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ABSTRACT

Factors Affecting the Distribution of 
Shrub Live Oak, (Quercus turbinella).

by
Richard E. Saunier

Investigations were made into the factors causing the 
disjunct distribution of Quercus turbinella in the Arizona 
chaparral. These investigations involved: 1) sampling the
shrubby vegetation on quartz diorite, sedimentary, and vol
canic substrata, 2) observations on the species' mode of 
reproduction and rooting habits, 3) sampling of the soils 
on brush-free and brush-covered areas, and 4) observations 
on isolated clumps of Q. turbinella occurring in large areas 
of grassland.

Although the oak becomes established on each sub
stratum studied, its distribution is greatly influenced by 
the substrata characteristics, being less dense on the sedi
ments and volcanics than on the quartz diorite.

The bedded sediments restrict root penetration of 
the oak, thus preventing access to deep soil moisture . The 
volcanic substratum develops fine-textured soils which, due 
to their high bulk, density and low porosity, present a poorer 
moisture regime for the oak than do the soils developed from 
the quartz diorite.

Drouth and fire may be disturbance factors that tend 
to eliminate the shrub species on sites such as the sediments



and volcanics with their relatively poor moisture relation
ships .

Because of the species’ low mobility and low seedling 
production, these.sites have remained open.

It is suggested that the Q. turbinella "islands" 
within large areas of grassland are relicts rather than 
evidence of invasion.

xi



INTRODUCTION AND 
STATEMENT OF THE PROBLEM

Shrub live oak (Quercus .turbinella Greene) occurs over 
large areas in southwestern United States. Highest densities 
of this evergreen shrub are reached in northcentral Arizona 
just south of the Mogollon Rim where it is a dominant member 
of the Arizona chaparral (Figure 1). Although the shrub 
occurs primarily in the semi-arid zone between the grassland 
and woodland types at elevations of from 4,000 to 5,500 
feet (Nichol, 1952) it may be found, in some areas, as high 
as 8,000 feet (Kearney and Peebles, 1951).

The forage-production and erosion problems posed by 
Arizona’s five-and-a-half million acres of chaparral are readily 
apparent. Areas between the individual oak clumps are often 
subject to severe erosion. Grass and good browse species 
are scarce. Consequently, much of Arizona's chaparral range
land has a low carrying capacity (Nichol, 1952).

Research has shown that conversion of shrub cover to 
grass cover increases forage-production, decreases soil loss, 
and reduces surface runoff (Pond, 1961; Rich, 1961; Schmutz 
and Whitham, 1962). For the most part, however, attempts to 
find methods of control and conversion that are both effective 
and economical have failed (Tschirley et al., 1959; Tfagle and 
Schmutz, 1963).

1
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Figure 1: A heavy stand of Quercus turbinella in the Arizona
chaparral type near Dewey, Arizona.
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Figure 2: A small area near Dewey that does not support
shrubs of the Arizona chaparral type.
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In the Arizona chaparral, 1h e distribution of many 
shrub s', including Q. turbinella,̂ is affected by factors that 
prevent their establishment on local areas that are surrounded 
by dense stands of shrubs (Figure 2). Elsewhere, small 
islands of oak occur in comparatively large areas of grass
land. The purpose of this s tudy; was to investigate certain 
geologic, edaphic, and topographic features that may be 
responsible for this disjunct distribution. The knowledge 
thus gained may suggest means of manipulating species distri
bution and density in chaparral areas as well as provide 
information . on the ecology of the Arizona chaparral.

^Voucher specimens of Q. turbinella are on deposit 
at the University of Arizona Herbarium, Tucson, Arizona.



REVIEW OF LITERATURE

Obviously, many factors affect the distribution of 
a species. Polunin (I960) has listed climate, soil, topography, 
geology, and fire as being among the more important of these 
factors. Although there have been few studies of the factors 
affecting the distribution and composition of the Arizona 
chaparral, a number of workers have discussed these factors 
in relation to the distribution and composition of the North 
American chaparral formation. Particularly noteworthy are 
the works of Clements (1920), who covered rather broadly the 
distribution and composition of the various scrub communities; 
Cooper (1922), who dealt specifically with the California 
"broad sclerophyll” vegetation; and Shantz (1947), who dis
cussed the various aspects of fire and chaparral.

The major portion of the North American chaparral, 
both along the west coast and in Arizona, seems to be a cli- 
ratic climax (Clements, 1920; Pearson, 3-931; Humphrey, 1962). 
Cooper (1922) observed that chaparral in California occurs in 
areas where the summer precipitation constitutes less than 
20 percent of the total annual precipitation and becomes 
dominant in areas of moderate temperature extremes where the 
annual precipitation totals between 10 and 20 inches.

5
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For the most part, annual precipitation for North 
American chaparral areas varies from 10 to 20 inches.
Clements (1920) quoted figures of- 15 to 20 inches annual 
precipitation in the Rocky Mountain chaparral and 10 to 20 
inches in the southern California chaparral. Sampson (1944) 
indicated that where temperatures of 100° F. typically occur 
for several consecutive days, the annual precipitation must 
be greater than 14 inches, but where temperatures are not 
consistently this extreme chaparral may survive even though 
the annual precipitation in some years may drop below 10 
inches.

Detling (1961) believed, with both Cooper and Sampson, 
that the amount and distribution of annual rainfall as well 
as the temperature extremes in the coldest and hottest months 
of the year influence the distribution of chaparral.

Emphasis is again placed on climate by Lewis (1961) 
who regarded water as the . . . "most important single factor 
determining the limit of chaparral land."

Nicho). (1952) has suggested that temperature may be 
a main factor limiting the distribution of Q. turbinella and 
other shrubs of the Arizona chaparral. The recent work of 
Cottam, Tucker, and Drobnick (1959) tends to confirm Nicholas 
suggestion. The data from their investigation of relict 
Q. turbinella x Q. gambelii hybrids 250 miles north of the 
present boundary of Q. turbinella indicated a warmer and drier
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climate than at present allowed a northward migration of 
Q. turbinella during a period lasting from 7,500 years ago 
to 4,000 years ago. This period was followed by a cooler 
period which exterminated Q. turbinella but not the hybrid.
This disappearance of shrub live oak was attributed to a 
significant decrease in total warmth over the winter rather 
than to a general decrease in temperature throughout the 
year or to a lower winter temperature extreme.

Fire is also a major factor influencing both pattern 
and composition of chaparral vegetation (Shantz, 1947). How
ever, some conflict exists between writers as to the nature 
and degree of this influence. Plummer (1911) concluded that 
the chaparral of southern California had wholly developed in 
response to climate, and repeated burning would eventually 
kill out the chaparral species. Munns (1919) disagreed, saying 
even the southern California chaparral was a temporary type 
occurring as the result of fire. Other workers have taken 
viewpoints intermediate between the extremes of Plummer and 
Munns. Clements (1920) observed that chaparral subseres are 
regularly caused by fire. He felt, however, that all chaparral 
areas were not necessarily originally developed in this manner. 
Shreve (1927) thought fires did much to bring about changes 
in the character of the chaparral. Detling (1961) believed 
the chaparral of southwestern Oregon depends on fire for its 
continued existence.
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Most writers were of the opinion that, because of 
fire, the California chaparral is increasing its range at the 
expense of forest (Clements, 1920; Jepson, 1925; Show and 
Kotok, 1924; Weislander, 1935; Miller, 1947; Shantz, 1947).
Lewis (1961), however, took the view that replacement of 
forest by chaparral is primarily due to drought and not to 
fire. According to Cooper (1922), chaparral, along its 
xerophytic border, is losing ground to grassland and sagebrush 
and, along its mesophytic border, is encroaching on forest, 
fire being the causative agent. Burcham (1957), on the other 
hand, felt fire has allowed a degree of chaparral encroachment 
into grassland as well as woodland areas.

Statements concerning shifting of the boundaries be
tween chaparral and adjacent types in Arizona are no less 
confusing. Most workers agreed there has been a certain amount 
of chaparral expansion along the forest-chaparral ecotone because 
of fire, logging, and other factors. Statements concerning 
chaparral invasions of grasslands, however, were not so clear. 
Tschirley et al. (1959) and Nichol (1952) mentioned evidence 
of chaparral invasion in Arizona, but this evidence was never 
presented. Of special interest is the statement in Nichol's 
The Natural Vegetation of Arizona, ’’Like the pinyon-juniper 
area there is evidence that this type /chaparral/ is invading



former grasslands.”—^ Johnson (I960) suggested a change of 
climate has been partly responsible for what he called a 
relatively recent distribution change in the Arizona chaparral. 
His observations seemed to show that a general trend toward 
a more arid condition over much of Arizona may be partly 
responsible for the chaparral "invasion” of grassland with 
Q . turbinella being the principal offender. Humphrey (1955)? 
writing of Q. turbinella as being the major shrub of the 
chaparral type, stated, "it /%). turbinella/ has spread into 
adjacent grassland to some extent." In a subsequent publi
cation (Humphrey, 1959) he indicated the limited nature of 
this spread by his statement, "there is little evidence that 
chaparral has extended its range appreciably within historic 
time." Reynolds (1959) was of a similar opinion. He believed 
the chaparral shrubs have taken over areas in many places 
that were formerly occupied by grass, but the type has not 
extended its boundaries greatly. Leopold (1924) discussed 
the woody plant encroachment on an area comprising the greater 
part of northcentral Arizona. In his opinion the grass was 
a "fire discUmax" which was moving, because of improved fire 
control, toward a brushland climax. He suggested the chaparral 
species in this area were invading grasslands where shrubs

1/ This statement occurs only in the 1952 edition (Revised by 
W. S. Phillips) of Nicholas earlier work (Univ. Ariz. Agr.
Exp. Sta. Tech. Bull. 68. 1943).
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were normally climax. However, he named only pinyon and 
juniper as examples of invading species. The subject of the 
encroachment or the lack of it by the Arizona chaparral shrubs 
is an interesting one and is discussed further in this paper 
under ’’Discussion.”

The influence of fire on chaparral has been studied 
less in Arizona than it has in California. In general, it 
would seem fire in the Arizona chaparral is largely only 
temporarily detrimental to the major shrub species of this 
type (Humphrey, 1955; Humphrey, 1959a; Pond and Cable, I960; 
Schmutz and Whitham, 1962). Pond and Cable (1960) in a study 
of the effect of heat treatment on sprout production of a 
few of the Arizona chaparral shrubs have shown some.species 
such as Wright silktassel (Garrya wrightii Torr.) and holly- 
leaf buckthorn (Rhamnus crocea Wutt.) are nearly eliminated 
after two or three annual burns while the number of shrub live 
oak sprouts increases.

Variations in local distribution and composition of 
chaparral species seem to be related to topography, particu
larly as it influences climate and fire (Show and Kotok, 1924). 
Miller (1905), studying the chaparral in southern California, 
found aspect was a major factor determining the floristic 
composition of a given site primarily because of a differential 
effect of fire on different aspects. Horton (I960) concluded 
both temperature and moisture as modified by altitude, slope
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exposure, and slope gradient help determine the chaparral 
vegetation of the San Bernardino Mountains of southern 
California.

Literature pertaining to the influence of geology and 
soils on the distribution of vegetation is voluminous. Lutz 
(1958), in reviewing the general topic of geology, soils, and 
vegetation for the First North American Forest Soils Conference, 
used over a hundred references. He indicated the influence 
of geology on vegetation is related to the structural, textural, 
and chemical properties of the rocks. Rock structure was 
particularly important in that , . . . Mjoints, bedding planes, 
and planes of schistosity often compensate in part for physi
cal shallowness of the soil." That the compensatory nature 
of jointed rocks acts in chaparral areas has been shown by 
Hellmers et_ al. (1955a) . In their study, which was made of 
the roots of several chaparral shrubs of California, it was 
noted,

The characteristic rooting habit of each species 
often was modified by the hardness of the substratum.
If the soil was shallower than the usual depth of 
root penetration and the underlying rock was not 
sufficiently weathered to permit passage of roots, 
a layer of roots usually grew on the soil-bedrock 
interface, the roots entering any cracks present.
Roots growing in rock cracks were usually compressed, 
and feeder roots often formed a mat which filled the 
cracks. Over the years, organic material had accumu
lated in the cracks, thus increasing the moisture 
and nutrients available to the roots.

Various studies have shown that chaparral usually 
occupies relatively poor sites. Shreve (1927) found that
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chaparral was confined to sandstone outcrops where the soil 
was sandy and very poor in humus. Jepson (1925) pointed 
out that the California chaparral species typically inhabit 
rocky or gravelly slopes or ridges. Burcham (1957) indicated 
the locations of California chaparral are characterized by 
shallow soils overlying fractured bedrock.

Sampson (1944) reported that chaparral species tolerate a 
wide variation of soil conditions, but that the plants are more 
dense on thin, rocky, coarse-textured soils. He observed that 
soils derived from acid igneous rocks and neutral in reaction 
were . . . "most characteristic of the chaparral areas" in 
the south Sierra region. Pearson (1931) felt texture was 
more important, generally, than chemical composition in deter
mining vegetative growth in the southwest.

Results of work by Hellmers ejt al. (1955) have shown 
the amount of available soil nitrogen may limit the density 
of shrubs in some chaparral stands .

According to Horton (1960) both the texture and depth 
of soils and their influence on the availability of moisture 
and nutrients seem to be important in determining the character 
of the chaparral type. Miller (1947), studying the environ
mental conditions in the southern California chaparral, felt 
the amount of soil moisture to be important in producing 
differences in chaparral cover.



13

In discussing the natural vegetation of Arizona,
Nichol (1952) made the qualified generalization, . . . "the 
chaparral and pinyon-juniper types have been differentiated 
on the factors of soil, slope, and exposure." In the same 
bulletin he speculated that even though precipitation in the 
shortgrass areas of northern Arizona is sufficient for the 
growth of chaparral it does not produce shrubs because, . . . 
"in most cases the soil is too heavy to permit sufficient 
water penetration or too shallow to support the deeper rooted 
plants."

Wells (1962), in a study dealing generally with the 
broad-sclerophyll shrubs and related vegetation in the San 
Luis Obispo Quadrangle area of California, found strong rela
tionships between the geologic substratum and species compo
sition and distribution. However, he stated, "since grass
land, shrubland, and forest occur on almost all geological 
substrata in the San Luis area, it is evident that the nature 
of the substratum has little direct influence on the physio
gnomy of vegetation under this range of climate, except when 
considered in connection with fire." In effect, "fire accen
tuates the differences in substratum by destroying the forest 
canopy and opening the way for vegetation of more diverse 
physiognomy, with grasslands on deeper, zonal soils, and shrub- 
lands on the lithosols and regosols."



STUDY AREA

The study area included several sections of eastern 
Yavapai County in central Arizona (Figure 3). Most of the 
observations were made within the boundaries of the Prescott 
National Forest in the southern one-third of the Mingus Mountain 
Quadrangle.

Prescott, the county seat of Yavapai County, lies 
13 miles west of Dewey, a small roadside community that marked 
the west center of the study area. State Highway 79 marked 
the general eastern boundary. A graded road, extending east 
from Dewey to the small village of Cherry, cuts diagonally 
across the area. Limited access is provided by many dirt 
roads leading to cattle ranches and old mine workings.

The entire region has been used as grazing land for 
many years. At the turn of the century large heards of goats 
and sheep as well as many hundreds of cattle and wild horses 
ranged over the area. Although the establishment of Prescott 
Forest Reserve and later the Prescott National Forest placed 
a check on this unlimited stocking, yearlong grazing still 
constitutes the area’s primary use.

Climate
The semi-arid climate of the area is characterized 

by rather high temperatures, low precipitation, and low
14.
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relative humidities. These restricting factors all tend to 
limit growth and establishment of vegetation.

Climatic data from nearby stations indicate two pre
cipitation seasons during the year, one a winter pattern from 
December through April and the other a summer pattern in July 
and August. The summer storms, which are usually cyclonic, 
begin about the first of July and are caused by moist tropical 
air from the Gulf of Mexico moving northwestward over the 
state. Winter storms are most often the frontal type and 
develop when storms from the Pacific Ocean move inland across 
California and Arizona (Sellars, I960).

Annual precipitation averages 14 to 19 inches. Jerome 
and Prescott, the two nearest weather stations (elevations 
approximately 5,300 feet) average 18.20 and 19.32 inches 
annual precipitation respectively. Schmutz and Whitham (1962) 
estimated the average annual precipitation near the center of 
the study area (elevation approximately 5,300 feet) to be 
about 17 inches. At lower elevations in the chaparral zone 
the average annual precipitation tends to decrease. Rich (1961) 
gave the the 29 year average annual precipitation at the 
Summit Watersheds, Sierra Ancha, Arizona (elevation approxi
mately 3,800 feet) as 15.16 inches. He further stated that 
only 1,153 days during the 29 years was there a trace or 
more of precipitation and only five percent of the 1,153 days 
had less than 0.13 inch precipitation.
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Temperature variations are extreme in the oak chaparral. 
Prescott (88 year record) has recorded a high of 105° F. and 
a low of -21° F. Jerome (56 year record) has recorded a high 
of 105° F. and a low of 7° F . A more comprehensive review of 
the climate of the Arizona chaparral is given in Appendix A.

Vegetation
Although Q. turbinella is by far the most prominent 

species in the area, the Arizona chaparral is typically a 
mixed shrub type. Some of the more common woody species are 
manzanita (Arctostaphylos pungens and A. pringlei
Parry), mountain mohagany (Cercocarpus spp.), squawbush (Rhus 
trilobata Nutt.), buckbrush (Ceanothus greggii Gray), and 
hollyleaf buckthorn (Rhamnus crocea Nutt.). Wait-a-minute 
bush (Mimosa biuncifera Benth.), a low growing, spiny bush, 
along with catclaw acacia (Acacia greggii Gray) and two or 
three species of cacti and yucca are present on the more 
xeric sites.

At higher elevations pinyon pine (Pinus edulis Engelm.), 
alligator juniper (Juniperus deppeana Steud.), cliffrose 
(Cowania mexicana var. stansburiana (Torr.) Jepson) and bear- 
grass (Nolina microcarpa Nats.) may be seen. Along the larger 
washes, Arizona black walnut (Juglans major (Torr.) Heller) 
and hackberry (Celtis reticulata Torr.) are common.

Herbaceous vegetation in the area is usually sparse.
On areas which lack the shrubby vegetation broom snakeweed
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(Gutierrezia sarothrae (Pursh) Britt, & Rusby) often forms a 
more or less pure herbaceous layer. After the summer rains 
begin sideoats grama (Bouteloua curtipendula (Michx,) Torr.), 
hairy grama (B. hirsuta Lag.), blue grama (B. gracilis (H.B.K.) 
Lag.), and black grama (B. eriopoda Torr.) may be seen in the 
more open areas if grazing has not been too intense. Three 
awn (Aristida spp.) and ring muhly (Muhlenbergia torreyi 
(Kunth) Hitchc.) are also present. Tobosa grass (Hilaria 
mutica (Buehl.) Benth.) inhabits the heavier soils of the 
area.

Topography, Geology, and Soils 
The major topographic feature of the Mingus Mountain 

Quadrangle is the Black Hills. The terrain of the study area, 
which is essentially the southern foothills of this small 
uplifted range, may be divided into three sections: (1) a
rugged area cut by several deep canyons that lies to the north 
of the Dewey-Cherry road, (2) the area along the road itself 
which is much more open and flat or rolling, and (3) the 
rugged area south of the road where buttes and mesas capped 
by lava flows dominate the landscape. Elevations in the study 
area range from 5,750 feet in the area north of the Dewey- 
Cherry road to about 4,300 feet where Ash Creek leaves the 
quadrangle on the south. Ash Creek is typical of the many 
intermittant streams and dry washes draining this portion of 
the quadrangle. These drainages eventually enter the Agua
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Fria River to the south or the Verde River to the east„
According to Anderson and Creasey (1958), the Black 

Hills, of which Woodchute, Hickey and Mingus Mountains are 
the backbone, were uplifted during the accumulation of the 
Hickey formation (Cenozoic lavas and sediments discussed 
below). The uplift occurred along two major north-south 
trending fault lines, the Coyote Fault which bounds the block 
on the west and the Verde Fault which bounds the block on 
the east. Verde Valley, to the east of the Black Hills, and 
Lonesome Valley, to the west, are the dropped blocks of this 
faulting.

The oldest rocks in the area are of Precambrian age. 
These rocks consist of granite, schist, quartz diorite, dia
base, and gabbro. The quartz diorite has been dated at 
1,050 million years and is the . . . "youngest of the Pre- 
cambrian major intrusive bodies in the area" (Anderson and 
Creasey, 1958) . This quartz diorite, which outcrops over much 
of this portion of the Mingus Mountain Quadrangle, is broadly 
related to the granites and schists of the Bradshaw Mountains 
a few miles to the southwest.

The second major group of rocks in the area is that 
of the Hickey formation. This formation, consisting of lavas 
and sediments, is of Cenozoic age and has been dated at 14 
million years by Sabels (1960). According to Anderson and 
Creasey (1958), who named the formation, it
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„ „ . occurs in many scattered patches, some of 
which crown peaks, from the summit'area of Mingus 
Mountain southward to the road between Dewey and 
Cherry . . . , and farther southward, . . .  it 
increases in extent and thickness covering fully 
half the adjoining Mayer Quadrangle on the south.

At one time the sedimentary. Hickey covered 
most of the area in the southern half of the 
quadrangle, but presumably erosion has removed 
all but scattered beds.

Except for a small portion in the northwest corner 
of the study area the soils are largely unclassified. Those 
that have been classified belong to the cordes and Gaddes 
series of the Alluvial and Reddish Brown soil groups, respec
tively. Residual soils formed from the quartz diorite are 
typically shallow and rocky. Lithosols and Regosols are 
abundant. The volcanic substratum gives rise to fine-textured 
soils which are similar to many of the heavy clay soils in 
northcentral Arizona that have been classified as Brown 
Grumusols (Johnson et al., 1962). Where the sediments were 
derived from sources such as the quartz diorite, diabase, and 
granite the soils generally resemble those on the quartz 
diorite.



METHODS

Field Procedures 
The shrubby vegetation on three different substrata, 

quartz diorite, Tertiary Hickey volcanics, and Tertiary Hickey 
sediments, was sampled by a series of 1/SOth-acre plots at 
200-foot intervals along 15 transect routes. Sample areas 
underlain by each substratum were selected from a geologic 
map constructed by Anderson and Creasey (1958). Each tran
sect consisted of 20 plots for a total of 100 plots on each 
substratum. Elevation, slope aspect, slope position, and 
slope gradient were recorded for each plot. Shrub density 
was recorded as the number of ”clumps” per plot. For each 
substratum a transect route was selected that would include 
as much of the variation in the vegetation pattern as possible. 
This necessarily introduced a strong element of subjectivity, 
but because of the time available for sampling, a strictly 
random method would have been less satisfactory.

Another element of subjectivity was introduced by the 
somewhat artificial definition of "clump.” Many of the shrubs 
of the Arizona chaparral, principally shrub live oak, squaw- 
bush, and manzanita, have peculiar growth forms and habits 
that make it difficult if not impossible to define an "indi
vidual" (Wagle and Schmutz, 1963). Manzanita often layers
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around the entire circumference of the mother plant. Both 
shrub live oak and squawbush sprout profusely from stumps 
hidden below the surface by litter and soil material. Fires 
complicate the situation by killing off parts of the root 
crown while increasing the sprouting of roots and shoots 
elsewhere. The branches and sprouts of different plants often 
grow together in a single large clump, giving the impression 
of an individual plant.

The soil mantle over each of the three types of sub
strata was sampled. Eight sample points located throughout 
the area were chosen on a subjective basis. Data from the 
analyses of these samples by the University Agricultural 
Experiment Station (1963) included soil texture, pH using a 
saturated paste, moisture equivalent, available phosphate and 
available nitrate using carbon dioxide extraction and photo
metric measurement, and total soluble salts using a saturated 
paste extract. Soil profile descriptions were made according 
to the Soil Survey Manual (1951).

The Soil Conservation Service has mapped the soils on 
a small section of the western part of the area on the Henderson 
Ranch and this information has been made available (Wendt,
1960).

The hardness, fracturing, bedding, and weathering 
of each substratum were determined by observations on outcrops, 
road cuts, gullies, prospect holes, mine shafts, and stock
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tanks. Many of the data concerning the root systems of 
shrub live oak also resulted from these observations.

Growth Study Procedures 
A greenhouse experiment was run to determine the 

possible influence of two types of soils on the germination 
and establishment of shrub live oak. This phase of the study 
used surface soil material from inside a grass-covered area 
(sedimentary substratum) and from the surrounding chaparral- 
covered area (quartz diorite substratum). Acorns were obtained 
from various locations in the Prescott area.

Five replications of each of the two soils were used. 
The soil was placed in ten redwood flats and sterilized. Ten 
acorns from each of the five seed sources were then planted 
in each flat giving a sample size of 50 acorns per replication 
of each soil type.

In this phase of the study an acorn was considered 
germinated when the seedling broke the surface of the soil. 
Seedlings were classed as established when the first leaves 
above the cotyledons were fully developed.

Statistical Analysis 
Data from the transects were treated using "Analysis 

of Variance" and Duncan’s Mew Multiple Range Test to separate 
the means at the 5 percent level of significance. Data from
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the germination and establishment phase of the study were 
analyzed using the Student Mt" Test at the 5 percent level 
(Steel and Torrie, I960).



RESULTS

Many factors fashion the characteristics of the 
Arizona chaparral. Some of these factors (percent slope, 
position on the slope, elevation and soil chemistry) will 
not be discussed because of insufficient sampling. Data which 
will be discussed relate primarily to the mode of reproduc
tion and the rooting habits of Q. -turbinella, and certain 
soil, substratum, and aspect relationships.

Reproduction in Q . turbinella
Seedlings of Q, turbinella were seldom found in the

field. However, if moisture is adequate, the species is gener
ally capable of producing an abundance of acorns. For instanc
in late August and early September acorn-bearing shrubs were
found along washes, near stock tanks, and in other areas
where collections of water occur. On the other hand, acorn-
bearing shrubs were seldom found on open slopes or away from
concentrations of moisture. Even though shrubs with young
acorns were abundant on the drier sites in the spring of 1962,
a comparatively dry summer (4.88 inches May through AUgUS1; at
Prescott) was observed to retard acorn development to such a
degree that few of them matured. Furthermore, observations 
indicated that if the season were hot and dry when the acorns
were dropped they were soon killed by desiccation.
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Chaparral fauna may also contribute to the scarcity 
of shrub live oak seedlings in the field. During the two 
summers in which field work was conducted for this study deer 
and cattle as well as birds and rodents were seen feeding on 
acorns.

On several occasions apparent seedlings were found.
With one exception, however, these proved to be adventi
tious sprouts from roots. Local observations have shown 
that the stands tend to thicken gradually by sprouting from 
root crowns or from buds in the lateral root tissues.

If moisture is adequate neither germination nor 
establishment appear to be unduly affected by variations in 
the study area soils. Instances were observed where the shrubs 
had become established on the soils of the Hickey formation 
as well as those of the quartz diorite. For example, the s hrb 
live oak in Figure 4 was on a north-facing slope of a basalt 
butte and that in Figure 5 on a south-facing slope of the 
Hickey sedimentary substratum.

Results from the germination and establishment study 
also suggested that the oak was able to germinate and become 
established on soils derived from the Hickey sedimentary sub
stratum. These results indicated no significant germination 
or establishment difference at the five percent level between 
acorns planted in sterilized soil material derived from quartz 
diorite and sterilized soil material derived from the sediments
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Fiqure 4: Quercus turbinella growing on a north-facing
slope of the Hickey volcanic substratum.
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Figure 5: Quercus turbine11a growing on a south-facing
slope of the Hickey sedimentary substratum. 
Note the crossbedded sedimentary outcrop.
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(Appendix B). However, it should be remembered that the soil 
material was sterilized. It has been shown in other areas 
that soil biota are indeed important in determining establish
ment of a species (Tadros, 1957). Consequently the results 
of the germination and establishment study should not be 
extended to field conditions with any great degree of authority.

Rooting Habits
Barring physical restrictive characteristics of the 

soil or underlying rocks, roots of Q. turbinella were extensive. 
In areas characterized by schist and quartz diorite the roots 
reached comparatively deeply. Along the side of a recently 
excavated prospect hole they penetrated to a depth of 25 feet 
in fractured quartz diorite (Figure 6). At this depth the 
roots were still one-fourth inch in diameter. Likewise, in 
an abandoned mine shaft dug into decomposing granite, shrub 
live oak roots were exposed at a depth of 30 feet. In a third 
instance the oak, although growing on only 6 to 8 inches of 
soil, had roots that penetrated to a depth of at least 30 feet 
in a mica-schist quarry south of Mayer, Arizona (Figure 7).
A. tangled mat of feeder roots and decaying schist frequently 
occurred where cracks in the steeply dipping rocks were no 
more than one-eighth inch wide.

On deeper alluvial soils, conducive to better develop
ment of a root system, the shrubs exhibited both deep rooting 
and wide lateral rooting. The one case in which a seedling
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Figure 6: Fractured quartz diorite. Roots of the oak
extended at least to the arrow--a depth of 
25 feet.
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Figure 7: Bedded and nearly vertical mica schist. Roots
of the oak extended at least to the arrow--a 
depth of 30 feet.
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was found and removed showed only a single tap-root 24 inches 
long leading straight down from a shoot 6 inches high.

The rooting habits of shrub live oak are greatly modi
fied by the environment„ This is particularly true with respect 
to vertical development. Roots are frequently restricted by 
the bedded, highly indurated Hickey sediments. In one instance 
(Figure 8) the main root of a comparatively young plant, 
after penetrating through about 8 inches of soil, came in 
contact with the harder Hickey sedimentary substratum and 
turned at right angles. Evidence of a similar response was 
noted on the hard-bedded substratum in at least three other 
instances.

Substrata Characteristics
There was a large degree of variability in the charac

teristics of the three substrata studied, particularly with 
respect to weathering. At times the quartz diorite occurred 
as a sandy material beneath the Hickey sediments and basalt 
outcrops . Most often, how ever, it was highly fractured and 
jointed (Figure 6). On the other hand the sorted and bedded 
Hickey sediments were seldom fractured (Figure 9). These 
sediments graded from fine to coarse sands and silts to 
coarse conglomerates containing gravel, pebbles, cobbles and
boulders of weathered quartz diorite, gabbro and granite. The
degree of consolidation varied. In many places the gravel 
beds were weakly bound and seemed to weather rapidly.
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Figure 8: Root of Quercus turbinella that was turned as it
came into contact with the cross-bedded sedimen
tary substratum.
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Figure 9: A portion of the sedimentary facies of the
Hickey formation--a well-bedded and cemented 
conglomerate.



35

Typically, however, they were well cemented with calcite and 
clay. Jointing and fracturing were common in the Hickey 
volcanics.

Soils developed from these various substrata reflected 
their high variability (Appendix D). Residual soils formed 
from the quartz diorite were shallow and rocky. Lithosols 
were the rule rather than the exception. The pH values of 
the quartz diorite ranged from about 5.4 to less than 7. 
Available moisture percentages for the soils formed on the 
quartz diorite were also low. In contrast, the soils of 
the Hickey formation were generally deeper, had a higher 
pH value and a higher available moisture percentage in the 
surface horizons (Table 1).

Chemical data for the soil samples were not particu
larly meaningful. Available nitrates and phosphates were 
generally high. Values for soluble salts were not too high 
for the growth of most species.

Although the number of samples used in gathering the 
soil chemistry data was not sufficient to draw valid conclu
sions, it appears that the chemical characteristics examined 
were insufficient in themselves to determine shrub distribu
tion to any great extent.

Vegetation With Reference to 
Soil, Substratum, and Aspect

The distribution of Q. turbinella and other shrubby 
vegetation of the Arizona chaparral has been strongly



Table 1: Results of analyses of soil profiles sampled in the study area.
Sample Depth pH Soluble NOo 

Salts
P04 Sand Silt 'Clay Moisture

Equiv.
Available
Moisture

Number Inches mmho ppm ppm % T % % K
Reddish 0-0 6.3 - — «— «— — 46 48 10 mm msm
Brown 0-26 6.4 — w — — — — 57 24 19 W M

26 + 6.6 -  — — — - 46 35 19 — —
Grumusol 0-4 7.0 .61 25 2 20 22 58 47 22

4-36 7.9 .72 12 1 OB =-» —' — — •» as* *=s

36 + 7.9 2.80 34 4 54 33 13 35 16
Reddish 0-2 8.0 1.00 49 2 42 . 34 24 22 10
Brown 2-12 7.8 .62 4S 1 29 22 ■ 49 27 12

12 + 7.7 .67 28 3 ---- ---- —  — -  - —  ”

Grumusol 0-4 " 7.8 .50 25 2 . 15 29 56 43 20
4-40 7.9 .80 38 2 12 26, 62 43 20

Reddish 0-2 7.0 .90 42 . 10 44 32 24 25 11
Brown 2-15 7.1 .50 30 1 38 30 32 27 • 12

15 + 7.7 .58 29 2 ----- ----- ----- -  - - -
Lithosol 0-2 5.4 61 29 10 14 6

2 + Jointed and fractured iquartz diorite •
Reddish 0-3 6.8 .70 48 7 59 27 14 15 7
Brown 3-6 6.7 .80 46 1 69 21 10 14 7
Calcisol 0-4 7.9 .62 39 1 27 25 48 31 14

4-20 7.9 .70 52 2 58 29 13 23 11
20 + Indurated conglomerate of the Hickey formation.

GOo\
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influenced by the underlying strata (Figure 10). Shrubs 
seldom occurred on areas underlain by either constitutent 
of the Hickey formation. This relationship of vegetation to 
substrata was further intensified by slope aspect, being 
more pronounced on south-facing than on north-facing slopes. 
However, as has been mentioned, instances were found where 
shrubs were abundant on both the sedimentary and volcanic 
facies of the Hickey formation (Figures 4 and 5).

The chaparral vegetation will be discussed, along 
with certain area soils characteristics, according to their 
occurrence on the three substrata studied. Figure 11 is a 
graphical representation of the differences in numbers of 
oak clumps occurring on each of the three substrata.

Shrub live oak densities have been statistically 
divided into three, populations: 1) the oak growing on the
quartz diorite substratum, 2) the oak growing on the north- 
facing slopes of the Hickey formation, and 3) the oak growing 
on the south-facing slopes of the Hickey formation. Complete 
statistical analyses of the transects are given in Appendix 
C.
Quartz Diorite Substratum: Soils sa rapled on the quartz

diorite substratum were from 4 to 18 inches deep and had a 
medium to moderately fine textured surface soil with a gritty 
clay subsoil. The surface soil was granular, and the subsoil 
had a moderate, medium angular blocky structure. Surface



Figure 10: A portion of the Mingus
Mountain Quadrangle with a shrubby 
vegetation overlay. Geology after 
Anderson and Creasey, Plate 1, (1958); 
Vegetation from the 1947 edition of 
the Mingus Mountain Quadrangle, U.S. 
Geolical Survey.
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soils were dark brown or dark reddish brown, and the sub
soils were reddish brown or yellowish red (Appendix D Sec
tion 3) .

Again, the quartz diorite substratum was highly 
fractured and decomposed, the fractures making excellent 
avenues of penetration for both roots and moisture. That 
these soil and substratum conditions are favorable for the 
growth of Q. turbinella was indicated by the numbers of oak 
and other shrubs growing on these sites.

The average numbers of oak per l/50th acre plot on 
this substratum were 13.54 clumps per plot on the south-facing 
slopes and 11.95 clumps per plot on the north-facing slopes 
(Figure 11). In general the lower numbers of oak on the 
north-facing slopes (although not significant at the five 
percent level) may be attributed to the replacement of the 
oak by the more mesic shrub, mountain mohagany. Densities 
of other shrubby species such as squaw bush, desert ceanothus, 
and wait-a-minute bush did not change appreciably with 
aspect. Manzanita was almost nonexistent. Table 2 represents 
shrub densities on the quartz diorite substrata.
Hickey Sedimentary Substratum: Soils formed on the Hickey

sedimentary substratum, except for two major differences, 
often resembled those on the quartz diorite. The most apparent 
difference was that the sedimentary soils were usually from 
10 to 20 inches deeper than the quartz diorite soils. The
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Table 2: Average Shrub Densities (Clumps/Acre)
________on the Quartz Diorite Substrata._____

ASPECT NORTH SOUTH
SPECIES

Shrub live oak 635 747
Manzanita 1 23
Wait-a-minute 37 135
Squaw bush 175 160
Ceanothus 60 38
Mountain

mahogany 126 90
Other 12 28
TOTS! IM5- 1221

other major difference was in the pH values of the lower 
horizons (pH 7.0 and above for the sediments and pH 6.5 and 
below for the quartz diorite). Many of the soils developed 
on the sedimentary substratum had only a shallow A horizon 
developed from a calcareous C horizon (Appendix D, Section 1).

In contrast to the quartz diorite sites, large dif
ferences in numbers of shrubs between aspects showed up on 
the Hickey sedimentary sites (Table 3). There was a significant 
difference between numbers of oak clumps occuring on the 
north-facing slopes (6,89 clumps/plot) and the south-facing 
slopes (0.97 clumps/plot) of the sedimentary substratum.
These values were also significantly different from the average 
number of clumps per plot on the quartz diorite (Figure 11).

Shrub live oak was found most often on this substratum 
on north-facing slopes and small canyon sides and bottoms.
Many of the oak had large, dead branches. Manzanita and 
mountain mahogany were practically nonexistent. Wait-a-minute 
bush was the only shrub that seemed to do equally well on
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Table 3: Average Shrub Densities (Clumps/Acre) on
the Hickey Sedimentary Substrata.

aspect FORTH SOUTH
SPECIES
Shrub live oak 256 58
Manzanita 1 0
Wait-a-minute 372 291
Squaw bush 130 27
Ceanothus 18 3
Mountain

mahogany 0 0
Other 44 41Torn; s h  420

both the north and the south aspects. Snakeweed was the most 
abundant herbaceous species on the Hickey sedimentary sub
stratum.
Hickey Volcanic Substratum: Most of the soils on the vol

canic substratum had developed from weathered basalt and 
were extremely fine-textured. Textures were clay or silty 
clay. Colors varied from brown to dark brown and were uni
form from the soil surface to bedrock. Surface layers had 
a strong, fine granular structure. The lower horizons had 
very coarase, block-like aggregates and characteristic slicken- 
sides caused by swelling and shrinking of the soil material. 
Wide vertical cracks were often present. Layers below the 
granular surface layer ha d an extremely high bulk density 
(1.74 to 1.98) and low porosity (Johnson, et: al., 1962).
Profiles were usually slightly calcareous (Appendix D, Sec
tion 2) .

Again, some interesting comparisons can be made 
between the vegetation growing on these soils and that growing
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on the previous two substrata. For instance, there was a 
significant difference between numbers of oak occurring on 
the north-facing slopes (4.27 clumps/plpt) and the south- 
facing slopes (0.62 clumps/plot) of the volcanic substratum. 
These values were also significantly different from the values 
for the quartz diorite. However, differences in shrub density 
values on the south-facing slopes of both the sedimentary and 
volcanic substrata of the Hickey formation were not signi
ficant. Differences in shrub density values on the south- 
facing slopes of both the Hickey substrata were also not 
significant (Figure 11).

The oak on the volcanic substratum, although certainly 
not abundant on the north-facing slopes, almost completely 
dropped out on the south-facing slopes. Manzanita and mountain 
mahogany were again nearly nonexistent. Unlike the conditions 
on the two other substrata, wait-a-minute bush increased 
considerably on south-facing slopes. Dense stands of tobosa 
grass : occurred over much of the more clayey areas. The 
average density of shrubby vegetation on the Hickey volcanics 
is given in Table 4.



Table 4: Average Shrub Densities (Clumps/Acre) on
the Hickey Volcanic Substrata.__________

Aspect NORTH SOUTH
SPECIES .

Shrub live oak 179 36
Manzanita 0 0
Wait-a-minute 101 261
Squaw bush 59 12
Ceanothus 27 0
Mountain
•mahogany 0 0

Other 27 49
TOTHT---------------T O ------------ JJ8



DISCUSSION

Though the distribution of Q. turbinella and other 
shrubs of the Arizona chaparral is influenced by the under
lying substrata, this distribution is often complicated by 
variations in aspect; variations in depth, rockiness and 
texture of the soil; variations in the success of reproduction 
and establishment and variations in the extent and degree 
of disturbance by fire and drouth. The following discussion 
demonstrates how these factors can influence the distribu
tion of Q. turbinella.

The Relationship of Substrata to 
Moisture Regime and Species Adaptation
As has been indicated, the primary differences between

the quartz diorite substratum and the Hickey substrata are
easily seen. Where the quartz diorite is highly fractured
and broken, the sediments are well cemented with no great
degree of fracturing. While the soils developed on the quartz
diorite and the Hickey sediments are often similar, the soils
developed on the Hickey volcanics are quite different. Soils
on the quartz diorite and sediments are shallow and light-
textured while soils on the basalts are deep, fine-textured,
and have extremely high bulk densities and low porosities.
The influence these soil and substrata characteristics exert

45
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on the moisture regime and rooting habits of the shrubs is 
important.

In general, many drought-resistant plants have large 
and deep root systems. Polunin (I960) indicated that the 
deep roots of many plants of deserts or semi-deserts are an 
"adaptive" feature that allows the tapping of underground 
reserves during periods of water deficiency. Cooper (1922), 
speaking of the root systems of several shrubs in the California 
chaparral stated,

During the dry summer the deeply penetrating roots 
supply the plant with the minimum amount of water 
necessary to tide it over the critical period. It is 
inevitable, when one recalls the extreme desiccation 
of the surface soils, that the superficial roots 
cease functioning during the dry season.

Conceivably then, there is a poorer moisture regime 
for the deeper rooted species on substrata that restrict 
root-penetration such as the bedded, highly indurated Hickey 
sediments (Figure 8). The highly fractured and jointed 
quartz diorite and schists, on the other hand, would have a 
more favorable moisture relationship for these same deeply 
rooted species (Figures 6 and 7).

Pearson’s (1931) study of the occurrence of grassland 
parks within the ponderosa pine type of northern Arizona was 
similar in nature. He found an unfavorable moisture condi
tion to be an important and perhaps the dominant factor in 
determining the absence of ponderosa pine in these areas. In
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some cases young trees from 7 to 12 years of age were scattered 
over parts of these parks. He concluded, however, that these 
trees would probably die out because of a hardpan two feet 
below the soil surface that would not allow the roots to 
reach the deeper soil moisture which the trees would require 
during dry periods.

The influence of the fine-textured soils developed 
from the Hickey basalts also involves moisture. Generally 
speaking a clay soil, due to a high moisture-holding capacity, 
has more available moisture than a coarser sandy soil. Under 
certain conditions, however, this is not the case. The actual 
amount of water covered by the ’’available range" depends as 
much or more upon soil structure than on soil texture (Marshall, 
1959). This is particularly true as it is related to soil 
porosity and bulk density. Heinonen (1954, after Marshall,
1959) found -available water, in clay soils, to . . . "vary 
inversely with bulk density." Poor aeration, slow infiltration 
of water, and relatively high resistance to root penetration 
are other characteristics of fine-textured soils that have 
high volume weights (Lutz and Chandler, 1946).

An example may again be taken from the study by Pearson 
(1931) in which he found the effects of drought on southwestern 
forest types to be first apparent on clay soils. He attributed 
this to low permeability of clay to both water and roots.
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In semi-arid climates evaporative moisture loss also 
increases in clay soils having a low permeability because a 
greater portion of the moisture remains in the surface few 
inches of soil where evaporative forces are stronger. Con
versely, deeper percolation on coarser textured soils limits 
evaporation. Consequently, coarser textured soils derived 
from the siliceous quartz diorite would have a better moisture 
relationship for the deeper rooted species than would the 
heavier textured soils derived from the argillacious basalts. 
Also, because of shallow soil moisture penetration, the 
generally light rains in the chaparral accentuate these soil 
moisture differences.

Reproduction,
Dissemination and Establishment 

in Quercus turbinella.
The range of a species depend s to a large degree on 

its production of reproductive bodies, the dissemination of 
these bodies, and, ultimately, their successful establishment 
and growth as plants. Several possible factors are present 
in the Arizona chaparral that can interfere, with successful 
establishment of shrub live oak.

Drouth is perhaps the principal deterrent to acorn 
development and germination. Observations on the production 
of acorns by Q . turbinella indicated that the production of

large amounts of viable acorns depends on adequate moisture
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during their period of development. Since this period coin
cides with the ’’dry” period in the Arizona chaparral, years 
in which a large number of shrubs produce an abundance of 
acorns are probably rare.

The clay textured soils of the area exhibit charac
teristics which tend to prevent establishment. Both the low 
porosity because of its resistance to root penetration, and 
the pro-isotropic characteristics because of mechanical 
injury and drouthiness make establishment difficult. Jepson 
(1910) partially explained the existance of certain ’’treeless 
areas” on the ’’blue adobe” soils in California by just such a 
phenomenon. He pointed out that, because of the expanding, 
shrinking and resultant cracking, it is . . . ’’impossible 
for an unassisted seedling to carry itself over to a second 
winter, as it cannot get its roots far enough down to avoid 
dessication.” Lutz and Chandler (1946) indicated that, ’’the 
development of cracks in soils, as a result of shrinkage, may 
break plant roots and thus cause damage.”

In general, plant species with large, heavy seeds 
have low mobility (Weaver and Clements, 1938). Because of 
the heavy acors of shrub live oak, its mobility is presumed 
to be very low. Movement by vegetative mans such as root 
sprouts and coppicing is possible but extremely slow.

As a consequence of these factors, sexual reproduc
tion, successful establishment and species migration probably
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occur only sporadically when a large crop of mature acorns 
coincides with a wet year or sequence of years. In spite of 
these limitations, the means by which the range of Q . turbinella 
could best be extended into new or open territory with any 
amount of success or rapidity would be by seed.

The Interaction of 
Substratum with Drouth and Fire

Drouth and fire, interacting with poor moisture rela-i
tionships on the sedimentary and volcanic substrata, could be 
the factors that are responsible for the disjunct distribu
tion of shrubs on these substrata.

It is feasible that, during a period of comparatively 
good moisture, the shrubs could become established on any 
of the substrata studied. Later, during a period of drouth, 
the deeper rooted plants that had access to deep moisture 
and nutrients would be favored over plants growing on the 
sedimentary substratum where root penetration was restricted. 
Shrubs that had become established on the clays would also 
be handicapped by the excessive drouthiness of these soils. 
Expansion, shrinking, and cracking of these soils would also 
limit root growth. Shrubs established on the rocky basalt 
outcrops and cooler, more mesic north-facing slopes of the 
buttes would also have a small advantage over shrubs growing 
on the more xeric south-facing slopes.



51

A review of the literature concerning fire in the 
Arizona chaparral shows that fire tends to promote rather 
than retard shrub growth. The work which is probably; the 
most objective and quantitative is that of Pond and Cable 
(I960). Their studies revealed that shrub live oak was one 
of the more difficult to kill by burning. However, the plots 
used in their experiment were on soils that were . . . "thin 
and rocky, and originated from quartzite parent materials." 
Whether or not the shrub would behave differently on a sub
stratum such as that of the Hickey formation where root 
penetration is reduced and a generally poor moisture rela
tionship exists has not been studied in the Arizona chaparral. 
However, we may get some indication of the results from other 
sources.

Plumb (1961), studying the sprouting of chaparral 
shrubs after a wildfire in California found great differences 
in the amount of sprouting occuring on different sites. In 
general scrub oak (Quercus dumosa) had a high number of sprouts 
on sites near the base of slopes where moisture co nditions 
appeared most favorable, but on the poorer sites only a few 
of the original number of plants had produced sprouts.

The results of the study by Miller (1905) indicated 
a greater survival and vitality of shrubs after fire on the 
cooler, more mesic north-facing slopes than on the warmer, 
more xeric south-facing slopes.
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Wells (1962) suggested that the shrubs of the chaparral 
in California are more susceptable to fire on soils that have 
poor moisture conditions. He stated that any fire moving 
through the dense stands of grass occurring on heavier textured 
soils would be more detrimental to the shrubs on these sites.

Fire in the Arizona chaparral, therefore, could be 
a factor which, over the years, would tend to favor shrubs 
growing on the more broken and fractured substrata and hinder 
growth and establishment of shrubs on substrata that are 
inherently drier.

Areas opened by both fire and drouth would remain 
open as long as conditions were such that seedling establish
ment could not occur.

Further 
Comments on Invasion

The above findings may be relevant to a discussion 
of whether or not shrub live oak has recently invaded or is 
presently invading grasslands. In an effort to help clarify 
this problem, observations were made in two areas where 
isolated clumps of shrub live oak occur. The first was near 
the small community of Chino Valley (Figures 12 and 13).
The second was the area, discussed by Johnson (I960), at the 
lower elevations of the Sierra Ancha Experimental Watersheds. 
These small "islands" of oak in comparatively large expanses 
of grassland resemble advance disjuncts which, on casual



Figure 12: Isolated clumps of Quercus turbinella on a
north-facing slope in Chino Valley.
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Figure 13: Isolated clumps of Quercus turbinella on a
north-facing escarpment of a basalt butte 
in Chino Valley.
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observance, could be taken as evidence of invasion. The 
"evidence” of Q. turbinella invasion mentioned by some writers 
may be of this nature.

Any direct evidence of current or recent invasion 
would be chiefly in the form of seedlings or young plants. 
However, seedlings of Q. turbinella are rare, the primary 
reason being a shortage of moisture during the critical periods 
of acorn development and seedling establishment.

The isolated clumps of Q. turbinella in Chino Valley
are some 5 to 8 miles from the main body of chaparral. In 
the valley annual precipitation is a little over ID inches 
while a few miles south where chaparral is abundant the annual 
precipitation is over 19 inches. Precipitation in the area 
of the isolated clumps of oak near Sierra Ancha is 12 to 15
inches annually. Precipitation at Sierra Ancha, 4 to 5
miles north in the main body, of chaparral, is nearly 25 inches 
annually. When the low mobility and the short life of the 
acorns are considered, it is very doubtful that these plants 
could have successfully invaded from the main chaparral stand, 
particularly when they would have had to move into areas with 
a great deal less rainfall.

On the other hand, if the isolated patches are con
sidered as relicts, their presence is explained a good deal 
more easily. At one time these clumps may have been a part 
of a continuous stand. Subsequent drouth and fire, however,
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have eliminated the shrubs from the intervening areas. The 
small groups of oak in Chino Valley have persisted along the 
bottoms of escarpments, on rocky soils, on leeward north- 
facing slopes where snow would accumulate, and on other areas 
where a generally more favorable moisture condition exists 
for the shrubs.

The isolated clumps of oak near Sierra Ancha are 
growing on a highly fractured quartzite. The roots of the 
shrub undoubtedly extend to great depths. Because these 
deep roots provide access to moisture concentrated in the 
rock fractures, the oak is able to endure even though preci
pitation is below normal for chaparral areas. Thus, like 
the clumps in Chino Valley, they are p r o b a b l y  relictual 
rather than examples of invasion.



SUMMARY

In the Arizona chaparral type the distribution of 
shrub live oak is affected by factors that prevent its estab
lishment on local areas surrounded by dense stands of this 
shrub. This study investigated the geologic, edaphic and 
physiographic factors that may be responsible for this 
distribution.

These factors were studied on three major substrata:
1) Quartz diorite of Precambrian age.
2) Basalts of Cenozoic age that overlie much of the 

quartz diorite.
3) Sedimentary rocks of Cenozoic age that also overlie 

much of the quartz diorite and that also interbed and under
lie the basalt.

Shrub density (the number of "clumps" per plot), 
in addition to elevation, direction of slope, and the position 
and gradient of each plot location were recorded on 300 
l/SOth acre plots. One hundred of these plots were located 
on substratum "1"; 100 on substratum "2"; and 100 on sub
stratum "3".

Oak germination and establishment studies were made 
using surface soil material from brush-covered and brush-free 
areas.
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Soils were further studied by making chemical and 
mechanical analyses of soil profiles in both brush-covered 
and brush-free areas.

General observations were made on the nature of the 
substrata and on the growth habits (primarily the rooting 
characteristics and the mode of reproduction) of the shrub.

Distribution of the oak was found to be greatly influenced 
by the nature of the substrata, being less dense on the sedi
ments and volcanics than on the quartz diorite. However, 
subsequent field observations found that the oak can and has 
established itself on these types of substrata.

The sedimentary substratum was found to restrict root 
penetration of the oak to the extent that a poor moisture 
relationship exists for this deeply rooted species. The vol
canic substrata developed soils which, due to their finer 
texture, high bulk density and low porosity, presented a 
poorer moisture regime for the oak than did the soils developed 
from the quartz diorite.

Drouth and fire are presented as factors of disturbance 
which would tend to eliminate the shrub species on sites such 
as the sediments and volcanics where poorer moisture relation
ships occur. Because of the low mobility, due to the large 
acorns, and the low seedling establishment, these areas 
tove remained open.
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The isolated clumps of shrub live oak typically occur 
in areas of lower precipitation than normal for chaparral 
areas. These isolated clumps have been interpreted as rem
nants of a formerly continuous stand. Subsequent periods 
of drought are believed to have eliminated the oaks from the 
intervening areas. Oaks growing on small isolated areas 
where deeper root penetration is possible or where the moisture 
regime has been more favorable have been able to persist.
Thus, they probably represent relicts rather than evidence . 
of invasion.
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APPENDIX A
Climatological Data

Table 5: Climatological summary for Prescott, Yavapai
County, Arizona. Elevation, 5410 feet. 

 Period of record, 1898-1957 ______
Month

- ~  ̂̂ v ̂  ̂~ ~ A ? 
Temperature Precipitation

Maximum Minimum Mean # Days aboveOp op Inches 0.10 inch
Jan ”73 -27 ^ 1.98 4
Feb 76 -12 1.94 4
Mar 81 2 1.76 3
Apr 87 11 1.08 2
May 97 20 0.45 1
Jun 103 25 0.39 1
Jul 105 34 2.93 7Aug 102 38 3.21 7Sep 98 26 1.51 3Oct 90 13 1.05 2
Nov 83 -1 1.25 3
Dec 78 -9 1.77 3
Total *— — «- 19.32 40
Extreme 105 -21 ” — •=• —

Prescott has a semi-arid climate with abundant precipi
tation from early July through the middle of September.
During this period thunderstorms develop almost every after
noon, producing short periods of gusty winds and heavy 
rainfall.

During the rest of the year, rainfall is generally low, 
particularly in May and June when averages are less than one- 
half inch. Slightly less than half of the winter precipi
tation falls as snow, which may accumulate to a depth of 
several feet on the northern slopes (Sellers, I960).
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The frost-free period lasts 144 days. Wind veloci
ties average about 8 mph with an average maximum of 65 mph 
in March (Smith, 1956).
Table 6: Climatological summary for Jerome, Yavapai

County, Arizona. Elevation, 5245 feet. 
Period of record, 1898-1957.______ __

Month Temperature Precipitation
Maxi mum Minimum Mean # Days aboveoF Op Inches 0.10 inch

Jan 73 7 1.86 4Feb 82 8 1.80 4Mar 85 20 1.57 4
Apr 92 23 ' 1.08 4
May 99 26 o.5o 1
Jun 104 40 0.39 1
Jul 105 50 2 .65 6
Aug 105 50 3.03 7Sep 102 42 1.31 3Oct 94 27 1.13 2
Nov 85 16 1.20 2
Dec 75 14 1.68 4
Total — 18.20 " 41
Extreme 105 • 7 — — — — —

The climate of Jerome is markedly affected by the 
surrounding topography. Thunderstorms develop over the 
mountains during July, August, and September. This summer 
rainfall accounts for nearly 40 percent of the annual preci
pitation. Some of the winter precipitation falls as snow but 
it does not remain on the ground for very long.

The most marked effects of terrain are on temperature, 
particularly the minimum temperatures. Jerome sits on the 
steep east slope of Woodchute Mountain. Since cold air 
normally flows down hill the colder night-time air drains 
away from the town. These warmer minimal temperatures are



63

reflected in the frost free period which averages 233 days.
Humidity is usually low (Sellers, I960). Average 

annual snowfall is 20.7 inches (Smith, 1956).

Table 7: Climatological summary for Chino Valley,
Yavapai County, Arizona. Elevation 4673 

__________feet. Period of record, 1942-1953._ __
Month Temperat

MaximumOp
ure
Minimum

Op
Precipitation 

Mean # Days above 
Inches 0.10 inch

Jan ^ 1% -15 u .95 5Feb 75 -13 0.71 5
Mar 82 2 0.78 5Apr 90 9 0.78 4May 99 18 0.15 1
Jun 104 28 0.08 1
Jul 107 38 1.79 9Aug 103 31 2.26 8
Sep 103 31 0.83 4Oct 94 16 0.68 4Hov 82 2 0.60 4
Dec 75 -9 1.23 5Total " «= — <—  — 10.84
Extreme 107 -15 —  -  -

The small community of Chino Valley is situated in 
a broad grassland area at the north end of Lonesome Valley.
It receives nearly 8.5 inches less precipitation than Prescott 
which is about 15 miles south. It has a 160 day growing 
season. An average of a little over 15.5 inches of snow 
falls annually (Smith, 1956).



APPENDIX B 
Germination and Establishment Data

The greenhouse germination and establishment study 

used surface soil material from inside a grass covered 
area (sedimentary substratum) and from the surrounding chaparral 
covered area (quartz diorite substratum). Acorns collected 
in the fall of 1961 from different locations in the Prescott 
area were used. Criteria for the choice were: 1) uniformity
within the sample, 2) extremes in elevation, 3) soil parent 
material variability, 4) aspect variability and 5) different 
percent slopes.

Table 8: Source information for acorns used in
the growth study.

Source Aspect %  Slope Soil Area Elevation
1 South 0 Gral 2 4750
2 South 2 Dio 1 5150
3 East 40 Sch 1 4850
4 Southwest 1 Gral 2 4300
5 Southeast 3 Gr 3 5600

Source:
(1) One mile north of Tonto Springs Ranger Station, 

Prescott National Forest, Arizona.
(2) Henderson Ranch, one mile north of Yarber School 

near stock tank. Approximately four miles east of Dewey, 
Arizona.

64



65

(3) Henderson Ranch, near the windmill in Texas 
Gulch„ Approximately three miles east of Dewey, Arizona.

(4) One half mile north of Skull Valley, Arizona.
(5) Hear the Granite Basin cutoff on the Iron Springs

Road west of Prescott, Arizona.
Soil: Indicates the soil parent material.

(Gral) Alluvial gravel.
(Dio) Diorite.
(Sch) Schist.
(Gr) Granite.

Area: Indicates the general location of the collection.
(1) West of Prescott.
(2) East of Prescott.
(3) South of Prescott.
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Analysis of Gemination Data
Table 9: Germination of Q. turbinella acorns

in 2 different n or the e n't r aT Arizona 
soils.

Grass Soil Chaparral Soil
Replicat ions X X

1 2F 20
2 31 37
3 25 29
4 32 35
5 38 30

Total T 154 r ~15TT
Mean 30.8 30.2
(X2)/n 4.743 4.560 "t"

is the Student "t" test criterion. These r
signifleant at the 5 percent level.

Analys is of Establishment Data
Table 10: Establishment of Q . turbinella

seedlings in 2 different north-
central Arizona soils.

Grass Soil Chaparral Soil
Replications X X

1 11 6
2 12 8
3 10 7
4 8 17
5 11 . 14

Total 52 52 ........
Mean 10.4 10.4
X2/n 540.8 540.8 "t" = 0.0

Where Mt” is the Student "t" test criterion. These results 
are not significant at the 5 percent level.



APPENDIX C 
Transect Data

Transect #1: Hickey sedimentary substratum.
Location: One mile east of the Henderson Ranch Headquarters,
in Sections 1 and 12, Range 1 East, Township 13 North. 
Elevation: 4,700 feet to 4,900 feet.
Slope gradient: One to 27 percent.
Slope aspect: Six plots were on the south-facing slope, and
14 plots were on the north-facing slope.
Slope position: Most, of the plots fell on the upper one-third
of the slope.

Observations along a roadcut paralleling the transect 
showed a considerable variation in the depth of the soil to 
the C horizon. The substratum, a conglomerate composed of 
small ash and tufflike pebbles and other pebbles and cobbles, 
was, for the most part, firmly cemented with clay and calcite. 
The color varied from a buff-brown or tan to white-gray. Roots 
of the oak penetrated any weathered material but turned at 
the unweathered substratum. A number of lateral roots between
15 and 30 inches below the soil surface were noted.

The oak in this area were fairly large in size but 
had many large, dead branches. Manzanita and mountain mahogany 
were practically nonexistent. The shrub densities in clumps
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per acre for this transect are given in Table 11.

Table 11: Shrub densities (Clunps/Acre) on
Transect number one.

Aspect
Plots

North
14

South
6

Species
Shrub live oak 450 75
Manzanita 0 0
Wait-a-minute 425 405
Squaw bush 160 10
Ceanothus 40 0
Mountain mahogany 0 0
Other 0 0
Total 1075

Location: One mile north of the Dewey-Cherry road in Sections
28 and 29 of Township 14 North, Range 2 East.
Elevation: 5,100 feet to 5,185 feet.
Slope gradient: Zero to 20 percent. Most of the plots, how
ever, were located on slope gradients of between 5 and 9 
percent.
Slope aspect: Two of the plots were on north-facing slopes,
and 18 of them fell on south-facing slopes.
Slope position: Nearly one-half of the plots fell within the
upper one-third of the slope and the remainder were on the 
lower portions of the slope.

The substratum in this area was cemented with clay 
and contained gravel, pebbles, and rocks. At a stock tank 
dug near the southeastern end of the transect the sedimentary 
substratum was about three and a half feet thick spread on
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decaying quartz diorite. Roots did not seem to penetrate 
the poorly-fractured substratum.

An area of shrub live oak one-half acre in size 
occurred within the boundaries of the sedimentary substratum- 
Inspection, however, showed the shrubs to be growing on a 
portion of a granodiorite porphyry dike.

Table 12: Shrub densities (Clumps/Acre) on
Transect number two.

Aspect
Plots

North
2

South
18

Species
Shrub live oak 25 40
Manzanita 0 0
Wait-a-minutes 725 95
Squaw bush 100 40
Ceanothus 0 5
Mountain Mahogany 0 0
Other 50 95ToTal--------------- 9TJTJ-- ;-------- 273"

Transect #3: Hickey sedimentary substratum.
Location: Immediately north of the junction of Tex Canyon
and Ash Creek in Section 23, Range 2 East, Township 14 North. 
Elevation: 5,150 feet to 5,350 feet.
Slope gradient: For the most part, slope gradients on the
plots were between 20 and 30 percent but reached extremes of 
8 and 50 percent.
Slope aspect: Nine plots fell on south-facing slopes, and
11 plots fell on north-facing slopes.
Slope position: A majority of the plots fell on the upper
onehalf of the slope.
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The substratum was a very hard conglomerate containing 
gravel, pebbles, cobbles, and boulders which were bedded 
horizontally and cemented with calcite and clay. Outcrops . 
of this poorly-fractured rock along the walls of both Tex 
Canyon and Ash Creek were at least 200 feet thick. Soils were 
shallow.

A fairly large number of shrub live oak "clumps” 
were present on the north slopes and sides of the small side 
canyons cut into the formation.

Table 13: Shrub densities (Clumps/Acre) on
Transect number three.

Aspect
Plots

North
11

South
9

Species
Shrub live oak 325 100
Manzanita 5 0
Wait-a-minute 445 435
Squaw bush 105 65
Ceanothus 0 0
Mountain Mahogany 0 0
Other 70 55
Total “W O  27F

Transect #4: Hickey sedimentary substratum.
Location: The transect was located in an unsurveyed area of
the Mingus Mountain Quadrangle on Forest Service land along 
Osborn Spring Wash just south of Section 9, Range 2 East, 
Township 13 Worth.
Elevation: 4,575 feet to 4,850 feet.
Slope gradient: Three to 25 percent.
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Slope aspect: Three plots were on north-facing slopes, and
17 were on south-facing slopes.
Slope position: Fifteen plots were located on the upper one-
half of the slope and 5 were on the bottom one-half of the 
slope.

The substratum was a very hard, well-bedded conglo
merate consisting of gravel, pebbles, and boulders up to 
desk size. The substratum was cemented with calcite and 
was much lighter in color than the previous substrata.

A heavy stand of tobosa grass covered much of the 
area. Wait-a-minute bush was the most prominant shrub. Oak 
occurred on the edges of the older, more stable gullies.

Shrub densities for this transect are given in Table
14,

Table 14: Shrub densities (Clumps/Acre) on
Transect number four.

Aspect
Plots

North
3

South
17

Species
Shrub live oak 0 20
Manzanita 0 0
Wait-a-minute 35 260
Squaw bush 0 5
Ceanothus 0 0
Mountain Mahogany 0 0
Other 100 40
Total 131

Transect #5: Hickey sedimentary substratum.
Location: Along Sour Water Wash in Section 7, Range 3 East,
Township 13 Worth.
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Elevation; 4,400 to 4,600 feet.
Slope gradient: Ten to 30 percent „
Slope aspect: Nine plots were taken on generally north-
facing slopes, and 11 plots were taken on south-facing slopes. 
Slope position; Most of the plots were taken on the bottom 
one-fourth of the slope.

No sedimentary substratum was found on this transect 
although the surface material resembled that on previous areas 
of sedimentary substrata. The rocks on the surface were 
many, varied, and had been cemented with calcite.

The shrub densities in clumps per acre for this 
transect are given in Table IS.

Table 15: Shrub densities (Clumps/Acre) on
Transect number five.

Aspect
Plots

ITorth
9

South
11

Species
Shrub live oak 480 54
Manzanita 0 0
Wait-a-minute 230 259
Squaw bush 295 14
Ceanothus 50 9
Mountain mahogany 0 0
Other 0 14

T _ f _ I ----------------------------------------------------------rUTS 35TT
Transect #6: Hickey volcanic substratum.
Location; Sections 5, 8, and 9, Range 2 East, Township 
13 North.
Elevation: 4,770 feet to 5,000 feet.
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Slope gradient: One to 10 percent. Plots were fairly evenly
distributed along the slope.
Slope aspect: Five plots fell on the north-facing slopes,
and 15 fell on south-facing slopes.

The substratum was a highly-fractured, fine-grained 
basalt. Surface soil was a clay or clay loam and had many 
surface cracks. Vegetation consisted of a thick growth of 
tobosa grass with a few shrubs of wait-a-minute bush. Shrub 
densities for this transect are given in Table 16.

Table 16: Shrub densities (Clumps/Acre) on
Transect number six.

Aspect
Plots

North
5

South
15Species

Shrub live oak 10 5Manzanita 0 0
Wait-a-minute 20 175Squaw bush 40 5
Ceanothus 20 0
Mountain mahogany 0 0
Other 30 , 125

Total ~ 127) 310'

Transect #7: Hickey volcanic substratum.
Location: Sections 9 and 16, Range 3 East, Township 13
North.
Elevation: .4,500 feet to 4,560 feet.
Slope gradient: Five to 10 percent.
Slope aspect: Nine plots fell on south-facing slopes, and
11 fell on north facing slopes.
Slope position: Most of the plots were taken on the upper
one-tenth of the slope. One plot was taken on top of a small
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butte.
The substratum was a fine-grained, well jointed 

basalt. Many cobbles covered the surface. Chair-sized rocks 
were present near the edges of the butte.

Vegetation along the transect consisted of wait-a-minute 
bush and tobosa grass. Some shrub live oak occurred on top 
of the butte. Shrub densities for this transect are given 
in Table 17.

Table 17: Shrub densities (Clumps/Acre) on
Transect number seven.

Aspect
Plots

North
11

South
9

Species
Shrub live oak 85 40
. Manzanita 0 0
Wait-a-minute 75 180
Squaw bush 40 0
Ceanothus 0 0
Mountain mahogany 0 0
Other 20 65

Total 2215 2BI

Transect #8: Hickey volcanic substratum.
Location; The transect was almost coincident with the section 
line between Sections 5, 6, 7 and 8 in Range 3 East, Township 
13 North.
Elevation; 5,500 feet to 5,050 feet.
SI ope gradient: Zero to 20 percent.
Slope aspect: Three plots fell on the north-facing slope,
and 17 fell on the south-facing slope.
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Slope position: Most of the plots were taken along the ridge
top.

The substratum was a highly-fractured, fine-grained, 
vesicular basalt. A small area of rhyolyte appeared near 
the middle of the transect. Soils T<e re shallow and fine- 
textured.

A small clump of oak was growing on top of a rocky 
outcrop of basalt midway through the transect. Shrub densi
ties on this transect are given in Table 18.

Table 18: Shrub densities (Cltimps/Acre) on
 _____Transect number eight._____
Aspect
Plots

INorth
3

South
17Spec ies

Shrub live oak 185 60
Manzanita 0 0
Wait-a-minute 250 435
Squaw bush 50 5
Ceanothus 35 0
Mountain mahogany 0 0
Other 15 25

Total 53? 52?

Transect #9: Hickey volcanic substratum.
Location: On a bench above Ash Creek in an unsurveyed area
near the southern boundary of the quadrangle.
Elevation: Approximately 4,670 feet.
Slope gradient: Zero to 25 percent.
Slope aspect: Mine plots fell on the south-facing slope, and
11 fell on the north facing slope.
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Slope position: Most of the plots were within the upper
three-fourths of the slope.

The substratum was a highly-fractured, vesicular 
basalt„ In a side canyon near the end of the transect three 
layers of basalt were interbedded by two layers of the sedi
mentary rock, and these five layers were resting on the Pre- 
cambrian quartz diorite. Soils were fine-textured and rocky.

Several patches of oak occurred on the rocky outcrops 
of basalt (primarily on the northern aspect). Shrub densi
ties for this transect are given in Table 19.

Table 19: Shrub densities (Clumps/Acre) on
Transect number nine.

Aspect Worth South
Plots 11 9
Spec ies
Shrub live oak 230 30
Manzanita 0 0
Wait-a-minute 160 150
Squaw bush 115 35
Ceanothus 45 0
Mountain mahogany 0 0
Other ... 55 20

'Total 503 233

Transect #10: Hickey volcanic substratum.
Location: In an unsurveyed area near the south edge of the
quadrangle about a half-mile north of the junction of Ash 
Creek and Hackberry Wash.
Elevation: 4,450 feet.
Slope gradient: Approximately 25 percent.
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Slope aspect: The transect was taken on a contour around
a small butte. Five plots were on a south-facing slope, and 
15 were on a north-facing slope.
Slope position: The contour was about midway up the slope.

The soils had primarily a clay or a clay loam texture. 
The vesicular basalt substratum was highly-fractured and 
jointed.

A heavy stand of oak occurred on the north- and east- 
facing slopes while wait-a-minute bush was found on the 
south- and west-facing slopes. Shrub densities for this tran
sect are given in Table 20.

Table 20: Shrub densities (Clumps/Acre) on
Trans ect number ten.

Aspect North South
Plots 15 5
Species
Shrub live oak 385 45
Manzanita 0 0
Wait-a-minute 0 . 365
Squaw bush 50 15
Ceanothus 35 0
Mountain mahogany 0 0
Other 15 10

Total iSS

Transect #11: Quartz diorite substratum.
Location: Section 26, Range 2 East, Township 14 North.
Elevation: 5,000 feet.
Slope gradient: Usually 25 percent or more.
Slope aspect: Nine plots fell on south-facing slopes, and
11 were taken on the north-facing slopes.
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Slope position: Lower one-fifth.
Frequent outcrops of the broken and fractured quartz 

diorite were present. Soils were shallow or non-existent,
The area was covered with a dense stand of shrubs 

(primarily shrub live oak). On the true north slopes dominance 
shifted to mountain mahogany. Grasses and herbaceous vege
tation were extremely scarce. Shrub densities for this 
transect are given in Table 21.

Table 21: Shrub densities (Clumps/Acre) on
Transect number eleven.

Aspect
Plots

North
11

South
9

Species
Shrub live oak 775 1075Manzanita 0 45Wait-a-minute 5 15Squaw bush 365 320
Ceanothus 120 110
Mountain mahogany 550 255
Other ~ ------- —=—------ 5 45

ToTaT IEW 1853"

Transect #12: Quartz diorite substratum.
Location: Section 9, Range 3 East, Township 13 North.
Elevation: 4,400 feet to -4,550 feet.
Slope gradient: Slight; varied around 5 percent.
Slope aspect: Five plots fell on north-facing slopes, and
15 fell on south-facing slopes.
Slope position: The position of the plots as to slope posi
tion varied because of the gently rolling topography.

The substratum was well-fractured quartz diorite. 
Soils were extremely shallow and coarse to moderately coarse
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text ured.
Shrub densities for this transect are given in 

Table 22.

Table 22: Shrub densities (Clumps/Acre) on
Transect number twelve.

Aspect North South
Plots 5 15Spec ie's............. .

Shrub live oak 670 655Manzanita 0 25Wait-a-minute 140 150
Squaw bush 180 125
Ceanothus 50 .5Mountain mahogany 0 15Other TbTat-------- 30— ICT70--- 40

----- TOTS-

Transect #13: Quartz diorite substratum.
Location: Sections 6 and 7, Range 3 East, Township 13 North.
Elevation: 4,450 feet to 4,550 feet.
Slope gradient: Very slight; never, more than 15 percent.
Slope aspect: Three plots were taken on north-facing slopes,
and 17 were taken on south-facing slopes.
Slope position: Most of the samples were taken near the
bottom of the slope.

Exposures of the quartz diorite: were fractured and 
decomposing. Soils were shallow and coarse to moderately 
coarse textured.

Shrub densities for this transect are given in Table
23.
Transects #14 and #15. Diorite porphry substrata.
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Table 23: Shrub densities (Clumps/Acre) on
Transect number thirteen.

Aspect
Plots

worth
3

"South
17

Spec ies
Shrub live oak 650 510
Manzanita 0 0
Wait-a-minute 40 240
Squaw bush 115 35
Ceanothus 0 0
Mountain mahogany 0 0
Other 15 0Total:----------------------- ~T85

Location: Section 1, Range 1̂- East, Township 13 North.
Elevation: 5,000 feet.
Slope gradient: Generally about 15 percent.
Slope aspect: Both transects were placed entirely on north
slopes.
Slope position: Near the bottom of the slope.

Table 24: Shrub densities (Clumps/Acre) on
Transects number fourteen and fifteen.

Transect 14 15
Plots and aspect 20-North 20-North
Species

Shrub live oak 580 500
Manzanita 5 0
Wait-a-minute 0 0
Squaw bush 135 80
Ceanothus 40 90
Mountain mahogany 18 60
Other 2 . 8

TotaT” 780 738

Soils were shallow and rocky. The substrata on
two areas were more of a diabase or diorite porphyry than 
quartz diorite although essentially they were similar to the 
quartz diorite.
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Analysis of Transect Data

Table 25: Densities of Quercus turbinella on north and
south aspects of 3 different substrata.

 ______Clumps l/50th acre plot.__________ __________
Location Replications IX X IX2 X /r 2XQd-North 39 11.95 9401 8424 977Qd-South 41 555 13.54 10053 7512 2541Vol-North 45 192 4.27 1822 819 1003Vol-South 55 34 0.62 476 21 455Sed-North 39 269 6.89 2765 1855 910
Sed-South 61 59 0.97 363 57 306
Totals 300 1814 38.24 24880 18688 6192

Correction = (1814)2/300 = 11,090
Total SS = 24880 - 11090 + 13790
Treatment (among) SS = 18688 - 13790 = 4898
Error (within) SS = 13790i - 4898 = 8892

Table 26: Analysis of Variance at the 5 percent level.
Source df SS MS F
Treatment "5 4B98 980
Error 294 8892 30 32
Total 299 13790

S2 = SS/df = 32 
S = 5.66

Table 27: Application- of Duncan’s M R  test to locate signi
ficant ranges.

Location Vol-S Sed-S Vb'l-tf 3eCT Q C T  ' Qd3^~
Means 0.62 0.97 4.27 6.89 11.95 13.54
Significance _____________

Any tfiro means not underscored by the same line are significantly 
different. Any two means underscored by the same line are not 
significantly different.



APPENDIX D 
Soils Data

Section 1
Representative Soil Profile 

Descriptions Developed on the Sediments
1. Calcisol (Saunier #8)
Location: Southeast one-fourth, Section 8
Township 13 North.
Vegetation: Wait-a-minute bush, snakeweed
Slope: 2 percent.
Aspect: Southwest.
Soil Profile:

Range 2 East

A- 0-4 inches

lea 4-20 inches

v2ca
Dlca

or 20+ inches

Dark yellowish brown (10YR 3/4) dry, 
dark brown (7.SYR 4/4) moist; clay; 
moderate medium crumb structure; 
hard when dry; very friable when 
moist; slightly sticky and plastic 
when wet; smooth abrupt boundary; 
calcareous pH 7.9.
Light brownish gray (10YR 6/2) dry, 
brown to dark brown (7.SYR 4/4) 
moist; sandy loam; very hard when 
dry; friable when moist; slightly 
sticky and slightly plastic when 
wet; diffuse, wavy boundary; calcareous 
pH 7.9.
Very hard indurated conglomerate.
Well cemented with calcite. Mostly 
gravel but also pebbles, cobbles, 
and boulders of a large variety of 
rocks.
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2. Reddish Brown (Saunier #1)
Location: Northwest one-fourth, Section 27, Range 2 East
Township 13 North.
Vegetation: Grass, snakeweed.
Slope: 10 percent.
Aspect: South.
Soil Profile:

a 1~a3

B 9-26 inches

0-9 inches. Dark grayish brown (10YR 4/2) dry;
very dark brown (10YR 2/2) moist; 
gravelly clay loam; moderate fine 
granular structure; hard when dry; 
firm when moist; slightly sticky 
plastic when wet; gradual, wavy 
boundary; noncalcareous pH 6.2.
Very dark grayish brown (10YR 3/2) 
dry; very dark brown (lOYP 2/2) 
moist; clay; moderate medium angular 
blocky structure; hard when dry; 
friable when moist; very sticky and 
very plastic when wet; diffuse, 
smooth boundary; non-calcareous 
pH 6.4.
Brown (7.SYR 5/4) dry, brown-dark 
brown (7.SYR 4/4) moist; non
calcareous pH 6.6. Tertiary sedi
ments (gravels) of the Hickey forma
tion.

3. Reddish Brown (Saunier #3)
Location: Northeast one-fourth, Section 1, Range 1 East,
Township 13 North.
Vegetation: Shrub live oak, snakeweed, squaw bush.
Slope: 15 percent.
Aspect: South.

26+ inches
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Soil Profile:
A 11 0-1 inches

B 9-26 inches.

26+ inches

Dark brown-brown (7.5YR4/4) dry, 
very dark brown (10YR 2/2) moist; 
gravelly clay loam; moderate fine 
granular structure; Ib. rd when dry; 
firm when moist; slightly sticky and 
plastic when wet; gradual, wavy 
boundary; noncalcareous pH 6.2.
Very dark grayish brown (10YR 3/2) 
dry; very dark brown (10YR 2/2) 
moist; clay; moderate medium angular 
blocky structure; hard when dry; 
friable when moist; very sticky and 
very plastic when wet; diffuse, smooth 
boundary; non-calcareous pH 6.4.
Brown (7.SYR 5/4) dry, brown-dark 
brown (7.SYR 4/4) moist; non-calcareous 
pH 6.6. Tertiary sediments (gravels) 
of the Hickey formation.

3. Reddish Brown'(Saunier #3)

Location: Northeast one-fourth, Section 1, Rangel East,
Township 13 North.
Vegetation: Shrub live oak, snakeweed, squaw bush.
Slope: 15 percent.
Aspect: South.
Soil Profile:
A 11

12

0-1 inches

1-2 inches

Dark brown-brown (7.SYR 4/4) dry, 
dark reddish brown (SYR 3/4) moist; 
loam; single grain, structureless;
Yellowish brown (SYR 4/6) dry; dark 
reddish brown (SYR 3/4) moist; loam; 
moderate, very fine angular blocky 
structure; soft when dry; friable 
when moist; slightly sticky and 
plastic when wet; gradual, wavy 
boundary; calcareous pH 8.0.
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B2ca 2-12 inches

B3ca 12-14 inches

lea

'2ca

14-16 inches

16+ inches

Yellowish brown (5YR 4/4) dry; 
reddish brown (5YR 4/4) moist; loam; 
moderate medium angular bloclcy struc
ture; slightly hard when dry; friable 
when wet; very sticky and plastic 
when wet; gradual, wavy boundary; 
calcareous pH 7.8.
Reddish brown (5YR 4/4) dry; reddish - 
brown (SYR 4/4) moist; loam; weak, 
fine angular blocky structure; soft 
when dry; friable when moist; slightly 
sticky and plastic when wet, gradual 
and wavy boundary; calcareous pH 7.8.
Very pale brown (10YR 8/3) dry; pale 
brown (10YR 6/3) moist; gradual, 
wavy boundary; strongly cemented; ' 
calcareous pH 7.7.
Very pale brown (10YR 8/3):dry; 
pale brown (10 YR 6/3) moist; indurated.

4. Reddish Brown (Saunier #5)

Location; North one-half, Section 9, Range 3 East, Township 
13 North.
Vegetation: Shrub live oak, cliffrose, snakeweed.
Slope: 10 percent.
Aspect; West.
Soil Profile:

0-2 inches.

B, 2-8 inches

Reddish brown (SYR 4/4) dry; dark 
reddish brown (SYR 3/3) moist; loam; 
weak, very fine crumb structure; 
loose when dry; friable when moist; 
slightly sticky and slightly plastic 
when wet; abrupt, smooth boundary; 
non- to slightly calcareous pH 7.0.

Yellowish red (SYR 4/6) dry; dark 
reddish brown (SYR 3/4) moist ; moderate 
very fine angular blocky structure; 
clay loam; loose when dry; friable
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B3c a

lea

8-15 inches

when moist; sticky and plastic when 
wet; clear, smooth boundary. Non- 
to slightly calcareous pH 7.1.
Reddish brown (5YR 5/4) dry; reddish 
brown (5YR 4/4) moist; clay loam; 
weak, fine crumb structure; soft when 
dry; friable when moist; slightly 
sticky and slightly plastic when wet; 
diffuse, wavy boundary; slightly 
calcareous pH 7.7.

15-19 inches. Decaying slightly cemented conglo
merate consisting of primarily quartz 
diorite with some basalt pebbles,

' cobbles and small boulders; calcareous 
pH 7.7

2ca 19+ inches. Decaying indurated conglomerate. 
Calcareous.

Section 2:
Representative Soil Profile Descriptions 

Developed on the Volcanics
1. Grumusol (Saunier #2).
Location: Unsurveyed area west of Section 18, Range 3 East,
Township 13 North.
Vegetation: Mostly bare, some tobosa grass.
Soil Profile:

0-4 inches.

4-36 inches

Brown to dark brown (7.5YR 4/2) 
dry- brown to dark brown (7.5YR 
4/2) moist; clay; moderate fine gran
ular structure; slightly hard when 
dry; friable when moist; very sticky 
and very plastic when wet; clear, 
smooth boundary; calcareous pH 7.9.
Color the same as above both moist and 
dry; clay; crude lozenges, many 
slickensides; hard when dry; friable 
when moist; very sticky and very plastic
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C2”I>1 36+ inches. Ash. Sandy loan; calcareous pH 7 .9.
2. Grumusol (Saunier #4).
Location: North one-half, Section 15, Range 3 East, Township
13 North.
Vegetation: Tobosa grass, prickly pear.
Soil Profile:
A-

C2 - D l

0-4 inches

4-40 inches

40+ inches

Dark reddish brown (SYR 3/2) dry; 
dark reddish brown (SYR 3/2) moist; 
clay; moderate fine granular structure; 
slightly hard when dry; friable when 
moist; very sticky, very plastic when 
wet; clear, smooth boundary; cal
careous pH 7.8.
Color the same as above both moist 
and dry; clay; hard when dry; friable 
when moist; very sticky and very 
plastic when wet; diffuse, wavy 
boundary; calcareous pH 7.9.
Ash; palebrown (10YR 6/3) dry; 
yellowish brown (10YR 5/4) moist.

Section 3:
Representative Soil Profile 

Descriptions Developed on the Diorite
1. Lithosol (Saunier #6).
Location: Section 4, Range 3 East, Township 13 North.
Vegetation: Shrub live oak, wait-a-minute bush, snakeweed.
Slope: 5 percent.
Aspect: North.
Soil Profile:
A- 0-2 inches. Dark yellowish brown (lOYr 4/4) dry;

dark yellowish brown (lOYr 3/4) moist;
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sandy loam; structureless; loose when 
dry; very friable when moist; non- 
stocky and non-plastic when wet; 
abrupt, smooth boundary; non-calcareous 
pH 5.4.

C-D 2+ inches. Strong brown (7.SYR 5/8) dry; strong
brown (7 .SYR 5/8) moist; decomposing 
quartz diorite.

2. Reddish Brown (Wendt #2)Z ,
Location: Northwest one-fourth, Section 27, Range 2 East,
Township 13 North.
Vegetation: Shrub live oak, manzanita, squaw bush, three awn.
Slope: 10-20 percent.
Aspect: North to northwest.
Soil Profile:
A 0-3 inches. Dark brown (7.SYR 3/2) moist; clay;

moderate fine granular structure; 
hard when dry; firm when moist ; 
slightly sticky and non-plastic when 
wet; clear, smooth boundary; non- 
calcareous pH 6.5.

B 3-12 inches. Reddish brown (S'YR 5/4) moist;
clay; moderate fine granular struc
ture; hard when dry; firm when moist; 
very sticky, very plastic when wet; 
gradual wavy boundary; non- 
calcareous pH 6.5.

C 12+ inches. Decomposing granite and schist.
3. Lithosol (Saunier #7).
Location: Southeast one-half, Section 34, Range 2 East, Town
ship 13 North.
Vegetation: Shrub live oak.
Slope: 7 percent.
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Aspect: Northeast.
Soil Profile:
A 1 0-3 inches

3-6 inches

Reddish brown (5YR 4/3) dry; dark 
reddish brown (SYR 3/3) moist; sandy 
loam; weak, very fine granular struc
ture ; loose when dry; very friable 
when moist; slightly sticky and 
non-plastic when wet; abrupt, smooth 
boundary; non-calcareous pH 6.7.
Brown-dark brown (7.SYR 4/4) dry; 
dark brown (7.SYR 3/2) moist; sandy 
loam; loose when dry; very friable 
when moist; slightly sticky and 
slightly plastic when wet; gradual, 
wavy boundary; non-calcareous pH 6.7.

cl~c2 6 * inches . Decomposing quartz diorite.
4. Recent alluvium (Wendt #1) „■
Location; Northeast one-fourth, Section 33, Range 2 East, 
Township 13 North.
Vegetation: Shrub live oak, squaw bush, manaznita, snake
weed ,,
Slope; 3-10 percent
Aspect; South.
Soil Profile;

0-4 inches .

or 
weak Bi

4-16 inches.

Dark brown (7.SYR 3/2) moist; sandy 
loam; massive structure; soft when 
dry; very friable when moist; very 
sticky and very plastic when wet; 
abrupt, smooth boundary; non-calcareous 
pH 7.0.

Brown (7.SYR5/4 moist; gravely loam; 
slightly hard when dry; friable when, 
moist; non sticky and non plastic 
when wet; diffuse, smooth boundary; 
non-calcareous pH 6.8-7.2.
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C9 or 
weak B2

3 or

16-30 inches Yellowish red (SYR 5/6) moist; sandy
to sandy clay loam; slightly hard 
when dry; friable when moist; slightly 
sticky and non plastic when wet; 
diffuse, wavy boundary; non-calcareous 
pH1 6.8-7.2.

30+ inches Decomposing franite; sandy loam;
massive structure; loose when dry; 
loose when moist; loose when wet.
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