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ABSTRACT

Extensive sampling of chaparral with 10-m line intercepts in the San Gabriel and San
Bernardino Mountains of southern California revealed site-oriented vegetative characteristics
and successional patterns. Of the 78 species encountered, few were widespread and abundant;
most were local and infrequent. The most widespread and abundant species were long-lived
rootcrown sprouters. Adenostoma fasciculatum (chamise), the most frequently encountered
shrub, occurred on 71.4% of the sites and composed one-fifth of all shrubs in the study. The
second mQst common species, Quercus dumosa (scrub oak), appeared on 32% of the sites
sampled. Many non-sprouting subshrubs and woody species were restricted to elevations below
3,000 ft (ca. 900 m), sunny exposures, and young stands.

Chaparral succession, both in composition and rate of change, is influenced most by aspect,
particularly north- and south-facing slopes. Next in importance is the influence of coastal and
desert exposure. Elevation is a factor that may compensate for coastal-desert exposure or
aspect. Percentage of slope is least important. The rate of succession after fire in coastal

chaparral is slowest on south-facing slopes below 3,000 ft. Early stages of shrub succession
are characterized by a mixture of chaparral seedlings, resprouts, and seedlings of coastal sage
subshrubs. Most of the present-day chaparral on south-facing slopes is a coastal sage-chaparral
subclimax due to frequent fire. On fire-free sites a chamise-chaparral climax community develops within 30 years after fire. The fastest succession rate is in coastal chaparral on northfacing slopes above 3,000 ft. The profusion of coastal sage subshrubs is missing, and vigorous,
tall-growing sprouting species are abundant. The death of large, short-lived species in stands
older than 25 years allows pockets of seral species to develop in the climax scrub oak-chaparral.
Chaparral succession is not a series of vegetational replacements, but a gradual ascendance
of long-lived species present in the pre-fire stand.

The pattern of chaparral succession on desert exposures differs from that on coastal exposures. Slope aspect is less important, but proximity to the Pacific Ocean is more important
than on coastal exposures. Fire favors the sprouting species of chaparral over woodland and
forest communities bordering the chaparral communities. Fewer chaparral species occur on
desert exposures than on coastal ones. Seedling and mature shrub mortality rates are lower
in desert than in coastal chaparral. Succession after fire in desert chaparral is slow, and the
climax community is composed of large shrub specimens with subshrubs clustered around their

skirts and a canopy broken by intershrub spaces.

Chaparral stands older than 60 years often are
Old stands are characterized by a high proportion
no new seedling development. Various phytotoxic
vitality and lack of regeneration. Maintenance of

I Manuscript received June 26, 1970; accepted for publication July 20, 1970.

decadent, especially chamise-chaparral.
of dead wood, little annual growth, and
substances may account for the loss of
vigorous chamise-chaparral is shown to be

2 Present address: Department of Biology, California
State College, Fullerton, Fullerton, California 92631.
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dependent on fire. A re-evaluation of current fi
The present fire-exclusion policy is probably th
of chamise-chaparral.

INTRODUCTION

The pattern and rate of vegetational change after
fire are not well known for the chaparral association

of southern California. The limited understanding of
chaparral succession is due in part to the ruggedness
of much of the chaparral terrain, the density and
woodiness of the vegetation, and the meager history
of the vegetation and of fires. Abrupt changes in
topography and floristic composition make generalizations derived from plot studies of uncertain va-

lidity for larger areas. Knowledge of the rate of
vegetation change after fire, the species involved, and
community structure is valuable in managing chaparral-covered watersheds. Such knowledge provides
understanding vital to erosion control and to flood
protection and is useful in fire-retarding procedures.
The aims of this investigation were to describe the
chaparral association more completely, to determine
if major site differences can be related to rates of
vegetation change, and to determine if generaliza-

tions of chaparral succession after fire based on a
few studies of small scope are applicable regionally.

Chaparral is a major plant association in California
covering 8.5 million acres (3.4 million hectares) of
foothill and low-elevation mountain terrain (Sampson and Jespersen 1963). Foothill areas alone, ele-

FIG 1. Burned portion of the San Gabriel Mountains
above La Crescenta, California, reveals the steep topography, multifaceted terrain, and firebreaks on ridges characteristic of chaparral lands in southern California. U. S.
Forest Service Photo (1956).

vations between 500 and 2,500 ft (152-762 m) above
sea level, comprise about 30% of the State's area.

In southern California3 chaparral is the characteristic

native vegetation occupying roughly 70% of the
mountain land and hills below the pine forest (Colman 1953). It is a complex plant association com-

posed of several hundred species and is dominated

by woody, evergreen, sclerophyllous shrubs which
form extensive carpet-like stands on hillsides and
mountain slopes. The shrubs are adapted to protracted summer drought, limited winter rains, and

rocky, coarse-textured, shallow soils of low fertility.
The chaparral formation ranges northward out of
northern Mexico through Texas, New Mexico, and

Arizona, the Rocky Mountain states, and California.
Clements (1920) was the first ecologist to point out
the distinctive character of the California chaparral
association as compared with the wider ranging Petran chaparral association found throughout much of
southwestern United States. The California chaparral
is evergreen, summer dormant, and winter active,
whereas the Petran chaparral is winter deciduous and

summer active. The two major dominants of the
'The term southern California as used in this paper
includes the nine southern counties of the State from
San Luis Obispo County southward to the Baja California
border.

California chaparral, Adenostoma fasciculatum4
(chamise) and Quercus dumosa (scrub oak), are not
present in Petran chaparral. Few species are common
to both associations.

Fire has been recognized as a primary factor affecting the chaparral and is the major cause of secondary succession. Lewis (1961) stated that the
climate of southern California and the density of the
plant cover make chaparral one of the most firesusceptible vegetations in the world. One of the most
striking and important capabilities of chaparral is the
ability to establish itself after being reduced to ashes.
Elimination of chaparral by fire is prevented by (1)
production of seed at an early age, (2) production
of fire-resistant seeds or fire-dependent seeds or such
large numbers of seeds that some survive even
though the heat destroys many, and (3) sprouting
from latent buds mainly below ground. The first year
after fire the exposed site is reclothed by the combined influence of resprouts and seedlings of both
woody and herbaceous species. Generally, two or
three decades pass before the chaparral develops to
its pre-fire physiognomy.

As the chief vegetative cover of the watersheds of
' Scientific names follow Munz and Keck (1959).
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southern California, chaparral has great economic,

was studied by Wells (1962). He recognized four

natural, and aesthetic importance. Yet each year

physiognomic classes: coniferous trees, broad sclero-

thousands of acres are burned by man-made and

phyll trees, broad sclerophyll shrubs (chaparral),

natural fires (Fig. 1). Each year millions of dollars

and subligneous shrubs. The physiognomic classes in

are spent suppressing fires and replacing lost or dam-

an area were not segregated primarily on the basis

aged facilities. Recurrent fires, urban expansion,

of climate or edaphic factors, except when considered

emphasis on environmental renewal, recognition of

in connection with fire.

multiple value, and need for increased rangeland are

Fire is still the most powerful yet inexpensive tool

more apparent in regions of the chaparral than in

available in the management and conversion of

any other type of wildland in southern California.

brushlands to grasslands and is used extensively in

Chaparral land management is a pressing problem in

northern California (Shantz 1947). But in southern

southern California as evidenced by a special confer-

California the use of fire for such purposes has been

ence sponsored by the Wildland Research Center,

minimal because of the steep topography, difficulty

Agricultural Experiment Station, University of Cal-

of containment, proximity of cities, and the danger

ifornia (Macey and Gilligan 1961). Range managers

of subsequent flooding and erosion. Nevertheless,

advocated conversion of brushfields into perennial

fires do occur each year in the southern California

grasslands; foresters, in the face of rising costs of fire

chaparral zone. The fire history of California chap-

suppression, proposed conversion of chaparral to

arral is sketchy. Records of fires go back to the 1700's

grasses and fire-retardant shrubs; conservationists

(Barrett 1935), but information on dates, locations,

pressed for maintenance of intact chaparral stands

and extent of burns is not precise. More reliable data

for wildlife and recreation purposes; flood suppres-

and fire atlases became available in the early 1900's

sion authorities stressed the vital role of shrub cover

and are maintained to the present by the U. S. Forest

in erosion control. Unfortunately, local and state

Service and Los Angeles County Flood Control Dis-

officials are forced to decide about wildland use with-

trict.

out adequate ecological information. This report will

The abundant germination of dormant seeds on

aid in future decisions regarding wildland manage-

recently burned chaparral sites has been reported

ment as well as contribute to the scientific knowledge

by many investigators (Rogers 1949, Stone and

of California chaparral vegetation.

Juhren 1951, 1953, Went, Juhren, and Juhren 1952,

Fire in chaparral

showed that seeds of some chaparral species require

Hadley 1960, Quick and Quick 1961). Their work

There are many misconceptions about the relation

scarification by fire, but others do not. Better ger-

between California chaparral and fire. One is that

mination of those not requiring scarification was re-

primeval forests were open and park-like, and brushy

lated to removal by fire of competition, litter, and

areas were small and insignificant until white men

perhaps phytotoxic substances in the soil. The suc-

settled California. However, Burcham (1959) indi-

cess of shrub seedlings has been shown to be influ-

cated that the climate and soils of this region produced extensive foothill brushfields and that man's
activities in the late 1800's served only to expand
the chaparral at the expense of forested areas. Pros-

enced by herbaceous species, since they compete with
the shrubs for light and water (Horton 1950, Shultz,
Launchbaugh, and Biswell 1955). McPherson and

Muller (1967) demonstrated that a chaparral shrub

pectors, stockmen, settlers, and lumbermen burned

(Ceanothus) inhibited a coastal sage shrub (Salvia)

vast chaparral and forest areas from the time gold

by reducing light intensity.

was discovered in California (1848) until the early

Letey, Osborn, and Pelishek (1962) reported water

1900's. Fire, combined with disturbance by placer

repellency in certain chaparral soils that appeared to

mining, grazing, lumbering, and settlement, had far-

be produced by organic substances of plant origin.

reaching influences on the natural plant cover of

Krammes and DeBano (1965) showed relationships

large tracts of land. A second misconception is that

between water repellency in soils, fire temperatures,

Indians of California burned vegetation regularly and

and plant species. More recent work by DeBano

purposefully. Burcham (1959) refuted this claim,

(1966) indicated that the hydrophobic substance was

but contended nevertheless that fire has been impor-

not destroyed by fire on the soil surface, but that

tant in the development of the California chaparral.

fire temperatures over 4000F (2050C) vaporized

He agreed with Axelrod (1958) that the influence of

and distilled the substance downward. Upon cooling,

fire has been a dominant environmental factor for

these vapors condensed in a concentrated layer a few

the past two million years or more. Jepson (1930)

centimeters below the soil surface. The limited data

suggested that fire played a major role in chaparral
speciation.

available indicate that temperatures between 11500

The vegetation in relation to geological substratum

a brush fire (Sampson 1944, Bentley and Fenner

and fire in the San Luis Obispo area of California

1958), ample to distill hydrophobic substances. Scott

and 1200'F (621'-704'C) can be reached during
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and Burgy (1956) demonstrated increased water in-

Bauer (1936) and Miller (1947) related growth-

filtration rates in soils on recently burned chaparral

rate differences to altitude and slope exposure. Hor-

sites. Adenostoma fasciculatum and other associated

ton and Kraebel (1955) showed some long-term

shrubs of California chaparral have been shown to

successional trends in southern California chaparral,

produce water-soluble toxins which restrict grass and

but their study was limited to five fire sites and one

herbs from the shrub stand (Muller 1965, 1966,

chaparral type. Patric and Hanes (1964) compared

McPherson and Muller 1969).

vegetation on two adjacent sites with different fire

Hellmers and Ashby (1958) showed the impor-

histories and recognized five plant communities re-

tance of soil nutrients and thermoperiodism in the

lated to north-south exposures and vegetation age.

survival of natural and exotic plants grown in the

Hanes and Jones (1967) found definite succession

San Gabriel Mountains. Vlamis, Stone, and Young

rate and compositional differences on north versus

(1954) and Hellmers, Bonner, and Kelleher (1955)

south slopes.

reported nitrogen and phosphorus deficiencies suffi-

Plumb (1961) reported that within a few weeks

cient to retard native plant growth in southern Cal-

after fire new shoots of some species sprout from

ifornia's brushland soils. Ahlgren and Ahlgren (1960)

rootcrowns just below the ground surface even dur-

reported that burning usually stimulates biotic nitro-

ing summer drought. Sampson and Jespersen (1963)

gen-fixing activities in the soil. They also stated that

discussed many brushland species and included in-

acidity of the soil is usually lowered after fire, and

formation on the sprouting capabilities of many.

calcium, phosphorus, and potassium are increased.

November rains and moderate temperatures foster

Reports regarding increase and decrease in nitrogen

an herbaceous cover not found in the mature chap-

compounds in the soil after fire are contradictory.

arral stand. These annual forbs are genetically

Johnson and Needham (1966) found no change in

adapted to the extreme and fluctuating postfire en-

the ionic composition of a creek adjacent to a burned

vironmental conditions (Horton 1950, Horton and

slope. They reported that heavier rains and less per-

Kraebel 1955, Sweeney 1957). Bentley, Green, and

meable soils might result in an elevation of ionic

Evanko (1966) noted that native perennial grasses

concentrations in the stream, but only temporarily.

are scarce, but annual grasses, mainly naturalized

Chaparral succession

Bromus and native Festuca, grow sparsely during
the first years after fire.

One of the most productive concepts of ecology
has been that of succession-the idea that vegetation

Successional status of chaparral

is dynamic and characterized by change. Yet studies

The successional status of chaparral has been de-

of California chaparral succession are few, and most

bated for years, some botanists even questioning

are provincial in scope and therefore limited in ap-

whether chaparral is a climax association. Clements'

plication. This provincialism is due in part to Cal-

(1916) early writings considered the California chap-

ifornia's diverse topography and climate.

arral a deflected or altered vegetation. He believed

Little is known of the rate of vegetation change

grassland to be climax and based his contention on

after a chaparral fire under natural conditions. Munns

the presence of so-called relics. Later (1920) he

(1919) described briefly the relative difference in

described southern California chaparral as an artifi-

succession rates between northern and southern Cal-

cial subclimax caused by repeated fire. In his study

ifornia chaparral. In his classical study of California

of the transition from desert to chaparral in Baja

chaparral Cooper (1922) considered Adenostoma

California, Shreve (1936) considered coastal sage

fasciculatum to be the climax dominant species over

and chaparral as one association, coastal sage being

the southern Coast Ranges of California. He con-

one form of chaparral or a transition vegetation. Ep-

cluded that along the mesophytic border of the chap-

ling and Lewis (1942) did not accept this view, con-

arral fire has pushed back the coniferous forest. On

tending that differences in drought resistance, spatial

its xerophytic border, the brush has been pushed

arrangement, altitudinal distribution, successional re-

back by grasses and coastal sagebrush. Cooper noted

lationship, and floristic composition suggest two fairly

two classes of disturbance leading to secondary suc-

well-defined plant associations. Jepson (1925) and

cession: (1) those after occasional burning or clear-

Horton (1950) considered chaparral a transition

ing where the sprouts recapture the area in a short

vegetation which, if not for constantly recurring fires,

time and (2) those after thorough destruction of the

would eventually be replaced by a tree community.

original vegetation either by grubbing out of the

Other botanists have rejected the hypothesis that

underground parts or by burning at frequent inter-

chaparral is a fire subclimax, proposing that it is a

vals. The first, he claimed, was instrumental in per-

true climatic vegetation (Cooper 1922, Bauer 1936,

petuating or extending the boundaries of brushfields

Munz and Keck 1959). Their opinion is based on

into forest, whereas the second resulted in increased

widespread dominance of the sclerophyllous plant

grasslands at the expense of brushlands.

formation, its evident stability, its occurrence on sites
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of diverse soil and topography, and the obvious

on three natural geographic areas (Fig. 2). Zone 1,

adaptation of this xerophytic shrub vegetation to both

the northwest extension of the San Gabriel Moun-

semiarid climate and fire. In Clements' later writings

tains, was bounded on the west by Hwy 99, on the

(Allred and Clements 1949) he also recognized chap-

north and northeast by the Mojave Desert, on the

arral as a true climax that persisted after recurrent

east and southeast by Hwy 14, and on the south by

fires. He described the chaparral climax as a stable

the San Fernando Valley. This zone was separated

shrub community lying below a belt of subclimax

from the main San Gabriel axis (zone 2) by several

chaparral occupying sites once held by coniferous

shallow canyons lying between the Mojave Desert

forest. "Chaparral proper is to be regarded as climax,

and the San Fernando Valley. Zone 2 included the

but with a change of species it extends into the mon-

main San Gabriel Mountain axis bordered on the

tane even the subalpine zone and there constitutes a

west by Hwy 14, on the north by the Mojave Desert,

fire subclimax" (Allred and Clements 1949: 133).

on the east by the Cajon Pass, and on the south by
the San Bernardino, San Gabriel, and San Fernando

STUDY AREA
Geography

The largest mountains in southern California are
the San Gabriel and San Bernardino Ranges; this
study was limited to these two ranges and adjacent
foothills. These extensive transverse mountains lie

between 330 and 340 N lat and 1160 and 1180 W

long and separate northern from southern California.
They approach the Pacific Ocean to the west and the
Mojave Desert to the east. The southern flanks of
the two ranges face intermediate and interior coastal
plains, sometimes called the "Great Valley of South-

ern California," and are exposed to maritime influences. Their northern flanks are within a rainshadow
and are exposed to the arid influences of the high
Mojave Desert plateau. The term "coastal" is used
in this paper to include those areas exposed to maritime conditions; the term "desert" is used for the
mountain and foothill slopes exposed to desert in-

Valleys. Zone 3, designated the San Bernardino

Mountains, is bounded on the west by the Cajon Pass,
on the north and east by the Mojave Desert, on the
southeast by the Colorado Desert, and on the south

by the San Bernardino Valley. On the southeastern

flank of this mountain range the high elevation Mojave Desert grades into the low elevation Colorado
Desert.

Each zone was divided into coastal and desert subzones. Usually the mountain crest formed the boundary separating the two exposures. In the valleys and
passes separating the zones, both coastal and desert
influences ebb and flow periodically. But, based on
local geography and climatic data, the coastal-desert
boundary represented the dominating influence. In

these transition areas most chaparral communities
below 3,000 ft (ca. 900 m) elevation are subject to

coastal influences, whereas those above 3,000 ft (ca.
900 m) are under desert influences.

fluences.

Soils

The San Gabriel Mountains, a series of faulted
crystalline metamorphic and granitic blocks thrust
upward during the Pleistocene time from a region
of relatively low relief, extend 60 miles (97 km)

from west to east and are 20 miles (32 km) wide
in some places. Their surface is highly dissected and
contains many deep canyons and a narrow crestline.

The crest height rises to altitudes of 5,000 ft (ca.
1,500 m) on the west end to over 10,080 ft (3,070
m) toward the east. Fault scarps are present on both

the north and south fronts. Storey (1948) stated that
the San Gabriel Mountains constitute an area which
probably has been faulted and fractured as inten-

sively as any other region in the world.

The San Bernardino Mountains are a faulted granite mass geologically younger than the San Gabriels
and show less dissection and little erosion through-

Chaparral lands are characterized by youthful
soils. Storie and Harradine (1958) estimated that

85% of the chaparral soils in California are lithosols,
i.e., rocky soils consisting of physically disintegrated

igneous-metamorphic parent rock. Bentley (1961)
reported that more than 80% of the 17,000-acre
(6,885-ha) San Dimas Experimental Forest (located

in the south-central portion of the San Gabriel Mountains) has slopes steeper than 55%, and that almost

75% of the soils within the experimental forest are
shallower than 2 ft (0.6 m). This report showed
further that 34% of the slopes were over 70% gradient; these slopes exceed the angle of repose for
unconsolidated soil materials and are extremely unstable. Soil erosion from these steep slopes is a sur-

face movement rather than a deep-seated movement

out their central portion. Rounded crests are numer-

of the soil mass. Northwest of Pasadena, debris

ous in contrast to the sharp crestline of the San

movement during the dry season ("dry creep") ex-

Gabriels. San Gorgonio Peak is 11,502 ft (3,506 m)

ceeded wet season movement on unburned chaparral

high (tallest point in southern California) and shows

sites (Krammes 1965); after a chaparral fire, debris

signs of glaciation on the north slope.

movement was 10-16 times that on comparable un-

The study area was divided into three zones based

burned sites.
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FIG. 2. The study area. Large numerals d
line indicates the approximate separation of
Climate

The UNESCO Arid Zone Research team (1963),

using a bioclimatical classification, described the general area of this study as xerothermomediterranean

because of the prevalent semiarid climate. The climate is similar to that prevailing in the Mediterranean

Sea region. A recent comprehensive study by Naveh
(1967) showed many climatic and vegetative similarities between California and Israel.
Marked differences in climate occur within short
distances because of proximity of the ocean and
diverse topography in southern California. Generally,
coastal breezes bring cool, moist air of marine origin

to mountain slopes south of the coastal-desert boundary (Fig. 2). North of the coastal-desert boundary,
desert influences predominate causing a drier climate
with greater temperature extremes than prevails on
the windward side. Latitude is not a major determinant of precipitation or temperature in southern
California.

Mean annual precipitation varies from 4.5 inches
(11 cm) or less on the Mojave Desert to 30 inches
(78 cm) or more in the mountains. During some

Weather Bureau 1930). A 25-year study in the San
Dimas Experimental Forest reported that more than
85% of the total annual precipitation occurs from
December through April (Reimann and Hamilton

1959). At this station the mean annual precipitation
was 26 inches (66 cm). In coastal valleys average

annual rainfall is about 12 inches (30 cm), but the
range is from 4.5 inches (11 cm) to 35 inches (89

cm). Most of the precipitation comes from a few
intense storms. Thus, from year to year water availability may vary greatly. Unusually heavy rainfalls

have been recorded in the mountains within short

time intervals. At Squirrel Inn (San Bernardino
Mountains) 16.7 inches (41 cm) of rain fell within
24 hr on January 16-17, 1916 (U. S. Weather Bureau 1930). At Camp LeRoy (in the San Gabriels)

26 inches (66 cm) fell in 24 hr in 1938 (U. S. Forest
Service 1954a). On January 25, 1969, at the Lytle
Creek Ranger Station (in the eastern San Gabriels)
21.61 inches (55 cm) of rain fell (U. S. Department
of Commerce 1969). Even though deep snow covers

the higher peaks during winter months, none of the
mountains remain snow-covered throughout the year.

Mountain slopes below 5,000 ft (ca. 1,500 m) seldom

years the Mojave Desert receives little if any pre-

are covered with snow except a few days after a

cipitation. At Bagdad, San Bernardino County, ele-

storm. Occasional thunderstorms produce local sum-

vation 784 ft (239 m), no measurable rain fell from

mer showers in the mountains. Since annual precip-

October 3, 1912, to November 8, 1914 (U. S.

itation is not large and summertime is rainless, there
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are no large perennial streams in the San Gabriel or
San Bernardino Mountains.

biotic province described by Munz and Keck (1959).
Chaparral mixed with grassland, oak woodland, des-

Coastal fog is another climatic factor important to

ert scrub, coastal sage scrub, and conifer forest often

vegetation. More frequent in spring and summer than

results in arbitrary and uncertain categories of vege-

in autumn and winter, it occurs in the coastal and

tation. Often plant communities are discontinuous,

interior valleys on the windward slopes of foothills

and parts of one occur as islands within another. At

and mountains. A typical summer day in the coastal

low elevations the effect of north-south aspect may

valleys is characterized by morning coastal fog, clear-

be striking. A community may be dissected, espe-

ing by midmorning, becoming hot and dry by mid-

cially near its margins, and may dovetail between

afternoon. Hanes (1965) found that the relative hu-

adjacent communities so that lines of contact are

midity reached 100% during one-third of the summer

irregular; transitional areas are numerous and at

mornings in coastal mountains of southern California.

times even rather extensive (Munz and Keck 1959).

Daily and seasonal temperatures vary greatly even

In southern California five principal physiognomic

though the entire study area has a mean annual tem-

types of non-riparian woody vegetation are encoun-

perature of 60'F (16'0C) (Visher 1966). Temper-

tered from coast to desert. All are composed mostly

atures are more uniform along the coast owing to

of evergreen species.

the tempering influence of the ocean. Here, frosts

Coastal sage scrub.-This association is common

are rare and winter temperatures usually range from

on dry, rocky, or gravelly slopes exposed to either

540 to 70'F (7?-21'0C). In the summer, lows of

coastal or desert influences. It is best developed on

60'F (16'C) and highs of 750F (23?C) are usual.

the coastal side of the mountains below the chapar-

The coastal zone differs from the nearby inland val-

ral, generally between 500 and 1,500 ft (152-457 m),

leys most conspicuously in the cold season, the coast

but members of this association are common in the

having much less severe cold. In summer the contrast

coastal chaparral up to 3,000 ft (ca. 900 m). On

is notably less (Visher 1966). Inland the summer-

mountain slopes exposed to desert influences, coastal

winter amplitude increases greatly. Intermediate val-

sage scrub species are scattered among woodland spe-

leys experience some freezing temperatures each win-

cies up to 5,000 ft (ca. 1,500 m) elevation. The

ter with a usual range of 350-750F (20-240C).

stands are moderately open and composed of sub-

Summer temperatures generally range from 550-90'F

ligneous shrubs 1-5 ft (0.3-1.7 m) tall. Coastal sage

(12'-320C) with occasional highs exceeding 1000F

species are prolific seeders, but few of the plants

(38?C). At higher elevations-and much of south-

survive burning. This plant association has been re-

ern California is elevated-there is a gradual cooling

ferred to as coastal sagebrush (Clements 1920), soft

effect; winter temperatures are colder (15'-55?F;

chaparral (Cooper 1922), California bush (Vestal
1949), coastal sagebrush (Wieslander and Gleason

-9'-12'C) and summer temperatures are cooler

(450-80'F; 70-270C) than in the valleys. The day-

1954), coastal sage scrub (Munz and Keck 1959),

time heat of summer is tempered by nocturnal cool-

and evergreen subligneous shrub (Wells 1962). Ar-

ing. Diurnal temperature ranges of 50'F (100C)

temisia californica (California sagebrush) is dom-

are not uncommon in the desert. Winter temper-

inant; other common genera are Salvia, Eriogonum,

atures range from 250 to 650F (-4'-18'C), and
summer temperatures range from 600 to 1100F

Haplopappus, and Encelia.

(16 -43 C). Occasionally hot, dry continental air

tation covers dry slopes and ridges above the coastal

displaces maritime air, causing high velocity offshore

sage scrub and below the coniferous forest. Shrubs

California chaparral.-This broad sclerophyll vege-

are 3-18 ft (1-6 m) tall with stiff stems and branches

"Santa Ana" winds.

The eastern part of southern California falls within

and simple, evergreen, hard, relatively small leaves.

the climatic zone of maximum sunshine in the United

The association is widespread, and stands often are

States. Here, cut off almost entirely from oceanic in-

nearly impenetrable. Its ability to regrow after fire

fluences by high mountain ranges, more than 85% of

is a special feature. This vegetation has been referred

possible sunshine is received each year (U. S.

to in California as "chaparra" (in Spanish, this term

Weather Bureau 1930). Westward, this condition

applies to evergreen scrub oak-dominated communi-

changes rapidly and within 10 miles (16 km) from

Southern California's diverse topography and com-

ties), coastal or Pacific chaparral (Clements 1920),
hard chaparral (Cooper 1922), and evergreen broadsclerophyll (Wells 1962). Composition is diverse,
but the most important and constant species is Adenostoma fasciculatum. Other dominant genera are
Quercus, Arctostaphylos, Ceanothus, Heteromeles,
Rhamnus, Cercocarpus, Prunus, Yucca, and Rhus.

plexly distributed climates have produced a mosaic
of plant communities that lie within the Californian

to deeper soils on coastal hills and to interior valleys

the coast the percentage decreases to 75%. Along

the immediate coast, owing to morning fogs of sum-

mer, less than 60% of possible sunshine is received.
Composition and distribution of regional vegetation

Oak woodland.-This tree association is common
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of southern California. Most of the trees are broad-

main mountain axis southward into coastal valleys.

sclerophyll and evergreen, 20-60 ft (7-20 m) tall.

The pinyon-juniper woodland can be converted to

Grasses and low shrubs are a common understory,

chaparral by severe burning because fire eliminates

and often chaparral or coastal sage scrub communi-

the non-sprouting dominant woodland species. The

ties surround or invade the woodland. All of these

dominant species are Pinus monophylla and Juniperus

trees are vigorous sprouters after fire. The presence

Californica.

of this tree community indicates more soil moisture
Fire history

than usually is found under chaparral or coastal sage
stands. This association has been referred to as broad-

Fire data were obtained from fire reports and

sclerophyll forest (Cooper 1922), southern oak

fire atlases of the U. S. Forest Service and the Los

woodland (Munz and Keck 1959), and evergreen

Angeles County Flood Control District. Major fires

broad-sclerophyll tree (Wells 1962). The dominant

were recorded as early as 1870. The U. S. Forest

species is Quercus agrifolia (coast live oak); more

Service fire reports date to 1894 when the San Ga-

localized are Juglans and Rhus.

Coniferous forest.-In southern California a broad

briel Forest Reserve was instituted by Congress.

With the establishment of the National Forests in

belt of coniferous montane forest lies above the

1907, more detailed and reliable fire reports were

chaparral association on coastal exposures at about

made. The present practice of including fire bound-

5,000 ft (ca. 1,500 m), though coniferous elements

aries and topographic sketches with the fire reports

along with the deciduous, broad-leaved, riparian

began in the 1920's and provides the most trust-

trees extend down moist canyons to about 4,000 ft

worthy source of chaparral fire history available.

(ca. 1,200 m). All of the conifers are killed by fire.

Whenever possible, more than one source was used

The montane forest has been referred to as the Pinus

to verify fire dates and boundaries. Topographic

Association (Clements 1920), yellow pine forest

maps denoting fire boundaries were used in the field

(Munz and Keck 1959), and evergreen needle- (or

to locate on-the-ground extent of burns.

scale-) leaf tree (Wells 1962). Dominant genera are

Preliminary sampling and previous experience in

Pinus, Libocedrus, Pseudotsuga, Abies, Quercus, Arc-

chaparral regrowth after fire showed that shrub size,

tostaphylos, and Ceanothus.

density, and presence or absence of burn scars are

Pinyon-juniper woodland.-Along the north flanks

reliable indicators of burn history. Often, it was pos-

of the San Gabriel and San Bernardino Mountains is

sible to verify the burn margin by presence or ab-

an upland, dwarf, open, coniferous forest. It is char-

sence of charred branches and stumps. Char was

acterized by pine-nut trees 9-30 ft (3-10 m) tall,

found on fire sites as old as 80 years. Hedrick (1951)

scattered junipers, and shorter shrubs. This forest

reported that fire scars could be detected on chapar-

community mingles with the montane coniferous for-

ral shrubs of northern California known to be 90

est above 6,000 ft (ca. 1,800 m) and the joshua tree

or more years old.

woodland and coastal sage scrub below 5,000 ft (ca.
1,500 m). The joshua tree woodland is an upland

SAMPLING METHODS AND SITES

desert type composed of scattered small trees inter-

Extensive sampling throughout the two mountain

spersed with shrubs and herbs. Elements of a poorly

ranges was considered more desirable than intensive

defined chaparral on desert exposures also are found

sampling of a few sites. Consequently, 81 chaparral

in all these plant associations. Fire kills the pines and

sites with known fire history were sampled. A total

junipers and some of the broad-leaved shrub species.

of 624 line intercepts were taken: 186 in zone 1,

Clements (1920) referred to this vegetation as the

288 in zone 2, and 150 in zone 3. Of these, 400

Pinus-Juniperus Association and called it the most

were on sites exposed to coastal influences, and 224

difficult of all formations to delimit and to charac-

were on desert exposures.. Field work began in June

terize. Some species may appear as important, if not

1966 and continued through September 1967.

dominant, constituents of chaparral, woodland, and

Several criteria determined the areas sampled.

forest. Horton (1960) called this vegetation desert

Stands being grazed by domestic stock or disturbed

scrub and further divided it into desert chaparral and

by man's activities were excluded. Margins between

pinyon-juniper woodland. He described it as com-

coastal sage scrub, desert scrub, and montane plant

posed of small trees, shrubs, and subshrubs thriving

associations were avoided. To eliminate edge effect,

on little moisture and occurring in a belt north of

no sampling was done beside fire margins, firebreaks,

the main axis of the San Bernardino and San Gabriel

fuelbreaks, trails, roads, structures, or man-made

Mountains between 3,000 and 9,000 ft (ca. 900-

clearings. Since vegetation along water courses is

2,700 m). This desert component of California chap-

composed of mesophytic trees and shrubs, these

arral is found in watersheds draining northward into

riparian areas within the chaparral were not sampled.

the Mojave Desert and in the Cajon Pass, Soledad

No samples were taken along the inaccessible north-

Canyon, and Lytle Creek, which pass through the

east flank of the San Bernardino Mountains. Along
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the northern flanks of both mountain ranges, the

Plants were recorded as "dead" if all parts of the

pinyon-juniper woodland tends to grade into mon-

plant intercepting the line were dead. If any part of

tane coniferous vegetation without a transition of

the plant intercepting the line was alive, the plant

well-formed chaparral, and no sampling was at-

was recorded as "alive." This method was followed

tempted.

to help ascertain senility of the stand. Shrubs were

Only burns of more than 100 acres (40.5 ha) were

also designated "resprout," "seedling," and "unde-

sampled. This restriction tended to eliminate rock

termined" to denote origin of each plant. Burn scars

outcrops, sheer cliffs, and small facets that might

as well as multiple stems were the best indicators of

be covered by atypical vegetation. The intent was

resprouted shrubs. Certain chaparral shrub species

to sample large, homogeneous stands of chaparral
rather than small ones so the data would reflect general trends of succession. A further criterion was
elevation; only areas between 1,000 and 5,000 ft

propagate themselves only by seeds, so determination

(ca. 300-1,500 m) were sampled. This restriction
tended to eliminate unwanted vegetation types bordering the chaparral. No attempt was made to draw
random samples because of limitations imposed by
fire boundaries, rugged terrain, and time. Since only
those sites which satisfied these conditions were
studied, the sample was treated statistically as a
single population, and then the data were used as a

corded as undetermined.

basis for describing this population.

Sampling is difficult in the nearly impenetrable
mature chaparral, so the simple line intercept was
used. Its reliability in chaparral was shown by Bauer
(1943). Two line intercepts 10 m long were adequate
to represent vegetation on a given aspect and within
an elevational belt. The sufficiency of two line inter-

of their origin was simple. Specimens of shrub species
that propagate themselves either by sprouts or by
seeds, and whose origin was not definite, were reData were processed at the University of California Computer Center, Berkeley, Calif.
ANALYSIS OF CHAPARRAL VEGETATION
General composition

Seventy-eight shrub species were encountered in
the study (Appendix I). Nearly 95% of the chaparral species were found in only 20% of the stands.
No one species occurred on all sites sampled. How-

ever, Adenostoma fasciculatum was clearly the most
frequently encountered chaparral species. It occurred
on 71.4% of the sites sampled and composed 20%
of all the shrubs encountered. This species occurred

cepts per area was established by trial sampling in
various chaparral locations using species-area curves

most frequently on the coastal exposures of zones

(Oosting 1956). Each line intercept followed the

It was the only species occurring on 61-80% of the

slope direction. Two line intercepts were established

at each cardinal point of the compass (+ 250); most
samples were within 100 of N, E, S, or W. Sampling
was repeated within each 1,000-ft (ca. 300-m) elevational belt. Most burn sites were limited to one
elevational belt and lacked one or more slope aspects.
However, a few large burns covered several eleva-

tional belts and all aspects and were sampled extensively. Areas burned more than once were recorded according to their most recent burn.

The mountain zone, coastal or desert exposure,
intercept location, elevation, slope aspect, and percentage of slope were recorded for each line inter-

cept. Only shrubs were sampled. Each shrub inter-

cepted by the 10-m tape was recorded by species.
Length of the crown-spread intercept (visual exten-

sion of the shrub crown to the tape) was recorded
to the nearest 5 cm. Where crowns of adjacent shrubs
overlapped, the crown spread of each shrub was
recorded as if there was no overlap. This method

resulted sometimes in crown cover values greater

1, 2, and 3 and on the desert exposures of zone 1.
coastal sites of zones 2 and 3. It was least commonly
found (16% ) on desert slopes of zone 2.
A two-way analysis of variance was performed on
the transformed frequency values of A denostoma
fasciculatum (with Bartlett's variance-stabilizing transformation for binomial data; Table XII, Hald 1952).
This showed a (1) significant preference for zone 1
(P < 0.001), (2) significant preference for coastal
exposures (P < 0.001), and (3) significant inter-

action between coastal and zone preference (P <
0.001). Calculation of the residuals showed that the

interaction effect was due to a larger-than-expected

preference for zone 1 desert sites and zone 2 coastal
sites.

The second most commonly encountered shrub
was Quercus dumosa (Appendix I). It appeared on

32% of all sites sampled and was found on coastal
and desert exposures of the three study zones. This
species occurred most frequently (42%) on desert

exposures of zone 2; it was least common (7% ) on

than 100%. The bare ground intercepted by the tape
was recorded also to insure a reliable portrayal of
shrub spacing. Maximum height of each shrub inter-

coastal exposures of zone 1.

cepted was measured with a range pole and assigned
to a half-meter height class from 0-0.5 to > 6.0 m.

desert slopes of zone 2 than either Adenostoma fas-

Another common shrub was Eriogonum fasciculatum. It occurred more frequently (63%) on the

ciculatum or Quercus dumosa and was present on

This content downloaded from 166.5.183.94 on Sun, 09 Oct 2016 22:20:33 UTC
All use subject to http://about.jstor.org/terms

36

TED

L.

HANES

Ecological

TABLE 1. The relationship of dominant chaparral shrubs
to coastal versus desert exposure as determined by a
2 X 2 contingency table at 5% significance

Monographs
Vol. 41, No. 1

TABLE 2. Tabulation of the 78 species in the study according to distribution and sprouting habit
Coastal/Desert

Species x2 P Preferencea
Adenostoma fasciculatum 59.30 .00 C
Arctostaphylos glandulosa 0.02 .89 ns
Arctostaphylos glauca 8.90 .00 D
Ceanothus crassifolius 93.80 .00 C
Ceanothus Greggii vestitus 73.10 .00 D
Ceanothus leucodermis 0.68 .40 ns
Cercocarpus betuloides 31 .70 .00 D

Eriogonum fasciculatum 0.96 .32 ns

Lotus scoparius 28.40 .00 C
Quercus dumosa 1.50 .22 ns
Salvia mellifera 54.40 .00 C
Yucca Whipplei 0.37 .05 ns

Type of sprouting Coastal ("widespread") Desert Total
Sprouters ............. 11 18 5 34

Non-sprouters ......... 15 9 9 33
Undetermined

Total

.........

.............

31

5

28

1

5

11

19

78

TABLE 3. Association between 12 most common chaparral
species, topography, and age
Topographic and ag influences

Species Elevationa Aspectb Slopec Aged

Adenostoma fasciculatum _ S ns I
aC = coastal, D = desert, ns = not significant

about 25% of the sites in the other zones and exposures except the desert sites of zone 1.
Ceanothus crassifolius occurred on nearly 40 % of
the coastal exposures of zone 2 and 3, but was un-

common (4% ) on the coastal slopes of zone 1. This
species was not found on any desert slopes. Salvia
mellifera ranged in frequency from 20% to 31% on
the coastal slopes of all three zones and was absent
or poorly represented on desert sites.

By computing the standard deviation (x2) for a
2 x 2 contingency table, data were categorized according to coastal versus desert exposures. Of the 12
most commonly encountered species four preferred
coastal exposures, three preferred desert exposures,
and five showod no preference at 5 % significance
(Table 1). For species less frequently encountered,
coastal/desert preference was tested by using the binomial approximation at 5% significance. Of the 31
species having a significant association with exposure,
21 preferred coastal sites and 10 preferred desert

sites. The large number of species showing no significant preferences for either coastal or desert exposures does not signify they had no preference, but
rather that the small number encountered was inadequate to reach 5% significance. For example, Yucca
brevifolia and Ephedra californica grow only on des-

Arctostaphylos giandulosa + ns D ns
Arctostaphylos glauca + ns ns I
Ceanothus crassifolius D ns + I

Ceanothus Greggii vestitus + ns _ I
Ceanothus leucodermis + ns ns I
Cercocarpus betuloides + N ns ns
Eriogonum fasciculatum I E I I
Lotus scoparius _ E + +

Quercus dumosa + N + I
Salvia mellifera _ S + I
Yucca Whipplei ns S ns

aThe association was positive (+
tive (-) if frequency decreased

association

bN,

no

E,

S,

existed,

or

significant

W

and

no

signifi

designates

association

encountered species were tested for association with
elevation. The variance-stabilizing transformation was
computed for the observed frequency of occurrence
and then one-way analysis of variance was performed on the transformed data (Table 3). Yucca

Whipplei was the only dominant species not significantly associated with elevation; the other 11 species
had significant association with elevation. The relationship of each species to elevation is described by
the associations summarized in Table 3 and by the
presence percentages in Fig. 3. For instance, Adenostoma fasciculatum showed a negative association
with elevation, i.e., its frequency decreased with

(ca. 900-1,200 m).
(Table 2). If species that occurred on both coastal
Of the 12 most commonly encountered species,
and desert exposures were considered "widespread,"
Ceanothus crassifolius was the only one restricted to
there was a significant association at 1% between
coastal exposures where it was most abundant at
sprouting and widespreadness, as determined by using

Vegetation and topography

any

c+ = increase in occurrence wit
with increasing slope; I = signif
crease; ns = no significance with
d+= occurrence related to age s
age; ns = no significant relationsh

ert sites, yet statistically they showed no preference
for desert exposures at 5% significance because of
elevation. Further, it was most prevalent (89% ) on
coastal sites between 2,000 and 3,000 ft (ca. 600the small number encountered.
The shrub species encountered were tabulated
900 m). On desert exposures this species was most
prevalent at elevations between 3,000 and 4,000 ft
according to exposure preference and sprouting habit

Z2 for contingency tables.

sign

with

elevations below 4,000 ft (ca. 1,200 m). Some spe-

cies, such as Quercus dumosa, showed affinities to
high elevation, whereas others were associated with

low elevation. These tendencies were more proElevational influences on dominant species.-For
computational reasons, only the 12 most frequentlynounced on coastal exposures than on desert ex-
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FIG. 3. Occurrence of the 12 most common species on
coastal and desert exposures. Because of the high elevation of the Mojave Desert, no sites were available at
1,000-2,000 ft with desert exposure.
SPECIES

TABLE 4. Topographic influences on mean shrub height
and cover for all sites and species
Height Cover

Item Meters N Percentage N
Elevation (ft)
1,000-2,000. 1.21+ 0.04 1,269 93.9? 4.2 88
2,000-3,000 ..... . 1.29? 0.03 1,978 82.3 3?.1 157

3,000-4,000. 1.47? 0.03 2,812 97.4? 2.7 212
4,000-5,000.............1.24? 0.03 2,047 87.9?3.1 164

FIG. 4. Average percentage of shrub cover of the 12
dominant species at four elevational belts on coastal and
desert exposures. Total cover values represent all species
encountered in the study. No desert sites available at
1,000-2,000 ft.

-Statistical analysis of all shrubs and sites showed,
with three exceptions, little influence of topography
on shrub height or cover (Table 4). Height usually
ranged from 1.2 to 1.4 m and cover from 82% to
97%. The exceptions (significant at 0.01%) were:

Aspect
N-facing.................1.59? 0.03 2,193 95.6? 3.0 173
E-facing. 1.22? 0.03 1,852 88.7? 3.3 140
S-facing.................1.22? 0.03 2,346 89.8? 3.0 174
W-facing................1.25? 0.03 1,714 87.1? 3.4 134

(1) shrubs were tallest and with greatest cover
(1.47 + 0.03 m, 97.4 + 2.7%) at 3,000-4,000 ft,
determined with correlation coefficient; (2) shrubs
were tallest (1.59 + 0.03 m) on north slopes, shown

Slope (%O)

0-24 .1.31? 0.04 1,106 82.8?4.1 89
25-49. 1.24? 0.03 3,243 86.3? 2.5 244
50-74. 1.37? 0.03 2,920 92.9? 2.6 228
75-99+. 1.56? 0.05 837 111.0? 5.0 60

by F test; and (3) shrubs were tallest and with great-

est cover (1.56 + 0.05 m, 111 +- 5%) on steepest
slopes (75% or more), tested with correlation coefficient.

A more definitive evaluation of the relation be-

posures. The largest number of shrubs on desert

tween elevation and the percentage of total cover

slopes occurred at 2,000-3,000 ft (ca. 600-900 m)
in zone 1 (closest to the ocean), 3,000-4,000 ft (ca.
900-1,200 m) in zone 2 (intermediate to the ocean),
and 4,000-5,000 ft (ca. 1,200-1,500 m) in zone 3

contributed by the 12 dominant species is given in

(farthest from the ocean).

Aspect and slope influences.-Of the 12 most

Fig. 4. Adenostoma fasciculatum composed about
one-third of the total vegetative cover on coastal
sites at all elevations. On desert exposures at 3,000-

4,000 ft (ca. 900-1,200 m) it dominated the cover
of all other species combined. Quercus dumosa was a

common species two were associated significantly

major component in the cover of both coastal and

with north aspect, two with east aspect, and three

desert exposures, and its contribution increased with

with south (Table 3). Four species increased in

increasing elevation. The relationship between per-

occurrence with increasing slope, and two species

centage presence and elevation (Fig. 3) and that

decreased in occurrence with increasing slope.
Topographic influences on shrub height and cover.

between percentage cover and elevation (Fig. 4) reflect the same general trends.
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was less than on coastal exposures (Fig. 5). On 2-
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sites of comparable age. In all age classes dead
shrubs per plot were fewer on desert sites than on
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coastal ones.
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less than 1% of the shrubs, and 10-50% were dead.
number of shrubs of all species on desert exposures
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On sites older than 9 years, this species made up
Shrub number-desert chaparral.-The average
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Monographs
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Several species were as numerous or were more
numerous on desert exposures than on coastal exposures. For example, Adenostoma fasciculatum in

U)~~~~~~~~L

2- to 8-year-old stands of desert chaparral was more
numerous (27 %) than in coastal stands of the same
o
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age, and only 2% were dead in contrast to 12% on

I.Q

coastal sites. Shrubs of this species were fewer (3-
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33%) on 9- to 40-year-old desert sites than on
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coastal sites of comparable age. On desert stands of

chaparral over 40 years old this species constituted

0.

FIG 5. Mennme1o ieadedsrbspr1-

50% of all shrubs encountered and within 2% of

the number of its kind in old coastal stands. It was
more dominant in old desert stands than in old
coastal stands. Adenostoma fasciculatum had fewer

dead shrubs on desert than on coastal exposures.
Slightly over 7% of the shrubs of this species were
dead on desert sites older than 40 years, but over

line intercept grouped by age class on coastal and desert
exposures. "All species" includes the 78 species encountered in this s udy. Note change in scale between Adenostoma fasciculatum and Arctostaphylos glandulosa.

18% of the shrubs were dead on coastal sites in the
same age class.

Shrub height.-Shrub height increased significantly

(P > 1% ) with age of stand since the last fire, as
determined with correlation coefficient. The average

Vegetation age
The occurrence of the 12 dominant species was

height of all shrub species including the 12 dom-

inant species varied with age and coastal-desert exposure (Fig. 6). The mean height of all species on

tested for relationship to age of the shrubs since the
coastal exposures increased with age class. The averlast fire (Table 3 ). Lotus scoparius was the only
age of all shrub heights on 2- to 8-year-old coastal
species with an obvious relationship to age (its freexposures was 3 ft (ca. 1 m), which was 0.7 ft
quency decreased as age increased). Eight species
(ca. 0.2 m) more than the mean height of all species
had significant (at I%) relationship with burn hison desert exposures in the same age class. Coastal

tory.

Shrub number-coastal chaparral.-There were
14.3 shrubs per plot on 2- to 8-year-old sites when all

species were considered (Fig. 5). An average of
2.02 ( 14% ) of these shrubs were dead. Coastal

stands older than 40 years averaged about 6 ft (1.8
m) tall or 39% taller than on 2- to 8-year-old coastal

sites but only 11 % taller than desert chaparral shrubs
of comparable age.
No species attained a mean height of 6.6 ft (2 m)

stands 9-21 years old had slightly more shrubs per
(an arbitrary reference height) on 2- to 8-year-old
plot ( 1 4.6 ), but a lesser proportion were dead ( 8 % ) . slopes on either coastal or desert exposures (Fig. 6).
Stands 22-40 years old or more had about 15 % less

shrubs than the younger stands. The proportion of
dead shrubs in stands older than 40 years was con-

On coastal sites 9-21 years old Cercocarpus betuloides was the only species whose mean height exceeded 6.6 ft (2 m). In coastal stands 22-40 or more

siderably more (25 %) than in stands 22-40) years
years old the mean heights of five species exceeded
old ( 1 5% ). Several species were numerous in young
6.6 ft (2 mi). Only three species attained 6.6 ft (2 m)
or more in the oldest desert stands.
stands but declined with age. Lotus scoparius was
Shrub cover-coastal.-Cover increased signifinoteworthy, composing over 1.5 % of the shrubs on
cantly (P > 1% ) with an increase in the age of the
coastal sites 2-8 years old; of these 26% were dead.
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FIG. 6. Mean height of the 12 dominant shrubs grouped by age class on coastal and desert exposures.
Values below figure key represent mean height (SE and N) of all plants encountered in the study.
vegetation. By grouping all coastal sites into four age

The role of the 12 dominant species in chaparral

classes the percentage cover of all species was 79%

cover on desert exposures differed from that on

on sites 2-8 years old, 97% on sites 9-21 years old,

coastal sites (Fig. 8). On recently burned desert

107% on sites 22-40 years old, and 126% on sites

sites not only was average cover about 50%, but

older than 40 years. The values over 100% were due

over 50% of that cover was Adenostoma fascicula-

to the overlap and the intertwining of shrubs in older

tum. This species composed about 25% of the 9- to

stands.

21-year-old stands, over 37% of the 22- to 40-year-

The contribution of the 12 dominant species to

old stands, and nearly 50% of the stands older than

the total vegetative cover on coastal sites varied be-

40 years. The percentages of cover of this species on

tween age classes (Fig. 7). Adenostoma fasciculatum,

coastal sites 22-40 years old and on desert sites older

a species that sprouts from root crown and germi-

than 40 years were essentially the same. Lotus sco-

nates from seed, made up about one-quarter of the

parius on desert sites burned 2-8 years previously

total cover on 2- to 8-year-old sites and nearly one-

constituted 4% of the cover, about one-third the

half of the cover on 22- to 40-year-old sites. On sites

proportion found on coastal exposures (Fig. 7). On

older than 40 years cover by this species was reduced

desert sites older than 9 years this species composed

16% from the maximum. Several species were short-

0.2% or less of the plant cover. Several long-lived

lived and fell from prominence in the vegetative

species constituted a larger proportion of desert chap-

cover during the first decade after fire.

arral cover than of coastal chaparral.

Shrub cover-desert.-The chaparral cover of all
species was less on desert slopes than on coastal

Regeneration of shrub cover

slopes. The cover was 53% on 2- to 8-year-old sites,

The proportion of shrubs that originated as root-

64% on 9- to 21-year-old sites, 68% on 22- to 40-

crown sprouts, or from seed, or were of undetermined

year-old sites, and 85% on sites older than 40 years.

origin varied with elevation, slope aspect, slope grade,

Intershrub spaces and lack of shrub overlap were

and age (Table 5). The x2 test showed that differences

characteristic of the desert chaparral.

were highly significant. On coastal exposures the pro-
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FIG. 7. Changes in cover on coastal exposures of the 12 most common species with time. Species are
ranked according to their values at 2-8 years. Percentages are based on mean values in each age class.
portion of sprouts increased and the proportion of

in stands older than 40 years, where the proportion

seedlings decreased as elevation increased. The largest

of sprouts was up and the proportion of seedlings

proportion of sprouts on desert exposures (62%)

down.

was at elevations between 3,000 and 4,000 ft (ca.

Since Adenostoma fasciculatum is the recognized

900-1,200 m), .and over 41% of the plants were

dominant species of California chaparral, its distribu-

sprouts at elevations between 4,000 and 5,000 ft (ca.

tion and origin are of particular importance (Table

1,200-1,500 m). The largest percentage of seedlings

6). The proportion of sprouts and seedlings of Ade-

occurred on slopes below 3,000 ft (ca. 900 m) on

nostoma fasciculatum varied considerably between

both coastal and desert exposures.

coastal and desert exposures and at various eleva-

The percentage of sprouts was greater on coastal

tions. At higher elevations the proportion of sprouts

north-facing slopes than on the other coastal aspects;

was rather stable on coastal exposures, but the per-

west-facing slopes had the greatest proportion of

centage of sprouts increased twofold on desert ex-

sprouts on desert exposures. The proportion of shrubs

posures. Slope aspect had little effect on the propor-

derived from seedlings was less on north-facing

coastal slopes than on the other aspects. On desert
exposures the smallest proportion of seedlings was
on east- and west-facing slopes. The largest proportion of sprouts (45% ) occurred on 25-49% slopes
on coastal exposures, and 64% of the seedling shrubs

occupied 75-99+% slopes. The proportion of sprouts
on desert exposures increased with the steepness of
the slope. Conversely, the largest proportion of seedling shrubs was on the gentlest desert slopes.

The proportion of sprouts on coastal exposures
was greatest on sites burned 9-40 years ago. The

tion of sprouts and seedlings on coastal exposures.
However, the overall proportion of sprouts of this

species was greater on desert than on coastal exposures and was highest (87%) on east-facing slopes.

The north- and south-facing slopes on desert exposures had a greater percentage of Adenostoma
fasciculatum than east- or west-facing aspects. The

highest proportion of sprouts occurred on steepest

slopes; but this might have been due to the large
proportion of undetermined shrubs on the 0-24%
slopes. The highest proportion of its sprouts occurred

percentage of shrubs originating from seedlings was

on sites 9-21 years old on both coastal and desert ex-

highest on the youngest stands and lowest in stands

posures. Stands over 40 years old on coastal expo-

9-40 years old. On desert exposures the percentage

sures had only 42% sprouts, but the 35% undeter-

of sprouted and seedling shrubs was rather uniform

mined individuals undoubtedly influenced this value.

in the various age classes. The only exception was

Most of the specimens of this species on desert ex-
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FIG. 8. Changes in cover on desert exposures of the 12 most common species with time. Species are ranked
according to their values at 2-8 years. Percentages are based on mean values in each age class.

posures were sprouts except on the sites 2-8 years

contrast, seeds remain dormant throughout the sum-

old.

mer after a fire and germinate only after the rains
and moderated temperatures of autumn. The few
CALIFORNIA CHAPARRAL SUCCESSION

Su'ccession after fire
Successional patterns result primarily from the spe-

cies involved. Most chaparral species are either local
in distribution or infrequent in occurrence. A few
species are widespread and abundant throughout the

chaparral association, regardless of stand age or local
site variables. Generally, these species sprout from

burned stumps. Numerous sprouting species grow
both on coastal and desert exposures; only a few are

confined to just one exposure. Some non-sprouting
species are found on both coastal and desert exposures, but most are found on only one of these
exposures. Seedlings of species that fire-kill are usu-

ally more abundant than seedlings of sprouting spe-

cies. Non-sprouters are more localized in distribu-

tion and are seral, usually playing temporary roles in
chaparral succession.

Chaparral composition after fire is related to en-

species, then, that sprout vigorously and also produce

abundant seedlings after fire are the most widespread
species in the chaparral.

The sequence of vegetation change in chaparral
after fire is unusual. Shrubs composing the mature
community are present in the vegetation the first
year. Chaparral succession thus is set apart from the
usual sequence of change that characterizes secondary
succession in most plant communities. Also, invasion
of the chaparral community by new species is very
limited once the initial first-year population is established. A site once occupied by chaparral species will
not return entirely to earlier seral stages. The suc-

cessional stage attained will be held substantially
even after repeated burning. I suggest "autosucces-

sion" (auto meaning self) as a term that properly

distinguishes a self-replacing vegetation, like chaparral, from those types that must be preceded by distinct seral stages.

vironmental conditions after the fire. In undisturbed

For all seedlings, regardless of species or habitat,

stands most chaparral species are summer dormant

a rather high mortality commences during the first
summer after germination, and continues-though at

due to drought; vegetative growth and seed germination do not occur. Yet, within a few weeks after

a diminished rate-as the stand matures. Succession

fire, sprouting species begin to grow. This seems the

in chaparral is more a gradual elimination of indi-

worst time of year for growth since soil-moisture

viduals present from the outset than a replacement of

supplies are depleted and temperatures are high. In

initial shrubs by new species. Horton and Kraebel

This content downloaded from 166.5.183.94 on Sun, 09 Oct 2016 22:20:33 UTC
All use subject to http://about.jstor.org/terms

42

TED

L.

HANES

Ecological

Monographs
Vol. 41, No. 1

TABLE 5. Percentage of total shrubs that were resprouts, seedlings, or of undetermined origin on all sites, coasta
desert exposures, at each elevational belt, aspect, slope percentage, and age class (For each exposure the perce
age resprouts, seedlings, and undetermined equals 100.)

Resprouts Seedlings Undetermined
Characteristic All Coastal Desert All Coastal Desert All Coastal Desert
Elevation (ft)

1,000-2,000 .20 20 - 73 73 - 7 7
2,000-3,000. 34 36 17 60 58 83 6 6
3,000-4,000. 54 48 62 39 45 30 7 7
4,000-5,000. 48 57 41 45 34 53 7 9

-

8
6

Aspect

N-facing .47 50 43 45 42 50 8 8 7
E-facing................ 39 33 57 55 60 39 6 7 4
S-facing................ 42 38 48 52 56 45 6 6 7
W-facing................ 41 37 54 52 56 41 7 7 5
Slope (%O)
0-24 .28

25-49

50-74
75-99

Age

31 25 54 47 61 18
.50
45
55
45
47
42
.43
.31

class

39
31

61
78

53
64

56
64

34
22

22 14
5
7
3
4
5

5
5

5
-

(yr)

2-8
.36
31
47
63
68
52
1
1
1
9-21
.49
53
39
50
46
60
1
1
1
22-40 .51 51 50 43 41 47 6 8 3
> 40 .39 33 53 43 49 30 18 18 17

Coastal exposure-south-facing slopes
(1955) showed that the bulk of chaparral seeds germinate during the first year or two after a fire. They Species composition and succession are related to
reported that Adenostoma fasciculatum seedlings deelevation, especially on south-facing slopes. Two
velop during the first rainy season after fire, and no
major successional patterns are common on these

new seedlings arise in later years.

The seedlings of chaparral species are usually oneto few-stemmed shrubs with a small rootcrown. If
fire destroys the aboveground portion and if the
plants have the capacity to sprout from latent buds
in the rootcrown, many sprouts emerge leading to
development of a multi-stemmed shrub with an enlarged rootcrown. Old rootcrowns that have been
burned repeatedly may develop into rather massive
structures 3-6 ft (1-2 m) across at the ground surface. This is particularly true of the north-facing
slope species Quercus dumosa (scrub oak), Prunus
ilicifolia (holly-leaved cherry), and Arctostaphylos
glandulosa (Eastwood manzanita).

The age of the vegetation when burned influences

slopes-one at lower elevations of 1,000-3,000 ft

(ca. 300-900 m), the other at higher elevations of
3,000-5,000 ft (ca. 900-1,500 m).

Succession below 3,000 ft (ca. 900 m).-Chaparral
species, both sprouts and seedlings, are joined by
many coastal sage scrub species in the early years

after fire. This mixture of chaparral and coastal sage
scrub elements has been referred to as chamise-sage

chaparral by Horton (1941) who considered it inter-

mediate between coastal sage scrub and chamise
chaparral. The proportions of this mixture are in part
associated with elevation. At 1,000-2,000 ft (ca.

300-600 m) the coastal sage subshrubs predominate

and are a temporary replacement of chaparral. At
2,000-3,000 ft (ca. 600-900 m) the chaparral spe-

compositional changes. Frequent fires tend to elimi-

cies are more prevalent than coastal sage scrub

nate non-sprouting species which require many years

species and should be referred to as chamise-chap-

of maturity to set seed. Although slope, aspect, and

arral.

elevation generally do not affect shrub numbers sigAdenostoma fasciculatum, the most common chapnificantly, they do influence species composition, and
arral species, occurs on all sunny locations, even
therefore influence succession significantly. Next in
those with shallow soil, such as ridges and slopes with

importance is the effect of coastal and desert exposure. Of least importance is the percentage of slope.
Elevation may compensate for other factors, such as
coastal-desert exposure or aspect, but its role as a
compensating factor is poorly known.

steep relief. It sprouts vigorously and also germinates
from dormant seeds, and composes about one-third
of the plant cover during the first decade after fire
(Fig. 9). This confirms the findings of Horton and

Kraebel (1955) who reported that shoots of surviv-
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TABLE 6. Number and percentage of Adenostoma fasciculatum shrubs that
mined origin at various exposures and site conditions
Resprouts Seedlings Undetermined
Coastal Desert Coastal Desert Coastal Desert

Characteristic N % N % N % N % N % N %
Elevation (ft)

1,000-2,000 142 51?4- - - 76 27?5 - - 62 22?5 - _

2,000-3,000 284 71?3 50 43?7 52 13?5 66 57?6 62 16?5 - 3,000-4,000 306 76?3 423 80?2 46 11?5 62 12?4 52 13?5 46 8?4
4,000-5,000 248 65?3 53 89?4 86 23?5 2 4?14 47 12?5 5 7?12
Aspect

N-facing 90 61?5 64 72?6 27 18?7 16 18?10 31 21?7 9 10?10
E-facing 247 66?3 302 87?2 52 14?5 21 6?5 76 20?5 24 7?5
Sfacing 429 74?2 242 77?3 91 16?4 50 16?5 63 10?4 21 7?6
W-facing 274 66?3 218 78?3 86 20?4 38 14?6 60 14?5 24 8?6
Slope (%)

0-24 307 45?3 60 46?6 140 21?3 14 11?8 230 34?3 56 43?7
25-49 313 72?3 254 82?2 62 14?5 54 17?5 60 14?5 3 1?6
50-74 231 72?3 156 96?1 55 17?5 6 4?8 34 11?5 - 75-99+ 151 70?4 - - 42 20?6 - - 22 10?7 - -

Age class (yr)

2-8 199 74?3 212 73?3 63 24?5 76 26?5 3 2?8 2
9-21 245 98?1 65 92?3 5 2?6 5 8?12 1 22-40 422 81?2 128 99?1 59 11?4 - - 41 8?4 2
> 40 206 42?3 230 69?3 109 22?4 40 12?5 173 36?4 61

1?6
- 1?8
19?5

one standard error

crocarpus (chilacote). Usually seedlings of these
sprouting species are present too. The proportion of

seedlings to sprouts among sprouting species is related to elevation. Chamise, for instance, has a higher
proportion of seedlings at 1,000-2,000 ft (ca. 300-

600 m) than at 2,000-4,000 ft (ca. 600-1,200 m).
Ceanothus crassifolius (hoaryleaf ceanothus) is a
dominant non-sprouting woody species in sunny lo-

cations up to 4,000 ft (ca. 1,200 in). Large numbers
of seedlings arise during the wet season after fire,

but mortality is high among these seedlings during
the early postfire years. Seedlings of Artemisia californica (California sagebrush), Salvia mellifera
(black sage), Salvia apiana (white sage), Yucca
FIG. 9. Typical chamise-chaparral 2 years after fire.
Sprouts from rootcrowns compose most of the plant
cover. U. S. Forest Service Photo.

Whipplei (chaparral yucca), and Erigonum fascicu-

latum (California buckwheat) are the dominant subshrub species on recently burned sites. None of the
coastal sage scrub species are considered strong

sprouters after fire, but their seeds endure fire though
ing chamise rootcrowns grow rapidly during the first
they are not stimulated by it.
5 years after top removal by fire. They stated that
Lotus scoparius (deerweed) is a low-growing domgrowth of chamise slows down until it almost ceases
at 20 years. The data reported here indicate that
inant seral species of special note, since it forms rather
growth continues for several decades, although at a
dense stands on recently burned, sunny, coastal slopes
reduced rate.

below 3,000 ft (ca. 900 m). This subshrub produces

Eriodictyon sp. (yerba santa) also is common after abundant seed that must be scarified by fire to gerfire and comes both from seed and an extensive
minate (Went, Juhren, and Juhren 1952). But deerrhizomatous root system. Other sprouting species that

weed is short-lived, and within the first decade its

occur as isolated specimens are Rhus laurina (laurel

numbers diminish more rapidly than other non-

sumac), Rhus ovata (sugar bush), and Marah ma-

woody species. Other subshrubs encountered occa-
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sionally are Eriophyllum confertiflorum, Trichostema

ally by higher growing sprouts that have arisen from

lanatum, Helianthemum scoparium, Encelia califor-

viable rootcrowns. The overall appearance of stands

nica, and Senecio californica.

Succession during the first decade after fire in

at this elevation depends on the relative proportion
of sprouts to seedlings and their age.

sunny locations at elevations below 3,000 ft (ca.

Extensive stands of Ceanothus leucodermis are

900 m) can be summarized as (1) an infiltration of

particularly prevalent at high altitudes. Resprouts of

coastal sage seedlings into the ranks of the chaparral

the various species grow faster than seedlings. Old

seedlings and sprouts, (2) a high mortality among

snags, with multiple sprouts clustered about the base,

the seedlings of both chaparral and coastal sage sub-

stand above numerous uniform-statured seedlings.

shrubs, and (3) an ascendency in the size of sprouts

Often, species usually associated with the more

and the remaining chaparral seedlings. By the second

shady aspects are found on high south-facing slopes.

decade after fire, Lotus scoparius is reduced to iso-

Arctostaphylos glauca, A. glandulosa, Quercus du-

lated individuals occupying margins and open spaces

mosa, and Prunus ilicifolia are important codom-

between the larger shrubs. To a lesser extent Erio-

inants. Ceanothus crassifolius and Rhus laurina,

gonum fasciculatum, Ceanothus crassifolius, Salvia

woody shrub species dominant at lower elevations,

mellifera, and Salvia apiana decline in number. The

are absent from higher elevations.

seedling and sprout individuals of Adenostoma fasci-

The gradual reduction in shrub number the first

culatum and Rhus laurina become more noticeable

year or two after fire continues into the second dec-

as they attain greater height and spread. A few other

ade. This thinning process occurs mainly as size of

larger shrub species are more evident especially above

seedlings increases competition for light and water.

2,000 ft (ca. 600 m), e.g., Arctostaphylos glauca

Shrub volume continues to increase for the next

(bigberry manzanita) and various Rhus spp. (su-

several decades, producing a densely entangled cover.

mac). The third and fourth decades are marked by

The maximum mean height is attained during the

a reduction in the number of shrubs but an increase

third decade after fire. Vegetation older than 40

in total cover. Chamise, even though a long-lived spe-

years may have individual shrubs over 8 ft (2.4 m)

cies, shows nearly 30% mortality of mature indi-

tall, but the overall height is somewhat less than that

viduals 20-40 years after fire. All of the coastal sage

in the third decade. In older south-facing stands the

subshrubs are reduced to remnants or are eliminated.

number of Salvia mellifera increases. Apparently, as

Death of various mature shrubs reduces the number

shrubs die off, resultant openings in the cover are

of species present, so that composition is less diverse

filled by new seedlings of this subshrub.

than in younger stands. Mean height of the vegetation is nearly double that of the first decade, and
increased crown spread of the mature shrubs causes

Coastal exposure-north-facing slopes
Rate of change, sequence, and composition of
vegetation that develops after fire on north-facing

intertwining.

Chaparral older than 40 years on coastal south

coastal slopes is distinct from that on south-facing

slopes with shallow soil is characterized by tall Ade-

slopes. The profusion of coastal sage subshrubs is

nostoma fasciculatum shrubs that average nearly 6 ft

missing, elevational changes do not influence shrub

(2 m) high (with no understory) and occasional

composition greatly, and sprouting species are abun-

specimens of Salvia mellifera. On sites with deeper

dant. Most acorns of Quercus dumosa are killed by

soil scattered specimens of Rhus laurina 10-13 ft

fire, but it is a vigorous sprouter and strong grower

(3-4 m) tall and 13-20 ft (4-6 m) wide rise above

on lower shady slopes or on sunny aspects where

the general vegetation. Such stands show little growth

soil moisture is sufficient. Even though it is outnum-

activity and with the increased number of dead main

bered by seedling species after fire, it never relin-

trunks and branches of Adenostoma fasciculatum,

quishes its position on north-facing slopes. Other

the stands appear decadent.

species that sprout vigorously are Ceanothus leuco-

Succession above 3,000 ft (ca. 900 m).-Chapar-

dermis, Prunus ilicifolia, Rhamnus crocea var. ilici-

ral on south-facing slopes above 3,000 ft (ca. 900 m)

folia (hollyleaf redberry), Adenostoma fasciculatum,

lacks many of the non-sprouting species, is composed

Cercocarpus betuloides, Arctostaphylos glandulosa,

of larger, more woody species, and tends to support

Heteromeles arbutifolia (toyon), and Garrya Veat-

more intense fires than chaparral at lower elevations.

Most of the shrub cover is composed of long-lived,

chii (silktassel). Seedlings of these shrubs occur after
fire, but not in great numbers. The dominant sub-

sprouting species such as Arctostaphylos glandulosa,

shrubs that are represented by seedlings are Salvia

Ceanothus leucodermis (chaparral whitehorn), Cer-

mellifera, Eriogonum fasciculatum, Haplopappus
squarrosus (goldenbush), and Mimulus longiflorus
(monkey flower). Seedlings are present for the major

cocarpus betuloides (western mountain-mahogany),
and Adenostoma fasciculatum. Seedlings of these species and of non-sprouting woody species make up a
dense, even stratum of shrubs interrupted occasion-

woody species Ceanothus crassifolius, C. oliganthus
(hairy ceanothus), and Arctostaphylos glauca.
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At higher elevations the species change little from

exposures. Because of the high elevation of the desert

those at lower elevations; the main change is in rel-

bordering the San Gabriel and San Bernardino Moun-

ative numbers of each species. Quercus dumosa,

tains, desert chaparral occurs at elevations above

Adenostoma fasciculatum, Arctostaphylos glauca and

2,000 ft (ca. 600 m) with most stands above 3,000

A. glandulosa, Ceanothus leucodermis, Cercocarpus

ft (ca. 900 m). Also, in many areas the woodland

betuloides, Prunus ilicifolia, and Heteromeles arbu-

communities of Joshua tree and pinyon-juniper merge

tifolia are more abundant than at lower elevations.

with the montane coniferous forest leaving little, if

Eriogonum fasciculatum, Salvia apiana, S. mellifera,

any, clearly defined chaparral.

Ceanothus crassifolius, and other non-sprouting spe-

Fewer chaparral species are found on desert ex-

cies are less prevalent than on lower north slopes

posures than on coastal ones. Many are found in

or are absent. Seedling mortality reduces the number

coastal chaparral, but some species are restricted to

of all seedling species during the first postfire decade.

the desert chaparral.

During the second decade after fire the overriding

Fire in desert chaparral is less frequent and in-

dominance of Quercus dumosa becomes evident. This

tense than in coastal exposures, partly because of

shrub, with Prunus ilicifolia, Heteromeles arbutifolia,

the remoteness of the desert chaparral from high

and Rhamnus crocea var. ilicifolia, shades out sun-

density human population centers. Also, along the

loving species and provides a suitable habitat for

lower margins, shrubs in desert chaparral are widely

shade-tolerant plants. The few subshrubs present in

spaced and fuel volume is less than coastal chapar-

younger stands are reduced in number or even elim-

ral, reducing the occurrence and intensity of fire

inated by taller woody shrubs. Lonicera sp. (honey-

considerably. Invading species from the desert scrub

suckle), Rhus diversiloba (poison oak), and Ribes

and desert woodland associations usually are non-

sp. (currant and gooseberry) become apparent as an

sprouters so that fire effectively maintains the in-

understory, and the vine species (honeysuckle and

tegrity of chaparral in certain areas. Fire may re-

poison oak) entwine with the upper shrub canopy.

move coniferous species, allowing the chaparral to

Ceanothus oliganthus is short-lived, and individuals

extend its boundaries, especially its upper boundaries.

of it continue to die out through the second to fourth

There it may remain as an understory to the recover-

decades until all are dead. The same pattern is fol-

ing forest.

lowed by Ceanothus crassifolius, except this species
does not pass away as qulickly and a few persist in

arral recovery is slower on desert exposures than on

stands oider than 40 years below 4,000 ft (ca.

coastal exposures, probably because of limited water

1,200 m).

supply. Several non-sprouting species, common in

During the first postfire dacade the rate of chap-

By the third and fourth decades after fire the

early stages of coastal chaparral succession, are

north-slope chaparral develops an appearance that

scanty or absent in desert chaparral. Ceanothus cras-

does not change considerably with time. Composi-

sifolius and C. oliganthus seedlings are absent, their

tional changes are gradual and not easily detected.

role in succession being filled by C. Greggii var.

The actual number of shrubs and total vegetative

vestitus (desert ceanothus). It too is a non-sprouting

cover decline as the generally short-lived non-sprout-

species that germinates in large numbers from fire-

ing species die out. Stands of north-slope chaparral

scarified seeds. Salvia mellifera, a prevalent succes-

from 50 to 90 years old are similar in composition

sional subshrub on sunny coastal slopes, is restricted

to those 20-40 years old. They are somewhat taller

to low-elevation areas protected from direct effects

and their crowns intermingle extensively to form a

of the desert. Eriogonum fasciculatum is most prev-

continuous canopy. Lower branches are shaded out

alent on south and east exposures between 2,000

so that a man or deer can move through the vegeta-

and 3,000 ft (ca. 600-900 m) and least prevalent

tion with relative ease. Adenostoma fasciculatum and

on western slopes between 3,000 and 4,000 ft (ca.

Cercocarpus betuloides fail to keep pace with the

900-1,200 in). Other associated woody shrub spe-

larger statured Quercus dumosa, Heteromeles arbuti-

cies are Cercocarpus betuloides (mostly as re-

sprouts), Arctostaphylos glandulosa, and Ceanothus
folia, Prunus ilicifolia, and Rhamnus crocea var. ilicifolia and are usually remnants in older north-facing leucodermis (mostly as seedlings).
Yucca Whipplei, although considered a coastal

slope chaparral.

species, is common in desert chaparral, and seedlings
Desert exposure

and sprouts are rife after fire. This relatively small

The desert influence on vegetation is modified by

species does not contribute greatly to vegetative

proximity of the Pacific Ocean, direction of prevail-

cover, but is noticeable especially on south-facing

ing winds, presence of intermediate hills or ridges,

slopes at elevations of 2,000-3,000 ft (ca. 600-900

and compensating factors of elevation and aspect.

m) protected from direct influences of the desert.

Hence, the overall pattern of chaparral succession on

Several shrub species may be locally dominant,

desert exposures differs from that common to coastal

such as Juniperus californica (California juniper),
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Dendromecon rigida (bushpoppy), Ephedra sp. (desert tea), Artemisia tridentata (big sagebrush), and

losa is dominant on north- and west-facing slopes,

Fremontia californica (flannel bush).
During the first 10 years after fire overall height

north- and east-facing slopes. Rhus trilobata (squaw

of desert chaparral is less than coastal chaparral of

occasionally. The number of Eriogonum fasciculatum

comparable age, but the three most common sprout-

is about that found in the three earlier decades, and

and Ceanothus Greggii var. vestitus grows best on
bush) and Purshia glandulosa (bitterlbrush) occur

ing species average about the same height or are even

it is still the dominant subshrub species in desert

higher than on coastal sites. Adenostoma fascicula-

chaparral over 40 years old.

tum is somewhat shorter, but Quercus dumosa and
Cercocarpus betuloides usually are taller on desert

DISCUSSION

slopes. Quercus dumosa reaches nearly its maximum

Naveh (1967) suggested that the limited total an-

height during the first decade. Mortality among seed-

nual rainfall in California extending over half the

ling shrubs continues into the second decade after

year may lead to a protracted period of unreliable

fire and reduces the number of all species. This re-

soil moisture. This in turn may increase the prob-

duction is compensated for by increased stature of

ability of moisture stress, especially during the crit-

the remaining shrubs. Overall height of the 10- to

ical period of plant establishment and early growth.

20-year-old desert chaparral is nearly that of coastal

A short rainy season and extremes of temperature

chaparral of similar age.

on the desert may prevent many seeds from germi-

Desert chaparral between 20 and 40 years old is
slightly shorter than younger stands, but it appears

nating and eliminate large numbers of seedlings dur-

more dense and uniform. Adenostoma fasciculatum,

factors would purge all but the hardiest plants.

ing the first year after fire. Such severe selective

Arctostaphylos glauca, Ceanothus Greggii var. vesti-

Probably more seeds germinate on coastal ex-

tus, and Cercocarpus betuloides approach the height
of the pace-setter Ceanothus leucodermis. Even

posures where favorable temperature and moisture

though C. leucodermis outgrows Quercus dumosa it
cannot outlive it. Ceanothus leucodermis seems to
be shorter-lived on desert exposures than on coastal

conditions prevail during winter and spring months
when most chaparral species germinate. Since coastal
seedlings are less inured to hardships than their desert counterparts, mortality is greater during the first

ones. Eriogonum fasciculatum is the dominant subshrub, occurring often in clusters around the base of
boulders or as individuals in open spaces between

wet-dry cycle after fire and during subsequent sum-

taller woody shrubs.

tween shrubs plays a more decisive role. Competition

Desert chaparral stands between 40 and 90 years
old still have intershrub spaces, making them more
easily accessible than old coastal chaparral stands.
Such stands are nearly 50% Adenostoma fascicula-

for light between tall-growing Ceanothus and smaller

tum. Its proportion to other species is actually
greater on desert 'than on coastal exposures. The
number of chamise individuals and their height are

petition, soil moisture, non-wetting agents in the soil,

nearly the same as found on coastal sites of compa-

mers as well. In older coastal stands, where growth

is more rapid than in desert stands, competition be-

statured Salvia has been shown to be the major cause
of Salvia suppression in older stands (McPherson
and Muller 1967). Other factors such as root comnutrients, and phytotoxins probably come into play.

Chaparral climax in southern California

rable age, but crowns are not as broad. The number

Succession of California chaparral has long been

of dead chamise on desert exposures is less than on
comparable coastal exposures, including younger
stands. Of the chamise plants that develop exposed
to desert conditions, it appears that fewer die during
each decade than chamise plants exposed to coastal
influences. This apparent difference in survival and
longevity of chamise under desert and coastal con-

debated. Part of the problem has resulted from inadequate distinction between northern and southern

California environments as well as their vegetation.
Grassland borders lower elevation chaparral in northern California; coastal sage scrub borders low-ele-

vation chaparral on coastal exposures in southern

California. Desert chaparral, bordered by desert

ditions needs further study.

woodland communities, has no homolog in northern

Arctostaphylos glauca and Quercus dumosa are
the largest plants, found most frequently on northfacing slopes. Cercocarpus betuloides is another tall
species dominant on west- and north-facing slopes.

California. Meager reference to distinctly different

Other less common shrubs are Juniperus californica,

ences influence one's concept of climax chaparral.

Prunus ilicifolia, Rhamnus crocea var. ilicifolia, and

A climax vegetation can be defined as a stable,
self-perpetuating plant community which terminates

Arctostaphylos pungens (Mexican manzanita). These
large shrubs seldom grow intertwined and do not

develop a shrub understory. Arctostaphylos glandu-

chaparral communities on north-facing and southfacing slopes confuses the concept of chaparral climax. Finally, fire frequency and elevational differ-

a series of floristic changes. Any attempt at describing the climax chaparral in southern California must
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distinguish between (1) coastal and desert communities, (2) those dominated by Quercus dumosa, occurring predominantly on north-facing aspects, and
(3) those communities dominated by Adenostoma

produces openings in the canopy; (2) grasses do not
fill these openings; and (3) Salvia mellifera, a shortlived subshrub, commonly fills intershrub spaces.
Salvia mellifera is abundant on recent burns of
fasciculatum occurring predominantly on south-facing
chamise-chaparral as young seedlings, but declines
aspects.
in number as the stand matures. It seems probable
Along the lower borders of coastal chaparral the
that this species fills the gaps with new plants as
incidence of fire is high, as often as every 2-10 years.shrubs of various species die out in stands older than
Chaparral of this age on sunny aspects is filled with
20 years. Often one gets the impression that Salvia
coastal sage subshrubs and should be termed a coastal
mellifera, entwined with Adenostoma fascicilatum,
sage-chaparral subclimax. In isolated locations where
has grown up with the Adenostoma and is the same
fire is less frequent, coastal sage scrub elements are
age. But whereas the Adenostoma shrubs may have
reduced gradually and chamise-chaparral climax deresprouted or arisen as seedlings just after a fire
velops. Given a fire-free period of 30 years or more,
decades before, the Salvia is much younger.
a chamise-chaparral climax develops, differing from
As Burcham (1959) indicated, a plant community
the younger communities primarily in greater size
dependent upon fire for maintenance or perpetuation
of shrubs and in fewer individuals and species. Physiexhibits unmistakable signs of that dependence. He
ognomically they are similar.
stated that a striking indication of this condition is
On coastal north-facing aspects at low elevations
reduction in the number of species constituting that
coastal sage scrub invasion is limited even after recommunity and dominance of one or a few species.
peated burning. Here the sprouts and seedlings of
Chamise-chaparral often occurs in pure stands and
chaparral shrubs dominate and can be referred to as
fits Burcham's criteria for such fire dependency. If,
an immature scrub oak-chaparral climax. If this
however, we look at stands of scrub oak-chaparral
chaparral is not burned for several decades, its height
on coastal exposures there is considerable species
and cover increase and some species are eliminated.
diversity. If Burcham's conjecture is true, then the
However, its composition is richer than that of chascrub oak-chaparral is not a good example of a firemise-chaparral. The scrub oak-chaparral climax is
dependent vegetation.
mature within 50 years after fire, and its physiognomy
Chamise-chaparral stands in southern California
and composition change little in succeeding fire-free
older than 60 years often are senile. They are comperiods. Any break in the 10- to 20-ft (3- to 6-m)
posed of relatively few species, and there is little
canopy, due to the death of an individual shrub, may
annual growth. Herbaceous or perennial seedling
initiate an earlier seral stage of succession, but the
species do not form an understory as Hedrick (1951)
integrity of the stand is maintained.

noted in a 90-year-old chamise stand in northern
The common chaparral one sees in southern CalCalifornia. An undetermined foliose lichen is comifornia is an immature, low-statured chamise-chapmon on the branches of the shrubs and on rocks and
arral climax caused by frequent fires. For the great
leaf litter. Even after the death of old specimens,
expanses of chaparral in southern California the
seed germination seems to be lacking in open sites.
term subclimax seems inappropriate, since it implies
Old stands appear trashy and unproductive. No evithat, if fire were eliminated, chaparral would give
dence supports Horton and Kraebel's (1955) claim
way to some other plant community. Also, a subthat, in the absence of fire, chamise-chaparral will be
climax vegetation usually shows some difference from
succeeded by a live oak woodland.
the stages through which the sere would pass if the Field and laboratory investigations in northern
limiting factor-in this case fire-were absent.
California by Naveh (1961) and Landers (1962)
At elevations above 3,000 ft (ca. 900 m) growth
indicate that the litter and roots of chamise shrubs
is more rapid on sunny sites than at lower elevations,
release substances which inhibit grass seed germinaand near absence of coastal sage scrub elements in
tion. If various biochemicals accumulate in the soil

the postfire vegetation lessens compositional changes.
of old stands, as was first suggested by Went, Juhren,
Also, as the chaparral matures, its component species
and Juhren (1952), they could interfere with normal
and appearance resemble some north-slope chaparral
decomposition, humification, and nitrification. Naveh
communities. The tendency of north-slope chaparral
(1961) speculated that lack of soil structure, severe
at these elevations is to become taller, but the specieserosion, and low nitrogen availability under some old
remain chaparral and they are not replaced by woodchamise shrubs could be the result of such phytoland species as Horton and Kraebel (1955) contend.
chemicals. Accumulation of phytotoxic substances
Several stands of chamise-chaparral were studied
and occurrence of water-repellent factors in soil
that predated 1900, six of these predated 1870. In
under these undisturbed stands might account, in
these old, and hence unusual, stands several features
part, for the decadence in old chamise-chaparral
are noteworthy: (1) the death of mature shrubs

stands. One can speculate that in old chamise-chap-
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arral the microhabitat is not only unfavorable for

Monographs
Vol. 41, No. 1

vegetation and the attendant hot rainless days of

invasion and establishment of a different plant com-

summer create conditions ideal for fire. Chaparral

munity, but that the microhabitat is, in fact, un-

fires are both natural and inevitable. A fire-exclusion

favorable for chaparral itself. Thus, fire may not

policy does not prevent fire, it only forestalls fire.

only remove the decadent shrub cover and competi-

In chaparral stands where fire has been excluded for

tion, thereby allowing vigorous, young sprouts and

decades, the threat of fire is greatest. The amount of

seedlings to replace the old cover, but it may also

dry fuel in these stands may be as high as 30-40

remove phytotoxic substances from the soil as well.

tons per acre (Pillsbury 1963). When fire starts in

In this context fire may be a necessary environmental

these stands an explosive, uncontrollable holocaust

factor to chamise-chaparral, keeping it young and

is created which may destroy thousands of acres be-

vigorous, because of its inherent nature to regenerate

fore it is stopped.

The policy of fire exclusion should be re-evaluated

after fire.

Our present limited knowledge indicates that chamise-chaparral is a different climax vegetation than

in the light of current findings and needs. Several
points should be considered:

has been described previously. It is not a true cli-

1) Chaparral is a "fire-type" vegetation which

matic climax since it does not seem to have the

retains its identity as a plant association and holds

ability to perpetuate itself indefinitely in the absence

its ground despite burning.

of fire. Biotic products seem to inhibit normal vege-

tative renewal. Old chamise-chaparral is a "declining"

2) Many component species require fire for their
reproduction and survival.

climax. Recurrent fires tend to maintain a relatively

3) Phytotoxins, water-repellent substances, and

vigorous plant cover with no tendency to give way

other phytochemicals alter the soil environment ad-

to any other vegetative type. Lack of fire for a half

versely. Their effects seem to be cumulative and

century or more allows a stagnated chaparral to per-

hence are most felt in old stands. These phytochem-

sist, and this vegetation too shows no sign of being

icals are probably destroyed by fire temperatures.

replaced by another type of plant community. Moreover, this senile vegetation is not capable of repro-

4) Annual vegetative growth in old chamise-chaparral stands is minimal.

ducing itself. Few if any new seedlings of the climax

5) Reduced mobility and forage for browse an-

species develop in the understory to replace the old
members as they die off.

imals make over-mature stands of chamise-chaparral
undesirable wildlife habitats. Without the changes
fire brings, great areas of chamise-chaparral become

Fire-exclusion policy in chaparral

wastelands devoid of palatable herbage.

Frequent fire,-has been a major factor in the evo-

6) Urban developments continue to invade chap-

lution of California chaparral and plays a contem-

arral wildlands and increase the risk of fire and threat

porary role in chaparral ecology. Yet, traditionally,

to life and property.

this basic relationship between fire and chaparral has

Considering the adverse side effects from fire ex-

been disregarded. Miller (1906) and Plummer

clusion, alternative programs need to be tested.

(1911), early foresters in California, felt that burn-

Scheduled burning of 500-ft (ca. 150-m) horizontal

ing impaired the vitality of chaparral and repeated

bands of chaparral on an 8-year cycle has been sug-

fires would kill it. Cooper (1922) and Bauer (1930),

gested by Hellmers (1969). This program has merit

both plant ecologists, shared this view. They con-

and should be tested in the low-elevation chamise-

tended that the development and spread of chaparral

chaparral communities in southern California. An-

was favored by protection from fire, and controlled
periodic burning would tend to convert brushland
to grassland. This type of reasoning, and attention
to the destructive aspects of fire with resultant floods

other approach is the establishment of an extensive
fuel-break system on lower slopes to serve as a buffer

zone between housing developments and dense stands
of chaparral. These buffer zones would have park-

and debris flows, have led to our current massive

land and wildlife potentials that are wanting in ma-

programs of fire exclusion and suppression. Preven-

ture brush stands. Additional fuel-breaks along roads

tion of fire was the basic reason also for the creation
of the National Forests in southern California, and
millions of dollars are spent annually by public

the remaining blocks of chaparral, fires would be al-

and major ridges would reduce fire hazard. Within
lowed to occur naturally with no attempt at fire sup-

agencies to fight and prevent fire in chaparral lands.
The fire-exclusion policy has one inherent weak-

pression.

ness, i.e., its failure to reckon with time. Eventually
any stand of chaparral will catch fire and burn. Despite vastly increased expenditures there is no good

ment. Problems are compounded by the increasing

No simple formula applies to chaparral managepresence of man in the chaparral. Flooding, erosion,

fire, and liability must be considered in whatever

evidence that chaparral wildfire can be prevented

programs are proposed or practiced. It is possible

(Pillsbury 1963). The density and dryness of the

that, in terms of preserving the chamise-chaparral
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of southern California, long-term fire exclusion might
be the least desirable practice.
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APPENDIX I

Shrub species of the study area in the chaparral of southern California. Columns of figures
and percentage of line intercepts in which each species occurred; the species are ranked accordi

column indicates whether species prefers coastal exposure (C), desert exposure (D), or show
erence (NS) at 5% significance. S = sprouting species, N = non-sprouting species, and U= u
(Note: No significance (NS) has less meaning for those species encountered less frequently.)
SZonel1

Zone

2

Zone

3

N Coastal Desert Coastal Desert Coastal Desert Total of all

* ___ - inter- inter- Pref-

Species U No. % No. % No. % No. % No. % No. % cepts cepts erence

A denostoma fasciculatum ........S 86 95 79 84 179 79 10 16 62 74 29 44 445 71.4 C
Quercus dumosa ............S 6 7 36 38 84 37 27 42 31 35 16 24 200 32.0 NS
Eriogonum fasciculatum.........N 25 27 1 1 12 59 26 40 63 21 25 16 24 172 27.6 N S
Ceanothus crassifolius .........N 4 4 95 41 33 39 132 21.2 C
Salvia melfea ............N 22 24 7 7 69 31 17 20 115 18.5 C
Ceanothus Greggii var. vestitus......N 17 19 45 48 9 4 6 9 2 2 24 36 103 16.5 D
Lotus scoparius ............N 30 33 5 5 55 24 3 5 4 5 5 8 102 16.4 C
Arctostaphylos glauca..........N 9 10 18 19 39 17 17 27 3 4 14 21 100 16.0 D
Cercocarpus betuloides..........S 4 4 24 26 22 10 14 22 8 10 18 27 90 14.4 D
Arctostaphylos glandulosa ........S 4 4 17 18 23 10 21 25 9 14 74 11.9 NS
Ceanothus leucodermis .........S 5 5 28 12 5 8 20 24 12 18 70 11.2 NS
Yucca Whipplei ............S 7 8 5 5 18 8 20 31 2 2 52 8.3 NS
Eriodictyon trichocalyx .........S 7 8 3 3 4 2 14 22 2 2 19 29 49 7.9 D
Lonicera subspicata var. Johnstonii....S 1 1 37 16 1 2 3 4 42 6.7 C
Artemisia californica..........N 1 1 14 6 16 19 31 5.0 C
Eriodictyon crassifolium.........S 7 8 20 9 3 5 30 4.8 C
Ceanothus cuneatus...........N 24 26 24 3.9 C
G'arrya Veatchii ............S 15 7 6 9 1 1 1 2 23 3.7 NS
Juniperus californica..........N 4 4 19 30 23 3.7 D
Heteromeles arbutifolia .........S 1 1 17 8 4 5 22 3.5 C
Salvia apiana .............N 11 5 9 11 2 3 22 3.5 C
Lonicera interrupta...........S 1 1 4 2 2 3 6 7 8 12 21 3.4 NS
Dendromecon rigida ..........S 2 2 1 1 13 6 2 2 1 2 19 3.0 C
Prunus ilicifolia............S 1 1 8 4 3 5 1 1 6 9 19 3.0 NS
Rhamnus crocea ssp. ilictfolia ......S 1 1 7 3 4 6 4 5 2 3 18 2.9 NS
Marah macrocarpus ..........S 18 8 18 2.9 C
Ceanothus oliganthus ..........N 17 8 17 2.7 C
Rhus ovata ..............S 11 5 2 2 1 2 14 2.2 C
Haplopappus squarrosus ........N 1 1 8 4 4 5 13 2.1 C
Rhus diversiloba............S 12 5 1 1 13 2.1 C
Helianthemum scoparium ........N 2 2 6 3 4 5 12 1 .9 C
Ephedra nevadensis...........N 12 19 12 1.9 D
Ribes malvaceum............U 10 4 10 1.6 C
Rhus
laurina
.............S
9
4
9
1.4
C
Mimulus longiflorus ..........N 7 3 2 2 9 1.4 C
Eriophyllum confertiflorum .......N 9 4 9 1 .4 C
Arctostaphylos pungens..........U 8 12 8 1.3 D
Pentstemon ternatus ..........N 2 2 2 1 2 3 1 1 1 2 8 1.3 NS
Rhus trilobata.............S 3 3 3 1 1 2 1 2 8 1.3 NS
Trichostema lanatum ..........N 2 2 3 1 1 1 6 1.0 NS
Artemisia trident ata ..........N 5 8 5 0.8 D
Purshia glandulosa...........S 5 8 5 0.8 D
Rhamnus californica ..........S 3 4 2 3 5 0.8 NS
Cercis occidentalis ...........S 5 6 5 0.8 D
Quercus Wislizenii var. frutescens ....S 2 2 2 3 4 0.6 NS
Rhamnus crocea ............S 3 1 1 1 4 0.6 NS
Ribes amarum.............U 4 2 4 0.6 NS
Senecio californicus...........N 2 2 2 1 4 0.6 N S

Encelia californica...........N 1 1 2 2 3 0.5 NS
Fremontia californica..........S 3 5 3 0.5 NS
Pentstemon spectabilis .........N 1 1 2 1 3 0.5 NS
Salvia leucophylla ...........N 3 3 3 0.5 NS
Yucca brevifolia ............S 3 5 3 0.5 NS
Ephedra californica...........U 3 5 3 0.5 NS
Garrya flavescens var. pallida ......S 3 5 3 0.5 NS
Malacotkamnus orbiculatus .......N 1 0.5 1 2 1 2 3 0.5 NS
Clematis pau iflora...........S 1 0.5 2 2 3 0.5 NS
Umbellul aria californica.........S 3 1 3 0.5 NS
Sambucus caerulea ...........5 1 0.5 1 2 2 0.3 NS
Thamnosma montana..........U 2 3 2 0.3 NS
Haplopappus cuneatus .........U 2 3 2 0.3 NS
Haplopappus Parishii .........U 1 0.5 1 2 2 0.3 NS
Sal7-7);~-~
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APPENDIX I (continued)
S

Zone

1

Zone

2

Zone

3

N Coastal Desert Coastal Desert Coastal Desert Total of all
_____ - _____ _____ - - _____ ______ - _____ _____ - inter- inter- Pref-

Species U No. % No. % No. % No. % No. % No. % cepts cepts erence

Haplopappus
Cooperi.U
2
1
2
0.3
NS
Ceanothus Greggii var. perplexans ...... N 1 2 1 0.2 NS
Ceanothus integerrimus ................ 1 1 1 0.2 NS

Chrysothammus viscidiflorus ...... ..... N 1 2 1 0.2 NS

Rhus integrifolia ..................... S 1 0.5 1 0.2 NS
Pinus monophylla .................... N 1 2 1 0.2 NS
Turricula Parryi............ N 1 2 1 0.2 NS
Lathyrus sp ......|.U .|................|1 2 1 0.2 NS
Dicentra chrysantha .................. N 1 2 1 0.2 NS

Encelia farinosa ..................... N 1 1 1 0.2 NS
Fraxinus velutina var. corzacea ........ S 1 2 1 0.2 NS
Ribes
indecorum.U
1
0.5
1
0.2
NS
Nicotianaglauca ..................... N 1 0.5 1 0.2 NS
Paeonia Browni ..................... U 1 0.5 1 0.2 NS
Total presence all species .267 270 971 238 299 2 12 2257
Total

line

intercepts

.92

94

227

64

84

66

624

aInformation on sprouting and non-sprouting capacities was
tion of those species designated undetermined is unknown.
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