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ABSTRACT 

Effects of up to three successive spring and fall bums on composition and biomass 
of the predominantly non-native grasslands of the southern Sierra Nevada foothills 
were evaluated. Fall and spring burning regimes increased the number and biomass 
of both alien and native forb species. No native grass species became established 
following the treatments. Thus, whereas the biomass of alien grass species can be 
reduced by repeated burning, they will be replaced by increases in both alien and 
native forbs, Changes seen following one or two bums (spring or fall) were not 
sustained following cessation of burning treatment. 

The annual grasslands that characterize much of California, in­
cluding the low elevation foothills of the southern Sierra Nevada, 
are dominated by species native to the Mediterranean Basin (Wester 
1981). Prior adaptation to grazing by livestock has favored alien 
species in the replacement of native grasses and forbs (Barry 1972; 
Jackson 1985; Macdonald et al. 1988). Analysis of both historical 
accounts and microfossil remains indicate that areas that once sup­
ported either extensive native annual grasslands or Stipa bunchgrass 
prairie are now dominated by alien annual grasses (Barry 1972; 
Heady 1977; Bartolome et al. 1986). The abilities to withstand 
drought and grazing have combined to assure the continued dom­
inance of annual Mediterranean grasses. The timing and intensity 
of precipitation and grazing pressure, including the amount of nat­
ural mulch retention, have been shown to significantly influence 
vegetative production and species composition on annual grassland 
sites in central California (Talbot et al. 1939; Duncan and Wood­
mansee 1975; Bartolome et al. 1980). Hervey (1949) quantified the 
effectsof an early summer burn in temporarily favoring broadleaved 
forbs over grasses on a coastal foothill range and Larson and Duncan 
(1982) have documented a near doubling of production two years 
following a fall burn on the San Joaquin Experimental Range near 
Fresno. Yet, although variable patterns of climate, fire and grazing 
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result in considerable year to year fluctuation in nonnative annual 
species composition and biomass (Bentley and Talbot 1958; Heady 
1958; Pitt and Heady 1978), those studies showed no indication of 
successful reestablishment of the native flora. 

Land management agencies charged with the preservation of nat­
ural ecosystems face the dilemma of either accepting the loss of a 
significant component of the native flora or attempting to restore a 
more native species composition. The former, as has been suggested 
byHeady (1977), requires a compromise in management objectives, 
essentiallydeclaring alien species as naturalized. The latter requires 
botha sophisticated knowledge ofgrassland ecologyand a potentially 
intensive restoration program, if such is even possible. In Sequoia 
National Park, several thousand hectare of annual grassland are 
protectedas both part of the Park and the Sequoia and Kings Canyon 
International Biosphere Reserve. National Park Service manage­
ment policy calls for protection and restoration of this ecosystem. 
Althougheffective protection from livestock grazing is provided, the 
question remains as to whether native species can ever successfully 
be restored to the area. 

An active program of restoring periodic fire to an area where fires 
havebeen effectivelysuppressed for most ofa century (Parsons 1981; 
Bancroftet al. 1985), together with evidence that the frequency and 
season of fire can influence species composition and production in 
other grassland communities (Hover and Bragg 1981; Towne and 
Owensby 1984), led us to test the effects of varying fire regimes on 
species composition and biomass. Similar experiments, using a com­
bination of seeding, fertilization, and burning, provided mixed re­
sults in restoring degraded grasslands in San Diego County (Garcia 
and Lathrop 1984). 

The objectives of this study were to investigate the effects of fre­
quency and season of burning on the relative composition and dom­ .,·.1
inance of native and alien species in the annual grassland commu­
nities of the southern Sierra Nevada. Such data are essential to 
understanding the effects of past and present management practices :J 
as well as in evaluating the possibility of using fire as a tool to 
reestablishnative species. This is critical to understanding the short­
andlong-term impacts of reestablishing natural fire regimestf'arsons 
et at. 1986). 

STUDY AREA 

The study area is located on a gentle eastern exposure at an ele­
vationof700 m in the rolling foothills of the drainage of the Middle 
Fork of the Kaweah River, Sequoia National Park, Tulare County, 
California. The region is characterized by the hot, dry summers 
typical of Mediterranean climates (Aschmann 1973). Annual pre-
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cipitation, which is concentrated in January, February, and March, 
averaged 139, 73, 133, and 202 percent, respectively, of the long­
term annual average of 68.1 em during the four study years. Vege­
tation in the area consists of annual grasslands beneath scattered 
blue oak (Quercus doug/asii Hook. & Arn.), Grazing by domestic 
cattle and horses occurred on the site during the late 1800's and 
early 1900's but has now been absent for at least 60 years. 

The area has no record of burning after a 1960 wildfire burned 
much of the vicinity (Stocking 1966). Park fire maps record no fires 
in the area between 1925 and 1960. Prior to the fire protection 
provided by the creation ofSequoia National Park in 1890, lightning 
fires, together with intentional ignitions by aboriginals and sheep­
herders (for a briefperiod between about 1860 and 1890), are thought 
to have regularly burned the Sequoia foothills (Vankat and Major 
1978; Parsons 1981). Previous studies of vegetation in the area have 
focused primarily on the overstory oak woodland (Baker et aI. 1981; 
McClaran 1986), and nearby chaparral communities (Stohlgren et 
aI. 1984; Rundel et al. 1987). Soils in the area are characterized by 
fine to coarse textured sandy loam Ultic Haploxeralfs (Huntington 
and Akeson 1988). They are derived from granitic bedrock and are 
moderately deep and moderately welI drained. 

METHODS 

An area approximately 2.0 ha was selected as representative of 
the foothill annual grasslands ofSequoia National Park. Seven 10-m 
by 10-m study sites were identified within this area in positions that 
maximized chances of successful fire control. The sites were each 
assigned one ofseven fire treatments based on fire logistical concerns. 
Treatments included a single fall bum (1980; FI), two successive 
fall bums (1980 and 1981; F2), three successive fall burns (1980, 
1981, and 1982; F3), a single spring burn (1980; SI), two successive 
spring burns (1980 and 1981; S2), three successive spring bums 
(1980, 1981, and 1982; S3), and an unburned control (C). All fires 
were carried out as prescribed burns under pre-established prescrip­
tions previously tested to assure both containment and high fuel 
consumption. 

Fall bums were conducted in late October or early November, 
near the end of the natural fire season (Parsons 1981). During the 
fall burns fine fuel (cured grass) moisture contents ranged from 10 
to 15%, air temperatures from 18 to 21°C, and relative humidities 
from 40 to 65%. Flame lengths averaged 0.6 to 1.0 m and rate of 
spread 2.5 to 5.0 m/min. The spring burns were carried out in early 
to mid-June, after the annual vegetation had dried but before most 
natural ignitions would normally have occurred (Parsons 1981). Fine 
fuel moistures ranged from 7 to 9%, air temperatures from 22 to 
27°C and relative humidities from 41 to 46%. Flame lengths ranged 
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from 0.6 to 1.5 m and rate of spread from 4.0 to 20 m/min. AlI 
burns resulted in essentially total consumption of vegetative bio­
mass. Burning during the hot dry summer was avoided due to the 
threat of the fire escaping the area. 

Vegetation sampling was carried out annually within five random­
lydistributed 0.05-m2 circular plots within each burn treatment (new 
plots were selected each year). Beginning in the spring of 1980, before 
the first burn, and continuing through 1983, one growing season 
foIlowing the final burn, all of the current year's vegetative growth 
was clipped at a height of 1.0 cm above ground level in each plot. 
Clipped samples were separated by species and oven dried for 24 
hoursat 94°C to determine dry weight. Sampling was carried out in 
thespring at peak biomass, before significant seed loss or senescence 
had occurred. The sampling schedule varied as a function of that 
year'sphenology, falling between 4 May and 24 May. Data collected 
from the 35 randomly placed 0.05-m2 plots sampled during the 
springof 1980 were used to characterize the pre-study species com­
position and biomass of the area. 

It is recognized that the lack of true replicate treatments may limit 
interpretation of the data. Due to logistic constraints related to the 
burn operation the decision was made to focus on multiple treat­
ments at the expense of replication. Possible block effects are min­
imized by also considering the results as a percent of the 1980 pre­
bumcondition ofthe same plots. Statistical analysis of the vegetation 
data included two-way analysis of variance (ANOVA) to compare 
the effectsof treatment, 'or burning regime, by year for each of three 
vegetative groups (alien grasses, alien forbs, and native forbs; no 
native grasses were encountered) for biomass and species richness. 
If the F-test ratios were significant (p < 0.05) for either factor, 
Tukey's multiple range test (SAS Institute Inc. 1985) was used to 
detect significant differences (p < 0.05) within the vegetative groups 
for that factor. We recognize the study design does not fully meet 
the underlying assumption of an analysis of variance since plots 
were not randomly assigned treatments (due to fire control logistics 
constraints). But because of the homogeneity of the pre-burn con­
dition and the severity of the treatments applied, we present the 
results of the ANOV A as supportive information. 

~ 

To assess species-specific responses to different burning regimes, 
percent of total biomass for each major species was calculated fol­
lowing the three successive fall or spring burns and compared to 
that both preceding treatment (1980) and for the 1983 control. 

RESULTS AND DISCUSSION 

The pre-burn 1980 vegetation of the study sites consisted of'eigh­
teen species ofgrasses and forbs with a mean total biomass of 334.5 
g/rn? (Table I). The 35 sample plots averaged 5.6 species per plot. 
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TABLE 2. EfFECT OF TR~TMENT BY YEAR ON NUMBER OF SPECIES AND BIOMASS (g/ 
0.05 m') OF ALIEN GRASSES. Only means with different letters within columns (a, b. 
c)or within rows (i, j, k) are significantly different at p < 0.05. Treatment codes are 
C =control, FI = one fall burn, F2 = two fall burns, F3 = three fall burns, SI = one 
springburn, S2 = two spring burns, S3 = three spring burns. 

Year 

Treatment 1980 1981 1982 1983 

No. species
 

C 3.0 3.8 3.0 3.0a
 
FI 3.0 2.4 3.6 3.0a
 
F2 3.8 3.2 3.2 3.6 a
 
F3 3.4 3.6 3.4 2.6 b
 
SI 4.4 3.4 3.4 3.4 a
 
S2 3.8 4.4 4.4 3.8 a
 
S3 3.0 3.2 3.8 4.0 a
 

Biomass 
C 14.4 13.3 17.8 i 10.4 c/j 
FI 15.0 17.0 11.2 9.1 
F2 20.0i 14.1 6.7 j 12.3 clj 
F3 19.2 i 17.3 i 9.4 2.3 alj 
SI 13.2 14.4 18.1 17.3 b 
S2 18.3 i 11.3 8.6j 8.6j 
53 15.0 11.9 8.6 8.1 c 

Avena fatua, a grass introduced from Europe, dominated all plots, 
constituting 75.0% of the total biomass (range = 63.2 to 89.7%). 
Three alien grass species, A: fatua, Bromus mol/is, and B. diandrus, 
occurred in nearly every plot and together accounted for 95.5% 
(range = 90.3 to 99.6) of the total biomass. Broadleaved forbs oc­
curred only sporadically, constituting 5.9 g/rn" or 1.8% (range = 0 
to 10.1 %) of the total mean biomass. Alien forbs averaged less than 
one species and 2.8 g/m? whereas native forbs averaged 1.3 species 
and 3.1 g/m-. Non-native species dominated all plots in both fre­
quency and biomass. Although a total of nine native species were 
encountered, only Brodiaea elegans was found in more than 20% of 
the plots, and all nine together accounted for less than one percent 
of the total biomass (Table I). This pre-treatment composition is 
similar to that found in other ungrazed or lightly grazed California 
annual grassland sites (Heady 1977). 

The only detected pre-burn significant differences between plots 
located in the different treatment areas were for number of species 
and biomass of alien forbs in the site to receive a single spring burn 
(SI)and biomass of native forbs in the site to receive two successive 
spring burns (S2). The only significant differences found between 
years for the control plot were for biomass of alien grasses (1982­
1983), and number ofspecies ofalien forbs (1980-1981) (see Tables 
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TABLE 3. EFFECT OF TREATMENT BY YEAR ON NUMBER OF SPECIES AND BIOMASS (g/ 
0.05 m') OF ALIEN FORBS. Only means with different letters within columns (a. b, c) 
or within rows [i, j, k) are significantly different at p < 0.05. Treatment codes are 
C = control, FI = one fall burn. F2 = two fall bums, F3 = three fall bums, SI = one 
spring burn, 52 = two spring burns, 53 = three spring burns. 

Year 

Treatment 1980 1981 1982 1983 

No. species 

C 
FI 
F2 
F3 
SI 
52 
S3 

0.4 ali 
0.6 ali 
1.0 i 
0.8 ali 
2.6 b 
0.6 ali 
0.8 ali 

2.4 a/] 
2.4 a/j 
5.4 b/j 
3.2 j 
3.6 
2.6 a/j 
3.6j 

1.2 a 
3.6 b/j 
4.2 b/] 
3.8 b/j 
3.8 b 
3.4 blj 
4.0 b/j 

1.2 a 
2.4 j 
3.6 b/k 
4.0 b/j 
2.8 
3.2 j 
4.0 b/] 

Biomass 

C 
FI 
F2 
F3 
SI 
S2 
53 

0.1 a 
0.01 a/] 
0.1 a/j 
0.03 ali 
0.7 b 
0.03 ali 
0.1 ali 

0.3 a 
1.9j 
2.9 j 
4.2 blj 
1.5 
0.7 i 
2.1 i 

0.8 a 
7.6 b/i 
7.3 b/i 
3.6 j 
2.8 
1.7 a/j 
8.1 b/j 

0.8 a 
1.9j 
2.7 b/j 
5.4 b/j 
1.2 
3.2 b/k 
4.3 b/j 

2-4). This shows strong similarity between the pre-bum character 
of the seven treatment areas as well as a consistent year to year 
character for the unburned control. 

Two-way ANOVA oftreatment and year for each vegetation group 
detected significant effects (p < 0.05) of both treatment and year on 
all but the number ofalien grass species. Treatment effects influenced 
the biomass of the different vegetation groups as well as the number 
of native and alien forb species. 

Together, the burn treatments resulted in the appearance of 18 
additional native forb species, five additional alien forb species, and 
no new grass species. The most important of these species are dis­
cussed in the text. 

Figures 1 and 2 summarize the effects of one, two, and three 
successive fall and spring burns on the relative biomass of alien 
grasses, alien forbs and native forbs. Under both burning regimes 
the biomass of alien grasses is decreased relative to that of both 
alien and native forbs. Tables 2-4 detail the effects of the six ex­
perimental burning regimes on number of species and biomass of 
these three vegetati ve groups. 

Alien grasses appear to be minimally affected by the fall burning 
regimes. Species richness (and composition) is not influenced by 
successive fall burns (Table 2). Whereas biomass of alien grasses is 
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TABLE 4. EFFECT OF TREATMENT BY YEAR ON NUMBER OF SPECIES AND BIOMASS (g/ 
0.05 m') OF NATIVE FORBS. Only means with different letters within columns (a, b,
 
e) or within rows (i, j, k) are significantly different at p < 0.05. Treatment codes are
 
C - control, FI = one fall bum, F2 = two fall burns, F3 = three fall bums, 51 = one
 
spring burn, S2 = two spring bums, 53 = three spring bums.
 

Year 

Treatment 1980 1981 1982 1983 

No. species 
C 0.6 1.2 a 0.8 a 1.6 a
 
FI 1.0 3.0 2.2 LOa
 
F2 2.0 3.0 3.4 3.6 b
 
F3 0.4 i 3.0j 1.8 4.2 b/j
 
51 1.4 3.6 b 3.2 1.6 a 
52 2.6 i 5.8 b/j 4.4 b/j 2.2 i 
53 1.0 i 4.4 b/j 3.2 j 3.2j 

Biomass
 
C 0.1 a 0.7 a 0.37 0.5 a
 
FI 0.01 ali 6.4j 0.8 i 0.4 ali
 " 

F2 0.2 a 3.1 6.2 2.5 ,,'
F3 0.02 ali 6.2j 1.5 2.1 
51 0.6 ali 12.4 b/j 2.1 i 0.9 i 
52 0.6 b/i 5.9 j 3.3 0.8 i
 
S3 0.1 ali 5.3j 2.9 3.5 b
 

".1 

decreased over pre-treatment levels by two fall bums, it is only after 
three such burns that biomass, (11% of pre-burn) also differs from 
numbers found in the control plots. Decreases in abundance ofAvena 
fatua and Bromus diandrus account for most ofthe biomass change. 

Both the number of species and biomass of alien forbs increased 
over pre-bum and control levels following two or more fall burns '~I~I 
(Table 3). Alien forb biomass increased as much as 12,000% fol­
lowing two fall burns (F2; 1982) and 18,000% following three fall 
burns (F3; 1983) over pre-burn levels in the same plots. Although 
an increased number of species is still evident following a year of 
recovery in the F2 plot, biomass has dropped markedly (Table 3). 
Asinglespecies, Centaurea melitensisL., which was not encountered 
in any plots during pre-bum sampling and only rarely found in the. 
control plots in succeeding years, accounts for the majority of the 
alien forb response. Other alien forb species that increased with fall 
burning include Silene ga//ica L., Galium parisiense, and Hypo­
choeris g/abra L. 

Whereas native forbs increased in both species richness and bio­
mass following fall burning, only the number of species following 
three successive fall burns (F3) differed from both pre-bum and 
control levels (Table 4). Native forb biomass increased sharply fol­
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lowing an initial bum and maintained moderately high levels in the 
following years. Lotus subpinnatus and Orthocarpus attenuatus A. 
Gray were the native forb species exhibiting the largest and most 
consistent increases following fall burning. Although up to three 
successive fall burns clearly influenced relative species composition 
and dominance, including increasing the relative importance ofboth 
native and alien forbs at the expense of alien grasses (Fig. I) it is 
uncertain what fire return interval would be required to maintain 
such changes or whether they would revert to pre-bum levels fol­
lowing a short time without fire. By the end of the study in 1983, 
it is only in the plot burned for three successive years (F3) that alien 
grasses do not dominate total biomass. Increases in the forb groups 
following one or two burns in the other fall treatments either have 
returned or have begun to approach pre-bum levels. Additional time 
would be required to determine if the relative suppression of alien 
grasses achieved with three fall burns could be maintained. 

Whereas total biomass tended to increase following an initial fall 
burn, it returned to near control levels in succeeding years. The 
minimal influence of repeated fall burning on total productivity 
counters other findings that the amount of mulch residue strongly 
influences productivity in California's annual grasslands (Bartolome 
et al. 1980). 

Spring burning, although probably not as important a part of 
historical southern Sierra Nevada foothill fire regimes as summer 
and fall burns, does show some potential for altering composition 
of annual grasslands. Total species richness was increased by suc­
cessive spring bums, a difference due entirely to increased numbers 
offorbs. Total biomass was not influenced by spring burning (Tables 
2-4). Spring burning showed little effect on alien grasses, other than 
a substantial but not statistically significant decrease in biomass 
(Table 2, Fig. 2). 

Species richness and biomass of alien forbs increased following 
two or three spring burns. Biomass (Fig. 2) increased by as much as 
I35-fold (from 0.1 to 8.1 g/O.05 m-) in the 1982 F3 plot (Table 3). 
Alien forb species, including Si/ene ga//ica L., Erodium botrys (Cav.) 
Bertol., and Hypochoeris glabra L., increased significantly following 
spring burns. 

An initial spring burn dramatically increased both the number of 
species and biomass of native forbs. However, these increases either 
returned to near pre-bum levels with the cessation of fire (S I and 
S2) or stabilized at slightly lower levels even with repeated annual 
burning (F3; Table 4). Trifolium microcephalum. Lupinus benthamii, 
and Lotus subpinnatus are the major native forbs that increased 
following spring burning. Increases in L. benthamii were not sus­
tained following the initial burn. 

Table 5 lists those species that were influenced most by three 
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.0 1m Alien forbs '0 
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1980 1981 1982 1983 

Year 

FIG. I. Percentage of total plot biomass for alien grasses, alien forbs, and native 
forbs following I, 2, and 3 successive fall bums. Data from S O.OS-m2 plots located 
in F3 (three fall bums) treatment. 

successive fall or spring bums. Burning in either season resulted in 
dramatic reductions in dominance of the omnipresent Avena fatua. 
This invasive European grass dominates much of the annual grass­
lands throughout California. Three successive fall bums reduced A. 
fatua to 5.3% of the tot'!) biomass whereas three successive spring 
bums reduced it to 12.4070 (Table 5). A second common introduced 
grass, Bromus diandrus, was also reduced to minimal presence (0.2 
and 1.3%, respectively) by successive fall or spring bums. The third 
dominant grass of the unburned grassland, Bromus mollis, 'was not 
significantly affected by burning in either season, contributing be­
tween 10 and 27% of the total biomass of both pre- and post-bum 
plots. 

Both the F3 and S3 treatments shifted the relative dominance of 
both species number and biomass from grasses to forbs. Successive 
fall bums resulted in a dramatic increase of the alien forb Centaurea 
melitensis from non-existent in 1980 to 46.3% of the total biomass 
in 1983. Alien and native forbs together accounted for 8.2 of the 
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TABLE 5. SPECIES SHOWING MAJOR CHANGE INRElATIVE BIOMASS FOLLOWING THREE 
SUCCESSIVE FALL (F3; 1983) AND/OR THREE SUCCESSIVE SPRING (S3; 1983) BURNS AS 

COMPARED WITH PREBURN (1980) AND CONTROL (C; 1983) PLOTS. Data presented as 
percentage of total plot biomass. Growth fonn codes are A = alien, N = native, 
F ~ forb, G - grass. 

Growth Control Prebum Postbum - Species form ( 1983) (1980) (1983) 

Fall bum increasers 
VI
 
VI Centauria melitensis AF 0.1 0.0 46.3
III 
E 60 Lotus subpinnatus NF 0.0 0.0 10.80:c • Alien grasses Silene gaJliea AF 0.1 0.0 5.3 
15 Hypochoerls glabra AF 0.1 0.0 4.8II Alien forbs 
Ol Onhocarpus auenuatus NF 0.0 0.0 4.4CII o Nalive forbs.!!I 
c:: 40 A. Dateof fire Fall bum decreasers
CII 
~ 
CII Avenafatua AG 39.0 89.7 5.3 
a. Bromus diandrus AG 12.0 10.8 0.2 

I 

•
 Spring bum increasers
 i 
Erodium botrys AF 0.0 0.0 15.8 

I 

Trifolium microcephalum NF 0.1 0.5 11.0 
Silene gaJJiea AF 0.1 0.0 7.5 
Lotus subpinnatus NF 0.0 0.0 6.9 
Festuca megalura AG 0.0 0.1 6.2 
Centauria melitensis AF 0.1 0.0 2.4 

1980 1981 1982 1983 Spring bum decreasers 
Avenafatua AG 39.0 76.5 12.4 

Year Bromus diandrus AG 12.0 12.9 1.3• 
FIG. 2. Percentage of total plot biomass for alien grasses, alien forbs, and native 
forbs following 1,2, and 3 successive spring bums. Data from 5 0.05·m2 plots located 
in S3 (three spring burns) treatment. 

five native and six alien forb species were encountered. The most 
common post-bum species following three successive spring fires 

average 10.8 (76%) species per plot (as compared to 1.2 of the 4.6 were Erodium botrys, an alien introduced from Europe, and the 
or 26% in the same plots before burning and 2.8 of 5.8 or 48% of native Trifolium microcephalum. Neither of these increased sub­
the 1983 control plots) and 7.5 of the average 9.8 g/O.OS m2 (76%) stantially following fall bums (Table 5). Alien and native forbs to­
(as compared to 0.05 of 19.2 g/O.OS m2 or 0.2% before burning and getheraccounted for 7.2 of the 11.2 species per plot (64%) (as op­
1.3 of II.7 or 11 % of the control plots). Five species of forbs (3 posed to 1.8 of 4.8 or 38% before burning and 2.8 of 5.8 or 48% of 
alien and 2 native) accounted for 71.6% of the total post-treatment m2the control plots) and 7.8 of the 15.9 g/O.OS (49%) (compared 
biomass. The same five species were completely absent from these with 0.2 of 15.2 g/O.OS m2 or 1.3% prebum and 1.3 of 11.7 or.Ll % 
plots in 1980 and together accounted for only 0.3% of the total of the control plots) biomass. 
biomass in the 1983 control plots (Table 5). A total of six native 
and six alien forb species were encountered following the three fall CONCLUSIONS 
burns. 

While three successive spring bums also increased the relative The annual grasslands that characterize much of the foothills of 
importance offorbs over grasses, the magnitude of the shift was less the southern Sierra Nevada are dominated by species introduced 
and the species composition different from that observed following from Europe and other Mediterranean climate areas. The near com­
fall burning. The five most common forbs following three successive plete dominance of these species has been largely attributed to their 
spring burns included two native and three alien species. Together resistance to disturbance associated with grazing, erosion and agri­
these contributed 43.6% of the total biomass (Table 5). A total of culture. The role offire in the competitive interaction between native 
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and alien species in California's grasslands is uncertain. In natural 
areas such as national parks and nature preserves there is interest 
in reestablishing the native herbaceous flora. The experiments re­
ported here indicate that both the frequency and seasonality of fire 
can influencegrassland species composition and biomass. Both spring 
and fall burning increased the total number of species. Repeated 
bums both decreased the relative dominance of introduced grasses 
and increased the diversity and dominance of native and alien forbs. 
Neither single nor repeated (up to three times) fall or spring burns 
resulted in the establishment of additional species of native grasses 
in the study area. This may, in part, be attributed to the fact that 
native grass species and thus seed sources are rare in this community. 

Although both fall and spring bums favored forb establishment 
at the expense of grasses, they had minimal effect on total biomass 
when maintained over three years. Fall bums tended to increase the 
number and biomass of alien forbs more than that of native species 
whereas spring bums favored both about equally. Thus, although 
the number and biomass of alien grasses may be reduced by regular 
and repeated burning (especially late in the season), both alien and 
native forbs will be increased. 

In the case of both fall and spring burning, alien grasses quickly 
regained their pretreatment dominance when burning was halted 
following one or two treatments. From a management perspective, 
this means that whatever gains might be realized from a program 
of regular burning could be quickly lost if that program were sus­
pended. Frequent burning will almost certainly be needed to main­
tain long-term changes if such is even possible. 

ACKNOWLEDGMENTS 

We thank Steve DeBenedetti and Nate Stephenson for assisting with field work 
and preliminary data summaries. Sylvia Haultain-Tweed provided final data sum­
maries. Mitch McClaran, Ray Ratliff, Steve DeBendetti, James Bartolome, and Jon 
Keeley critically reviewed an earlier version of the manuscript. Neil Willits provided 
statistical consultation. 

LITERATURE CITED 

ASCHMANN, H. 1973. Distribution and peculiarity of Mediterranean ecosystems. 
Pp. 11-20 in F. di Castri and H. A. Mooney (eds.), Mediterranean type ecosys­
tems-origin and structure. Springer-Verlag, New York. 

BAKER, G. A., P. W. RUNDEL, and D. J. PARSONS. 1981. Ecological relationships of 
Quercus douglasii (Fagaceae) in the foothill zone ofSequoia National Park, Cal­
ifornia. Madroiio 28:1-12. 

BANCROFT, L., T. NICHOLS, D. PARSONS, D. GRABER, B. EVISON, and J. VAN WAG­
TENDONK. 1985. Evolution of the natural fire management program at Sequoia 
and Kings Canyon National Parks. Pp. 174-180 in Proceedings, Wilderness Fire 
Symposium. V.S.D.A. Forest Service Gen. Tech. Report INT·182. 

19891 PARSONS AND STOHLGREN: GRASSLAND FIRE REGIMES 167 

BARRY, W. J. 1972. California prairie ecosystems (Vol. I): the Central Valley prairie. 
California Department of Parks and Recreation, Sacramento. 81 pp. 

BARTOLOME, J. W., S. E. KWKKERT, and W. J. BARRY. 1986. Opal phytoliths as 
evidence for displacement of native Californian grassland. Madrofio 33:217­
222. 

--, M. C. STROUD. and H. F. HEADY. 1980. Influence of natural mulch on 
forage production on differing California annual range sites. J. Range Managem. 
33:4-8. 

BENTLEY, J. R. and M. W. TALBOT. 1948. Annual plant vegetation of California 
foothills as related to range management. Ecology 29:72-79. 

DUNCAN, D. A. and R. G. WOODMANSEE. 1975. Forecasting forage yield from 
precipitation in California's annual rangeland. J. Range. Managem. 28:327-329. 

GAROA, D. and E. W. LATHROP. 1984. Ecological studies on the vegetation of an 
upland grassland (Stipa pulchra)range site in Cuyamaca Rancho State Park, San 
Diego County, California. Crossosoma 9(7):5-12. 

HEADY, H. F. 1958. Vegetational changes in the California annual type. Ecology 
39:402-416. 

--. 1977. Valley grassland. Pp. 491-533 in M. G. Barbour and J. Major (eds.), 
Terrestrial vegetation of California. John Wiley and Sons, New York. 

HERVEY, D. F. 1949. Reaction ofa California annual-plant community to fire. J. 
Range Managem. 2:11-121. 

HOVER, E. I. and T. B. BRAGG. 1981. Effect of season of burning and mowing on 
an eastern Stipa-Andropogon prairie. Amer. MidI. Naturalist 105: 13-18. 

HUNTINGTON, G. L. and M. A. AKESON. 1988. Soil resource inventory of Sequoia 
National Park. central part. California. Dept. Land, Air and Water Resources. 
Univ. California, Davis. 

JACKSON, L. E. 1985. Ecological origins of California's Mediterranean grasses. J. 
Biogeogr. 12:349-361. 

LARSON, J. R. and D. A. DUNCAN. 1982. Annual grassland response to fire retardant 
and wildfire. J. Range Managem. 35:700-703. 

MACDONALD, I. A. W., D. M. GRABER, S. DEBENEDETTJ, R. H. GROVES, and E. R. 
FUENTES. 1988. Introduced species in nature reserves in Mediterranean-type 
climate regions of the world. BioI. Conserv. 44: 37-66. 

McCLARAN, M. P. 1986. Age structure of Quercus douglasii in relation to livestock 
grazing and fire. Ph.D. dissertation. Univ. California. Berkeley. 119 pp, 

PARSONS, D. J. 1981. The historical role offire in the foothill communities ofSequoia 
National Park. Madroiio 28: I 12-120. 

--, D. M. GRABER, J. K. AGEE, and J. W. VAN WAGTENDONK. 1986. Natural 
fire management in national parks. Environ. Managern. 10:21-24. 

PITT. M. D. and H. F. HEADY. 1978. Responses ofannual vegetation to temperature 
and rainfall patterns in northern California. Ecology 59:336-350. 

RUNDEL, P. W., G. A. BAKER, D. J. PARSONS, and T. J. STOHLGREN. 1987. Postfire 
demography of resprouting and seedling establishment by Adenostomafascicu­
latum in the California chaparral. Pp. 575-591 in J. D. Tenhunen, F. M. Catarino, 
O. L. Lange. and W. C. Oechel (eds.), Plant response to stress, functional analysis 
in Mediterranean ecosystems. Springer-Verlag, New York. 

SAS INSTITUTE, INC. 1985. SAS/STAT guide for personal computers, version 6. 
Cary, NC. 

STOCKING, S. 1966. Influences of fire and sodium-calcium borate on chaparral 
vegetation. Madrofio 18:193-203. 

STOHLGREN, T. J., D. J. PARSONS, and P. W. RUNDEL. 1984. Population structure , i 
ofAdenostoma fasciculatum in mature stands ofchamise chaparral in the south­
ern Sierra Nevada, California. Oecologia 64:87-91. 

TALBOT, M. W., H. H. BISWFLL, and A. L. HORMAY. 1939. Fluctuations in the 
annual vegetation of California. Ecology 20:394-402. 

__1__ •. 

,I • 



168	 MADRONO [Vol. 36 

TOWNE, G. and C. OWENSBY. 1984.· Long-term effects ofannual burning at different 
dates in ungrazed Kansas tallgrass prairie. J. Range Managem. 37:392-397. 

VANKAT, J. L. and J. MAJOR. 1978. Vegetation changes in Sequoia National Park, 
California. J. Biogeogr, 5:377-402. 

WESTER, L. 198 I. Composition of native grasslands in the San Joaquin Valley, 
California. Madroiio 28:231-241. 

(Received 16 Dec 1988; revision accepted II May 1989.) 

CALIFORNIA BOTANICAL SOCIETY 

MEETING PROGRAM 

1989-1990 

"PLANT CONSERVATION RESEARCH NEEDS FOR 
THE 1990'S" 

8:00 P.M. University of California, Berkeley 159 Mulford Hall 

DATE SPEAKER AND TOPIC 

190(1	 MR. NIALL McCARTEN, Dept. of Integrative Biology, Univ. 
California, Berkeley . 
"Plant extinction rates in the California 1I0ra: outlook for 
the future" 

16NOV	 MR. TtMOTHY KRANTZ, Botanical Consultant, Haward, 
CA 
"Rare and endemic plants of the Big Bear Preserve, San 
Bernardino County" 

18 JAN	 MR. JAMES BARTEL, U.S. Fish and Wildlife Service, Sac­
rarncnto, CA 
"Rarity or endangerment: a call for a consensus on prior. 
ities" 

17 FEB·	 DR. MICHAEL SOULE, Dept. of Environmental Studies, 
Univ. California, Santa Cruz 
"A zoologist's perspective on plant conservation biology" 

15 MAR	 DR. THOMAS GRIGGS, The Nature Conservancy
 
"Restoration of Riparian Systems"
 

19 APR	 DR. BRUCE PAVLIK, Dept. of Biology, Mills College, Oak­
land, CA 
"Genetic and ecological aspects of rare plant reintroduc­
tion: the case of Amsinckia grandiflora" 

17 Ms. ROXANNE BITIMAN, Natural Diversity Data Base, Cal­
MAY·· if. Dept. of Fish and Game, Sacramento 

"Plant conservation research needs for the 1990's" 

• Annual Banquet-location to be announced. 

•• Meeting \0 be held at University of California Botanical Garden, 
Strawberry Canyon, Berkeley. 
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