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The structure of two oak woodland types in the Santa Rosa region

of the Santa Ana Mountains of southern California has been described

by Zuill (1967). One type called the grass oak woodland (GOW) is

composed mainly of Q. engelmannii on hills and slopes. The other

type called the dense oak woodland (DOW) is composed equally of Q.

engelmannii and Q. agrifolia with twice the density of the GOW and is

located in valleys with granite rock outcrops. An apparent lack of

seedlings and saplings was noted in the area. The present study

focuses on an explanation for the distribution patterns of the two oak

species in the field and the factors which might be most important in

influencing seedling establishment.

Quercus agrifolia is restricted to cool moist protected locations



on the north side and in fractures of rock outcrops because its acorns

are sensitive to moisture loss on air drying, require constantly moist

conditions for one to five weeks for water uptake to effect germination

and have very rapid shoot development after germination. Seedlings

may be intolerant of high temperatures in open grass litter, and seed-

lings and saplings appear less tolerant of fire than Q. engelmannii,

which would also tend to restrict Q. agrifolia to protected locations

around rock outcrops. The distribution of Q. engelmannii trees with

respect to rock outcrops does not differ from a random distribution

and the few that are associated with outcrops show a random distribu-

tion with respect to position around outcrops. The occurrence of Q.

engelmannii in more open exposed habitats may be due to its acorns'

tolerance to moisture loss on air drying, their ability to germinate

with little or n6 additional water uptake, its self-planting mechanism

and delayed shoot development, and the drought deciduous habit of

seedlings and their tolerance to fire.

In the laboratory the drought capable of killing 50% of the seed-

lings is about 100 bars soil moisture tension for Q. engelmannii and

about 250 bars for Q. agrifolia. The survival of Q. agrifolia under a

greater degree of soil drought is mainly attributable to its higher root:

shoot ratio under these particular conditions. Seedlings of both

species would be expected to survive any drought recorded in the field

between 1968 and 1970 at their expected rooting depth. After a very



wet rainy season none of the mature trees experienced any moisture

stress by the end of the dry season even though the near surface soils

were quite dry. After a quite dry year trees in the DOW showed sig-

nificantly greater moisture stress than those on a hilltop in the GOW.

The moisture stress measurements of trees and soil moisture deter-

minations down to 86 cm indicate that all the mature trees are rooted

mainly below 86 cm. At least one large tree is apparently rooted

down to 6 m.

A planting of Q. agrifolia acorns that were buried to simulate

squirrel caches survived to establish many more seedlings than

surface planted acorns due mainly to protection from predation and

drying and to conditions affording good radicle penetration. In an open

planting cattle destroyed all the seedlings that were established while

most of the seedlings remained in a planting closed to cattle. The

complete lack of oak reproduction in open habitats and the restriction

of reproduction for both species to rock outcrops since 1910 is

attributable to cattle grazing, which has been continuous since about

1910. The last reproduction of Q. engelmannii in the GOW's without

outcrops and the peak reproduction of Q. agrifolia in the DOW occur-

red between 1890 and 1910. This may be explained partly by the fact

that for at least 10 years during this time livestock were excluded due

to a dry land farming operation in the area. More than half of the

living Q. engelmannii were established before any known influence of



European men and their livestock (1820) and there has been a general

decline in establishment since then. This might be expected since they

usually occur in open and exposed habitats which would be most

subject to grazing pressure. There was a simultaneous establishment

and rapid buildup of the Q. agrifolia population around rock outcrops

in the DOW with the entrance of European man and his livestock which

may be due to ground squirrels depositing acorns around their burrows

which are often associated with rock outcrops. These squirrels are

known to come into new areas after disturbance by man. Also about

this time filaree, a new preferred food source for squirrels (in

addition to acorns), was being established on California range lands

which probably resulted in an increase in the squirrel population. An

effective squirrel poisoning program was begun in the 1920's and this

may also account for the decreased establishment of Q. agrifolia since

this time even around rock outcrops.
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SOME FACTORS CONTROLLING THE ESTABLISHMENT AND
DISTRIBUTION OF QUERCUS AGRIFOLIA NEE AND Q.

ENGELMANNII GREENE IN CERTAIN SOUTHERN
CALIFORNIA OAK WOODLANDS

INTRODUCTION

The California oaks have been highly valued by man since his

earliest known association with them. The acorns were the principal

food staple of the California Indians (Kroeber, 1925). Today, the

trees are valued for aesthetics, shade for livestock, watershed main-

tenance, and food and shelter for wildlife. Land for real estate

development that has naturally occurring stands of oak is valued very

highly. Wells (1962) proposed the planting of coast live oak (Quercus

agrifolia) as a means of reducing the fire hazard because of the

decidedly more mesic environment it creates.

In spite of the prominence of the oak in the California scene,

little is known ecologically about the oak woodlands, especially in

southern California. Pequegnat (1951), Wells (1962), White (1966a,

1969), Zuill (1967) and I have noted a lack of seedlings and saplings in

the oak woodlands studied in California.

This study developed from the questions raised by Zuill's study

(1967) of the structure of two cover types of southern oak woodland in

the Santa Rosa region of the Santa Ana Mountains of southern California

(Figure 1). These woodlands are composed of two oak species,
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Q. agrifolia and Q. engelmannii, and are designated as the southern

oak woodland community by Munz (1959). The large and small scale

distribution patterns, the age class distribution, and the factors which

influence these distributions and seedling establishment of the two oak

species of the Santa Rosa region were the subjects of this study from

1967 through 1971.
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DESCRIPTION OF THE STUDY AREA.

Location

The oak woodlands studied are located on a 2,000 foot (730 m)

plateau in the northern half of the Santa Rosa region of the Santa Ana

Mountains (Figure 1). The plateau of about 20,000 acres (8,100

hectares) is broken by broad valleys, intermittent streams, mesas

and low hills. On the northeast and south sides of the plateau there

are steep chaparral slopes that drop into the surrounding valleys. On

the northwest side the chaparral slopes rise to the higher elevations of

the Santa Ana Mountains. The plateau is about 15 miles (24 km) inland

from the Pacific Coast at 33° 30' N. latitude.

Geology and Soils

The plateau is underlaid by mesozoic granitic rocks which out-

crop on some of the slopes and valleys. In places the granitic rocks

are overlaid by upper Jurassic marine shales which outcrop on hills

and mesas and in some valleys. The mesas are capped by Pleistocene

olivine basalts with remains of these basalts outcropping on some of

the hill tops (California Division of Mines and Geology, 1966).

The soils are described for the oak woodlands and their asso-

ciated grasslands (gridded areas on Figure 1). The two larger areas

labeled GOW on Figure 1 are hills with soils on the middle and top
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slopes developed from shale and weathered olivine basalt. These

belong to the Vallecitos and Los Posas series and range from 10 to 36

inches (25-91 cm) to parent material. Samples from the B horizon

have a pH of 6 and low fertility and consist of 14% sand, 47% silt and

39% clay (silty clay loam). The soils of the lower slopes and the areas

labeled DOW on Figure 1 are developed from granitic rocks. They

belong to the Fallbrook series and range from 10 to 30 inches (25-76

cm) to decomposing granite. Samples from the B horizon have a pH of

6 and low fertility and consist of 55% sand, 30% silt and 14% clay

(sandy loam). The Fallbrook series has about twice the potassium and

half the magnesium content of the finer grained soil series of the upper

slopes. There are many large granite outcrops in the gridded areas

of Figure 1 labeled DOW. The smallest area labeled GOW on Figure

1 is a rocky hilltop (possibly fine-grained meta-sedimentary rocks)

with very little soil development.

Climate

The mean annual seasonal precipitation (rainfall year ending

June 30) recorded on the Santa Rosa Ranch (Figure 1) for the period

1949 through 1971 was 20.8" (53 cm). About 95% of the seasonal

precipitation fell from November through April. For 16 of the 23

seasons, January and February were the highest rainfall months.

Sixteen of the 23 seasons recorded were below the mean precipitation.
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Burcham (1957) noted that the long term record for San Diego showed

7 of 10 seasons with precipitation below the mean. The lowest and

highest recorded seasonal precipitation on the Santa Rosa were 8. 3"

(21 cm) in 1951 and 54. 3" (138 cm) in 1969 for the 23-year period.

Most of the precipitation comes from a few intense storms. Thus,

from year to year water availability may vary greatly.

Temperature records recorded by Zuill (1967) during 1966

indicate a mean January temperature of 50.5°F (10°C) and a mean

July temperature of 72. 0 F (22 oC). These temperatures were very

close to those recorded in Escondido (27 miles [43 km] south and about

15 miles [24 km] from the coast) and are very close to the long term

average for this station (U. S. Environmental Science Services

Administration, 1966).

Fog is common in the late spring and early summer mornings.

The summer maximum temperatures are moderated by breezes from

the coast which begin late in the morning. Often in the fall and winter

(between storms) dry northeast winds from the deserts lower the

humidity to 10% or less for days or weeks at a time and present a

time of extreme fire danger when this occurs before the winter rains

begin.

Vegetational Features

The plateau of the Santa Rosa region is a vegetational mosaic of
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California annual grassland, southern oak woodland and chamise

chaparral communities which have been described by Burcharn (1957),

Munz (1959) and Cooper (1922) respectively, without specific reference

to the Santa Rosa region. Pequegnat (1951) described the biotic

communities of the Santa Ana Mountains without specific reference to

the Santa Rosa plateau. Lathrop and Thorne (1968) published a flora

of the Santa Rosa plateau which included a vegetation map prepared by

Henry Zuill, The vegetation map gives the general location of the two

woodland types on the Santa Rosa plateau as distinguished by Zuill

(1967), which are the subject of this study.

The two woodland types distinguished by Zuill (1967) were called

grass oak woodland (GOW) and dense oak woodland (DOW), both

composed of Q. agrifolia and Q. engelmannii. In the GOW the tree

density was 10, 9 per acre (26, 9/ha), 90% of which was Q. engelmannii,

In the DOW the tree density was 22. 9 per acre (56. 5/ha) with both

species about equally represented. The DOW is only found in valleys

while the GOW is found on hills and valleys, being more common on

hills.

Quercus agrifolia is also found in pure stands in some of the

east-west canyons of the Santa Ana Mountains where there is sufficient

soil (Pequegnat, 1947) and along intermittent streams in association

with sycamore, cottonwood and willows (riparian woodland) on the

Santa Rosa plateau (Lathrop and Thorne, 1968). These woodlands are
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quite different from either DOW or GOW and are not included in this

study. However, it is interesting to note that Q. engelmannii is not

found to any significant extent in these more dense and mesic wood-

lands, while on hills and in some broad valleys it is often dominant.

In one valley location the GOW and DOW border each other with no

distinguishable difference in slope, exposure or soil, but in the DOW

there is a notable increase in the frequency of trees growing in close

association with rock outcrops (Zuill, 1967).

Zuill (1967) discontinued studies to determine the density of

seedlings and saplings because of the widespread lack of them,

especially in the GOW. Zuill concluded that the woodlands were aging

without adequate replacement and suspected cattle grazing as the cause.

There has been a marked change in the composition of the grass-

lands due to the introduction of Mediterranean annuals. Three of these

aggressive annuals, wild oats (Avena spp. ), red-stem filaree

(Erodium cicutarium) and bur clover (Medicago hispida), which are

still very abundant components of the grasslands on the Santa Rosa

plateau (Lathrop and Thorne, 1968), probably had replaced the native

perennials by the 1860's or before (Burcham, 1957).

Cultural History

The Luiseno Indians have been in the area of the Santa Rosa

region for an unknown number of centuries. The only current evidence
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of their past activities on the plateau is the many large acorn grinding

holes in the granite boulders among the oaks around the Santa Rosa

ranch buildings (Figure 1). It appears from Kroeber's (1925) map of

native sites in southern California that one Indian site called Meha was

in the Santa Rosa region. The largest Indian settlement in the area

was near Temecula (Figure 1) about nine miles walking distance from

the Santa Rosa ranch building on the plateau.

The principle food staple of these Indians was acorns (Kroeber,

1925). Of the three oak species in this area (Q. agrifolia, Q. engel-

mannii and Q. dumosa), Q. agrifolia was the preferred species, the

other two being used only when Q. agrifolia was not available

(Sparkman, 1908). According to Robinson (1947), the Indians did not

plant trees or cultivate any crops.

The Luiseno Indians burned with the torch purposefully (Burcham,

1959). The padres tried to discourage open burning by the Indians and

the early Spanish but the frequency of fires during their time was

probably much less than during the American settlement period until

the establishment of the forest reserves (Barrett, 1935),

The Santa Rosa region came under the jurisdiction of the San

Luis Rey Mission, founded in 1798. It is difficult to establish when

this area was first used for grazing of mission cattle and sheep but

according to records given by Engelhardt (1921) it must have been in

use by the 1820's. The mission was secularized by the Mexican
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government in 1834. Many mission cattle were killed at this time for

the hide and tallow trade and there was a general abandonment of live-

stock and field work (Bancroft, 1888; Robinson, 1947). There was no

known activity on the Santa Rosa from 1834 until this area was granted

to Juan Moreno in 1846 by the last Mexican governor of California

(Wilkinson, 1970).

A spectacular cattle boom began in 1849 as a natural outgrowth

of the Gold Rush. Ranchers in southern California sent cattle to

markets in the northern mining areas in drives that were comparable

to those over the Abilene Trail of Kansas (Burcham, 1957). The

maximum number of cattle in the state was in 1862, after which there

was a rapid decline (Burcham, 1957). By 1862 the ranges were over-

stocked by ranchers trying to make up in numbers for low prices due

to the lack of demand from the former mining areas. During the

severe droughts of 1863 and 1864, probably 1,000,000 cattle died in the

state (Guinn, 1909). By this time the Santa Rosa ranch was owned by

the Augustin. Machado family (Wilkinson, 1970), who also owned the

Laguna Ranch to the north and were known for their sheep raising

(Wentworth, 1948). They probably grazed both sheep and cattle on the

Santa Rosa (Wilkinson, 1970). The prominence of the sheep industry

was ended in southern California by the severe drought of the winter of

1876-77 (Cleland, 1951). Also at this time the ranch was sold to new

owners from England who probably used it only for grazing cattle
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(Ashman, 1970; Wilkinson, 1970). But by 1893 after trying to subdivide

the ranch without much success their mortgage passed to the San

Francisco Savings Union (Wilkinson, 1970).

The Jim Knight pasture area (Figure 1) and other open grassy

areas were put into barley production between 1895 and 1905 by Cobb

and Culver who leased from the San Francisco Savings Union (Ashman,

1970; Wilkinson, 1970). By 1907 Walter Vail had bought the Santa Rosa

ranch and other adjacent ranches to the east and begun a very success-

ful cattle operation run by the Vail family until it was sold in 1965 to

the present owners, who have continued running cattle on the Santa

Rosa Ranch (Wilkinson, 1970). The old Vail ranch is now called

Rancho California and is owned by subsidiaries of Kaiser Aluminum

and Chemical Corporation, Kaiser Industries and Etna Insurance

Corporation.

A very successful ground squirrel poisoning program was begun

in the 1920's on the Santa Rosa which has been continued to date.

Before this time the ground squirrels were very abundant (Wilkinson,

1970). In 1895 the Irvine ranch (on the west side of the Santa Ana

Mountains) was largely planted to barley in 1895 where ground squirrels

were reported to have caused heavy losses to the crop (Cleland, 1962).

According to Louie Roripaugh (1970) there were large fires on

some portion of the Santa Rosa plateau in 1927, 1935 and 1945. Bar-

rett (1935) noted a report of a large fire on the Santa Rosa Rancho in
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the Santa Ana Mountains in 1880 and he also cited reports of fires

which burned late in September of 1889 a path 10 to 18 miles wide and

100 miles long from the Santa Ana Mountains to San Diego. There

have been no significant fires on the Santa Rosa plateau since 1945

(Roripaugh, 1970).
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GENERAL APPROACH TO THE STUDY

Zuill (1967) suggested that the increased occurrence of large

rock outcrops in the DOW provided the conditions necessary for Q.

agrifolia and Q. engelmannii to grow together in this unique woodland.

He also noted a high percentage of trees growing in close association

with these rock outcrops, especially Q. agrifolia. Because of these

observations the first approach to this study was to define more

clearly the two oak species' association with the rock outcrops and

their distribution around and within rock outcrops.

Since moisture and temperature seem to play leading roles in

the distribution of most woody plants (Parker, 1969), a study was

made to determine soil moisture around and away from rock outcrops

and near-surface temperatures around outcrops.

With the recent emphasis on plant water relations as a critical

factor affecting growth and reproduction of terrestrial plants (Parker,

1969), I decided to use the pressure bomb as described by Waring and

Cleary (1967) in the field to determine the moisture stress at the end

of the summer drought on seedlings and trees in various locations in

the study area.

Probably the most critical periods in the life of any plant, even

long-lived woody species live oaks, are the germination and seedling

stages. Field and laboratory germination and seedling experiments

were undertaken to assess factors of temperature, moisture, drought,
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fire, seed predation, seed manipulation (squirrel acorn caching) and

seedling destruction by animals including cattle in the establishment

of the oak species.

Because of the apparent lack of reproduction in the area (Zuill,

1967), an age class distribution study was made to try to correlate

past reproductive history with climatic and/or cultural history.

All of the above studies focused on an explanation for the

distribution patterns of the two oak species in the field and the factors

which might be most important in the lack of or success of seedling

establishment.

The main body of this paper independently considers methods,

results and discussion of the above mentioned studies in an attempt to

interpret the findings in view of the above stated goal.



THE DISTRIBUTION PATTERN OF TREES WITH
RESPECT TO ROCK OUTCROPS

I. The Association of the Two Oak
Species with Rock Outcrops

Procedure

15

Eleven 30 x 30 m plots were randomly placed along randomly

selected compass transect lines originating from the center of DOW

and DOW II (Figure 1). Six of the plots were in DOW I and five in

DOW IL Ten plots were similarly placed in an outcrop area in the

north end of the largest GOW (Figure 1) which extended into the area

between the Y made by the Tenaja Road and the road fo the Santa. Rosa

ranch.

In each plot all the trees of each species were measured (to a

tenth of a foot) from their base to the nearest rock outcrop. Only trees

greater than 4" (10 cm) diameter, 4. 5' (1. 4 m) above the ground, were

measured. Saplings were not measured because the few saplings that

were encountered of either species were always associated with rock

outcrops. Twice as many random points as there were trees of both

species were positioned in each plot. A random point was positioned

in the plot at the intersection of two lines which ran perpendicularly

from randomly determined distances on two 100' tapes 90° from each

other on two sides of the plot. The distance from each random point to
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the nearest rock outcrop was recorded. A t test with a pooled variance

was used to test any significant deviation from the random point mean

distance from rock outcrops between Q. agrifolia and Q. engelmannii.

Results and Discussion

The mean distance to the nearest rock outcrop, the numbers of

trees and random points measured in the DOW's and the GOW area with

outcrops and the results of the t test are summarized in Table 1. The

close association of Q. agrifolia with rock outcrops in the DOW's is

seen in the very low mean distance from rock outcrops which is

significantly different from the mean distance of random points. The

three Q. agrifolia encountered in the GOW were all associated with

rock outcrops with a distance of zero recorded for all three. The mean

distance of Q. engelmannii from rock outcrops did not differ signifi-

cantly from the mean distance of random points in either woodland.

This does not mean that there were no Q. engelmannii associated with

rocks. Almost half of them (45% in the DOW's and 47% in the GOW)

had a distance of zero recorded between them and the rock outcrops.

Eighty-nine percent of the Q. agrifolia in the DOW's had a distance of

zero recorded between them and the outcrops and 100% in the GOW.

The percentage of random points with a distance of zero recorded

between them and the outcrops in the DOW's and GOW was 11% and

9% respectively. Also it can be seen from Table 1 that the greater
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density of trees in the DOW's is mainly due to the presence of Q.

agrifolia because the density of Q. engelmannii is about the same in

both the GOW and the DOW's, which supports the work of Zuill (1967).

Table 1. The association of Q. agrifolia and Q. engelmannii with rock
outcrops. Data summary of eleven 30 x 30 m plots for the
dense oak woodlands and ten plots for a grass oak woodland.
The asterisk indicates significance at the 0.05 level from a
random distribution with respect to rock outcrops.

Species or
point

Dense oak woodland Grass oak woodland
MeanNo. distancesampled
(m)

Mean
No. distance

(m)

Q. agrifolia 56 0. 18* 3 0.0

Q. engelmannii 42 1.25 34 3.36

Random points 196 2.01 74 4.85

II. The Distribution of the Two Oak Species
Around and Within Rock Outcrops

Procedure

To determine the distribution of trees and saplings around the

outer perimeter of rock outcrops and within outcrops (growing in

cracks or in the middle area of large broken outcrops), 140 rock out-

crops were randomly selected along transect lines running the length

of the DOW's and the north end of the largest GOW area (Figure 1).

The minimum size for an outcrop to be sampled was about half a

square meter of ground area and about a third of a meter in height.
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Outcrops sampled ranged up to small house size but these were rare.

A compass was oriented in the center of each outcrop and the quadrant

in which each species occurred around the outer perimeter was

recorded. The individuals in cracks or in the middle area of large

broken outcrops were recorded in a middle category. Of the 140 out-

crops sampled, 88 were in DOW I, 36 in DOW II and 16 in the north

end of the largest GOW (Figure 1).

The number of individuals of each species recorded in each

quadrant around the perimeter (northwest, northeast, southeast and

southwest) were tested against a random ratio using the chi-square

test for a 1 x 4 contingency table. The significance of the percentages

between the two species found in the middle category was tested using

the chi-square test for a 1 x 2 contingency table.

Results and Discussion

The distribution of Q. agrifolia and Q. engelmannii around and

within rock outcrops and the results of the chi-square tests are

summarized in Table Z. Forty-nine percent of the Q. agrifolia asso-

ciated with rock outcrops were in the middle category (in cracks or in

the middle area of larger broken outcrops). This was significantly

greater than the percentage in the middle category for Q. engelmannii.

The Q. agrifolia in the four areas around the perimeter of the out-

crops differed significantly from a random ratio. Of the 156 0.
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agrifolia associated with outcrops, 35% were on the north side and only

16% on the south side. Q. engelmannii's distribution around the

perimeter of the outcrops did not differ significantly from a random

ratio. On the south side where Q. agrifolia was least (16%), Q.

engelmannii had its greatest concentration (41%). Q. engelmannii had

its lowest occurrence in the northwest quadrant (13%), where Q.

agrifolia had its highest (20%).

Table 2. The distribution of Q. agrifolia and Q. engelmannii
around and within rock outcrops. Data summary
for 140 outcrops in the dense oak woodlands and
an outcrop area of a grass oak woodland. The
single underlined figures differ significantly from
a random ratio at the 0.01 level, The double
underlined figures differ significantly from a
random ratio at the 0.02 level.

Position Q. agrifolia Q. engelmannii

% No. % No.

Middle 49 (76) 27 (17)

Northwest 20 (31) 13 ( 8)

Northeast 15 (24) 20 (13.)

Southeast 8 (13) 22 (14)

Southwest 8 (12) 19 (12)

Total 100 (156) 100 (64)

Of the 150 Q. agrifolia sampled, only 15 were saplings. Two-

thirds of these saplings were recorded in the middle category. Of the

64 Q. engelmannii sampled, six were saplings only one of which was

recorded in the middle category. The few saplings encountered



20

confirms the observation of Zuill (1967) of their widespread scarcity.

These data also show, by sampling independent from the previous study

on the association of the two species with outcrops, the much larger

number of Q. agrifolia associated with outcrops even when 16 out of

the 140 outcrops sampled were in a GOW where Q. engelmannii is

dominant.

One might conclude from these data that the conditions neces-

sary for the establishment of Q. agrifolia in this area are optimum in

the middle and on the north side of rock outcrops while the conditions

least favorable are on the south side of the outcrops. The conditions

necessary for the establishment of Q. engelmannii are fairly inde-

pendent of rock outcrops and the location around and within the out-

crops. If any location is least favorable around outcrops for Q.

engelmannii it is in the northwest quadrant.
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TEMPERATURE AND MOISTURE CONDITIONS AROUND
AND AWAY FROM ROCK OUTCROPS

Materials and Methods

The main sampling of temperatures around outcrops was done

toward the end of the dry season in 1969 and in late December of the

same year after most of the acorn crop had fallen, The temperatures

that newly established seedlings are exposed to may be critical toward

the end of the dry season while early winter temperatures may be

critical for acorn survival and germination. Temperature data were

collected from around five outcrops which did not have living trees

associated with them. Unshielded maximum registering Taylor

thermometers 15 cm long were placed around the outcrops so that the

bulbs of the thermometers were 4 to 5 cm below the soil surface and

4 to 5 cm from the rock. Two of the outcrops are illustrated and the

locations of the thermometers around them are indicated in Figure 2.

The main soil moisture sampling was done in the southwest end

of DOW I. Here four outcrops were selected which had no tree influence

on the east side. Twenty soil moisture gypsum blocks made and

calibrated in the soil physics lab of the University of California at

Riverside were placed in an easterly direction away from the four out-

crops. The distances of the blocks from the outcrops were: 0. 2, 0. 7,

1. 6, 3. 4, and 7. 1 m. The blocks were plac ed at a uniform depth of
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Rock 3 m high Temperature data for 3 m high rock

dead stump
\A

1 m1-1

Rock 1 m high

1 m

Sept. 8, '69 Dec. 29, '69

1 39 °C 11 °C
2 31 9

3 38 10

4 43 14

5 53 20
6 52 17

7 39 11

8 34 10

air 35 14

Temperature data for 1 m high rock

Sept. 8, '69 Dec. 29, '69

1 29 °C 9°C
2 39 10

3 41 10

4 49 17

5 51 15

6 42 11

air 35 14

Figure 2. The maximum temperature recorded around two rock
outcrops on Sept. 8 and Dec. 29, 1969. The numbered
locations refer to the position of the maximum registering
thermometers around the rocks.
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43 cm which was about the average maximum rooting depth of five first

year seedlings dug up in the area. The blocks were read with a soil

moisture ohm meter, model 300, Beckman Instruments, Inc. Monthly

readings were taken as indicated by the open circles in Figure 3.

Rainfall was monitored at the Santa Rosa ranch by ranch personnel.

In January, 1970, six soil moisture gypsum blocks made by

Soil Moisture Equipment Corporation and calibrated in the soil physics

lab at Oregon State University were placed at a depth of 38 to 56 cm in

a large crack, on the north side and on the south side of the large, 3 m

high outcrop illustrated in Figure 2. These blocks were read in

October, 1970, and in June, 1971.

At the end of the dry season (October) of 1970, soil moisture

determinations were made using the wide-range gravimetric method of

McQueen and Miller (1968). This method uses filter paper as an

indirect gravimetric moisture stress sensor making it possible to

obtain a moisture stress value for each gravimetric soil moisture

sample. The filter paper used in this study was calibrated in saturated

salt solutions as outlined by McQueen and Miller (1968). In addition to

sampling around the large, 3 m high outcrop mentioned above, soil

moisture determinations were made on top of a hill in the GOW and in

the DOW's at 25, 56 and 86 cm depths.
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Figure 3. The total monthly rainfall at the Santa Rosa ranch (vertical bars) and the soil moisture at
43 cm depth next to and away from rock outcrops in the DOW I (Figure 1). The dashed
line circles are the means of three or four readings within 0.2 m of outcrops and the solid
line circles are the means of six or eight readings between 0.7 and 3.4 m from outcrops.
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Results and Discussion

The maximum temperatures recorded arowid two different rock

outcrops on a clear, sunny day in September 1969 and in December

1969 are given in Figure 2. As expected, the coolest temperatures

were in cracks or on the north side and the warmest on the south side.

The pattern of temperatures and the extremes for the other three out-

crops were similar to those given in Figure 2. The coolest maximum

temperatures on the north side of the 3 m high rock in Figure 2 were

4 °C cooler than the maximum air temperatures for both the September

and December readings and the coolest maximum temperatures in the

crack of the 1 m high rock were 6°C cooler. The differences between

the lowest and highest temperatures between the north side or crack

and the south side were 22°C during early September and about 10°C

during late December.

During the first week of January 1970, the minimum night air

temperatures were about -1°C and the maximum sunny day tempera-

tures were up to 17 °C. On one of these days the coolest maximum

temperature I ever recorded was 5. 5°C, located on the northwest sides

of the largest and smallest of the five outcrops sampled.

These late December temperatures reflect the maximum temper-

atures to which germinating acorns around outcrops may be exposed.

The early September temperatures reflect the maximum temperatures

which may be most critical for seedlings around outcrops, recognizing
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that temperature is involved in lesion formation as well as in evapo-

transpiration. Bas ed on these limited temperature data, germinating

acorns around outcrops would be exposed to average temperatures on

the north side and in cracks of less than 10oC, and on the south side

less than 20°C, while seedlings around outcrops would be exposed to

temperatures up to 40 C on the north side or in cracks, and over 50oC

on the south side.

Figure 3 gives the results of the soil moisture determinations

next to and away from outcrops at 43 cm depth and the raanfall data for

1968 through 1970. Only the moisture blocks closest to the outcrops

(0. 2 m) showed any influence of the outcrops by more rapid wetting

and drying so they were plotted separately from the others (Figure 3).

The rainfall season ending June 30, 1969, was the highest

recorded (54" falling mainly in January and February) for the 23-year

period between 1949 and 1971. Even so, there was a rapid depletion of

soil moisture in the dry season (Figure 3) probably due to the abundance

and vigor of the annual grassland plants stimulated by the good germina-

tion and establishment conditions during the winter. This wet year

only provided about four and one-half months of optimum soil moisture

conditions.

The rainfall season ending June 30, 1970, was a very dry one.

Fourteen inches were recorded (7 inches below the 23 year mean), 10

of which fell during a four-day period at the end of February and the
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beginning of March. The soil moisture was not recharged at the 43 cm

level away from outcrops until this time, which was also the last

significant rainfall for the season. By the end of October the soil

moisture blocks showed about 35 bars tension (Figure 3), the driest

recorded for the three-year period. Samples analyzed by the method

of McQueen and Miller (1968) during October in the same area gave

the following results: 25 cm, 70 bars; 56 cm, 41 bars (35-48); 86

cm, 45 bars. Samples taken at the same time at the top of the hill in

the GOW showed that it was a little drier there than in the DOW. The

results from the GOW are as follows: 25 cm, 98 bars; 56 cm, 55

bars (50-60); 86 cm, 50 bars.

The rainfall season ending June 30, 1971, was even drier than

the 1970 season. Twelve and four hundredths inches (30.58 cm) were

recorded, eight of which fell during November and December. Four

more inches were scattered over the months of January through May,

with June being warm and dry. The blocks that had read about 35 bars

on October 30, 1970 (Figure 3), had already reached that level by June

30, 1971.

The soil moisture determinations at 38 to 56 cm around the 3 m

high rock outcrop generally showed the south side to be drier than

either the north side or the crack. In October, 1970, the soil moisture

blocks in the crack read about 50 bars, while the south and north sides

were off the meter scale. The determinations made by the method of
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McQueen and Miller (1968) at this time showed the crack at 48 bars,

the south side at 400 bars, and the north side 50 bars. Since the south

side location of this rock was rather shallow (46 cm), another south

side outcrop nearby was located with soil in excess of 56 cm depth.

This determination showed this south side at 56 cm to be 50 bars.

Based on these limited observations, by the end of this dry season all

locations around outcrops at 56 cm depths may have about the same

soil moisture tension.

The moisture around the 3 m high rock outcrop on June 30, 1971,

showed the crack and north side at 20 bars, while the south side was

off the meter scale (in excess of 50 bars). The other moisture site

location cited above (away from outcrops on their east side) at this

same time read about 35 bars, indicating that in mid-summer of this

dry year the crack and north side locations were the most moist of any

site measured in this area of the DOW I.

The soil moisture measurements discussed above mainly reflect

the moisture conditions to which seedlings would be exposed since they

were all taken at 25 cm or more. The field moisture conditions near

the surface (1-8 cm) around outcrops affecting germination of acorns

were not measured, but based on temperature measurements one would

expect the protected north side and cracks to be the most moist for the

longest period, depending on how abundantly grass grew there, Also

any locations next to or within rock outcrops would tend to receive
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more moisture from rainfall due to the runoff from the rocks, but the

south side locations probably would dry out more quickly, especially

near the surface.
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THE MOISTURE STRESS OF SEEDLINGS AND
TREES IN THE FIELD

Materials and Methods

Due to the apparently great rooting depth of California oaks

(Lewis and Burghy, 1964) and the difficulty of digging out seedlings at

the end of the dry season to determine where they are rooted, the

normal sampling of soils to determine moisture availability is quite

unsatisfactory. The use of a pressure bomb as described by Waring

and Cleary (1967) largely circumvents these difficulties by measuring

the internal moisture stress of the plant, which during the night is

largely controlled by the soil water potential (Klepper, 1968).

The moisture stress of selected seedlings and trees on the Santa

Rosa plateau was measured during September 1969 and October 1970

using the method described by Waring and Cleary (1967). Twigs about

10 cm long of the current season's growth were used. Within one

minute after cutting, a twig was sealed in a pressure chamber with 1

to 1. 5 cm of stem protruding. The pressure in the chamber was

increased about 0. 5 bars per second. Two samples were taken from

each tree and if these samples differed by more than one bar, a third

sample was taken. I will use xylem sap tension (Hickman, 1970) as a

convenient label for the pressure bomb readings. The minimum xylem

sap tensions were taken during the early morning hours before dawn
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when the plant moisture stress is mainly controlled by the soil water

potential.

Following the wet winter of 1969, a number of Q. agrifolia

seedlings were found in various locations on the plateau. Some of

these were marked for easy recognition to determine their pre-dawn

(minimum) xylem sap tensions. A few seedlings were also measured

in October 1970.

By measuring the minimum xylem sap tensions in trees of about

the same size-age class (30-60 cm diameter), an attempt was made to

compare the moisture stress toward the end of the drought period in

the GOW and the DOW. In September 1969, a north-south transect was

established in the DOW I and in the largest of the GOW's (Figure 1).

The transect in the GOW went over a hilltop which was 49 m (160')

above the level area running through the DOW. Eight trees falling

within the above size class were selected along each transect. In the

DOW, Q. agrifolia and Q. engelmannii were evenly matched, but in the

GOW only two of the eight were Q. agrifolia. In October 1970, five

trees were sampled on the same hilltop in the GOW as were sampled

in 1969 and eight trees were sampled in the interior of the DOW's. To

test for any significant difference between the mean minimum xylem

sap tensions in the GOW and DOW for each year, a t test was used at

the 0. 05 level of significance.

A large Q. agrifolia (1. 5 m diameter) in front of an adobe bunk
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house on the Santa Rosa ranch was sampled for minimum and maxi-

mum xylem sap tensions during September 1969 and October 1970.

Results and Discussion

The location, site condition, seedling condition and the minimum

xylem sap tensions for Q. agrifolia seedlings sampled in September

1969 are presented in Table 3. All the seedlings measured on bare

soil had fairly low minimum xylem sap tensions and the seedlings

appeared to be in good condition. All the seedlings in herbaceous

vegetated locations had much higher xylem sap tensions. The condi-

tion of the seedlings in these vegetated locations appeared to be mainly

dependent on whether they were in the shade or not rather than on the

degree of moisture stress. With about the same minimum xylem sap

tensions those seedlings in the vegetated-exposed locations were partly

to mostely brown while those in the vegetated-shaded locations were all

green (Table 3).

The lower minimum tensions for seedlings in bare soil would be

expected, due to the lack of herbaceous plant moisture competition.

The dead or dying condition of the brown seedlings in Table 3 must

not be due to their moisture stress because the green seedlings in the

GOW had just as high or higher xylem sap tensions (except for the 41

bar, mostly brown seedling). All the mostly brown seedlings were in

the open in dry grass litter. The seedling shoot heights ranged from
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Table 3. Minimum xylem sap tensions (in bars) of Quercus agrifolia
first year seedlings from different locations and conditions
in September 1969.

aLocation Site
condition

Seedling
condition

Minimum xylem
sap tension

(bars)

Santa Rosa Ranch Bare - exposed Green 12

I I 8

Bare - shaded II 12

12

Vegetated -
exposed

Mostly brown 25

I I 28

Vegetated -
semi - shaded
by rock

Partly brown 16

DOW I Vegetated
exposed

Mostly brown 18

I I 41

GOW Vegetated
shaded by tree

Green 29

I I Vegetated -
shaded by tree

I I 23

I I Vegetated -
shaded by tree

20

aSee Figure 1,
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10 to 15 cm with leaves to within 5 cm of the ground. The dry grass

litter ranged from about 5 cm to 15 cm or more. Apparently these

seedlings were dead or dying from the high heat load they experienced

in the dry grass litter.

In October, 1970, two more seedlings in the same spot as the

bare-shaded seedlings at the Santa Rosa ranch (Table 3) were mea-

sured. These seedlings grew from squirrel-cached acorns in a wood

pile. They both were green and had minimum xylem sap tensions of

28 bars. The highest minimum xylem sap tension measured in the

field was 52 bars in a partly brown seedling in a vegetated but partly

shaded location in DOW II.

In the laboratory both Q. agrifolia and Q. engelmannii have

recovered from minimum xylem sap tensions of 60 to 65 bars and soil

moisture tensions of 30 to 40 bars (see the next study on seedling

drought survival). It appears then that the excessive heat in grass

litter may be as much or more of a limiting factor in Q. agrifolia

seedling establishment as drought stress, Unfortunately there were

no Q. engelmannii seedlings located in the field to compare their

response under similar conditions.

The comparison of the minimum xylem sap tensions developed

in trees toward the end of the dry seasons of 1969 and 1970 in GOW and

DOW is summarized in Table 4. All the trees sampled in both wood-

lands toward the end of the 1969 dry season had low xylem sap tensions.



35

At the end of the 1970 dry season the trees in the DOW had a signifi-

cantly higher mean minimum xylem sap tension than the trees on the

hill in the GOW.

Table 4. Mean minimum xylem sap tensions (in bars) of mature trees
in dense oak woodlands (DOW) and grass oak woodlands
(GOW) in September 1969 and in October 1970. The means
underlined are significantly different from each other at the
0. 05 level.

Date Location

Mean minimum
xylem sap

tension
(bars)

Range
No. of
trees

Mid-September DOW 4. 7 3. 6-6. 6 8

GOW 4. 1 2. 8-5. 2 8

Mid-October DOW 23.7 20 -28 8

GOW 8.5 5. 5-13. 8 5

The low moisture stress of all the trees sampled in September

1969 indicates that the excessive rainfall during the preceding winter

(two and one-half times the 23-year average) was adequate to main-

tain moist soil at the rooting depth of these trees or a high enough

water table at their main rooting depth through the dry season. In

some locations in DOW I there was still standing water in low places

not more than 3 m below the average soil surface in the area in late

September.

The rainy season preceding the 1970 dry season was 7" below

the 23-year average. As expected, the moisture stress in all the
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trees was greater at the end of this dry season than the 1969 season.

What was not expected were the significantly higher xylem sap tensions

in the trees in the DOW as compared to those on the hilltop in the GOW.

Griffin (1972), working in foothill woodland oak stands in central

coastal California, found that apparently more mesic sites, like north-

facing slopes, had higher minimum xylem sap tensions at the end of the

dry season than apparently more dry sites, such as south-facing

slopes. He attributed this difference to the greater density of trees

and saplings on the north slope sites competing for the available

moisture. The greater density of trees in the DOW on the Santa Rosa

plateau may also account for their higher xylem sap tensions in dry

years.

Soil moisture determinations done in October 1970 at the same

time and locations as minimum xylem sap tensions showed the GOW to

range between 50 and 98 bars at the 86 to 25 cm levels and the DOW

between 45 and 70 bars at the same levels. All of the trees sampled

in both woodlands must be rooting mainly below these levels because

none of the trees sampled even approached a minimum xylem sap

tension of 45 bars (Table 4).

In a well near a large Q. agrifolia in front of the bunk house on

the Santa Rosa ranch, the water table was never more than 6 m below

the surface. This large Q. agrifolia must have been rooted to this

depth because its low minimum xylem sap tension was the same at the
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end of both the 1969 and 1970 dry seasons. Its minimum xylem sap

tension ranged between 4 and 6 bars and its maximum mid-day tension

for sun leaves never exceeded 25 bars.
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LABORATORY SEEDLING DROUGHT SUR VIVAL

Materials and Methods

The adaptation of a plant species to dry climate is known as

xerophytism. According to Levitt (1965), the primary component on

which xerophytism depends is the ability of the plant to remain alive

during drought (drought resistance). A common statistic of plant

response to drought is that drought condition where at least 50% of the

plants die. The aim of this study was to determine the degree of root

medium moisture stress required to kill 50% of each of the two oak

species, thereby indicating which one might be more drought resistant.

Field collected acorns of both species were stored at 4°C and

high humidity until they were planted in February and March 1970 into

17 cm deep x 16 cm diameter pots with drain holes. The "soil"

medium was a vermiculite: perlite mixture (3:1 v /v). Twenty pots for

the drought survival test were planted with three Q. agrifolia and three

Q. engelmannii in each pot. In addition three pots (of the same

dimensions) with six Q. agrifolia in each and three with six Q.

engelmannii in each were used to determine the transpiration rate of

each species with increasing root medium moisture tension. Before

being subjected to the drought test, the seedlings were grown in a

greenhouse under controlled day temperature of 21-24°C and a night

temperature of 16°C. Day and night RH was 60 to 70% and 90 to 100%
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respectively. The pots were watered to field capacity (380% moisture

on a dry weight basis) twice each week with one of the waterings made

with one-half strength Hoagland's solution.

A moisture tension curve for the vermiculate:perlite mixture was

determined in the soil physics laboratory using a pressure plate and

membrane (Richards, 1949) to 15 bars tension and extended beyond 15

bars by equilibration of the mixture in air of known moisture content.

The pots with 4- to 5-month-old seedlings were transferred to

a walk-in growth chamber on June 21, 1970. The growth chamber,

Percival model PGW-108, had a wind velocity of 30 cm /second and

about 10 air changes per hour. With all the fluorescent and incan-

descent lamps on 0. 17 cal/cm2 of radiant energy (2500 footcandles),

between 375 and 1100 nm was received at plant height as measured

with an ISCO model SR spectroradiometer. A 14-hour photoperiod was

used at 27°C and 50 ± 10% RH and a 10-hour dark period at 18°C and

80 ± 15% RH.

On June 30, when all the pots were at about one bar soil moisture

tension (190% moisture), they were sealed with a double layer of saran

wrap. The pots were not sealed tight around the seedling stems in

order to allow for air exchange with the roots. Three pots with

wooden dowel stems and sealed in the same manner were used to

correct for water loss around the stems.

During May and June, three of the pots containing three each of
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the two species (3-4 months old) were subjected to various degrees of

soil moisture stress in an attempt to determine levels at which approxi-

mately 50% seedling death occurred. An attempt was also made to

determine criteria for recognizing shoot death in each species.

The first signs of drought stress in Q. engelmannii were curling

of the leaves from their normal flat appearance while the first signs

in Q. agrifolia were small brown necrotic spots scattered over the leaf

surface. A shoot was determined dead in both species when all of the

leaves on a shoot had turned from their normal green to a bronzed

green (dried). This change in leaf color could be detected from one

day to the next.

Based on this preliminary experiment the following treatments

were used: (I) when two Q. engelmannii per pot appeared "dead" by

the above criteria they were watered to field capacity; (II) when all Q.

engelmannii and two Q. agrifolia per pot appeared "dead" by the

above criteria they were watered to field capacity; (,[IT) when all seed-

lings per pot appeared "dead" by the above criteria they were watered

to field capacity after three days. Fifteen of the remaining 17 pots

containing both species were randomly assigned to one of the three

treatments, with each treatment having 15 seedlings of each species.

The seedlings in the pots not assigned to one of the three treat-

ments were used to determine minimum xylem sap tensions (using a

pressure bomb as described before) with increasing degrees of root

medium drought stress.
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During July, August and into September, all the pots were

observed, weighed daily, and rewatered to field capacity according to

their treatment group. The three pots of Q. agrifolia and the three

pots of Q. engelmannii used to monitor transpiration were terminated

when their leaves began showing signs of drought stress. These seed-

lings (18 of each species) were then removed from their pots, weighed,

root lengths measured (including lateral roots over 15 cm in length)

and their leaves shadowed onto photographic paper and the leaf area

measured with a planimeter. Their pots and sealing material were

weighed and the oven dry weight of the rooting medium was determined.

After all the pots in treatments I, II and III had been rewatered

the growth chamber was changed to a 12-hour photoperiod with a night

temperature of 16 C and a day temperature of 21 oC for a month and a

half to observe any new shoot growth. This was done to provide a more

favorable environment (less atmospheric moisture stress) for new

shoot growth. After this these seedlings, their pots and sealing

material were weighed and the oven dry weight of the rooting medium

was determined.

Results and Discussion

The transpiration rates and drought survival with increasing soil

moisture tension for the two oak species are summarized in Figure 4.

The transpiration curves are very similar for the two species with Q.
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engelmannii showing a little more rapid decline in transpiration rate.

The absolute transpiration rate for both species at 1 bar soil moisture

tension (190% moisture) was 120 mg/cm2 /day while at 15 bars soil

moisture tension (23% moisture) Q. engelmannii was 9. 3 mg/cm2 /day

and Q. agrifolia was a little higher at 11. 5 mg/cm2 /day. The leaf

areas for the two species were the same (43 cm2 average per seed-

ling), but Q. agrifolia had a much longer root length (76 cm per seed-

ling) than Q. engelmannii (58 cm).

The minimum xylem sap tensions measured with the pressure

bomb were low (3-4 bars) for both species at field capacity. At 40

bars soil moisture tension (12% moisture), Q. engelmannii had a

minimum xylem sap tension of 66 bars with leaves curling, while Q.

agrifolia was 59 bars with necrotic brown spots just beginning to

appear.

The 50% drought killing point for Q. engelmannii was about 100

bars soil moisture tension and about 250 bars for Q. agrifolia (Figure

4). At the end of treatment I, two-thirds of the Q. engelmannii shoots

were dead but 90% of these recovered with a total survival of 93%

from a mean soil moisture tension of 45 bars (33-78 bars; 10.8 ± 3. 1%

moisture, p = 0. 05). When two-thirds of the Q. agrifolia shoots were

dead (end of treatment II), only 50% of them recovered with a total

survival of 67% from a mean soil moisture tension of 190 bars (92-

680 bars; 4. 4 lt 2. 4% moisture, p = 0.05). At this same soil moisture
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tension only 20% of the Q. engelmannii recovered and survived. All

of the Q. engelmannii that recovered abscised their dead leaves while

none of the Q. agrifolia leaves abscised even when they resprouted.

The leaves of Q. engelmannii that never recovered were fixed very

tightly to the stem. Neither species recovered from treatment III

where a mean soil moisture tension of 660 bars (560-1000 bars, 2. 1

± 0. 4% moisture, p = 0. 05) was reached.

Based on their general distribution in the field, I expected Q.

engelmannii to show greater drought resistance than Q. agrifolia. As

pointed out by Parker (1969), the problem of drought resistance in

seedlings is more complicated than it at first appears, mainly due to

inherent differences between species in size and morphology. Both

species have numerous normal appearing stomata only on the lower

leaf surface. The leaves of Q. engelmannii are thick, flat and leathery,

more or less coated with stellate and minute hairs and have smooth

margins. The leaves of Q. agrifolia are thinnish, but stiff and brittle

and convex on their upper sides with stellate hairs scattered mainly

on the upper surface and prickly-toothed margins. It is not known how

any of these differences might contribute to drought survival of either

species. An important morphological feature related to drought

survival between the two species in this study was the greater root

length of Q. agrifolia seedlings. Not only did they have more root

length contributed to by lateral roots greater than 15 cm which were
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measured, but they also had more fine roots which were not measured

that penetrated most of the soil medium in the pots. If the root length

is used as an index of root area or extent with the leaf area per

seedling, Q. agrifolia had a higher root-shoot ratio (1. 78) than Q.

engelmannii (1. 35). The higher root-shoot ratio for Q. agrifolia would

seem to indicate that water was more available to the shoots during the

drought stress period. This may have contributed to the higher tran-

spiration rate of Q. agrifolia (Figure 4) even though the leaf area was

the same. It may also explain the lower xylem sap tension at 40 bars

soil moisture tension for Q. agrifolia and its ability to survive a

greater degree of soil drought under these conditions (Figure 4). In

a sense, Q. agrifolia in this study may have avoided drought with its

greater root extent.

Quercus engelmannii also showed a drought avoidance mechanism,

drought deciduousness, which Q. agrifolia did not have. When not

stressed beyond the point where the leaves on Q. engelmannii stems

dried, 90% would resprout from buds on the same stems after rewater-

ing. Harrison, Small and Mooney (1971) found that the drought-

deciduous sub-shrubs of the coastal sage community of southern

California are better adapted to prolonged summer drought than the

deeper rooting evergreen shrubs of the chaparral vegetation. The

drought-deciduous nature of Q. engelmannii may also allow it to grow

under conditions in the field exposed to greater drought, but I have no

evidence to support this view.
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The soil moisture tensions experienced by these seedlings may

appear quite high, but Branson, Miller and McQueen (1967) have

reported soil moisture stresses at the average rooting depth in salt

desert shrub communities of 90 to 100 bars and several eastern pine

species survived soil water potentials of at least -40 bars (Zobel, 1969,

1972). Ursic (1961) found that loblolly pine died at soil moisture

tensions between 50 and 100 atm.

This drought study indicates that seedlings of both species would

be expected to survive any soil drought recorded in the field (Figure

3) at their expected rooting depth during the summer droughts of 1968,

1969 and 1970.
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FIELD GERMINATION AND SEEDLING ESTABLISHMENT

Procedure

Early, in January 1969 in the Jim Knight pasture area (Figure 1)

about 500 sound Q. agrifolia acorns were collected under about four

trees which were bearing large crops of acorns. These acorns were

used in a field planting to determine the effects of burial (squirrel

caching), seed predation and cattle on germination and seedling

establishment. Two approximately comparable planting sites with

respect to exposure and soil depth were located about 50 m apart in

the southwest end of DOW I (Figure 1). Eighty acorns were planted

January 3 at each planting site as indicated in Figure 5. Half of the

acorns were buried about 5 cm to simulate squirrel caches and half

were placed on the surface. Half of the buried and surface acorns

were screened at both sites. One of the planting sites was exclosed

with a five strand barbed wire fence 1.5 m high as indicated in Figure

5. Following the January 1969 planting, the planting sites were checked

for acorn removal, germination and seedling establishment in April,

September and December and for the second season's survival in

October of 1970. About 400 head of cattle were placed in the Jim

Knight pasture in June 1969 which remained through October 1970.

September 1969 all the screens were removed from both planting sites.

From the remaining acorns not used in the field plantings, 80 were
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planted in soil flats in the laboratory at 20°C to test their germina-

tion.

In December 1969 about 1000 acorns of each species were

collected in the field for use in laboratory germination and seedling

experiments. From these, 80 acorns of each species were used in a

small field and laboratory germination study in Oregon. On March

19, 1970, 40 acorns of each species were planted in an annual grass

plot with scattered Q. garryana at 450 m elevation on a south-facing

slope near Corvallis, Oregon. Forty of each species were also

planted in the laboratory in vermiculite flats at 20 oC to test germina-

tion. The acorns in the field were planted in the grass 5 cm below the

surface in two rows a meter apart with the acorns of each species

planted next to each other. The planting site was observed weekly

during the first spring and summer and checked the two following

summers for seedling establishment as indicated by viable shoots above

the soil surface.

Results and Discussion

The results of the California field planting study on the effects of

burial, seed predation and cattle on germination and seedling establish-

ment of Q. agrifolia are summarized in Figures 6 and 7. Seventy-six

percent of the surface acorns disappeared within three months while

only 32% of the buried acorns disappeared during this time. Screening
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had little effect on buried acorns but 90% of the surface acorns remain-.

ing were screened. Seventy percent of the remaining acorns germi-

nated which was the same percentage germination for the laboratory

planted acorns. About 90% of the buried germinated acorns established

seedling while only 40% of the surface germinated acorns esgablished

seedlings. Two-thirds of this loss in established seedlings from the

surface germinated acorns was due to the lack of penetration of the soil

surface by the radicle. In the open planting site 73% of the remaining

acorns germinated and in the exclosed site this value was 64%. Before

the cattle were introduced 78% of the germinated acorns on the open

site established seedlings and in the exclosed site this value was 74%.

By the end of the first season after the cattle were introduced, half of

the open site seedlings were browsed within a few centimeters of the

soil surface. In the open site, none of the seedlings remained after

the second season while in the exclosed site almost all of the seedlings

remained at the end of the second season that were present at the end

of the first season.

In the Oregon planting site, no shoots of either species appeared

during the spring or summer of 1970. In mid-June 1970 field mice dug

up six Q. agrifolia and four Q. engelmannii acorns. By the middle of

the next summer (1971) 39% of the remaining Q. engelmannii had pro-

duced shoots while there were no shoots ever observed for any a

assifolia. Fifty-seven percent of the Q. engelmannii with shoots in



53

1971 survived into the summer of the third season. The germination

test in the laboratory in the spring of 1970 showed 69% for Q. engel-

mannii and 60% for Q. agrifolia.

In the California field planting study, most of the loss of acorns

from the planting sites was probably due to small mammals and birds

because there was very little difference in acorn loss between the

exclosed site with barbed wire fence and the open site. Loss of acorns

in the open site would probably have been greater during the first three

months after planting had cattle which persistently seek out acorns and

seedlings (Wells, 1962) been in the area and if there had been a larger

deer population (Odocoileus hemionus) who also relish acorns (Linsdale

and Tomich, 1953).

The good germination of the remaining surface and buried acorns

probably can be attributed to the very wet conditions during January

and February of 1969 (Figure 3). In spite of these wet conditions

seedling establishment was much better for buried acorns (Figure 6)

largely due to the inability of surface acorn radicles to penetrate the

soil surface. Griffin (1971) also noted the superior survival of buried

acorns and the poor radicle penetration of surface germinated acorns

in an oak regeneration study in the central coastal California mountains.

Other studies (Korstian, 1927; Shaw, 1968) in deciduous oak woodlands

have shown the importance of acorn burial in leaf litter for protection

from predation, from drying and for conditions affording good radicle
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penetration of the soil. Acorns in lower elevational oak woodlands of

southern California cannot rely on leaf litter for burial because neither

of the dominant species lose their leaves in the fall when the acorns

mature and fall. Animal activity probably is the principal means of

acorn burial in these woodlands. The main animals involved which

occur in the study area are the California ground squirrel (Citellus

beecheyi) and the California jay (Aphelocoma coerulescens) (Fitch,

1948; Grinnel, 1936; Linsdale, 1946).

By the end of the second season, all the seedlings established in

the open site had been destroyed (Figure 7) by the browsing and tram -

pl ing of the cattle. This supports the suggestion of Zuill (1967) that

the lack of apparent reproduction in the area was due to cattle grazing.

Wells (1962), working in south central coastal California, believed

that the lack of oak regeneration was due to cattle grazing. He said it

was well-known to many ranchers that cattle relish acorns and oak-

browse. This is further suggested by his noting of occasional seed-

lings of Q. agrifolia outside of fences endlosing pastured grasslands

but never ever observed inside. Deer, when present in sufficient

numbers even in the absence of cattle, can also have a marked inhibi-

tory effect on oak regeneration in California (Griffin, 1971; White,

1966 a, b). The only recently successful reproduction observed in the

study area (presence of older seedlings or saplings) for either species
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is next to or within rock outcrops which may afford protection from the

trampling and grazing activity of the cattle.

If the above ground parts survive the activities of animals, the

below ground parts may still be susceptible to predation by the pocket

gopher (Thomomys bottae) whose activities were in evidence around

the planting area and may have contributed to some of the first year

seedling loss (Figure 7). In Griffin's (1971) study in central

California, many seedlings were lost to gophers where there was no

underground fence to protect them. Again the rock outcrops in the

study area may afford protection to seedlings from the activities of

pocket gophers.

In the Oregon planting study it is highly unlikely that the appear-

ance of Q. engelmannii the second year after planting was due to the

survival of ungerminated acorns through the hot and dry summer even

though they were buried. They probably germinated and put down roots,

but due to the more limiting conditions for metabolic activity into the

dry summer, shoots never appeared above the surface. When growth

conditions became favorable again in the second season, they then put

up shoots supported by an already established root system, This may

be another adaptive mechanism this species has (which Q. agrifolia

apparently lacks) which enables it to become established in open, dry

habitats. Even in the laboratory, shoot emergence is considerably

delayed in Q. engelmannii as compared with Q. agrifolia (Figure 11,
p. 70).
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The failure of Q. agrifolia to produce any shoots may have been

due to very poor germination conditions following its planting. After

the March 19 planting, the weather was warm and dry for about three

weeks before any rain fell. In the laboratory, Q. agrifolia requires

an increase in water content of whole acorns from about 45% (storage

conditions) to 60% moisture (dry weight) before germination begins,

while little or no water uptake is required to start germination of Q.

engelmannii removed from cold storage conditions (see Figure 10, p.

68). Q. engelmannii also will germinate under consistently drier con-

ditions than will Q. agrifolia (see Figure 9, p. 64).
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CONTROLLED TEMPERATURE AND MOISTURE
GERMINATION STUDIES

Materials and Methods

In December 1969, about 1000 acorns each of Q. agrifolia and

Q. engelmannii were collected in the field. About half of these were

used in the drought survival and field germination studies described

before. The remaining acorns were used in some preliminary germi-

nation tests during the winter of 1970. The approach and methods of

the germination experiments described below were based on the

experience and results gained from these preliminary experiments.

In December 1970, about a week after the first season's rain,

about 3000 Q. agrifolia and 584 Q. engelmannii acorns were collected

in the Jim Knight pasture area (Figure 1) and then shipped air mail

special delivery to me in Corvallis, Oregon. After arrival the acorns

were stored at 4°C and 95 ± 5% RH for three weeks before germination

tests were begun in January 1971.

Wooden flats filled with vermiculite 8 cm deep and maintained at

field capacity with distilled water were used in the temperature

germination tests. Randomly selected acorns of each species were

planted at least 2 cm deep in the vermiculite. Constant temperature

chambers were used which maintained the wet vermiculite at 4, 14 and

+ o24 - 1 C, In the preliminary experiments there was little or no
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difference in germination response to a 10 oC daily temperature cycle

as compared with a mean constant temperature. Sixty Q. agrifolia

and 50 Q. engelmannii were randomly assigned to each of the tempera-

ture chambers. Germination (2 mm of radicle extending beyond the

pericarp) was checked one and two days after planting and then every

two days for 90 days or until germination was complete. All ungermi-

nated acorns were tested for viability by removing the pericarp and

planting the seed in wet vermiculite at 20°C for up to 30 days.

In the preliminary experiments, Q. agrifolia showed little or no

germination under limited moisture conditions while Q. engelmannii

did not appear to be affected by these conditions. In order to deter-

mine more precisely the germination-moisture response, the following

moisture conditions for germination at 20 ± 1°C were used: (I) vermic-

ulite maintained at field capacity; (II) 100% RH atmosphere; (III)

vermiculite saturated with a -10 bar polyethylene glycol solution; (IV)

-100 bar atmosphere. For moisture conditions I and III, the acorns

were packed in vermiculite inside a vertically placed glass tube (7 cm

diameter and 60 cm long) with vented rubber stoppers top and bottom.

For treatment I distilled water was added every two days to maintain

the vermiculite at field capacity. For treatment III a -10 bar osmotic

potential polyethylene glycol (Carbowax 6000, Union Carbide Corpora-

tion) solution was added daily to the vermiculite to maintain this osmo-

tic potential. The -10 bar osmotic potential was obtained by using
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232 g of Carbowax 6000 per 1000 liters of water (this was taken from

a table of values, courtesy of B. E. Michel, Botany Department,

University of Georgia, Athens, Georgia, which was based on a thermo-

couple psychrometry done by H. D. Barr, C. S. I. R. 0. , Griffith,

NSW, Australia). The solution was made fresh each week and the

vermiculite changed to avoid possible inhibitory effects reported for

stored solutions (Greenway et al. , 1968). For moisture condition II

an approximately 100% RH atmosphere was obtained by placing vermicu-

lite saturated in distilled water over the bottom of a flat, round, clear

plastic, six-liter germination chamber sealed with stopcock grease.

Acorns were supported above the bottom in open glass petri dishes.

For moisture condition IV, a -100 bar atmosphere was maintained by

using one liter of a saturated sodium sulfate solution (O'Brien, 1948)

in a two-liter glass dish, 10 x 20 x 10 cm. Acorns were supported

above the saturated salt solution in open glass petri dishes.

Thirty acorns of each species were assigned to each of the four

moisture conditions. All the acorns were surface sterilized by being

placed in a 2. 6% solution of sodium hypochlorite for one minute.

Germination was checked every two days for 90 days or until germina-

tion was complete, except for Q. agrifolia in the 100% RH test which

continued for 132 days until germination was complete. All ungermi-

nated acorns were tested for viability as described before.

The percent moisture on a dry weight basis of subsamples from
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stored and germinated acorns of the temperature and moisture tests

were determined. Acorns were weighed to the nearest 0. 01 g with and

without the pericarp (shell), then oven dried at 95°C for 48 hours and

weighed again.

The relationship between germination, water uptake and moisture

content was determined more specifically using 20 Q. agrifolia and 10

Q. engelmannii randomly selected acorns, half of which had their

pericarps removed. All were planted together in a single vermiculite

flat as described before and maintained at field capacity for 30 days.

At 12, 24 and subsequently every 24 hours, each seed and acorn was

weighed to the nearest 0. 01 g. After germination dry weights were

obtained as described before and the percent moisture determined for

the various time intervals.

The effects of drying acorns for different lengths of time on their

subsequent germination were also determined for a few sound,

unmarred acorns selected from a single tree of each species. Fifteen

Q. agrifolia acorns were divided into three groups of equal size and

weight to be dried at 20 ± 1°C and 45 ± 5% RH for one, two and three

weeks. Ten Q. engelmannii acorns were divided into two groups of

equal size and weight to be dried under the same conditions for one

and three weeks. Each group was weighed as a unit every 24 hours.

Following the drying, period for each group, they were planted in

vermiculite as described before and maintained at field capacity for
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30 days to test for germination. After germination or 30 days, the dry

weights were obtained as described before and the percent moisture

determined for the various time intervals.

After five months under the storage conditions described before,

20 Q. agrifolia were tested for viability. Since this test indicated

100% viability, 50 acorns were randomly selected and divided into two

groups to determine the percent moisture which would kill approxi-

mately 50% of the seeds. This was done by drying one group for

three and one-half days and the other for seven days at 20 ± 1°C and

50 ± 5% RH and then testing them for viability. A subsample of five

acorns from each group was individually weighed and dry weights

determined after each drying period.

The phenology of shoot development from mid-germination until

the first leaves were expanded at 14 and 24 °C was determined for both

species by observations recorded for the acorns in the 14 and 24 °C

germination test. A 14-hour photoperiod at 2000 foot candles was used

at each temperature.

To obtain an index to the self-planting ability of each species

the distance to the base of the shoot from the radicle emergence point

on the acorn after the leaves expanded was determined for seedlings

grown at 14, 20 and 24°C from acorns used in germination tests at

these temperatures.



62

Results and Discussion

The results of the germination of the two species at 4, 14, and

24 oC are presented in Figure 8. A germination value which varies

directly and proportionally with the speed of germination, total

germination or both (Czabator, 1962) was calculated for each germina-

tion curve. Quercus engelmannii had a germination value (26. 8) about

five times larger than Q. agrifolia (5. 4) at 24°C. At 14°C their

germination values were about the same (3. 8 and 4. 4 in the same

order). At 4°C Q. engelmannii (0. 9) was almost half that of Q.

agrifolia (1. 6). Quercus engelmannii shosed a marked reduction in

both speed and completeness of germination with decreasing tempera-

tures while Q. agrifolia showed only a reduction in its speed of

germination.

The results of the germination of the two species under

increasing degrees of moisture stress are presented in Figure 9.

Quercus engelmannii showed little influence from any of the moisture

treatments with its germination values ranging between 1. 9 and 2. 4.

After 36 days the percent germination for Q. engelmannii ranged

between 67 and 75% for all four treatments. Quercus agrifolia showed

a marked depression in germination by the increasing moisture stress.

Germination values for the vermiculite at field capacity, the -10 bars

polyethylene glycol (PEG) solution and vermiculite, the 100% RH
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atmosphere and the -100 bars atmosphere respectively are: 4.8,

2, 5, 0. 4 and 0. 0. After 36 days the percent germination for Q.

agrifolia in the same series was 100, 76, 3 and 0%.

The moisture content (percent of dry weight) of the seeds of the

two oak species from the field and various germination conditions is

summarized in Table 5. The percent moisture content of Q. engel-

mannii seeds field collected and stored for nine days was 10 to 15%

higher than Q. agrifolia. The range of percent moisture content for

germinated seed under various conditions was very broad for Q.

engelmannii (54-120% moisture) but much narrower for Q. agrifolia

(57-78% moisture). Another difference between the two species

indicated in the table is the ability of Q. engelmannii to germinate in

the -100 bars atmosphere at the same moisture content as the field

collected and stored seeds and lack of germination in Q. agrifolia

under these same conditions. Apparently Q. engelmannii can germi-

nate without any additional water uptake from the field and storage

conditions while Q. agrifolia requires additional uptake for germina-

tion.

Since Q. agrifolia has a tougher, thicker pericarp enclosing the

seed much more tightly than Q. engelmannii, the additional water

uptake by Q. agrifolia might be required in order to crack the pericarp

and allow the radicle to grow out. The results of the relationship

between water uptake, moisture content and germination of seeds with



Table 5. The percent moisture (dry weight) of Q. agrifolia and Q. engelmannii seeds from the
field and various germination conditions.

Condition
Q. agrifoliaa Q. engelmanniib

No.
sampled

% Moisture
and range

No.
sampled

% Moisture
and range

Field collected and stored for
9 days at 4°C and 95% RH 10 51 (40-58) 10 61 (55-66)

Germinated at mean tempera-
ture of 14°C 30 67 (60-75) 10 79 (63-120)

Germinated in wet vermiculite
at 20°C 28 69 (61-77) 7 77 (64-118)

Germinated at 100% RH
atmosphere at 20°C 28 65 (57-71) 5 68 (56-78)

Germinated in vermiculite at
-10 bars and 20°C 18 68 (62-78)

Germinated in -100 bars
atmosphere at 20 °C 5c5 51 (47-57) 5 58 (54-62)

aAcorns are 2-5% less than the values for seeds.
Acorns are about 10% less than the values for seeds.
None of these germinated.
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and without the pericarp presented in Figure 10 do not support that

view. Even with the pericarp removed, Q. agrifolia seeds required

a substantial increase in moisture content (from 45% to almost 70%

moisture) before germination began (Figure 10). Again it can be seen

that Q. engelmannii can begin germination with little or no increase

in moisture content. Also it has a wide germination range (54-118%)

while Q. agrifolia has a narrow range (60-78%). The typical delay in

the beginning of germination in Q. agrifolia seen in Figures 8, 9, 10

and 11 is at least in part due to the reduced rate of water uptake

(Figure 10) when the pericarp surrounds the seed in the typical acorn.

Drying for one and three weeks had no effect on subsequent

germination in Q. engelmannii. After losing 15% of their initial

moisture content after one week and 24% after three weeks of drying,

all the acorns germinated from both periods. The Q. agrifolia lost

42, 58 and 75% of their initial moisture content after the one, two and

three week drying periods. After one week of drying it had 40%

germination but after two and three weeks of drying all the seeds were

dead. Apparently Q. agrifolia loses moisture much more rapidly than

Q. engelmannii and is quite sensitive to moisture loss.

Based on the above experiment and the experiment to determine

the percent moisture content which would kill 50% of the Q. agrifolia

seeds, it was found that a moisture content of seeds between 26 and

34% (for whole acorns between 25 and 31%) or about 30% less than the
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field and storage conditions would kill about 50% of the seeds. Any

acorns with a moisture content of 20% or less were dead. This point

was not determined for Q. engelmannii due to lack of acorns to work

with.

As expected, both species showed an increase in shoot develop-

ment time at the cooler temperature but Q. engelmannii required

almost twice as much time as Q. agrifolia. At 24°C Q. agrifolia took

35 days from mid germination until the first leaves were expanded

while Q. engelmannii took 56 days. At 14°C Q. agrifolia took 59 days

and Q. engelmannii took 103 days.

An illustration of the more rapid shoot development in Q.

agrifolia and the self-planting mechanism of Q. engelmannii is seen in

Figure 11. The Q. agrifolia on the left had been growing for 13 days

after germination and had a shoot more than twice as long (1.5 cm) as

the Q. engelmannii on the right which has been growing for 16 days (its

shoot is 0.7 cm). Also note that the petioles of the cotyledons of the

Q. engelmannii have elongated downward so that the shoot base is

about 2.5 cm below the radicle emergence point on the acorn. There

is no downward elongation of the petioles of the cotyledons in the

Q. agrifolia so that its shoot arises from the same point at which the

radicle emerged from the acorn. The distance from the shoot base to

the radicle emergence point on the acorn for Q. engelmannii showed no

significant difference between 14 and 24°C. The mean distance for 30
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Figure 11. An illustration showing the degree of development and shoot
origin in the two oak species 17 days after planting at 19oC.
From Left to right are the following: a Q. agrifolia 13
days after germination with its pericarp removed, an intact
Q. agrifolia three days after germination, and an intact Q.
engelmannii 16 days after germination. The arrow points
to the cotyledonary node. The cotyledonary node is at the
tip of the acorn in Q. agrifolia.
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acorns measured was 1. 4 cm and ranged from 0. 5 to 2. 5 cm.

The only study similar in extent to this one on oak germination

was Korstian's (1927) study on germination and early, survival in

certain eastern white oaks (subgenus Lepidobalanus) and black or red

oaks (subgenus Erythobalanus). Although Q. engelmannii is in the

white oak group and Q. agrifolia in the black oak group, only general

comparisons can be made due to the markedly different conditions

under which these western "Mediterranean" climatic type oaks have

developed. Also Q. agrifolia acorns mature in one season and have

no dormancy (U. S. Forest Service, Woody-Plant Seed Manual, 1948)

which are characteristics typical of white oaks rather than black oaks.

In spite of these differences these two western white and black oaks

show many of the same differences Korstian found in the eastern white

and black oaks. For example, tne white oaks have a higher initial

moisture content than the black oaks and they often germinate as soon

as they are shed if not before while the black oaks do not. Thirty

percent of the field collected Q. engelmannii collected for this study

had already germinated while less than 5% of the Q. agrifolia had done

so and I have found Q. engelmannii cached in a hollow tree trunk

germinating in the fall before any rains had come.

The general characteristics of the germination curves in Figure

8 at 24°C for Q. engelmannii and Q. agrifolia are very similar to the

warmer temperatures tested for the eastern white and black oaks
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(Korstian, 1927). Both Q. engelmannii and the eastern white oaks

show very rapid initial germination rates while Q. agrifolia and the

eastern black oaks show an initial delay in germination and sigmoid

germination curves. This delay in Q. agrifolia at least is mainly due

to the time required for water uptake in order to bring the seed to the

moisture content required for germination.

At 4 oC Q. engelmannii shows a marked depression in speed and

completeness of germination while Q. agrifolia mainly shows a

greater delay in the onset of germination probably mainly due to

slower water uptake at this low temperature. The eastern white and

black oaks showed little or no germination at 4°C (Korstian, 1927).

The lack of or poor germination of Q. agrifolia under low

moisture conditions and the insensitivity of Q. engelmannii to these

conditions again reflects on their initial moisture content. Quercus

engelmannii requires little or no increase in moisture content and

begins germination within the first day or two, whereas Q. agrifolia

requires an increase in moisture content to effect germination by

exposure to moist conditions for from one to five weeks (Table 5 and

Figure 9). Korstian (1927) found the eastern white oaks tested had

better germination in drier soil than the black oaks he tested but both

had poor germination in soil a little drier than the wilting coefficient.

The use of the -10 bar polyethylene glycol osmotic solution with

vermiculite may not exactly simulate the same matric potential in soil,
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even though identical in free energy status (Bonner and Farmer, 1966).

But the work of Parmar and Moore (1968) suggested that polyethylene

glycol may simulate the soil rather closely in terms of the effects of

water stress on total germination. Kaufmann and Ross (1970), in

comparing soil and solute systems, found that for studying total

germination polyethylene glycol may be satisfactory but when germina-

tion rate is important the solute system does not adequately represent

the more normal soil conditions because germination in the soil system

is much slower. Seed contact with water and soil water conductivity

are probably important factors contributing to slower germination in

soil. If this is true then in a soil system at -10 bars I would expect

Q. agrifolia to show an even poorer response than it did. Bonner

(1968) reported little germination for stresses greater than 10 a tn

using a sucrose osmotic solution for the eastern black oak, Q.

palustris Muenchh.

The eastern white oak whole acorns in Korstian's (1927) study

showed more rapid and greater water uptake than the black oak acorns

which also appears true for the two western species studied here

(Figure 10). Both species in this study showed a more rapid water

uptake with the pericarps removed which was also true for four eastern

black oak species studied by Bonner (1968).

Krajicek (1968) found that Q. falcata var. pagodaefolia Ell. (an

eastern black oak) lost moisture and viability very rapidly on air drying
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at room temperature. Quercus agrifolia did not lose moisture or

viability as fast as this species but it did lose moisture more rapidly

than Q. engelmannii. Griffin (1971) air-dried in an unheated room

acorns of two species of central California white oaks for 60 days with

no gross effect on viability. Some of the acorns germinated during this

storage.

The 50% loss of viability on drying for Q. agrifolia falls in about

the same range as for the eastern black oaks in Korstian's (1927)

study (moisture content between 21 and 33%). The eastern white oak&

50% loss of viability occurred between a moisture content of 32 and 50%

which may be similar to Q. engelmannii but none of them in this study

got very far into this critical range.

The much longer delay in shoot development in Q. engelmannii

as compared to Q. agrifolia may allow it more time for root develop-

ment before moisture stresses are imposed by transpiring leaf

surfaces. It would seem that this mechanism might have an adaptive

advantage in establishment in more open exposed habitats where Q.

engelmannii is normally found.

The self-planting mechanism seen in Q. engelmannii in the

elongation of the cotyledonary petioles carrying the radicle and plumule

out of the acorn and down into the soil has also been described for the

genus Marah (Cucurbitaceae) especially Marah oreganus (Torrey and

Gray) Howell (Schlising, 1969). Engelmann (1880) and Coker (1912)
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have noted this phenomenon in other oaks, especially white oaks. This

pattern of germination and seedling establishment for these and a few

other dicotyledonous plants occurs mainly in areas of hot and dry

habitat that are generally referred to as having Mediterranean climate

(Schlishing, 1969).

This study has shown that Q. engelmannii may be better adapted

for establishment in more open exposed habitats than Q. agrifolia

because it is less sensitive to moisture loss on air drying, will

germinate with little or no additional water uptake, is self-planting

and has delayed shoot development. Quercus agrifolia may need more

protected, moist habitats for initial establishment like the north side

of rocks or in cracks in rock outcrops because of its greater sensitivity

to moisture loss on air drying, its requirement for water uptake for

from one to five weeks to effect germination, depending on temperature

and moisture conditions, its lack of a self-planting mechanism and its

more rapid shoot development after germination.
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THE FIRE RESISTANCE OF SEEDLINGS

Materials and Methods

As an index to the resistance of the two oak species to fire,

greenhouse grown seedlings were observed for resprouting following

two intensities of burning. Three wooden boxes (10 x 60 cm and 15 cm

high) were filled with vermiculite and 10 acorns of each species per

box were planted alternately 1. 5 cm below the surface in January 1971.

These acorns were from the same field collected and stored acorns

used in the previous study on controlled laboratory germination. After

germination was completed in the laboratory at 20°C the seedlings

were transferred to the greenhouse under controlled day temperatures

of 21 to 24°C and a night temperature of 16°C. Day and night relative

humidity was 60 to 70% and 90 to 100% respectively. The seedlings

were watered to field capacity twice each week with one of the water-

ings made with one-half strength Hoagland's solution.

After the seedlings were four months old, the vermiculite in the

boxes had settled about 1.5 cm. About 1.5 cm of field collected soil

was added to the top of the boxes, watered and smoothed out and

allowed to dry in order to provide a more realistic soil surface for the

burn treatment. In order not to disturb the dry soil surface, the

boxes were subirrigated once a week.

After the seedlings were five months old they were prepared for
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the burn treatment. All of the seedling stems were clipped from

between 1. 5 and 2. 5 cm above the soil surface thereby removing all

the leaves. This was done to provide an even exposure of the stems

and soil surface to the burner heat and flame. One of the three

seedling boxes was not burned in order to provide a control for the

clipping treatment. Of the two remaining burn treatment seedling

boxes, one was treated to simulate a light grass fire and the other a

more intense grass fire.

The intensity of the burn treatments was monitored using three

thermocouples 20 cm apart at the soil surface in each box. The

thermocouples were positioned so that one side was exposed to the air

and the other in contact with the soil. The temperatures were con-

tinuously recorded using a Sanborn 350 multiple channel recorder.

The thermocouples were made from 26 gauge chromel-alumel wire

with 1. 5 mm of wire formed into a bead (under inert gas arc) with the

bead exposed from a cast block of dental plaster. The thermocouples

were calibrated at 0 and 200°C using ice water and boiling oil.

To effect the burn treatments a seedling box was placed in a

gravel bed over which a propane burner was pulled on a track at an

adjustable constant rate of speed. The burner was a one-twelfth scale

model of the burner box used in a 1970 test model mobile field burner

and sanitizer described by Bonlie and Kirk (1971). For the light burn

treatment the burner was passed over the seedlings 10 cm above the



78

soil surface at a rate of 10 cm per second resulting in an average peak

soil surface temperature of 85°C (71-99°C) and four seconds above

65°C. For the more intense burn treatment the burner was passed

over the seedlings at the same height but with more flame and half the

speed of the light burn treatment. This resulted in an average peak

soil surface temperature of 175°C (164-183°C) and 20 seconds above

65°C.

After the clipping and burn treatments the seedlings were main-

tained for two months under the greenhouse conditions described above.

At weekly intervals any new shoots were noted at or above the soil

surface and the distance in millimeters from the soil surface to the

new shoot base above or below the soil surface was recorded.

Results and Discussion

The resprouting curves for the clipping and burn treatments are

presented in Figure 12. Quercus engelmannii resprouted more rapidly

after clipping (100% after one week) than did Q. agrifolia (50% after

one week; 100% after two weeks). Quercus engelmannii resprouted

more quickly and completely after the burn treatments (100% after

three weeks) than did Q. agrifolia (80% after six weeks). The largest

difference between species and treatment occurred one week following

the burn treatments. Then Q. engelmannii and Q. agrifolia had 50%
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Figure 12. The resprouting curves of Q. agrifolia and Q.
engelmannii after being treated by clipping (control),
light burning, and ileavy burning.



80

and 10% resprouting respectively following the light burn while after

the more intense burn they had 10% and no resprouting respectively.

In the control seedlings all the resprouts were well above the

soil surface from the highest nodal buds remaining on the clipped

stems. In the light burn treatment the mean distance from the soil

surface to the new shoot base was 2. 2 mm below the surface for Q.

engelmannii (ranging from 4 mm above to 8 mm below) and 5. 4 mm

below the surface for Q. agrifolia (ranging from 3 mm above to 14

mm below). In the more intense burn treatment this mean distance

was 5. 2 mm below the surface for Q. engelmannii (ranging from the

soil surface to 10 mm below) and 7. 8 mm below the surface for Q.

agrifolia (ranging from 4 mm below to 11 mm below). Although Q.

engelmannii tended to have buds resprouting closer to the surface than

Q. agrifolia in the burn treatments the means were not significantly

different at the 0. 05 level.

Tothill and Shaw (1968) recorded soil surface temperatures under

fire in grass pastures in Australia. They found that these tempera-

tures varied considerably according to the fuel supply and environ-

mental conditions. The temperatures they recorded ran from 75°C to

well over 220°C but peak temperatures above 100°C had a duration of

a minute or less. Temperatures they recorded 12 mm below the

surface seldom exceeded 65 to 70°C. Heyward (1938) recorded surface

and below surface temperatures in an open pine forest burn with grass
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understory. At 12 mm depth there was very little rise in temperature.

With drier soils there were higher surface temperatures recorded but

less heat conducted downward. Bentley and Fenner (1958) recorded a

maximum of 121°C at the soil surface in a woodland range fire.

Lawrence (1966) recorded 280°C "on a grassy surface" in a California

chaparral fire. Based on these previous studies the peak surface

temperature of 85°C used in the light burn in this study would be con-

sidered quite cool for a grass fire. The 175°C peak used in the more

intense burn might be considered a moderate or hot surface tempera-

ture for a grass fire.

In this study the two intensities of burning had no effect on the

completeness of recovery; only an effect on the speed of recovery

which would be related to the depth from which a shoot might come

from below the surface until it was noted at the surface. Even though

the distances measured from the soil surface to the base of the new

shoots were not significantly different between the two species due to

the wide range of values, only half of the Q. engelmannii buds above

the soil surface were killed with the light burn treatment while 80% of

the above surface buds on Q. agrifolia were killed with this treatment.

In the more intense burn treatment the Q. agrifolia buds 4 mm below

the surface were the highest buds on the stem to resprout while 40%

of the Q. engelmannii buds resprouting were between this level and the

soil surface. Apparently the buds of Q. engelmannii are better
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protected and/or more resistant to fire and heat than those of Q.

agrifolia. Also the buds of the cotyledonary node (the lowest point on

the stem from which a new shoot can arise) of Q. engelmannii are

about 14 mm below those of Q. agrifolia due to the self-planting

mechanism of Q. engelmannii. With a dry soil surface for insulation

I would expect Q. engelmannii seedlings to survive rather intense

grass fires.

While mature trees of both species probably survive most fires

(Lawrence, 1966; Wells, 1962), saplings may be more vulnerable.

On some saplings of both species that I cut off near the ground (4. 0-

7. 5 cm diameter and 15 to 23 years old) the bark of Q. engelmannii

was drier and more than twice as thick (5-7 mm) as the bark of Q.

agrifolia (2-3 mm). I would expect that the drier, thicker and also

more ridged bark of Q. engelmannii saplings would afford them more

protection from fire than Q. agrifolia saplings. Lawrence (1966),

studying the effect of chaparral fires in the foothills of the Sierra

Nevada in California, found that the insulating effect of cracked and

fractured granite boulder outcrops was sufficient to protect several

woody species that would otherwise have been destroyed. The protec-

tion from fire afforded to Q. agrifolia by being associated with granite

rock outcrops especially in cracks or fractures within outcrops may

be another explanation for their occurrence in these locations in the

study area.
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The diameters at 60 cm above the ground level for 245 trees and

saplings randomly selected along transects running the length of all

the woodland areas indicated in Figure 1 were determined. Coring with

Swedish increment boeres was attempted on the 185 randomly selected

trees used for diameter measurements from the woodlands within the

Jim Knight pasture (Figure 1). This area was selected for the age

class distribution because it had both GOW and DOW types well repre-

sented and the historical cultural information was best documented for

this area.

The cores taken for age dating were obtained at the 60 cm height

also and mainly from the west side of the trees. The 60 cm height was

used for coring and diameters because many of the Q. agrifolia began

branching above this height. After taking about 40 cores it was evident

that cores taken from trees with many dead limbs had such extensive

heart rot that their cores were useless for reasonable age determina-

tions. Hereafter coring was done only on those trees that appeared to

be mostly sound. The cores were mounted and prepared for counting

as described by Glock (1937). Five years was added to the ring count

of the dated trees. This was done to estimate the time of initial
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establishment more accurately. Since oaks gain little in height their

first two years (Sudworth, 1908), five years appeared to be a reason-

able estimate of the average age of trees 60 cm tall.

In order to obtain an estimate of the age of the trees which were

not cored or did not have adequate cores for dating, a linear regression

analysis of the age and diameters for the 79 dated trees was performed.

A separate analysis was done for each species in each of the two wood-

land types. Ages for the undated trees were calculated from the

regression equation for the particular species and woodland type.

Based on the 95% confidence intervals for the regression lines, 20-

year age classes were decided upon for presentation of the age class

distributions. A 20-year age class is approximately equal to a 4"

(10 cm) size class.

Results and Discussion

The size class distributions for the two oak species in the GOW's

and the DOW's are presented in Figure 13. The 14" (12 to 15. 9") size

class is the most frequently encountered for Q. agrifolia in the DOW's.

In the GOW's the few Q. agrifolia encountered ranged from the 22" size

class to the 54" size class. The most frequently encountered size

classes for Q. engelmannii in the DOW's (ranging from the 14" to the

26" size class) are generally larger than those for Q. agrifolia. The

Q. engelmannii in the GOW's without rock outcrops cover about the



10

5

0

20

15

10

5

0

15

10

5

85

Q. agrifolia
Q. engelmannii

GOW (rocky hill)

/+\+-fs\
I I I I I

GOW (without rocks)

7+
S 6 10 14 18 22 26 30 34 38 42 46 50 54 58

Diameter (inches)

DOW I

Figure 13. Frequency distribution of tree diameters at 60 cm for Q.
agrifolia and Q. engelmannii in grass oak woodlands
(GOW) and dense oak woodlands (DOW).
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same size classes as the Q. engelmannii in the DOW's but with

relatively greater numbers in the larger size classes. There is a

general marked decline in the frequency of trees in the size classes

less than the 10" (8 to 11. 9") size class in all the woodlands. The

only location with a significant number of Q. engelmannii saplings was

on the rocky hill GOW (the smallest area are labeled GOW in Figure 1).

The only location with a significant number of Q. agrifolia saplings

was in DOW II. All the woodlands in which any saplings were encoun-

tered had rock outcrops and all the saplings of both species were

associated with these outcrops. There were no individuals encountered

of either species less than the 10" size class in the GOW without rock

outcrops.

All the regression analyses used in the age class distributions

were highly significant (p = 0. 001). The regression equation (Y = A +

BX, where Y is the age in years, A is the intercept, B is the slope and

X is the diameter in inches) and the correlation coefficient (r) for

each species in each woodland type is as follows: Q. agrifolia in DOW

I, Y = 7. 70 + 4. 75X and r = 0. 91; Q. engelmannii in DOW I, Y = 18. 36

+ 7. 44X and r = 0. 84; Q. agrifolia in GOW, Y = -12. 92 + 5. 07X and

r = 1. 00; Q. engelmannii in GOW, Y = -8. 75 + 7. 77X and r = 0. 94.

The age class distributions for the two oak species in each wood-

land type in the Jim Knight pasture (determined by dated cores and

calculated from size classes) and associated cultural factors are
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presented in Figure 14. The cultural historical information was pre-

sented previously in this paper in the Cultural History section under

the Description of the Study Area. In the DOW I essentially all the

Q. agrifolia present today have established since the first probable use

of this area (1820) by European men and their livestock, There was a

gradual increase in the establishment of Q. agrifolia in and around the

granite rock outcrops in the DOW I until the peak between 1890 and

1910. This peak corresponds to the 14" size class peak for Q.

agrifolia in the DOW I (Figure 13).

There are about as many Q. engelmannii present today in the

DOW I which were established since 1820 as those which were

established before 1820. The peak in the 1810-1830 Q. engelmannii

age class distribution in DOW I corresponds with its 18" size class

peak in the DOW I (Figure 13). There has been little or no establish-

ment of Q. engelmannii in the DOW I since about 1910. In the GOW's

without rock outcrops there has been no reproduction of either species

since about 1910. About half of the Q. agrifolia present today in the

GOW's have established since 1820 while only 37% of, the Q. engel-

mannii in the GOW's present today have established since this time.

The peak in the 1790-1810 Q. engelmannii age class distribution in the

GOW's corresponds approximately with its 22" size class peak in the

GOW's without rock outcrops (Figure 13).

The climatic records show little or no correspondence to any of
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the reproductive history of these oak woodlands. Lynch, writing in

1931, said that there had been no material change in the mean climate

conditions of southern California in the past 162 years (since 1769).

Schulman, writing in 1947, said that in the last half century there were

fewer extreme minima and more years of moderate excess than

expected from the long term mean based on 560 years of tree-ring

hydrology in southern California. This moderate excess was attribut-

able to the rainfall of the 1935-1944 period which exceeded on the

average that of any other ten years on record. Based on weather

records in Los Angeles, Bailey (1966) indicates that since this wet

period there has been a drought of major magnitude. But based on

precipitation data for a 14-year period between 1923 and 1936

(Wilkinson, 1970) on the Santa Rosa plateau and that recorded for the

last 23 years there has been little change. There have been periods

and years in the past of wetness and dryness comparable to those of

this century during which oak reproduction was much more successful.

The fire history in the area, although less well documented than

the climatic history, does not lend itself to any explanation of the oak

reproduction in the area. Fire may be one factor in the association

of Q. agrifolia with rock outcrops due to the protection the rocks pro-

vide to seedlings and saplings which probably are Less resistant to

fire than Q. engelmannii seedlings and saplings. But major fires on
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the plateau were noted both before and since the decline in oak repro-

duction about 1910.

Wells (1962) attributed the poverty of oak reproduction on the

annual grassland ranges of California to the heavy stocking of cattle

which eat acorns, trample and browse seedlings, and browse trees
and crown sprouts. Zuill (1967), working on the Santa Rosa plateau,

suspected cattle grazing as the cause of the poor reproduction in the

area. The results of the field plantings reported in this study

dramatically illustrate the impact cattle can have on newly established

seedlings. The problem with this explanation is that at least from

about 1850 or before until the early 1890's this area was used as a

cattle ranch and also had sheep during at least part of this time.

There were significant numbers of oaks established in the DOW's and

GOW's during this time, especially Q. agrifolia in the DOW I (Figure

14). Since 1907 this area has also been in use as a cattle ranch but

there has been no reproduction in the GOW's without rock outcrops and

less reproduction in the DOW I (Figure 14). It is significant to note

that the last successful establishment of Q. engelmannii in the GOW's

without rock outcrops and the peak establishment of Q. agrifolia in

DOW I was during the 1890 to 1910 period when for at least ten years

(1895-1905) there were no livestock in the area because of the dry land

farming of barley in the Jim Knight pasture and other open areas on
the plateau. This respite from grazing pressure during which oaks
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became established probably also occurred at other times before this

period due to the ranch changing hands five times after 1846 and the

collapse of the mission program in the 1830's. Continuously since

1907 the area has supported a highly successful cattle operation but

no oak reproduction except where the oaks are protected by rocks.

The fact that 63% of the currently living Q. engelmannii in the

GOW's without rock outcrops were established before any known

influence by livestock (1820) and that they had a general decline in

establishment since that time might be expected since they usually

occur in open and exposed habitats which would be most subject to

grazing pressure. The occurrence of Q. agrifolia in the DOW's

around and within rock outcrops where they have optimum conditions

for their germination requirements and protection from fires as well

as grazing might also be expected since these conditions and require-

ments are now better understood. But the apparently simultaneous

establishment and rapid buildup of the Q. agrifolia population in the

DOW I around granite rock outcrops with the entrance of European

man and his livestock requires further explanation.

There were a few Q. agrifolia in the DOW areas before 1820 as

indicated by my observation of a few trees of larger diameters than

were sampled in the transects. The large size, smooth shell and

weight of acorns tend to make their means of dispersal limited to the

action of gravity and water. If this was their only means of dispersal
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they would not be found on hills, slopes and around or within rock out-

crops which are also somewhat elevated. Their occurrence in these

locations indicates another means of dispersal.

Grinnell (1936) observed the following animals transporting

acorns: California jays, California woodpeckers, ground squirrels,

gray squirrels, chicharees, chipmunks, wood rats, Stellar jays and

band-tailed pigeons. Of these animals the California ground squirrels

(Citellus beecheyi) are the only ones found in the study area which are

also mainly associated with granite rock outcrops. Fitch (1948)

observed these ground squirrels caching live oak acorns over 30 m

from the parent trees. He also found that the acorns were stored in

the main burrows which were nearly always situated about rock out-

crops. Linsdale (1946) also noted the acorn caching behavior of these

squirrels and that their burrows were often found around boulders and

rocky outcrops. Often the squirrels were seen feeding on acorns on

the rocks near their burrows. Fitch (1948) found that acorns and

filaree (Erodium spp. ) combined outweighed all other foods except in

June and July. Filaree is an introduced Mediterranean annual and an

abundant component of the grasslands on the Santa Rosa plateau. It

probably became established by the 1860's or before (Burcham, 1957).

Fitch believes that the establishment of this alien plant in the range of

the California ground squirrel must have profoundly affected the

animal's ecology and doubtless permitted its existence in higher popu-

lation densities.
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Pequegnat (1951) noted that the California ground squirrel in the

Santa Ana Mountains is always associated with disturbed conditions.

They would be found in areas where they had never previously been

found after new trails, firebreaks or clearings for buildings had been

put in. It appears then that the rapid buildup of the Q. agrifolia popu-

lation around the granite rock outcrops in the DOW's may be attributed

to the ground squirrel's entering the area or increasing in numbers

following the disturbance of the area by men and their livestock and the

establishment of a new preferred food source (filaree). The increased

grazing pressure after about 1910 combined with ground squirrel

poisoning program in the 1920's may also account for the decreased

reproductive success of Q. agrifolia after about 1910 even around rock

outcrops.
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SUMMARY AND CONCLUSIONS

1. Zuill (1967) described the structure of two oak woodland

types in the Santa Rosa region of the Santa Ana Mountains of southern

California. One type called the grass oak woodland (GOW) is composed

mainly of widely spaced Q. engelmannii on hills and slopes. The other

type called the dense oak woodland (DOW) is composed equally of Q.

engelmannii and Q. agrifolia with twice the density of the GOW and is

located in valley areas with numerous granite rock outcrops. An

apparent lack of seedlings and saplings was noted in the area. My

study focused on an explanation for the distribution patterns of the two

oak species in the field and the factors which might be most important

in influencing seedling establishment.

2. The distribution pattern of trees with respect to rock out-

crops indicates that Q. agrifolia is associated with rock outcrops while

Q. engelmannii does not differ significantly from a random distribution

with respect to rock outcrops. About half of the Q. agrifolia associ-

ated with outcrops are in carcks or in the middle area of large broken

outcrops. Most of the rest are on the north side. Fewer Q. engel-

mannii are associated with outcrops but those that are show a random

distribution with respect to position around the outcrops.

3. Temperatures recorded in 1969 around outcrops which might

be critical for germinating acorns in the early winter average less than
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10oC on the north side and in cracks, and less than 20 C on the south

side. Seedlings around outcrops toward the end of the summer dry

season would be exposed to temperatures up to 40°C on the north side

or in cracks, and over 50°C on the south side.

4. Soil moisture determinations from around and away from

rock outcrops indicate that soil wets more rapidly next to outcrops

but also dries out more quickly except for cracks and the north side of

outcrops. The driest soil moisture recorded away from rock outcrops

for a three-year period at the approximate average maximum rooting

depth for first year seedlings ranged between about 35 and 50 bars

tension.

5. Quercus agrifolia seedlings in the field under moderate

moisture stress (15-30 bars minimum xylem sap tension determined

with a pressure bomb) toward the end of the dry season appeared in

good condition if located in the shade but those in open grass litter

were dead or dying. Seedlings in the laboratory do not begin to show

signs of moisture stress until a minimum xylem sap tension of about

60 bars is reached. Apparently the seedlings in the field were dead or

dying from the high heat load they experienced in the dry grass litter.

After a very wet rainy season none of the mature trees experienced

any moisture stress by the end of the dry season even though the near

surface soils were quite dry. After a quite dry year trees in the DOW

showed significantly greater moisture stress than those on a hilltop in
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the GOW. The moisture stress measurements of trees and soil

moisture determinations down to 86 cm indicate that all the mature

trees are rooted mainly below 86 cm, At least one large tree is

apparently rooted down to 6 m.

6. Under laboratory conditions the 50% drought survival point

for Q. engelmannii is about 100 bars soil moisture tension and about

250 bars for Q. agrifolia. The survival of Q. agrifolia under a

greater degree of soil drought is mainly attributable to its higher

root:shoot ratio under these particular conditions. Quercus engel-

mannii is drought deciduous and resprouts well after its shoots first

appear dead while Q. agrifolia does not have the drought deciduous

habit and resprouts poorly after its shoots appear dead. This drought

study indicates that seedlings of both species would be expected to

survive any soil drought recorded in the field between 1968 and 1970 at

their expected rooting depth.

7. In the California field planting of Q. agrifolia acorns that

were buried (to simulate squirrel caches) survived to establish many

more seedlings than surface planted acorns due mainly to protection

from predation and drying and to conditions affording good radicle

penetration. In an open planting cattle destroyed all the seedlings

that were established before the cattle were introduced, while most of

the seedlings remained in a planting closed to cattle. The only

recently successful establishment for either species in the study area
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is next to or within rock outcrops which may afford protection from the

trampling and grazing of cattle. When both species were planted on a

grassy south-facing slope in Oregon only Q. engelmannii established

seedlings. These seedlings appeared the second year after planting.

Apparently this species has the ability to put down roots but to delay

shoot emergence when conditions become limiting the first year. It

then put up shoots supported by an already established root system the

second year. This may be an adaptive mechanism possessed by Q.

engelmannii (but lacking in Q. agrifolia) which enables it to become

established in open dry habitats.

8. The laboratory germination studies indicate that Q. engel-

mannii may be better adapted for establishment in more open exposed

habitats than Q. agrifolia because its acorns are less sensitive to

moisture loss on air drying, will germinate with little or no additional

water uptake, are self-planting and have delayed shoot development.

Q. agrifolia may need more protected moist habitats for initial

establishment because its acorns are more sensitive to moisture loss

on air drying, require constantly moist conditions for one to five weeks

for water uptake to effect germination, lack a self-planting mechanism

and have very rapid shoot development after germination.

9. A test to determine the fire resistance of the two oak species

seemed to indicate that the buds of Q. engelmannii seedlings are better

protected and/or more resistant to fire and heat than those of Q.
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agrifolia. Mature trees of both species probably survive most fires

but saplings may be more vulnerable. The bark of Q. engelmannii

saplings may afford them more protection because it is more than

twice as thick and drier than the bark of Q. agrifolia. The protection

from fire afforded to Q. agrifolia by being associated with rock out-

crops, especially in cracks or fractures within outcrops, may be

another explanation for its occurrence in these locations.

10. The complete lack of oak reproduction in open habitats and

the restriction of reproduction for both species to rock outcrops since

1910 is attributable to cattle grazing, which has been continuous since

about 1910. The last reproduction of Q. engelmannii in the GOW's

without outcrops and the peak reproduction of Q. agrifolia in the DOW

occurred between 1890 and 1910. This may be explained partly by the

fact that for at least 10 years during this time livestock were excluded

due to a dryland farming operation in the area. More than half of the

living Q. engelmannii in the area were established before any known

influence of European men and their livestock (1820) and there has

been a general decline in establishment since then. This might be

expected since they usually occur in open and exposed habitats which

would be most subject to grazing pressure. The apparent simultane-

ous establishment and rapid buildup of the Q. agrifolia population

around rock outcrops in the DOW with the entrance of European man

and his livestock may be due to ground squirrels depositing acorns
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around their burrows which are often associated with rock outcrops.

These squirrels are known to come into new areas after disturbances

by man. Also about this time filaree, a new preferred food source for

squirrels (in addition to acorns), was being established on California

range lands which probably resulted in an increase in the squirrel

population. An effective squirrel poisoning program was begun in the

1920's and this may also account for the decreased establishment of Q.

agrifolia since this time even around rock outcrops.
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