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Abstract 

Concerns for the future of California’s oak-woodlands have 
intensified the need to better understand how different overstory 
species affect herbage standing crops and species frequencies. Data 
from over 8,000 plots harvested between 1961 and 1968 at the San 
Joaquin Experimental Range in the Sierra Nevada foothills of 
central California show that peak standing crops averaged 2,795 
kg/ha in the open; 3,086 kg/ha under blue oak (Quercus dougkr- 
s&l,840 kg/ha under interior live oak (Quercus wislizenii); 1,696 
kg/ha under digger pine (Pinussabiniana); and 1,917 kg/ ha under 
buck brush (Ceanothus cuneatus). Overstory species affected 
standing crops differently on different range sites. On swales, 
standing crops were less under live oak and digger pine than in 
open areas. On open-rolling uplands, standing crops were less in 
the open and under live oak than under blue oak. On rocky-brush 
uplands, standing crops were less under all other overstory species 
than under blue oak. Data on species frequency suggest that her- 
bage species of later successional stages are more common under 
trees. The frequency of plant species varied with the species of 
overstory, and a diversity of overstory species may help to main- 
tain adequate species diversity among understory species. 
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Livestock grazing, fuelwood harvesting, land clearing, and foot- 
hill urbanizing all affect California’s oak-woodlands. Maintaining 
viable overstory populations is a prime concern of landowners, 
environmentalists, and State agencies. Altering the overstory 
structure would likely alter the understory structure, which in turn 
may alter wildlife and fish habitats. How different overstory spe- 
cies can affect understory plant communities needs to be under- 
stood. 

Blue oak (Quercus douglasii) is the dominant tree species on 
most of the oak-woodland surrounding California’s Central Val- 
ley. Rangelands dominated by blue oaks are estimated to cover 
1,178,OOO ha(Bolsinger 1987). Much of the blue oakarea is used to 
produce livestock (mainly beef). Livestock grazing herbage pro- 
duced under and around blue oaks, and they browse the oaks and 
eat acorns as well. 

Blue oaks affect understory forage production and species com- 
position. Generally, in the southern part of its range, blue oak 
provides adequate green feed earlier and in greater amounts than in 
the open areas (Duncan 1967; Duncan and Clawson 1980; Holland 
1976,198O). The effect may be especially striking during periods of 
drought (Duncan and Reppert 1960, Holland 1980, Frost and 
McDougald 1989). In the northern part of its range, herbage 
standing crops are lower under blue oaks than in the open (Barto- 
lome 1986,1987; Kay 1987; Kay and Leonard 1980). Differences in 
oak density and canopy cover help explain the disparity in 
response: southern stands are frequently less dense and have less 
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overstory canopy cover than northern stands. 
In southern stands, ripgut brome (Bromus diandrus) and wild 

oats (Avena fatua) generally comprise more of the herbage (by 
weight) under blue oaks than in open grassland (Holland 1980). 
However, soft chess (B. mollis), foxtail fescue (Vulpia megalura), 
and broad-leaf filaree (Erodium botrys) generally comprise more 
of the herbage in open grassland than under blue oaks. In northern 
stands total grass cover is greater in open areas than under blue 
oaks, and ripgut brome as well as soft chess cover increase where 
trees are removed (Kay 1987). In contrast, little is known about the 
relationships of other oak-woodland overstory species to under- 
story herbage. 

In 1961 a study of 3 grazing regimes was started at the USDA 
Forest Service’s San Joaquin Experimental Range, north of 
Fresno in Madera County, California. Major associates of blue 
oak at the Experimental Range are interior live oak (Q. wislizenii), 
digger pine (Pinus sabiniana), and buck brush (Ceanothus cunea- 
tus). Buckeye (Aesculus californica), Mariposa manzanita (Arc- 
tostaphylos mariposa), chaparral coffeeberry (Rhamnus califor- 
nica cuspidata), and hollyleaf coffeeberry (R. crocea ilicifolia) are 
common (Larson et al. 1985). 

This paper reports a by-product of data from more than 8,000 
plots sampled during the study at the Experimental Range that 
helps our understanding of how different overstory species affect 
herbage species and peak standing crops. The findings provide 
land managers greater information upon which to base overstory 
manipulations. 

Methods 

Setting 
The San Joaquin Experimental Range occupies about 1,862 ha 

of oak-woodland,in the Sierra Nevada foothills. Elevations range 
from 213 to 518 m. Winters are relatively cool and wet; summers 
are hot and dry. Annual precipitation averages 48.3 cm. The wet- 
test months are December (8.6 cm), January (8.3 cm), and Febru- 
ary (8.6 cm). July and August are the driest months with 2.5 mm 
each. January is the coldest month with average temperatures of 
11.8“ C (maximum) and 0.7” C (minimum). July is the hottest 
month with average temperatures of 36.7” C (maximum) and 16.2” 
C (minimum). 

Weather produces 3 characteristic forage seasons (Bentley and 
Talbot 195 1). The “inadequate green*‘season begins after fall rains 
stimulate seed germination. During that forage season, environ- 
mental conditions usually limit plant growth. The “adequate 
green” season begins in January or February when major grass 
species are 5 to 8 cm tall. During that forage season, growth so 
accelerates that livestock cannot use all the herbage produced. The 
“dry” season begins when soil water becomes depleted in May or 
June. As the adequate green season ends and the dry season begins, 
the annual plants produce seed and die. 

Soil type and depth, slope, and exposure along with weather are 
the major determinants of herbage production. Major range sites 
at the Experimental Range comprise 6% swales, 11% open-rolling 
uplands, and 83% rocky-brushy uplands of the area (Bentley and 
Talbot 1951, Caldwell et al. 1985, Gaylord 1972). Soil textures are 
coarse study loams, with soil depth and herbage production 
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decreasing and granitic rock volume and slope increasing from the 
swales to the brushy uplands. 

Data Source 
The study ( 196 I- 1968) at the Experimental Range was designed 

to compare livestock and herbage responses to repeated seasonal, 
rotated seasonal, and continuous grazing on unfertilized pastures 
and continuous grazing on pastures fertilized with elemental sul- 
fur. Livestock responses to the grazing regimes showed continuous 
grazing to be best for cow-calf production (Ratliff 1986). Fertiliza- 
tion did not increase the standing crop on swale sites, but increased 
it on open-rolling and rocky-brushy upland sites; and fertilization 
increased soft chess and ripgut brome on all sites (Caldwell et al. 
1985). While repeated seasonal grazing altered the contribution of 
individual species, peak standing crops were not affected by graz- 
ing system (Richard M. Caldwell, John W. Menke, and Don A. 
Duncan, unpublished manuscript provided the authors by John 
W. Menke). 

In the study, plots 0.1 m2 (30.5 X 30.5 cm) were systematically 
laid out along 6 randomly located permanent transects across each 
of 8 pastures but allocated to have 25 in swales, 18 in open-rolling 
uplands, and 70 in rocky-brushy uplands. The plot locations were 
protected with a San Joaquin cage (Westfall and Duncan 1961) 
and moved a random distance each year to avoid repeated sam- 
pling of the same areas. 

The overstory, including “open”(no overstory), at each plot was 
recorded during sampling. Sample sizes for each overstory there- 
fore depended on the number of plots occurring under the cano- 
pies. Overstory species identified separately were: blue oak, inte- 
rior live oak, digger pine, and buck brush-including chaparral 
whitethorn (C. leucodermis). All other overstory species were 
grouped. 

Plots were sampled for herbage biomass and species frequency 
when standing crops peaked. Herbage in each plot was harvested, 
oven dried and weighed. Frequency was determined as the propor- 
tion of quadrats where a species was the first hit by or nearest to 
one or more points. A quadrat consisted of a frame of 5 points. 

Species composition based on that data was not computed 
because estimates of point frequency using “nearest-plant hits”are 
biased. The probability of selection depends on species abundance 
and spatial distribution and a variable plot size. 

Grass species and groups identified were soft chess, ripgut 
brome, slender wild oats (A. barbat& Australian chess (B. arena- 
rius), red brome (B. rubens), Mediterranean barley (Hordeum 
hystrix),, annual fescue (Vulpia spp.), and other grasses. Other 
plant species and groups identified were grasslikes ( Curex spp. and 
Juncus spp.), broad-leaf filaree, other broad-leaves, Spanish clover 
(Lotus purshiunus), clover ( Trifolium spp.), and other legumes. 

Analyses 
The 1961-1968 study was not specifically designed to address 

overstory/understory relationships. Analysis of those relation- 
ships using the factorial design of the study was judged, therefore, 
to be inappropriate. The data from the study were pertinent, 
nevertheless, and a source of information impossible or prohibi- 
tively expensive to duplicate. 

Each data case was considered to be an independent observa- 
tion; and, because of known effects, data from the fertilized pas- 
tures were analyzed separately. Standing crop data were grouped, 
by range site and overstory species over all pastures over all years. 
Frequency data were grouped by overstory species over all range 
sites, pastures, and years. 

For each range site, the null hypothesis that there are no differ- 
ences in mean standing crops among the various overstory species 
was tested by one-way analysis of variance. The 95% confidence 
intervals for pair-wise differences among overstory species means 
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Fig. 1. Average peak herbage standing crops by overstory species on 
upland and swalc range sites at the San Jorqtin Experimental Range, 
1%1-l%& Within fertilixer treatments, within range sites, columns with 
the same letter do not differ significantly (P<O.OS) by Tukey’s w- 
procedure. An X = 1 plot, therefore, the variance could not be estimated. 

were determined by Tukey’s “w-procedure”modified to correct for 
the numbers of observations in the 2 means being compared (Steel 
and Torrie 1960). Differences between overstory species in stand- 
ing crops were expressed as (Xl - X2) f w. 

We estimated the frequencies (p q  nij/nj) of each herbaceous 
species by overstory species, in which, nil is the number of quadrats 
where species (i) occurred under overstory (i), and nj is the number 
of quadrats under overstory (i). In those cases where nG = 1, p was 
not estimated. We tested the hypothesis of no difference in fre- 
quencies of a herbaceous species under 2 overstory species (pr = pe) 
using the 95% confidence interval (CI) for the difference, pl - pz. 
We followed the procedure of Dixon and Massey (1957) in com- 
puting the CI when p(ni) and q(nG) were above 5 for both overstory 
species. When the CI did not include zero, we rejected the 
hypothesis. 

Results and Discussion 

Herbage Standing Crops 
On unfertilized swales, the average standing crop in the open 

areas was greater than under live oaks or digger pines but no 
greater than under blue oaks (Table 1, Fig. 1). Interpretation of the 
95% confidence interval for the difference between the open and 
blue oak overstory, nevertheless, suggests that actual standing 
crops in open areas were greater. We are 95% confident that any 
true difference favoring the open was at most 1,660 kg/ ha (63 1 + 
1,029 kg/ ha), and that any true differences favoring the blue oak 
overstory was at most 398 kg/ ha (631 - 1,029 kg/ ha). At those 
extremes, a difference in favor of the open would be biologically 
important, but for blue oaks would not be. 

Overstory effects were somewhat more apparent on unfertilized 
open-rolling and rocky-brushy uplands. On those range sites, 
average standing crops were greater under blue oaks than in the 
open or under live oaks. In addition, the average standing crop on 
rocky-brushy upland was greater under blue oaks than under 
digger pine, buck brush or other; and the average standing crop in 
open areas was greater than under live oaks and digger pines. 

307 



Table 1. Average peak berbage standing crops and their differences (expressed as 95% confidence intervals) by overstory species for unfertilized swales, 
and open-rolling, and rocky-brushy uplands at the San Joaquin Experimental Range, Madera County, California, 1961-1968. 

Overstory species 
(sample size) 

All types (1597) 
Open (1499) 
Blue oak (34) 
Live oak (49) 
Digger pine (14) 
Buck brush (I)2 

All types (1221) 
Open (I 130) 
Blue oak (71) 
Live oak (14) 
Digger pine (5) 2871 f 2058 
Buck brush (1)2 2844 

Average Differences in standing crops (e.g., open-blue oak) 
production Blue oak Live oak Digger pine Buck brush Other 

---------_______________________________kg/ha_------_-_______________________________ 
Swales 

4214 f 114 
4295 f II9 361 f 1029 1550 f 861*’ 2069 f 1593* 
3664 f 685 919 f 1324 1438 f 1884 
2745 f 434 519 + 1799 
2226 f 956 
1604 

Open-rolling uplands 
3144 f 108 
3118 f 111 -683 f 603* 1104 f 1325 248 f 2209 
3802 f 510 1788 f 1441; 931 + 2280 
2014 f 1084 -857 f 2567 

All types (4533) 
Open (3600) 
Blue oak (270) 
Live oak (386) 
Digger pine (203) 
Buck brush (52) 
Other (22) 

‘Asterisk indicates that herbaae production under the overstorv in the column differs significant (P<O.O5) by Tukey’s w-procedure from that under the overstory at the left. 

Rocky-brushy uplands 
2061 f 40 
2070 f 45 -758 f 245* 351 IIZ 209, 439 f 281* 165 f 544 532 f 832 
2828 f 184 1109 It 309* 1197 f 362’ 922 f 589’ 1289 f 862’ 
1719 f 116 88 f 337 -186 f 574 181 f 852 
1631 f 145 -274 f 604 93 f 873 
1905 f 327 367 f 898 
1538 f 317 

295% confidence interval was 6oi estimated. 

During drought, however, live oaks and digger pines may produce 
opposite effects (Frost and McDougald 1989). The result of no 
difference in standing crops under buck brush and in the open 
agrees with that reported by Gaylord and Westfall (1971). 

The results for unfertilized pastures generally agree with what we 
expect for herbage standing crops at the Experimental Range. We 
would expect swales to have higher peak standing crops where they 
receive full sunlight. They have relatively deep alluvial soils (Talbot 
et al. 1942) and receive runoff water as well as normal amounts of 
precipitation. Open-rolling and rocky-brushy uplands have rela- 
tively shallow, coarse textured soils. Their water holding capacities 
are low and water quickly percolates through the soil (Talbot et al. 
1942). On those range sites, blue oak trees produce a microhabitat 
more favorable to herbage production than open areas. Soil under 
blue oaks has more humus, greater water holding capacity, and a 
better nutrient status. The tree canopies also moderate soil temper- 
atures and slow drying (Holland 1980). 

As to why standing crops under live oaks and digger pines may 
be less than under blue oaks or in the open, live oaks shade the soil 
all year and tend to grow in dense groups. They could effectively 
reduce light levels (Parker and Muller 1982) and photosynthesis by 
herbaceous plants. Coniferous leaf litter, which tends to be more 
fibrous and more acid, is more resistant to decomposition than 
dicotyledonous litter (Millar 1974). A heavy accumulation of litter 
under digger pines could lower emergence rates, or soil chemistry 
could inhibit germination of some species, or both. The shade 
provided by live oaks and possibly digger pines, however, may be 
more beneficial than harmful for herbage production during 
drought (Frost and McDougald 1989). 

No significant overstory effects were found on the fertilized 
pastures (Fig. 1). While this situation may result partly from sam- 
ple size, the effect of the fertilizer may have been to improve the soil 
nutrient status under the different overstory types relative to each 
other, and thereby even out differences in standing crops. That 
effect was evident among sites in the fertilized and unfertilized 
continuously grazed pastures (Caldwell et al. 1985). With fertiliza- 
tion, standing crops averaged the same in swales, 16% greater on 
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open-rolling upland, and 36% greater on rocky-brushy upland 
than without it. 

Compared with the situation in the unfertilized pastures, any 
actual fertilizer effects may reduce standing crops in open areas 
relative to blue oaks on swales but increase them on open-rolling 
and rocky-brushy uplands. For the fertilized and unfertilized pas- 
tures average standing crops in the open, expressed as percentages 
of those under blue oaks, were as follows: 

Swales 
Upland 

Open-rolling 
Rocky-brushy 

Species Frequencies 

Fertilized Unfertilized 
percent 

86 II7 

116 82 
84 73 

Grazing, soil properties, the kind of overstory, and the degree of 
micro-climate moderation all influence herbaceous species fre- 
quencies and abundances. In the shade of coast live oak (Quercus 
agrifolia), wild oats cover, frequency, and dry weight were less than 
in the open (Parker and Muller 1982). At the University of Califor- 
nia’s Hopland Field Station, percentages of composition (based on 
50 points per plot) were higher for ripgut brome and annual fescue 
under blue oaks and higher for soft chess and broad-leaf filaree in 
the open (Bartolome 1986). Broad-leaf filaree was not found in the 
understory, while blue oak canopy did not affect slender wild oats 
or other broad-leaf plants. Herbage composition within overstory 
species differed less between annual grass/ woodland ranges than 
between open areas and those with trees at each study location 
(Bartolome 1987). 

Similar overstory influences on the herbaceous species were 
evident at the Experimental Range (Fig. 2). While obviously not 
equally frequent, all species or groups were found in the open on 
fertilized and unfertilized range. Under each overstory species, 
however, one or more understory species or groups appeared to 
have restricted distributions by being absent or infrequent. For 
example, Mediterranean barley and grasslikes seldom grew under 
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Fig. 2. Herbaceous species frequencies on unfertilized and fertilized range 
by overstory species at the San Joaquin Experimental Range, 1961-1968. 
Within a herbaceous species or group, frequencies with the same letter do 
not differ between overstory species. The 95% confidence interval (I) for 
pt - p2 covered zero. An x means that either p(nii) or q(nti) was 5 or less 
and that the CI was not computed; n is the number of quadrats where 
species (i) occurred under overstory 0. 

the trees. 
The data suggest that at the Experimental Range blue oaks, live 

oaks, and digger pines moderate the environment to favor species 
of later successional stages. Wild oats, soft chess, and ripgut brome 
belong to later successional stages on California’s annual grass- 

lands (Sampson et al. 195 1). Clovers, annual fescues, and filaree 
belong to mid-successional stages; and red brome and other broad- 
leaved plants belong to early stages. 

Compared with open areas, overstory species on unfertilized 
pastures at the Experimental Range had the following effects 
(positive = more and negative = less frequent than expected by 
chance) on understory plant frequencies (Fig. 2): 

Overstory species 
Understory plant Blue oak Live oak Digger pine 
Slender Wild oats Positive Positive Positive 
Soft chess Positive 
Ripgut brome Positive Positive Positive 
Australian chess Negative 
Other grass Positive 
Clovers Negative 
Spanish clover Negative 
Annual fescues Negative Positive 
Broad-leaf filaree Negative Negative Negative 
Other broad-leaf Negative 

Buck brush enhanced the growth of annual fescues, but did not 
reduce that of soft chess and broad-leaf filaree and increase the 
growth of ripgut brome, as reported earlier by Gaylord and West- 
fall (1971). 

Compared with blue oaks, other overstory species on unfertil- 
ized pastures at the Experimental Range had the following effects 
on understory plants (Fig. 2): 

Overstory species 
Understory plant Live oak Digger oak Buck brush 

Slender Wild oats Positive 
Ripgut brome Negative 
Australian chess Negative 
Clovers Negative 
Annual fescues Positive Positive Positive 
Broad-leaf filaree Negative 
Other broad-leaf Positive Positive 

Compared with live oaks, digger pines and buck brush at the 
Experimental Range had negative effects on ripgut brome. Digger 
pines had a positive effect on the annual fescues. 

Conclusions 
On or near the San Joaquin Experimental Range, woody plant 

harvest or control intended to increase herbage production should 
concentrate on species other than blue oak. Except in the swales, 
blue oaks can increase peak standing crops. At least on some range 
sites live oaks and digger pines reduce peak standing crops com- 
pared with open areas. Moreover, all overstory species reduce peak 
standing crops compared with blue oaks on the rocky-brushy 
uplands. 

A diversity of overstory species may help to maintain adequate 
species diversity among understory species. Different herbaceous 
species appear to be favored by different overstory species. For 
example, the group “other grasses” was more frequent under live 
oaks than in the open. And on shallow soils, digger pines may help 
maintain species of later successional stages. Therefore, planning 
of woody plant harvests should carefully consider long-term main- 
tenance of overstory species populations, and maintenance of the 
understory plant pool. 
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