
tem. Ideally, attention should also be paid to the vegeta-
tion fuel load, timing of burns, and reproductive mode of
shrub species to be burned. While longer intervals be-
tween fires may be more desirable from a biological point
of view, in these mountains where so much residential
development intermingles with shrublands, the threat of
aging highly flammable vegetation to lives and property is
great during wildfires. A continuing program of contigu-
ous prescribed burns over the years, which creates a fine
mosaic of different-age fires at the urban-wildland inter-
face, could greatly lessen this threat. Although it is im-
practical to expect to recreate an overall mosaic such as
that found in northern Baja California, a program that
creates a safer environment and maintains chaparral eco-
system integrity could be developed. The technology for
doing this is available and should be used.
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Congdon’s lewisia (Lewisia congdonii) is one of over three hundred sensitive plant species managed by the USDA Forest Service. Photograph by
Lottie V. Jenvey.

SAW-TOOTHED LEWISIA: TO BE OR NOT TO BE
by Mike Foster, Elizabeth Carroll, and Valerie D. Hipkins

MONG THE 300-plus sensitive plant species man-
aged by the USDA Forest Service (FS) in Califor-
nia are three CNPS List 1B (rare and endangered
in California) cliff-dwelling lewisias: saw-toothed lewisia
(Lewisia serrata sensu stricto), Cantelow’s lewisia (L. can-
telovii), and Congdon’s lewisia (L. congdonii). The recent
reduction of saw-toothed lewisia under Cantelow’s lewisia
(The Jepson Manual 1993:902) prompted FS botanists
from five Northern California national forests to team up
with scientists from the National Forest Genetic Electro-
phoresis Laboratory (NFGEL) to analyze and compare the
genetics of these rare plants.
In the two decades since saw-toothed lewisia was de-
scribed, the taxonomy of this plant has been subject to
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debate. In 1974 Heckard and Stebbins recognized that
saw-toothed lewisia is closely related to Cantelow’s lewisia,
and with Congdon’s lewisia the three taxa “form a series
of geographic variants along the western Sierra Nevada.”
They chose to describe saw-toothed lewisia as a full spe-
cies, since “their ranges do not overlap, and no morpho-
logical intergradation between them has been found.” Saw-
toothed lewisia was distinguished from Cantelow’s lewisia
by its coarsely serrate leaves, reduced number of cauline
leaves, and smaller petals. Heckard and Stebbins also
noted that saw-toothed lewisia possesses fewer pink veins
per petal, a shorter scape and inflorescence, and smaller
cauline bracts than Cantelow’s lewisia.

Shortly thereafter, in 1975, Hohn also recognized that
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Cantelow’s lewisia is related to Congdon’s lewisia but
chose to consider saw-toothed lewisia as a morphological
and geographically isolated subspecies of Cantelow’s lewi-
sia. Hohn based her determination primarily on the shapes
and margins of the leaves, and stated that “no consistent
morphological character could be found to substantiate
taxonomic separation at the specific level.” Hohn sug-
gested that cauline leaf number is not a reliable indicator
of phylogeny in the evergreen lewisias, and could not be
used as a distinguishing character. In her key to the ever-
green species of Lewisia, Hohn used leaf dentation (den-
ticulate vs. serrate), leaf shape (apex retuse vs. rounded),
petal length (7-8 mm vs. 6-7 mm), and distribution to
separate L. cantelovii ssp. cantelovii from L. cantelovii
subsp. serrata.

In 1989 Matthew retained saw-toothed lewisia as a full
species “pending further studies,” but recognized that an
argument could be made for reduction to subspecific sta-
tus under Cantelow’s lewisia. Like Hohn, Matthew agreed
that the cauline leaf number is not a useful distinguishing
feature, but otherwise used the same characteristics for
distinguishing these two taxa as Heckard and Stebbins—
leaf morphology, petal length, and inflorescence archi-
tecture.

" These three taxa are alike in many ways, including their
relative rarity, general habitat preferences, and narrow en-
demism. Potential threats to these perennial herbs include
horticultural collection, road maintenance, and hydroelec-
tric development. Each taxon has a discrete geographic
distribution though they all prefer bedrock cliffs or rocky
slopes in rugged river canyons that are typically moist in
the winter and spring and bone dry by midsummer. Cong-
don’s lewisia is found in disjunct locations on the canyon
walls of the Kings and Merced rivers. Saw-toothed lewisia

Saw-toothed lewisia (Lewisia serrata) is easily distinguished by its
serrated leaf margins. Photograph by Mike Foster.
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Lewisia cantelovii

@ Lewisia serrata

# Lewisia congdonii

Location in northern California of Lewisia serrata, L. cantelovii. and L.
congdonii populations sampled for genetic analysis. Sampled populations
are indicated by number.

is endemic to the canyons of the American River and its
tributaries. Cantelow’s lewisia enjoys a wider distribution
from the inner gorges of the Yuba River north to the
Feather River watershed, with two disjunct populations
known from the middle reaches of the Sacramento River
above Shasta Reservoir.

As pointed out in “Whither Rare Plants in The Jepson
Manual” (Fremontia 22:23-27), not all of California’s
many taxonomic issues were resolved by the nearly con-
current release of The Jepson Manual and the CNPS
Inventory, much of this due to the imperfect and dynamic
nature of taxonomy. Saw-toothed lewisia provides a case
in point. Not included in the key to the genus Lewisia, it is
ambiguously placed at the bottom of the entry for L.
cantelovii: “Pls with smaller infl, deeper If serrations have
been called L. serrata.” This entry is noteworthy in that L.
serrata has not been explicitly reduced to synonymy under
L. cantelovii (for contrast, see L. pygmaea ssp. glandulosa).

For FS botanists on the Shasta-Trinity, Plumas, Tahoe,
and Eldorado national forests, the taxonomic status of
saw-toothed lewisia and Cantelow’s lewisia raises more
than just academic questions—it poses a conservation
quandary. Forest Service botanists often conduct viability
assessments regarding the impacts of proposed projects on
sensitive plant species, an assessment that hinges in part
on the known distribution and abundance of the species in
question. The lack of consensus regarding the status of
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saw-toothed lewisia challenged FS botanists to consider
these plants in light of their own field experience. Based
on a combination of inflorescence architecture, leaf mor-
phology, habitat preferences, and range, we felt that an
argument could be made for recognizing saw-toothed
lewisia as a distinct species. To explore this determination,
we collected and genetically analyzed live tissue samples
from saw-toothed lewisia, Cantelow’s lewisia, and Cong-
don’s lewisia.

Genetic Analysis at NFGEL

NFGEL examined the genetic diversity of saw-toothed,
Cantelow’s, and Congdon’s lewisia using isozyme analy-
sis. Isozyme analysis is a technique that can identify ge-
netic differences within groups of plants or animals. In the
laboratory, plant material (such as seed or leaves) is pre-
pared for analysis by first grinding the tissue in an extrac-
tion buffer. The ground sample contains a number of
biochemical compounds, some of which are enzymes. The
sample is placed in a starch gel and an electric current is
applied to the gel which separates the enzymes contained
in the sample.

Isozymes are enzymes that differ in their chemical
properties and therefore migrate (or separate) to different
positions on the gels. We visualize these isozymes by
adding a substrate and dye that produces colored bands at
the site of the enzymatic chemical reactions. Different
banding patterns are observed when we stain for different
enzymes. We are able to determine levels of variation and
diversity when we visualize more than one band, or differ-
ent bands, among individual samples of a taxon. Because
isozymes are a product of DNA, an isozyme analysis
screens individuals for variation in their DNA at the locus
producing the enzyme.

Isozyme data allow direct quantification of the genetic
variation within taxa, as well as measurement of the simi-
larity between taxa. Genetic variation can be found at
different taxonomic levels (i.e., among and within indi-
viduals, populations, species, etc.). In addition to quanti-
fying the total variation in a taxon, isozymes can also show
how much of that variation is found among subgroups. For
example, if all individuals within the populations of a
species contain the same genes near the same frequencies,
most of the genetic variation for that species is said to
reside within populations (each population carries about
the same genetic information as any other population).

However, if individuals in one population contain genes
not found in individuals in another population, most of the
genetic variation for that species would reside among
populations (populations would be genetically different
from each other). These different levels of genetic varia-
tion represent what geneticists call “genetic structure” and
provide a way of looking at how genes are patterned
across the landscape. Isozymes can also provide a direct
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NFGEL

HE NATIONAL FOREST Genetic Electrophoresis

Lab (NFGEL) was established in 1988 to pro-
vide a link for applying Forest Service research to
national forest management problems. NFGEL’s mis-
sion is to provide Forest Service personnel the op-
portunity to assess genetic diversity to aid in deci-
sion-making. NFGEL’s analyses utilize both DNA
and isozyme technologies and are kept current through
our continual contact with the research community.

Following development of the Forest Service Ge-
netic Resources Strate