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ABSTRACT
Overlap areas between encinal and pinyon-juniper
woodlands on three mountain ranges in southeastern Arizona
were studied in terms of selected physiographic (slope,
aspect, soil coarse fragments, and soil pH) and vegetative
(overstory number of stems, basal area, volume; regeneration
counts and stocking) variables.

Overlap areas, defined

arbitrarily in this study, were those areas where oak and
pinyon-juniper types mix in space, but, basal area per acre
of one species group must not have equaled nor exceeded 80
percent of the total basal area recorded at the area.

The

purpose of the study was to find and describe factors and
relationships that might account for the occurrences of
overlap areas.

Findings of the study might be used by

natural resource managers to better understand and manage
these important woodlands, including the overlap area.
Slope and aspect, although not critical factors in the
occurrence of overlap areas, must be carefully considered
before harvesting trees on warm and steep sites because
juniper is known to have higher tolerance for xeric
conditions than oak.

Hence, tree harvesting operations in

overlap areas located on warm, steep slopes might induce the
dominance of pinyon-juniper over oak in the area.
Overlap areas were stonier at the soil surface than
encinal and pinyon-juniper types.

If a field manager wanted

14

an overlap area to re-establish itself after tree harvesting
operations, then he must look for overlap areas with stony
to very stony soil surfaces.
Basal area and volume of oak in overlap areas appeared
to dominate over those of pinyon-juniper at some study
areas.

Oak trees apparently were more mature and

established than pinyon-juniper trees in the overlap areas.
The smaller and perhaps younger pinyon-juniper trees might
indicate recent occupation of the area.

It should be noted,

however, that data from which this inference was based upon
involved no long-term tree measurements.
Regeneration of oak generally was more abundant than
that of pinyon-juniper in the overlap area.

If sheer

numbers of plantlets or stocking would indicate eventual
establishment and dominance of a species in the overlap area
at a given time, then oaks might dominate over pinyonjuniper in time.
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INTRODUCTION
Encinal and pinyon-juniper woodlands (also referred to
as encinal and pinyon-juniper "types") comprise a large
natural resource base in the southwestern United states.
Not only do the woodlands hold commercial and wildlife
values, but they also have cultural, recreational, and
aesthetic values important to contemporary society (Propper,
1992) .
The woodlands are structurally complex because of site
variations in climate, topography, soils, land use, and
phytogeographic affinities (Pieper, 1992).

Despite their

inherent differences in community species composition,
autecology, and synecology, both of these woodland types can
share the same space in time (Gottfried et al., 1994;
Gottfried and Ffolliott, 1993; Gottfried, 1992; Whittaker
and Niering, 1965; Wallmo, 1955).

Encroachment of one

ecological community into the domain of another can be
manifested by overlap areas.

Overlap areas, as arbitrarily

defined in this study, were those sites where oak and
pinyon-juniper types intergraded, but, basal area per acre
of one species group must not have equaled nor exceeded 80
percent of the total basal area found at the site.
The woodlands often are managed for fuelwood production,
livestock production, wildlife habitats, watershed
protection, recreation, and tourism (Ffolliott et al.,
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1992a).

Furthermore, they can be sources of food and

miscellaneous building materials.
Land managers have been recently concerned about the
future of oak fuelwood supplies and how fuelwood harvesting
might affect oak woodlands in terms of stand structure,
wildlife habitat, and other environmental concerns.

There

is also the question of whether pinyon-juniper woodlands are
encroaching into oak woodlands (Gottfried, 1992; Ffolliott
and LeFevre, 1988).

Another important question is, "What

would field managers expect of a future stand if overlap
areas were harvested or destroyed by fire?"

Accurate

answers to such questions will take time, but perhaps hints
of how forest stands develop in the future might be revealed
by a study such as this.
Until the last decade, the woodlands had received little
attention with regards to basic ecological research and
active resource management.

However, the focus of natural

resource management today has shifted towards the
understanding of the natural environment and how the
resources can be managed for multiple use and sustained
yield.

More land managers have increased interest and

concern about the encinal and pinyon-juniper woodlands in
regard to their complex processes of establishment, growth,
and sustainable management (Gottfried et al., 1994).
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Recently, the USDA Forest Service adopted a new approach
to management of resources called "Ecosystem Management."
Ecosystem Management is defined by Unger (1994) as "an
approach to the management of natural resources that strives
to maintain or restore the sustainability of ecosystems and
to provide present and future generations a continuous flow
of multiple benefits in a manner harmonious with ecosystem
sustainability."

Effective ecosystem management might be

enhanced by addressing some of the ecotonal dynamics between
these two important woodlands.
Management and appreciation of these woodlands involves
a basic understanding of their ecology; thus, it is
important to obtain relevant baseline data and analyze them
in such a way as to reflect existing conditions of these
plant communities (Pieper, 1992).

Changes that occur within

and between these woodland types (whether natural or humaninduced) are important ecological and managerial issues and,
consequently, require data for resolution (West and Van
Pelt, 1987).
The encinal and pinyon-juniper woodlands have been
described in terms of stand growth, stand structure, and
other autecological aspects, but studies on the communitylevel relationships are insufficient (McPherson, 1992;
Wallmo, 1955).

However, sound ecological information must

be accessible to land managers for the management of
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woodlands to succeed, and there are many gaps in this
information base (Ffolliott et al., 1992a).
This study investigated some of relationships that exist
between vegetation and selected physiographic variables.

By

accomplishing this task, overlap, encinal and pinyon-juniper
woodlands in southeastern Arizona might be better understood
with regard to their spatial distribution.

The findings of

this study should increase the present state of knowledge
and understanding of woodland characteristics.

Land

managers and environmental scientists can use the new
information as revealed by this study to assist them in the
formulation of future plans and related research directed
towards sustained ecosystems use.
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LITERATURE REVIEW
Earlier studies on encinal and pinyon-juniper woodlands
focused mainly on either woodland, or at times, their
marginal limits, but not on the overlap area between them
(Pollisco et al., 1994).

This following review of

literature provided the basis for selecting the variables
studied.
The Woodlands of Southeastern Arizona
The encinal and pinyon-juniper woodlands occupy
extensive areas of their own, but they are not always
mutually exclusive of each other.

They also are found

overlapping with each other (Gottfried et al., 1994; Pieper,
1992; Moir and Carleton, 1987; Niering and Lowe, 1984;
Whittaker and Niering, 1965; Wallmo, 1955).

There are

questions whether pinyon-juniper woodlands are replacing
encinal woodlands on some sites (Ffolliott and LeFevre,
1988), and a lack of information about overlap areas limits
understanding of the relationships between encinal and
pinyon-juniper woodlands.
Much of the Arizona woodlands have been used in the last
century for livestock production, hunting, recreation,
fuelwood, and other resources.

Since the latter part of the

sixteenth century, these dry woodlands have been used for
ranching (Allen, 1989), but it was in the late 1870s when
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the woodlands were subjected to heavy livestock use (Bahre,
1991).

About 85 percent of the woodlands of southeastern

Arizona are grazed by cattle (McClaran et al., 1992), and
many ranchers regard the trees as unfavorable for grassland
and livestock production.

But, livestock grazing also has

been known to adversely affect the woodlands by causing
vegetation changes (Propper, 1992).

Among these adverse

changes have been the depletion of herbaceous cover and the
consumption only of palatable species, leaving behind less
desirable species to proliferate the area.

Moreover,

livestock grazing affects the woodlands by disturbing or
destroying riparian habitats and by causing soil compaction
and erosion due to hoof impact.
The woodlands of southeastern Arizona have been
subjected to extensive harvesting since the late 1800s to
fulfill mining and household heating requirements, construct
wooden corrals, and provide fence posts (Bahre 1991; Bahre
and Hutchinson, 1985).

Trees were cut on all of the

mountain ranges in the region, from the Chiricahua Mountains
in the east to the Santa Catalina Mountains in the west
(Gottfried et al., 1994; Bahre, 1991).

Moreover, stands of

trees were cut with little concern about impacts that the
activities might have upon the woodlands.

Therefore,

studies have been undertaken in both the encinal and pinyonjuniper woodlands to help land managers understand the
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nature of woodlands, so that managers can better prepare
plans appropriate for the woodlands (Ffolliott et al.,
1992b; Everett, 1987).
Encinal Woodlands
The encinal woodlands, also referred to as oak
woodlands, western live oak type, and Madrean evergreen
woodland formation, occupy approximately 31,500 square
miles, mainly in the Sierra Madre Occidental region of
Mexico, southeastern Arizona, southwestern New Mexico, and
Texas (Gottfried and Ffolliott, 1993; Ffolliott, 1988).

Two

dominant species in the southeastern Arizona encinal
woodlands are Emory (Quercus emoryi) and Arizona white
(Quercus arizonica) oak (Block, et al., 1992; McPherson,
1992; Sanchini, 1981; Wallmo, 1955).

Encinal woodland sites

tend to occur on elevation ranges of from 4,000 to 7,500
feet (Bennett, 1990; Ffolliott, 1988), varying according to
soil types and microclimate, where microclimate depends on
slope, exposure, and geographic location (Bennett, 1990).
Mean annual temperatures range from 53 to 57° F.
Freezing temperatures are rare in the southern ranges of the
woodlands.

Average annual precipitation is 15 inches,

ranging from 8 to 30 inches (Wallmo, 1955; Ffolliott, 1988).

22
Physiography
Soil type and depth generally determine the structural
development of this woodland.

Soils in the encinal

woodlands can be either shallow or deep, but usually are
well-drained (Ffolliott, 1988; Phillips, 1912).

Encinal

woodlands also are found along drainages and on rocky
slopes.
Slope and aspect have been found related to oak tree
growth in southeastern Arizona.

Phillips (1912) observed

that trees on cool and moderate slopes tend to be larger
than trees on warm and steeper slopes.

He hypothesized that

moderate slopes allow more infiltration than steep slopes,
and more infiltration results in more water available to the
roots of trees.

Other studies combined the slope and aspect

variables into a potential solar beam irradiation variable
(Frank and Lee, 1966), reporting that this variable was
related to the productivity of encinal woodlands (Mouat,
1974).

Trees on sites with high potential solar beam

irradiation tend to have slower growth rates compared to
trees on sites with moderate potential solar beam
irradiation.
Callison (1989) studied soil surface fragments and
percentage of soil coarse fragments.

Soil surface fragments

and soil coarse fragments are related to soil water moisture
and water holding capacity, such that significant amounts of
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soil surface fragments can affect soil surface heating,
evapotranspiration, and infiltration (Donahue et al., 1983),
while high amounts of soil coarse fragments decrease soil
water holding capacity (Pritchett and Fisher, 1987; Donahue
et al., 1983).

Callison (1989) concluded that soil surface

fragments and soil coarse fragments were factors that
related to encinal woodland site quality.
He also studied soil pH and found that as soil pH
increased, site index values increased.

Soil pH can affect

conditions for microbial activity and the availability of
soil nutrients for plant use (Pritchett and Fisher, 1987;
Donahue et al., 1983).

For example, when pH is lowered,

that is, soil acidity is increased, micronutrients such as
boron, copper, manganese, and iron generally are released
into the soil (Pritchett and Fisher, 1987).
overstory
Encinal woodlands have densities that range from a few
scattered individuals to several hundred stems per acre
(Gottfried et al., 1994; Ffolliott and Gottfried, 1992).
Encinal woodlands have been reported as growing at a slow
rate compared to those found at higher elevation montane
forests (Ffolliott and Gottfried, 1992; Ffolliott, 1988).
Sanchini (1981) reported that Emory oak in southeastern
Arizona had an annual diameter growth rate of 0.14 inches,

24

while that for Arizona white uak was 0.08 inches per year.
Average yield of encinal woodlands in Arizona was estimated
by Gottfried and Ffolliott (1993) at less than 100 to over
500 cubic feet per acre.
Touchan (1988) conducted a study on the growth and yield
of oak sprouts in the San Rafael Valley, in southeastern
Arizona, estimated that the rotation age for the sprouts was
between 25 to 30 years.

However, a subsequent study on

changes in stand structures found that rotation age of oak
sprouts was 45 years, at which time the diameters at root
collar of the sprouts would be approximately 6 to 8 inches
(Touchan, 1991).
Chojnacky (1992; 1988) developed equations to estimate
volume of Emory oak, Arizona white oak, silverleaf oak, and
other oak species.

The equations were constructed from

visually-estimated volumes and diameter and height
measurements.

The volume estimates included all stems 1.5

inches and larger.

These volume equations were used in this

present study.
Natural Regeneration
Oak trees periodically produce abundant acorns, but few
acorns germinate, survive, and grow into mature trees
(Phillips, 1912).

Many factors contribute to the acorns

being incapable of natural field germination.

Besides the
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harsh, usually dry environment, acorns also are eaten by
people and wildlife such as birds, bears, rodents (Phillips,
1912) .
Most regeneration originates from root sprouts and stump
sprouts when trees are cut (Bennett, 1990; Borelli, 1990;
Meyer, 1988; Touchan, 1988; Phillips, 1912) or damaged by
fire (Pase, 1969; Phillips, 1912).

Despite the numerous oak

sprouts produced, most of the sprouts are destroyed by fire,
animal grazing and trampling, drought, and frost (Phillips,
1912) .
A study of regenerative characteristics in the encinal
woodlands was conducted in southeastern Arizona (Borelli et
al., 1994; Borelli, 1990).

It was reported in this study

that the highest stocking of regeneration was found on
southwestern and northern aspects, and sites with basal
areas in excess of 11.5 m2 /ha (49.5 ft 2 /ac).

Soils

classified as Mollisols (Hendricks, 1985) supported the best
stocking of regeneration.

Nearly 40 percent of the

regeneration tallied was less than 1 foot in height, 35
percent were between 1 foot and 4 feet in height, and 25
percent were over 4 feet in height.

It was inferred that

the encinal woodlands in southeastern Arizona were not
reproducing in sufficient numbers to sustain themselves,
especially if they continue to be harvested at the current
rate for fuelwood and other wood products.

Hence, survival
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of regeneration is critical to the sustained replenishment
of the encinal woodlands.
Pase (1969) evaluated Emory oak seedling survival in
Arizona and found that about half the seedlings died over a
3-year period within the first year of germination.
attributed most of the mortality to drought.

He

Furthermore,

he reported that acorns of germinated seedlings usually were
those buried 1.5-to-2 inches into the soil, and probably
were cached by jays and rodents.
Pinyon-Juniper Woodlands
There is a lack of information about the pinyon-juniper
woodlands of southeastern Arizona.

The discussion that

follows refers generally to the southwestern pinyon-juniper
woodlands.
The pinyon-juniper woodlands, the largest forest type in
Arizona (Conner et al., 1990), have been named in a variety
of ways, including pinyon-juniper woodland, pinyon-juniper
forest, juniper-pinyon woodland, juniper woodland, foothills
zone, western xerophytic evergreen forest, southwestern
coniferous woodland, and woodland (Ffolliott and Thorud,
1975).

These woodlands occupy about 14 million acres in

Arizona and (depending upon the criteria for distribution)
between 47 to 60 million acres primarily in the states of
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Nevada, Utah, Arizona, New Mexico, and Colorado (Buckman and
Wolters, 1987; Tidwell, 1987).
Two of the more dominant species of the pinyon-juniper
woodlands in southeastern Arizona are alligator juniper
(Juniperus deppeana) and border pinyon (Pinus discolor)
(Gottfried et al., 1994; Conner et al., 1990; Wallmo, 1955).
Alligator juniper tends to dominate over pinyon at lower and
drier elevations, while pinyon dominates in the higher,
wetter elevations (Gottfried et al., 1994; Gottfried, 1992;
Pieper and Lymbery, 1987).

Elevational ranges of pinyon-

juniper typically are 4,500 to 7,500 feet (Gottfried, 1992;
Springfield, 1976).
The pinyon-juniper woodlands intergrade with adjacent
ponderosa pine forests, oak woodlands, and grasslands
(Gottfried et al., 1994; Whittaker and Niering, 1965;
Wallmo, 1955).

Temperature extremes range from 14 to 95° F.

Average annual precipitation is 10 to 20 inches (Buckman and
Wolters, 1987).
Physiography
Soils of varying parent materials are found in the
pinyon-juniper woodlands, but most of these soils are welldrained with low to medium fertility (Buckman and Wolters,
1987).
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A gradient analysis of the south slope of the Santa
Catalina Mountains in southeastern Arizona was conducted by
Whittaker and Niering (1965).

They revealed that elevation

was the most important topographic feature that influenced
stand structure and tree size in pinyon-juniper woodlands.
As a matter of fact, they stated that alligator juniper
cover was greater than that of border pinyon at 4500 feet
elevation, but border pinyon cover was greater than that of
alligator juniper at 5500 feet elevation.
Jayne (1986) studied soil pH (among selected soil
chemicals) in the upper 10 cm (6 inches) of soil in pinyon
stands of north-central Arizona, and found no significant
differences in soil pH among site quality classes.

But,

soil properties differed significantly from microsite to
microsite.

Soil nutrients were found to be concentrated

mainly under the crowns of trees (Klopatek, 1987),
suggesting that soil nutrient variation occurs within pinyon
sites.
Overs tory
Pinyon-juniper woodlands in the southwestern United
States have annual productivity levels below 20 cubic feet
per acre (Budy and Meeuwig, 1987).

These woodlands are

uneven-aged and contain about 486 trees per acre and about
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92 square feet per acre of basal area on average (Barger and
Ffolliott, 1972).
Pieper (1992) studied the species composition of encinal
woodland vegetation, including pinyon-juniper woodlands of
southeastern Arizona, and stated that pinyon-juniper
woodlands do occur in the area, but not as much as the oak
woodlands.

He further stated that even within the pinyon-

juniper woodlands, there are shifts in species composition
from one location to another, and these shifts in species
composition might have been related to historical and
present environmental characteristics.
Chojnacky (1988; 1987) developed volume equations for
pinyon-juniper species of the southwestern United states.
The volume equations were based on visual estimation of tree
diameter, height, and volume measurements.

Also, all stems

with a diameter of 1.5 inches or larger were included in the
development of the volume equation.

These volume equations

were used in this study.
Natural Regeneration
Alligator juniper is known to regenerate from seeds and
sprouting from the stems, roots, or crown buds when the top
is destroyed (Gottfried, 1992; Jameson and Johnsen, 1964;
Johnsen, 1962).

Pinyon, on the other hand, regenerates

naturally from seed.

A study by Jameson and Johnsen (1964)
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near Flagstaff, Arizona, found that the ability of alligator
juniper to resprout declined as stump diameter increased.
The resprouting ability of such trees declined after top
removal because as trees got bigger and older, they lose
vigor.

However, not all of the juniper regeneration grows

into mature trees.
Meeuwig and Bassett (1983) reported that pinyon-juniper
plantlets in the western United states had good chances of
survival if they grew under shrubs that they.eventually can
overtop; they found that plantlets that grew under canopies
of mature trees had to be released to accelerate growth.
Pinyon and juniper seeds are large and wingless and,
therefore, not easily disseminated by wind (Gottfried, 1992;
Ronco, 1987).

Hence, dissemination of wind-borne seeds is

restricted to only a few feet beyond the tree crown (Ronco,
1987).

Seeds also are disseminated by gravity, water,

rodents, coyotes, and livestock, although the main agent of
dispersion of pinyon and juniper seeds are birds (Gottfried,
1992; Balda, 1987; Ronco, 1987).
Seed germination of pinyon-juniper species has been
studied, although the environmental and physiological
requirements for successful seed germination have not been
evaluated fully (Gottfried, 1987).

Although several

climatic factors influence reproduction and establishment of
pinyon and juniper species, moisture is regarded as the most
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critical factor (Gottfried, 1987; 1992; Brown, 1987).

It

has been reported in north-central Arizona that roots of
pinyon and juniper trees compete with herbaceous plants for
soil moisture and soil nutrients under a tree's crown and in
the interspaces of trees (Klopatek,-1987; Jameson, 1966:
Johnsen, 1962), and that competition for soil moisture is
greater in the interspaces of trees than under tree crowns
(Jameson, 1966).

Consequently, pinyon-juniper regeneration

might be suppressed due to competition for soil moisture by
root systems of mature pinyon and juniper trees.
Gottfried (1987) reported that pinyon (Pinus edulis) was
intolerant to shade, although most pinyon seedlings were
found well established under the shades of older trees,
brush, and slash.

He also pointed out that pinyon seedlings

generally survived release when they were approximately over
one-foot tall (30 centimeters).
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DESCRIPTION OF THE STUDY
This study was initiated to expand upon the ecological
information of the encinal and pinyon-juniper woodlands of
southeastern Arizona by comparing selected physiographic and
vegetative characteristics of overlap areas with those of
the adjacent encinal and pinyon-juniper types (DeBano and
Ffolliott, 1994; Ffolliott et al., 1992b).

Revealing

relationships between physiographic and vegetation
variables, within and among themselves, could further our
understanding and improve management strategies of these
important woodlands (Ffolliott et al., 1994).
Objectives
The specific objectives of the study were to:
1.

Determine what are the differences in the overlap

area in comparison to the adjacent encinal and pinyonjuniper types considering slope and aspect, and soil
characteristics, including soil surface stoniness, amount of
soil coarse fragments, and soil pH.
2.

Compare the occurrence of overstory and regeneration

patterns in the overlap area to the adjacent encinal and
pinyon-juniper areas, and then relate such occurrences to
physiographic variables.
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study Areas
Three study areas were located on three mountain ranges
in southeastern Arizona.

The study areas were the San

Rafael Valley (near Sierra Vista) on the southwestern slopes
of the Huachuca Mountains, the Canelo Hills (near Sonoita)
on the slopes north of Canelo Pass, and Cave Creek (near
Sonoita) on the eastern slopes of the Santa Rita Mountains
(Figure 1).

These sites, located on the Coronado National

Forest, were selected for study on the basis of similar
vegetative and physiographic features.
Vegetation
The three study areas consisted of pinyon-juniper and
encinal woodlands (from here on commonly referred to as
"types"), and their overlapping areas.

The habitat type for

pinyon-juniper areas was the Juniperus deppeana-Bouteloua
gracilis type, while that for encinal areas of the study
areas was predominantly the Quercus emoryi-Bouteloua
curtipendula type (USDA Forest Service, 1987).

Encinal

types were dominated by Emory oak with scattered Arizona
white oak, while pinyon-juniper types were dominated by
alligator juniper with occasional border pinyon (Pinus
discolor).

Manzanita (Arctostaphylos pungens) was present

in all of the study areas.
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Figure 1.

Locations of study areas in southeastern Arizona.
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Physiography
The three study areas had rolling hills with some steep
hills of 60 percent grade.

Average slope for the San Rafael

Valley study area was 8.5 percent, while that for Canelo
Hills was 14.0 percent, and that for Cave creek was 25.1
percent.

Slope information is summarized in Table 1 by type

and study area.
Elevational ranges were from 5,600 to 5,800 feet at San
Rafael Valley, 5,200 to 5,400 feet at Canelo Hills, and
5,300 to 5,700 feet at Cave Creek.

Encinal, overlap, and

pinyon-juniper types shared common elevations at the study
areas such that elevation was not considered as a factor in
the distribution of types.
Intrusive crystalline rocks, mainly granitic, formed
most parts of the Santa Rita mountains, near the study
areas.

Bakersville, Gaddes, Lampshire, and Chiricahua soils

formed on these parent materials (Richardson, 1979).
Volcanic rocks (rhyolite, dacite, andesite, and related
tuffs) also formed parts of the Santa Rita mountains.

These

types of volcanic rocks also formed the Canelo Hills.
Volcanic rocks were parent materials for Graham, Lampshire,
Faraway, and Luzena soils.

Limestone, sandstone, and shale

formed parts of northeastern Santa Rita mountains, northern
Canelo Hills, and the Huachuca mountains, which is near the
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Table 1. Slopes (in percent) of types according to study
area.
Study Area
San Rafael
Valley
Canelo Hills
Cave Creek

Encinal

Overlap

Pinyon-juniper

Mean

(%)

(% )

( %)

(% )

6.5

10.5

8.5

8.5

15.8
34.4

13.8
29.0

12.6
11. 9

14.1
5.1
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San Rafael Valley study area.

Tortugas and Mabray soils

formed on the limestone material.
The San Rafael Valley and Canelo Hills study areas
consist of Mesic Subhumid Soils (Hendricks, 1985).
soi~s

These

are characterized as having a mean annual soil

temperature of 47° F or more, but less than 59° F.

The

difference between mean summer and mean winter temperatures
is greater than 9° F.

Furthermore, the mean annual

precipitation on the soils is more than 16 inches.

The

general soil association of these study areas is the CastoMartinez-Canelo Association, which is characterized by deep,
very fine textured and deep, gravelly, moderately fine and
fine-textured, nearly level to steep soil on dissected fan
surfaces and valley slopes.
The Cave Creek study area consists of Thermic Semiarid
Soils, which is characterized by having mean annual soil
temperatures of 59 to 72° F (Hendricks, 1985).

The

difference between mean summer and mean winter temperatures
is greater than 9° F at a depth of 20 inches or in shallow
soils at the soil-bedrock interface.

The soils can receive

10 to 16 inches of average annual precipitation.

The

Caralampi-Hathaway Soil Association comprises the Cave Creek
study area.

This soil association is characterized as

having deep, gravelly, moderately coarse to moderately fine-
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textured, moderately steep to very steep soils on highly
dissected old fan surfaces.
Precipitation
Average annual precipitation at the San Rafael Valley
study area is approximately 23 inches (records from Coronado
National Memorial), while that for Canelo Hills (records
from Canelo Hills weather station) is 21 inches, and that
for Cave Creek is 18 inches (records from the Santa Rita
Experiment Station)

(Sellers et al., 1985).

The limited

precipitation on the study areas occurs twice a year.

About

half of the annual precipitation falls as rain in the months
of July to September.

This precipitation is generally high

intensity and short duration convectional rainfall storms
that originate from the Gulf of Mexico (Lopes and Ffolliott,
1992).

The remaining precipitation occurs in November

through April.

More often, the precipitation in these

months is rain, although occasionally it is snow at higher
elevations.

And when it does snow, it remains on the ground

for a relatively short time.

Winter precipitation moisture

typically comes from the Pacific Ocean as frontal storms.
Land Use
Livestock was introduced in the woodlands by Spanish
colonists in the sixteenth century (Allen, 1992), and
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grazing practices continue to the present (Gottfried and
Ffolliott, 1993; McClaran et al., 1992; Sanchini, 1981).
About 85 percent of the southeastern Arizona woodlands is
grazed by livestock (McClaran et al., 1992).

The current

management strategy of the USDA Forest Service, the primary
management agency of the study areas, includes sustained use
of livestock forage and harvesting of fuelwood, while
maintaining and improving wildlife habitats (Allen, 1988).
The encinal and pinyon-juniper woodlands have been
harvested for fuelwood since the 1870s for use in mining
activities (Bahre and Hutchinson, 1985).

Current fuelwood

harvesting has not been as extensive as in the early 1900s,
however, but harvesting activities have continued to the
present.

The demand for fuelwood in southeastern Arizona

has increased over the last two decades, prompting the USDA
Forest Service to impose restrictions on fuelwood harvesting
to ensure a sustained supply of fuelwood (Bennett, 1992).
All three study areas, located on the Coronado National
Forest, are managed by the USDA Forest Service for multiple
use and sustained yield.

Hence, besides the management of

the woodlands for grazing and fuelwood supply, the woodlands
also are managed for recreation, wildlife habitat, watershed
protection, and the production of other wood products, such
as fence posts, minor building materials, and Christmas
trees (Ffolliott, 1992).
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Methodology
Field Methods
Physiographic and vegetative variables considered in
this study were selected largely on the bases of previous
studies that were conducted in the encinal and pinyonjuniper woodlands (see literature review).

The following

sections of this report describe how field plots were
allocated according to overlap area, encinal, or pinyonjuniper types, how the plots were established at the study
areas, and what physiographic and vegetative measurements
were taken.
Overlap Area Determination.

Field plots were

established at the study areas and selected data were
obtained on the plots (see discussions below).

Each plot

then was evaluated as to whether it was part of the overlap
area, encinal, or pinyon-juniper types.

This allocation was

based on the calculation of basal area per acre by species
on each sample plot.

Estimates of basal area (BA) per acre

were obtained by multiplying the BAF by the number of "in"
trees (Husch et al., 1982); that is:
BAper acre = 5(n)
where:

n = number of "in" trees.

(1 )
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If the basal area per acre of a type was 80 percent or
greater, of the total basal area estimated, that sample plot
arbitrarily was considered part of that type.

Otherwise,

the plot was considered as part of the overlap area.
Sampling Scheme.

A random starting point was located on

a topographic map for each of the study areas from which a
baseline was laid out.

Parallel transects, 200 feet apart,

were established perpendicularly from the baseline.

Each of

the transects traversed the encinal type, the overlap area,
and the pinyon-juniper type.

The lengths of each transect

varied with vegetation type.
To ensure an unbiased sample along the transects,
randomly spaced points (using a random number generator)
were selected as center points of circular lila-acre plots.
Distances between center points were intervals of 120 feet
or more to minimize plot boundary overlap, and at a maximum
of 250 feet to keep the plots from being too far away from
each other to bypass potential sampling areas.

Centers of

the lila-acre plots also were used as the center points for
a group of five systematically located one-mil-acre plots to
sample regeneration (Figure 2).

The centers of the one-mil-

acre plots were used as soil sampling sites.

The allocation

of sampling plots among the study areas is presented in
Table 2.

Riparian areas, trails and roads, and stream
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, - - - - mil-acre plot to
sample regeneration
and soils

8
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1llO-acre
plot

Figure 2.

Diagram of the sample plots.
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Table 2. Allocation of the number of sample plots among the
encinal, overlap, and pinyon-juniper areas by study
area.
Type
Overlap
Encinal
Pinyon-Juniper
study area
Number of Sample Plots
Total
Distribution of one-tenth-acre sample plots
San Rafael Valley
Canelo Hills
Cave Creek

74
78
43

41
36

50

33

44

32

165
146
120

Distribution of one-mil-acre regeneration sampling plots that
had no evidence of harvesting
San Rafael Valley
Canelo Hills
Cave Creek

29
13
18

21
7
11

16
5
7

66
25
36
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channels were excluded from sampling, because these sites
represented environmental conditions that were not
consistent with the goals of this study.
Physiographic Measurements.

Physiographic measurements

collected on the 1/10-acre plots included slope and aspect,
and soil characteristics.
Slope and Aspect.
10 percent increments.

Slope was measured by a clinometer in
If the slope was less than 5

percent, it was considered as flat surface.
measured by compass (N, NNE, NE, etc.).

Aspect was

Slope and aspect,

when combined into a single potential solar beam irradiation
variable, can be used to index the radiant energy that is
received on a surface (Frank and Lee, 1966).

Potential

solar beam irradiation values were used to determine whether
differences existed among the overlap, encinal, and pinyonjuniper types.

Surfaces with high potential solar beam

irradiation are presumed to have higher soil surface
temperatures and lower soil moisture than surfaces with low
potential solar beam irradiation, influencing the type and
productivity of vegetation that can grow on the area.
Soil Characteristics.

Soil characteristics measured

included surface stoniness, amount of coarse fragments, and
pH.

Surface stoniness was grouped ocularly into three
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classes following a modified classification scheme of
Donahue et ale

(1983):

-Class 1 included surface stones that covered
approximately 1 percent of the plot's surface area (not
stony);
-Class 2 included surface stones that covered up to 15
percent of the plot's surface area (stony); and
-Class 3 included surface stones that covered more than
15 percent of the plot's surface area (very stony).
Each of the 5 soil sampling plots were used for
collecting soil samples for determining the amount of coarse
fragments and pH.

Use of a soil corer was not successful on

stony and very stony plot surfaces, so that soil pits were
dug instead to collect soil samples.

Soil samples were

collected in a 21-cubic-inch container for each of two
depths, 0 to 6 inches and 6 to 12 inches.

These depths for

soil sampling were selected for the study because it was
suspected that root sprouts of oak and juniper trees that
mature originate from these depths (Johnsen, 1962).

The 5

soil samples obtained were composited by depth (Black, 1965)
and brought back to the University of Arizona, Tucson, for
analysis.

The soil samples were air dried in paper bags for

a minimum period of 7 days before analyses were performed.
Percentage of soil coarse fragments based on volume was
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determined by separating fine soils from coarse fragments
(residual soil) using a 2-millimeter sieve, measuring soil
volumes in a graduated flask, and then determining the
percentage of coarse fragments based on the total volume of
the soil sample.

Soil pH was obtained using a pH meter in a

1:1 soil-water solution, which consisted of 10 grams soil
and 10 grams distilled water (Black, 1965).
Soil types were not considered in this study, because
the study areas traversed various soil types and, therefore,
were not quantifiable variables.

As a consequence, soil

types could not be studied on a micro site basis.
Vegetation Measurements.

Overstory data collected were

density measurements (such as number of trees, basal area,
and volume), while regeneration data obtained were counts
and stocking conditions.
Overstory Density Measurements.

Trees were selected for

measurements by applying the point sampling technique (Husch
et al., 1982) with an angle gage with a basal area factor
(BAF) of 5.

The angle gage was targeted at the root collar

of trees from the central point.

The tree then was

determined as a measurement tree or eliminated from the
sample, depending upon whether the diameter at root collar
(drc) was larger or smaller than the viewing angle,
respectively.

The drc's of the sample trees were measured
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(in inches) with a diameter tape.

stumps of harvested trees

that also tallied as "in" trees were measured by species to
reconstruct the original density structures of overstory on
the plots.
The horizontal distance from the tallying point to the
center of the tree (or stump) was measured if it was
doubtful as to the tree being "in" or "out" of the sample,
the tree's drc measured, and the following formula applied
(Husch et al., 1982):
prf

=

k (drc)

where: prf
k

(2)
plot radius factor
constant
33M
12.JBAF

3.9 (in this study).

If the measured horizontal distance from the tallying point
to the center of the tree was less than the prf, the tree
was included in the sample; otherwise, the tree was
excluded.
An equivalent drc (edrc) was used in place of drc when a

mUlti-stemmed tree was encountered.

Edrc was calculated by

(Chojnacky, 1988):
n

edrc

= L (drC i)2
i=l

(3)

49

where:

edrc

=

equivalent diameter at root collar,

n

=

number of basal stems 1.5 inches or
greater, and

drci

=

diameter at root collar of the ith
stem.

DRCs and total heights (in feet) of a sub-sample of
trees were measured on each study area by species.

Drc-

total height curves then were fitted and the relationships
obtained used (ott, 1988; Husch et al., 1982) to localize
the standard volume tables employed in the study.
Regeneration Measurements.

Sample plots without

apparent signs of tree harvesting were used in the analyses
of regeneration.

The reason for including only these plots

was that plots with signs of tree harvesting tended to
confound the regeneration count and stocking, since oak and
alligator juniper frequently sprout after the bole is cut
(Touchan, 1991; Bennett, 1990; Gottfried, 1987; Jameson and
Johnsen, 1964; Johnsen, 1962).

To elaborate, all types of

regeneration (seedling, root suckers, and stump sprouts)
were combined into a single count for the plot.

Hence, the

direct effects of cutting trees on regeneration could not be
determined from the data as collected.

Regeneration by

species was counted using the plot-count method on the onemil-acre plots (Avery and Burkhart, 1994).

Plantlets
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counted on the one-mil-acre plots included root suckers and
seedlings.
The stocked quadrat method (Avery and Burkhart, 1994;
Rusch et al., 1982) also was employed for collecting
information to describe stocking conditions.

This method

involved noting of the presence or absence of at least one
live plantlet (by species) on the one-mil-acre plot.

If a

one-mil-acre plot had at least one live plantlet, then that
plot was considered as stocked by that species; otherwise
the plot was not stocked.
Analytical Procedures
Physiographic Measurements.

Slope and aspect

measurements were combined into a single variable to obtain
a potential solar beam irradiation variable for analysis
(Frank and Lee, 1966).

This variable is expressed as a

ratio of the total annual insolation to the maximum
potential insolation (in langleys) received by a surface.
Soil surface stoniness was assessed (not stony, stony, very
stony) for each 1/10-acre plot and then the total number of
plots were tallied according to area.

Average values were

calculated for percent soil coarse fragments and soil pH,
each according to soil depth and area.
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overstory Measurements.

Three measurements of overstory

density, basal area, number of trees, and volume, at each
sample point were obtained as follows.
Basal Area.

Basal area per acre by diameter class and

species was estimated for each area by (Husch et al., 1982):
BA per acre

=

(trees per acre as determined below)
(BA per tree)

(4)

Total basal area per acre was obtained by summing the basal
area values in each of the diameter classes.
Number of Trees.

The number of trees per acre on one

sample point by diameter class and species was calculated by
the following formula (Husch et al., 1982):
Trees per acre

(trees tallied)
(per acre conversion)

where:

per acre conversion

(5)

BAF
BA per tree
5

BA per tree
Total number of trees per acre was obtained by summing the
number of trees in each of the diameter classes.
Volume.

Volume per acre by diameter class and species

was calculated for each area by:
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Volume per acre

=

(trees per acre)
(volume per tree).

( 6)

Total volume per acre was obtained by summing the volumes in
each of the diameter classes.
As previously mentioned, drc (or edrc)-height curves
developed for the study formed the basis for localizing
volume tables.

The model used for relating drc to height

was:
HT

=

a + b (In dre)

where:

HT
a and b

(7 )

= predicted

total height,

constants for each species per study
area (Appendix A), and

in

natural logarithm.

The calculation of average volume (in cubic feet) of
trees by species involved the use of Chojnacky's (1988)
. equations:
V
V

130
130

where:

+ P1 X + P2 x2

for X ::;; Xo

(8)

+ P1 X + P2/ X

for X > Xo

(9)

V

gross cubic foot volume of wood and bark
from all stems and branches larger than
1.5 inches in diameter

Pi

estimated parameters
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X

Xo

drc 2 (or edrc)2 (HT) / 1,000
value of curve smoothing factor: 4 for oak,
6 for juniper, and 3 for pinyon.

Equation (8) was used for small-sized trees, which had
drc values of less than 16 inches for oak, 20' inches for
juniper, and 12 inches for pinyon.
for larger trees.

Equation (9) was used

Edrc values were used in place of drc for

multi-stemmed trees.

The coefficients for the above

equations are presented in Appendix B.
Regeneration Measurements.

Regeneration counts on each

of the one-mil-acre plots were converted into plantlets per
acre, and then the average regeneration per acre was
calculated from the 5 one-mil-acre plots at each sampling
point.

The number of stocked one-mil-acre plots also was

obtained.

Regeneration counts and stocking were grouped

according to overlap, encinal, and pinyon-juniper areas.
statistical Tests.

Test for homogeneous variances (Ott,

1988) was conducted to determine whether research data from
San Rafael Valley, Canelo Hills, and Cave Creek could be
pooled according to encinal, overlap, and pinyon-juniper
areas.

Tukey's test (Norusis, 1991) was applied to test for

differences of means of physiographic variables among types.
The same procedure also was used to test for mean
differences of overstory variables and regeneration counts
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by species among types.

Tukey's test was selected for use

in this study because of its robust nature of detecting
significant differences between means of selected variables
among the overlap, encinal, and pinyon-juniper areas; and
because the experimentwise error (the expected proportion of
experiments with one or more erroneous inferences when the
null hypotheses are true) was the error rate controlled
(Kuehl, 1993; Hamilton, 1965).
Log-linear analysis (Norusis, 1991) was used to
determine whether soil surface stoniness (a discrete
variable) data could be combined by type (also a discrete
variable) for the study areas.

If combining soil surface

stoniness data across study areas was appropriate, then a
general statement could be formulated about the relationship
between soil surface stoniness and type.

However, if the

analysis revealed that combining the data across study areas
was inappropriate, then Chi-square test was used to evaluate
the relationship by study area.
Chi-square test (ott, 1988) was employed to determine
whether soil surface stoniness was related to the areas.
Results of the test showed how one area type can have a
significantly different number of stony plots compared to
those of another area type or of a different stoniness
class.

Chi-square test also was used to determine whether

differences existed between regeneration stocking among
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types and whether stocking of oak was different from that of
pinyon-juniper in overlap areas.
T-test (Norusis, 1991; ott, 1988) was applied to
determine whether soil pH was different between the overlap
and encinal areas, overlap and pinyon-juniper areas, or
encinal and pinyon-juniper areas.

This test also was

applied to determine whether overstory density measurements
and regeneration counts were different among types.
Regression analysis was applied to determine
relationships between vegetation and physiographic variables
A summary of statistical tests and the variables for which
the tests were applied is presented in Table 3.
Data outliers were removed from analyses if the data
point's standardized residual value was more than three
standard deviations away from zero, which is the
standardized residual mean (Kuehl, 1993; Norusis, 1991; ott,
1988; Jongrnan et al., 1987).
SPSS-PC+ (1992) computer software package was used to
facilitate the statistical computations.

All statistical

tests were evaluated at 10 percent level of significance.
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Table 3. List of statistical procedures and the study
variables to which they were applied.
statistical Test

Variable

Homogeneous variance test

All variables

Test for homogeneous slopes

Potential solar beam
irradiation

Tukey's test

Potential solar beam
irradiation
Soil coarse fragments
Soil pH
Regeneration counts

Log-linear analysis

Soil surface stoniness

Chi-square test

Soil surface stoniness
Regeneration stocking

t-test

Soil pH
Number of trees
Basal area of trees
Volume of trees
Regeneration counts

Regression analysis

Vegetation variables
versus physiographic
variables
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RESULTS AND DISCUSSIONS
Physiography-Type Relationships
For ease of discussion, overlap area may sometimes be
referred to also as a "type" when discussed collectively
with encinal and pinyon-juniper types.

Appendices C to E

present means, standard deviations, and sample sizes of
data.
Slope and Aspect
Sample plots in encinal, overlap, and pinyon-juniper
types were found on a variety of slope and aspect
combinations among the three study areas such that general
tendencies regarding the occurrences of types could not be
deduced from the data.

However, slope and aspect of the

overlap area and the types can be described by study area.
Sample plots at San Rafael Valley were found mostly on
south-to-west aspects (Figure 3a).

The sample plot

distribution among aspects can be attributed to the location
of the study area, which is on the bajadas at the south-west
side of the Huachuca Mountains.

The effect of elevation on

type might have been minimal because sample plots
representing the three types were found within an
elevational range of only 200 feet (5,600-5,800 feet).

It

is suspected that other physical, chemical, or man-caused
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(tree harvesting and livestock grazing) factors, rather than
slope and aspect might have caused the distribution of the
encinal, overlap and pinyon-juniper types at San Rafael
Valley.
Sample plots at Canelo Hills were found on every aspect
except the west-south-west aspect (Figure 3b) because the
study area was located on the east and north-facing slopes
of a hill.

Sample plots in overlap areas were found mostly

on northern and east-to-south aspects, while encinal type
plots were found on north-west-south aspects.

Pinyon-

juniper type sample plots were found generally on northern
and southern aspects.

Sample plots were collected at an

elevation range of only 5,200-5,400 feet; hence, elevation
might have had no impact on the distribution of types in the
area.

Slope angle did not appear to be a factor in the

occurrence of types because the types shared common slopes
on hills on many occasions.

Other factors such as soil

texture, soil parent material, tree harvesting, and
livestock grazing, among others, are suspected also to have
an influence on the occurrence of types.
The study area at Cave Creek was located between two
hills that were relatively steeper than those of San Rafael
Valley and Canelo Hills.
to west.

Both hills were oriented from east

Aspect appeared to have had an influence on the

distribution of types at Cave Creek.

Sample plots in the
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overlap area were more common on the north to east aspects
at Cave Creek, while sample plots in the encinal type were
found generally on the northern aspects (Figure 3c).
Meanwhile, sample plots in the pinyon-juniper type were
found mostly on the north-east-south aspects.

Few study

plots were found on west-facing aspects because the valley
opened eastward from the base of the Santa Rita Mountains
such that the occurrence of west-facing slopes were not
common.

However, only pinyon-juniper type plots were found

on the steep, west-facing slopes.

It appeared that pinyon-

juniper thrived on warm, steep slopes, while oak thrived on
the cool, steep slopes.

Hence, if tree harvesting

operations were conducted in overlap areas located on warm,
steep slopes, pinyon-juniper eventually might dominate the
area.
Potential solar beam irradiation variable was used in
the analysis by combining the effects of slope and aspect.
The overall assessment of results revealed that potential
solar beam irradiation was not a factor in the occurrence of
overlap areas on a regional scale because of the varied
relationships between potential solar beam irradiation and
types within study areas.

Test for homogeneous variances of

potential solar beam irradiation data among study areas
revealed that combining data was inappropriate.

Hence, the
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relationships between potential solar beam irradiation and
type were evaluated by individual study area.
Tukey's test and test for equal slopes of the potential
solar beam irradiation variable revealed no similar patterns
of relationship between potential solar beam irradiation and
type among the study areas (Figure 4).

Potential solar beam

irradiation at San Rafael Valley was not different among the
encinal (mean

=

0.5412), overlap (mean

pinyon-juniper (mean

= 0.5352) types.

=

0.5360), and

Finding no

differences between mean potential solar irradiation values
across types might be explained by the slopes of the study
area which probably offset the effects of aspect on
vegetation.
Potential solar beam irradiation at Canelo Hills was not
different between the overlap (mean
(mean

= 0.4991) types (Figure 4).

= 0.5076) and encinal
But, potential solar beam

irradiation was higher in the pinyon-juniper type (mean
0.5257) than in the overlap and encinal types.

This finding

could indicate that overs tory species in the pinyon-juniper
type might have withstood hotter and drier site conditions
than overstory species in overlap and encinal types (Niering
and Lowe, 1984; Whittaker and Niering, 1965).
Potential solar beam irradiation at Cave Creek was
higher in the overlap area (mean
encinal type (mean

= 0.4770) than in the

= 0.4211) (Figure 4).

Meanwhile,
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potential solar beam irradiation in the pinyon-juniper type
was highest (mean

= 0.5272) among the types.

As mentioned

before, aspect appeared to have had the most influence on
the distribution of the types, since elevation and slope
angle were shared by the types.

Factors such as soil

properties, active management, and other ecological
relationships in combination with aspect also might have an
affect on the distribution of types.
These findings agree with what had been found by Mouat
(1974) in studying the relationships between terrain
variables and encinal, pinyon-juniper, and other vegetation
types in southeastern Arizona.

He found that encinal type,

overlap areas, and pinyon-juniper type existed on a wide
range of slopes, aspects, and potential solar beam
irradiation values.

However, effects of potential solar

beam irradiation could be significant on a site by site
basis, as was found at Canelo Hills and Cave Creek.
Soil moisture availability to plant roots can be the
limiting factor for establishment of species in dry
environments (Gottfried et al., 1994; Gottfried, 1987).
High values of potential solar beam irradiation on a site
suggest hot and dry soil surface conditions (Frank and Lee,
1966).

Callison's (1989) study found that potential solar

beam irradiation was related negatively to the site index of
Emory oak.

He attributed the negative relationship to the
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trees' needs for more water as solar insolation is
increased, causing the trees to use water mainly for
maintenance instead of growth.

Niering and Lowe (1984)

studied vegetation on the south slope of the Santa Catalina
Mountains near Tucson and observed on some sites
"considerable oak mortality within the oak populations,
especially Quercus emoryi."

The authors suspected that oak

mortality might have been related to prolonged drought.
Thus, hotter and drier sites might hinder Emory oak
establishment and growth.
On the other hand, Pinus cembroides and Juniperus
deppeana were found on more xeric sites than Quercus emoryi
(Niering and Lowe, 1984).

Other pinyon and juniper species

also have been known to be well-adapted to dry sites.
Drivas and Everett (1987) studied singleleaf pinyon (Pinus
monophylla) in western Nevada and found that pinyon stomata
closed rapidly to control water loss during drought periods.
Johnsen (1962) studied one-seed juniper in northern Arizona
and reported that this juniper can adapt well to drought
conditions once established.
If land managers were to cut trees in an overlap area
with a high value of potential solar beam irradiation, then
he might expect the species with highest drought tolerance
to dominate the cut area in time.

Consequently, if the

pinyon and juniper species studied by the authors mentioned
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above share similar adaptive mechanisms to drought with the
pinyon and juniper species studied herein, then perhaps
overlap areas with high values of potential solar beam
irradiation that are harvested of trees might experience a
domination of pinyon and juniper species over oak species in
time.
Soil Characteristics
Soil Surface Stoniness.

Overlap areas were found mostly

on sites with soil surfaces that were stony to very stony.
Log-linear analysis of combined data among the San Rafael
Valley, Canelo Hills, and Cave Creek study areas showed that
combining data by type among study areas was inappropriate.
Thus, each study area was analyzed separately in terms of
soil surface stoniness using Chi-square tests to reveal
possible trends.
Chi-square tests revealed that there were more of the
"very stony" plots in the overlap areas compared to those in
the encinal types (Table 4).

On the other hand, there were

more "very stony" plots found in the overlap area than in
the pinyon-juniper types, with the exception of the San
Rafael Valley study area where there was no difference.
Moreover, there were more "stony" plots in overlap areas
than in pinyon-juniper types at San Rafael Valley and at
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Table 4. Distribution of the number of 1/10-acre sample
plots, by stoniness classes, among the encinal,
overlap, and pinyon-juniper types by study area.
Area
Not Stony
San Rafael Valley
Encinal
27a,x
Overlap
26a,x
Pinyon21a,x
Juniper
TOTAL
74

8a,y
34b,x
21c,x

6a,y
14b,y
8ab,y

63

28

11a,x
34b,y
12a,y

8a,y
37b,y
19c,y

57

19

11a,x
4b,x
22c,x

14a,x
15a,y
12a,y

8a,x
24b,y
10c,y

37

41

42

Canelo Hills
Encinal
17a,x
Overlap
7b,x
Pinyon1c,x
Juniper
TOTAL
25
Cave Creek
Encinal
Overlap
PinyonJuniper
TOTAL

Stoniness Classes
stony
Very Stony

Total
41
74
50
165
36
78
32
146
33
43
44
120

Note:
- Numbers with same letters (a,b,c for columns within a
study area; x,y,z for rows) are not significantly
different (Chi-square test at a = 0.10).
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Canelo Hills.

Other relationships between type and soil

surface stoniness, when significant, were site-specific.
A general interpretation of these findings might be that
since overlap areas tend to have higher amounts of soil
surface stoniness than the encinal and pinyon-juniper types,
then overlap areas might remain as overlap areas.

A

possible reason for the occurrence of overlap areas could be
that surface stones might have provided seeds of oak,
pinyon, and juniper with plenty of protected microsites on
which to germinate and grow.

Corvid birds and small

rodents, considered as major dispersers of seeds of trees in
the woodlands (Balda, 1987; Gottfried, 1987), might have
cached seeds of pinyon, juniper, and oak in spaces around
and under the surface stones.

Surface stones also might

have presented plantlets with shade, as well as protection
from being eaten by browsers.

Furthermore, the abundance of

surface stones in overlap areas might have served also as
protection from trampling by large grazing mammals.

Hence,

if trees on a stony-surfaced overlap area were harvested,
then one might expect the overlap area to re-establish
itself in time.
Soil Coarse Fragments.

Results of analyses indicated

that the encinal type and overlap area had higher amounts of
soil coarse fragments than that of the pinyon-juniper type.
But, the amount of soil coarse fragments in the encinal type
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was not different compared to that in the overlap area.

The

following discusses the results of the analysis in more
detail.
Homogeneous variances were detected for soil coarse
fragments at 0 to 6 inches depth for the San Rafael Valley
and Canelo Hills study areas; therefore, pooling of data by
overlap, encinal, and pinyon-juniper types was appropriate.
Tukey's test, however, found no differences in soil coarse
fragments at this depth among the overlap (mean
percent), encinal (mean
(mean

= 36.8

= 3S.2 percent), and pinyon-juniper

= 32.8 percent) types, indicating that the occurrences

of overlap, encinal, and pinyon-juniper types were not
influenced by the amount of soil coarse fragments at these
study areas.

Soil coarse fragments at 0 to 6 inches depth

at Cave Creek were not different between the encinal type
(mean

= 49.7 percent) and overlap area (mean = 44.2

percent), but soil coarse fragments in the pinyon-juniper
type (mean

= 26.7) was lower than that in the overlap and

encinal types (Figure Sa).
Variances were homogeneous for soil coarse fragments at
6 to 12 inches depth among the overlap, encinal, and pinyonjuniper types of San Rafael Valley and Cave Creek.

Tukey's

test found no differences in soil coarse fragments at 6 to
12 inches depth between the overlap (mean
and encinal (mean

= 3S.3 percent)

= 41.0 percent) types (Figure Sb).
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But, less soil coarse fragments at this depth were detected
in the pinyon-juniper (mean

= 25.3 percent) type compared to

those of the former two types.

Soil coarse fragments at 6

to 12 inches depth at Canelo Hills were not different among
the encinal (mean

= 50;2 percent), overlap (mean = 45.6

percent), and pinyon-juniper (mean

= 43.6 percent) types.

Finding no differences in soil coarse fragments at this
depth among types could be explained by the shallow soils at
Canelo Hills, which made soil sampling difficult.
Oaks can be found on rocky slopes (Ffolliott, 1988; USDA
Forest Service, 1987).

On the other hand, Hibbert et ale

(1974) reported that soils that are fine-textured and
shallow usually supported pinyon and alligator juniper.

The

findings of this study support the statements above
regarding soils of oak and pinyon-juniper.

More

specifically, this study found that when some oak and
pinyon-juniper stands were adjacent to each other, oak
dominated on soils with high amounts of coarse fragments,
while pinyon and juniper dominated on soils with low amounts
of coarse fragments.

Meanwhile, the overlap area had

similar amount of soil coarse fragments as that in the
encinal type, but had higher amounts of soil coarse
fragments than that in the pinyon-juniper type.

Perhaps

pinyon and juniper root growth were not hindered by the high
amount of soil coarse fragments in the overlap area, but
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these species might have been the lesser competitor for root
space compared to oak.
Leonard, et al.

(1987) reported that alligator juniper

occurrence in New Mexico apparently were not limited by soil
texture and depth.

Also, Johnsen (1962) studied one-seed

juniper (Juniperus monosperma) in northern Arizona and said
that roots this species were longest in coarse-textured
soils and shortest in fine-textured soils.

If rooting

characteristics of alligator juniper were similar to those
of one-seed juniper, the presence of juniper in overlap
areas might be explained by the juniper root's ability to
grow in coarse-textured soils as well.
Harvesting of trees in overlap areas with high amounts
of soil coarse fragments might induce eventual oak dominance
on the area, while overlap areas with low amounts of soil
coarse fragments might induce eventual dominance of pinyon
and juniper.

However, the threshold of the amount of soil

coarse fragments which might allow one type of species to
dominate a harvested site is not known.
Soil pH.

Sub-samples of soils used in the soil coarse

fragments analysis were used to measure soil pH.

Soil pH in

the pinyon-juniper type was generally higher than that in
overlap area at depths of up to 12 inches.
Test of homogeneity of variances found that soil pH data
at 0 to 6 inches depth could be combined for the Canelo
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Hills and Cave Creek study areas.

Tukey's test revealed

that soil pH at 0 to 6 inches depth was lowest in the
encinal type (pH

=

5.9), followed by the overlap area (pH

6.3), and then the pinyon-juniper type (pH
6a).

=

6.6)

(Figure

Hence, pinyon and juniper species at these study areas

had a tendency to grow on soils that were less acidic
(pinyon-juniper type) than soils on which oak species grew
(encinal type), while the overlap area had an intermediate
soil pH level.

Overlap areas probably will remain where

they are located based on this pH analysis.

The overlap

area appears to be a transition zone wherein a mixture of
oak and pinyon-juniper species can thrive on similar soil pH
levels.

It should be noted, however, that this finding was

based only from two of the three study areas.
Soil pH at 0 to 6 inches depth at San Rafael Valley was
analyzed apart from the other study areas because the data
were from a different population.

Soil pH in the encinal

and overlap types were 6.1 and 6.3, respectively, while that
in the pinyon-juniper type was 6.5 (Figure 6b).

Tukey's

test found no difference in soil pH between the encinal and
overlap types, but soil pH in the pinyon-juniper type was
higher than the former two types.

This finding is

consistent with what was found at Canelo Hills and Cave
Creek.
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Soil pH data at 6 to 12 inches depth from the Canelo
Hills and Cave Creek study areas were combined for analysis.
However, only soil pH data from the overlap area and pinyonjuniper type had homogeneous variances and were tested for
differences of means.
had lower soil pH (pH
(pH

T-test revealed that the overlap area

= 6.1) than the pinyon-juniper type

= 6.4) (Table 5).

This result supports what was found

at depths of 0 to 6 inches at Canelo Hills, Cave Creek, and
San Rafael Valley (discussed earlier) in that the overlap
area had lower soil pH than that of the pinyon-juniper type.
Analysis of soil pH at 6 to 12 inches depth at San
Rafael Valley was conducted separately because of unequal
variance of data with respect to other study areas.

Tukey's

test revealed no difference in soil pH between the encinal
type (pH

= 5.8) and the overlap area (pH = 5.9), but, soil

pH was higher in the pinyon-juniper type (pH

= 6.2) compared

to those in the encinal type and overlap area (Figure 7) .
This finding also is consistent with results discussed above
regarding soil pH in pinyon-juniper types being higher than
those in overlap areas.
Vegetation-Type Relationships
Overs tory
Tables 6 to 8 summarize the means and ranges of values
of overs tory density measurements taken across types by
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Table 5. Statistics table and t-test results for soil pH at
6 to 12 inches depth in the overlap and pinyon-juniper
types of Canelo Hills and Cave Creek.
Statistic
Mean
Standard
deviation
Sample size

Overlap
6.1
0.73

Type
Pinyon-juniper
6.4
0.87

121

76

Note:

*

=

significant at a

0.10

Significance.

*
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o

Encinal

Overlap

Pinyon-juniper

Type
Figure 7. Multiple comparison test (Tukey's test at a =
0.10) results of soil pH at 6 to 12 inches depth among
the overlap, encinal, and pinyon-juniper types using
data from San Rafael Valley study area.
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Table 6. Means and ranges of overstory variables at San
Rafael Valley.
TYPE
Encinal

Overlap

PinyonJuniper

VARIABLE
Nwnber of oak trees/acre
Nwnber of pinyon-juniper
trees/acre
Basal area of oak/acre
Basal area of pinyonjuniper/acre
Volume of oak/acre
Volume of pinyonjuniper/acre

MEAN

RANGE

264.1
11. 9

60.9
0.0

499.5
73.4

75.5
4.2

20.0
0.0

145.0
15.0

595.4
26.6

7.7
0.0

250.3
19.7

91.4
82.0

13.9
14.8

466.7
324.5

34.5
29.8

10.0
10.0

75.0
55.0

290.8
199.9

5.4
5.0

131. 9
117.9

Nwnber of oak trees/acre

10.3

0.0

57.3

Nwnber of pinyon-juniper
trees/acre
Basal area of oak/acre
Basal area of pinyonjuniper/acre
Volume of oak/acre
Volume of pinyonjuniper/acre

134.7

36.6

561.1

4.6
53.8

0.0
25.0

15.0
90.0

38.5
359.5

0.0
9.3

57.9
91. 6

Nwnber of oak trees/acre
Nwnber of pinyon-juniper
trees/acre
Basal area of oak/acre
Basal area of pinyonjuniper/acre
Volume of oak/acre
Volume of pinyonjuniper/acre
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Table 7. Means and ranges of overs tory variables at Canelo
Hills.
TYPE
Encinal

Overlap

PinyonJuniper

VARIABLE
Number of oak trees/acre
Number of pinyon-juniper
trees/acre
Basal area of oak/acre
Basal area of pinyonjuniper/acre
Volume of oak/acre
Volume of pinyonjuniper/acre

MEAN

RANGE

256.5
54.9

58.6
0.0

478.7
229.2

90.6
12.5

30.0
0.0

150.0
30.0

788.8
88.0

18.5
0.0

247.1
202.0

Number of oak trees/acre
Number of pinyon-juniper
trees/acre
Basal area of oak/acre
Basal area of pinyonjuniper/acre
Volume of oak/acre
Volume of pinyonjuniper/acre

106.9
141.6

3.2
10.1

749.2
755.6

32.7
37.0

5.0
10.0

130.0
80.0

306.7
268.1

0.1
2.3

234.7
188.1

Number of oak trees/acre

23.4

0.0

170.1

Number of pinyon-juniper
trees/acre
Basal area of oak/acre
Basal area of pinyonjuniper/acre
Volume of oak/acre
Volume of pinyonjuniper/acre

230.8

48.7

718.4

8.6
62.0

0.0
25.0

155.0
100.0

79.5
433.0

0.0
7.7

299.9
183.5
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Table 8. Means and ranges of overs tory variables at Cave
Creek.
TYPE
Encinal

Overlap

PinyonJuniper

VARIABLE
Nwnber of oak trees/acre
Nwnber of pinyon-juniper
trees/acre
Basal area of oak/acre
Basal area of pinyonjuniper/acre
Volume of oak/acre
Volume of pinyonjuniper/acre

MEAN

RANGE

455.1
67.2

87.0
0.0

1435.0
269.8

122.3
14.4

40.0
0.0

185.0
30.0

1032.7
112.4

25.2
0.0

181. 9
115.5

Nwnber of oak trees/acre
Nwnber of pinyon-juniper
trees/acre
Basal area of oak/acre
Basal area of pinyonjuniper/acre
Volume of oak/acre
Volume of pinyonjuniper/acre

223.6
184.6

21.8
25.6

721. 6
610.1

59.0
48.4

15.0
15.0

145.0
100.0

485.6
395.0

12.7
5.5

452.6
215.1

Nwnber of oak trees/acre

17.2

0.0

66.1

Nwnber of pinyon-juniper
trees/acre
Basal area of oak/acre
Basal area of pinyonjuniper/acre
Volume of oak/acre
Volume of pinyonjuniper/acre

336.1

69.1

1150.4

8.6
104.3

0.0
40.0

30.0
160.0

93.1
806.8

0.0
36.3

56.7
187.6
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study area.

Comparisons of oak versus pinyon and juniper

overstory density measurements within overlap areas were
conducted.

Oak volume apparently was dominant over pinyon-

juniper volume in the overlap areas at San Rafael Valley and
Cave Creek, while oak basal area was greater than that of
pinyon-juniper at San Rafael Valley.

The following

discussion explains in more detail the comparisons.
Pooling of overs tory data between any of the study areas
was not possible statistically such that general statements
about overstory occurrences with respect to overlap,
encinal, and pinyon-juniper types could not be formulated.
Overstory density measurements were analyzed in relation to
physiographic variables by study area using regression
analysis, but no trends by study area in overs toryphysiography relationships were revealed.
Oak density was compared to that of pinyon-juniper in
overlap areas to reveal which species might indicate
dominance in overlap areas.
by individual study area.

The comparisons were conducted
T-test found that oak basal area

and volume were higher than those of pinyon and juniper at
San Rafael Valley (Table 9), but, no differences were
detected between the species groups in terms of number of
trees.

None of the overstory density measurements were

different between oak and pinyon-juniper in the overlap area
at Canelo Hills.

Oak volume was higher in the overlap area
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Table 9. Results of t-tests (a = 0.10) comparing means of
oak and pinyon-juniper overs tory density measurements
in overlap areas by study area.
OVERS TORY SPECIES
Oak
Pinyon-Juniper

Study
Area
SRV

Variable
Nurnber/ac
Basal
Area/ac
Volurne/ac

CH

CC

Mean

SE

n

Mean

SE

91. 4
34.5

7.81
1.72

73
74

82.0
29.8

6.97
1.25

74
74

290.8

14.76

74

200.0

9.67

74

*

Number/ac
Basal
Area/ac
Volurne/ac

106.9
32.7

13.09
2.48

77
76

141. 6
37.0

16.71
1. 84

78
78

NS
NS

06.7

24.93

77

268.1

12.89

78

NS

Number/ac
Basal
Area/ac
Volurne/ac

223.6
59.0

25.70
5.72

43
43

184.6
48.4

22.78
3.14

43
43

NS
NS

485.6

45.63

42

395.0

25.56

43

*

n

Signif.
NS

*

Where:

*
ac
CC
CH
n
NS
SE
Signif.
SRV

=

significant difference between row means at
a = 0.10
acre
Cave Creek
Canelo Hills
number of samples
no significant difference between row means at
a = 0.10
standard error of the mean
significance, and
San Rafael Valley.
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at Cave Creek compared to that of pinyon-juniper, but,
number of trees and basal area between oak and pinyonjuniper were not different.
Species comparisons in overlap areas indicated through
volume and basal area that oak trees were bigger and perhaps
more established (dominant) than pinyon and juniper trees at
the time of sampling.
Regeneration
As previously stated, only those sample plots that
showed no signs of tree harvesting were included in the
regeneration analysis.
Counts.

Overall results of regeneration counts analysis

indicated that oak counts were higher in the encinal type
compared to that in the pinyon-juniper type.

Also, there

were more oak plantlets per acre in overlap areas.

Pinyon-

juniper counts, on the other hand, were not significant
across types.

The following discussion explains more in

detail the findings of analyses.
Tukey's test of combined regeneration count data from
Canelo Hills and Cave Creek indicated that there were more oak
regeneration per acre in the encinal type (mean

= 2,744.4

plantlets/acre) compared to those of the overlap (mean
plantlets/acre) and pinyon-juniper (mean
plantlets/acre) types (Figure 8a).

= 183.3

There was no

= 748.4
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Figure 8a. Multiple comparison test (Tukey's test at a =
0.10) results of oak regeneration counts per acre by
type across the Canelo Hills and Cave Creek study areas
(similar letters on bar graphs depict no differences in
means) .
~

2500

a

0
C\l

....
Q)
Co

2000

II)

'E
;:,
0
0

1500

c:

~
e!
Q)

1000

c:

Q)
C)

~

500

b

~

C\l

0

0

Encinal

Overlap

Pinyon-juniper

Type

Figure 8b. Multiple comparison test (Tukey's test at a =
0.10) results of oak regeneration counts per acre by
type using data from the San Rafael Valley study area
(similar letters on bar graphs depict no differences in
means) .
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difference in oak regeneration between the overlap and the
pinyon-juniper types.

These findings might be attributed to

the abundance of mature oak trees with regenerative
capabilities in the encinal type itself.

Regression

analysis found no general relationship between oak
regeneration and the physiographic variables considered in
this study.

It is suspected that relationships between oak

regeneration and physiographic variables exist, but on a
site-specific basis.
Pinyon-juniper regeneration counts at Canelo Hills and
Cave Creek were not different among the encinal (mean
plantlets/acre), overlap (mean
pinyon-juniper (mean

= 124

= 386 plantlets/acre), and

= 125 plantlets/acre) types.

Regeneration counts at the San Rafael Valley study area
were analyzed separately from the other study areas because
of population differences.
in the encinal type (mean
overlap area (mean

=

There were more oak regeneration

= 1,676 plantlets/acre) and

2,303 plantlets/acre) compared to that

in the pinyon-juniper type (mean
(Figure 8b).

= 150 plantlets/acre)

However, there was no difference in

regeneration between the encinal type and overlap area.

No

difference was found in pinyon-juniper regeneration counts
across types at San Rafael Valley.
Oak regeneration counts were compared with pinyon and
juniper regeneration counts in the overlap areas.

T-test of
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combined regeneration data from Canelo Hills and Cave Creek
revealed that there was more oak (mean
than pinyon-juniper (mean
in the overlap area.
oak regeneration (mean

= 748 plantlets/acre)

= 284 plantlets/acre) regeneration

T-test also found that there were more

= 2,303 plantlets/acre) in the

overlap area at San Rafael Valley than pinyon and juniper
regeneration (mean

= 386 plantlets/acre).

If a higher

number of regeneration counts of a species relative to that
of another species might indicate which species would
dominate a given area in time, then perhaps oak species will
dominate over pinyon-juniper in overlap areas.
Stocking.

Stocking of species was tested for

differences across among types using Chi-square analysis.
Stocking of oak was mainly in the encinal type, while
stocking of pinyon-juniper was found to be higher in the
overlap area and encinal type at one study area.

A more

detailed discussion follows.
Oak stocking at San Rafael Valley was not different
between the encinal type (stocking
area (stocking
type (stocking
10).

=

46%), oak stocking in the pinyon-juniper
8%) was lower than the former types (Table

Stocking of oak at Canelo Hills was more in the

encinal type (stocking
(stocking
16%).

= 42%) and the overlap

= 54%) than those in the overlap area

= 22%) and the pinyon-juniper type (stocking =

However, no difference in oak stocking was found
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Table 10. Regeneration stocking percentages of oak and
pinyon-juniper within types, and Chi-square analysis
(a = 0.10) results comparing number of stocked milacre plots of species across types by study area.
Encinal
Study Area
San Rafael Valley

Species
Oak
Pinyonjuniper

Canelo Hills

Oak
Pinyonjuniper

Cave Creek

Oak
Pinyonjuniper

Type
Overlap Pinyon-juniper
Stocking

(%)

(% )

(% )

42 a
ga

46 a
12 a

8b
6a

Note:
- similar lower case letters across rows depict no
difference in number of stocked plots of a species
across types by study area.
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between the overlap area and the pinyon-juniper type.

Cave

Creek stocking of oak was highest in the encinal type
(stocking

=

49%), followed by the overlap area (stocking

27%), and then by the pinyon-juniper type (stocking

= 3%).

A logical explanation for finding a high concentration of
oak regeneration in encinal types is that there were more
mature oak trees per unit area with regenerative capacities
than in the overlap area and pinyon-juniper type.
Pinyon-juniper stocking was not different among types at
San Rafael Valley and Canelo Hills (Table 10), but there was
higher pinyon-juniper stocking in the overlap area
(stocking

= 13%) and encinal type (stocking = 24%) at Cave

Creek than in the pinyon-juniper type (stocking
itself.

= 6%)

Stocking of pinyon-juniper at Cave Creek between

the overlap area and the encinal type was not different.
This finding might indicate a possible invasion of pinyonjuniper species into the overlap area and encinal type at
Cave Creek.
Oak and pinyon-juniper stocking was compared in the
overlap areas.

Stocking of oak in the overlap area at San

Rafael Valley was almost four times as much the stocking of
pinyon-juniper (Table 11).

Meanwhile, stocking of oak in

the overlap area at Cave Creek was about twice the stocking
of pinyon-juniper.

No differences were detected between oak

and pinyon-juniper stocking in the overlap area at Canelo
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Table 11. Summary of regeneration stocking percentages of
oak and pinyon and juniper within overlap areas by
study area, and Chi-square analysis (a = 0.10) results
comparing relative number of stocked mil-acre plots
between species by study area.
Species
PinyonOak
juniper
Stocking
Study Area
San Rafael Valley
Canelo Hills
Cave Creek

(%)

(%)

Significance

46
22
27

12
17
13

NS

Note:
NS

*

no significant difference
significant difference

*
*
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Hills.

Thus, if high stocking values might indicate

eventual dominance of a species on a given site, then oak
might dominate over pinyon-juniper in overlap areas, as was
found at San Rafael Valley and Cave Creek.
Regression analysis failed to detect general
relationships between stocking and the physiographic
variables studied herein.

Such relationships might exist

but only on site-specific cases.
Management Implications
Physiographic and vegetative relationships presented in
this study provide insight as to which species group (oak or
pinyon-juniper) might be expected to dominate overlap areas
in the future.

The findings of this study can be used by

land managers as a guide for management.

Managers,

hopefully, will be prepared to better manage overlap areas
with respect to the natural development of overstory and
tree harvesting operations.
Harvesting of trees in overlap areas that are located on
steep, south-facing slopes might induce pinyon-juniper
establishment and, as a consequence, dominance over oak,
because pinyon and juniper are better adapted to more xeric
conditions than oak.

Therfore, harvesting operations should

be planned to avoid such sites if oak is the preferred
species for the future.
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If tree harvesting operations are conducted on overlap
areas with stony or very stony soil surfaces, the species
composition of the overlap areas is likely to be retained.
It appears that oak and pinyon-juniper species have an equal
probability of becoming established on these areas.
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CONCLUSIONS
This study investigated how the overlap area between
encinal and pinyon-juniper woodlands in southeastern
Arizona.

Comparisons were made between the overlap area and

the adjacent encinal and pinyon-juniper types in terms of
some selected physiographic and vegetation variables.
Relationships among the variables can be useful to natural
resource managers in planning for strategies that might lead
to successful ecosystem management.
Some physiographic variables were related to type, but
most of these relationships were site specific.

Although

overlap areas were not generally determined by slope and
aspect, pinyon and juniper species are known to have a
higher tolerance to xeric conditions than oak.

Therefore,

overlap areas on warm and steep slopes must be carefully
considered prior to tree harvesting operations because
pinyon and juniper might eventually dominate the cut area.
Soil surface stoniness was found to have some role in
the occurrence of overlap areas.

Therefore, if a manager

wants to have an overlap area re-establish itself after
harvesting of trees on the site, the manager might look for
overlap areas with stony to very stony soil surfaces.
Oak basal area and volume appeared to dominate over
those of pinyon-juniper in overlap areas.

Number of trees

was not different between the species groups.

Hence, oak
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trees could be more mature and established than pinyonjuniper trees.

Therefore, the oaks trees on the overlap

area might have been historically on the fringe of the
encinal domain until pinyon-juniper trees started to
encroach on the same piece of land, rendering the site as
overlap.

But, care must be exercised in interpreting this

finding because the information collected on overstory
density was only a representation of conditions taken at the
time; no long-term data-gathering was involved.
Regeneration counts and stocking of oak in the overlap
area generally were higher than those of pinyon-juniper.
Therefore, oak species might tend to dominate in overlap
areas in time should the overstory be removed.

Caution must

be employed when interpreting this conclusion because
regeneration data gathered were only a representation of
conditions at that time; no long-term monitoring of
regeneration was conducted.
Managers should become aware that tree harvesting
operations in overlap areas located on warm, steep slopes
might induce eventual dominance of pinyon-juniper over oak.
Meanwhile, tree harvesting operations in overlap areas with
stony or very stony soil surfaces might not change the
species composition of the area.

Harvesting of trees in

overlap areas should be carefully planned by managers to
achieve a desired species composition on these areas.
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Specific studies on possible roles of soil nutrients,
tree harvesting, and grazing are needed with respect to the
occurrence of overlap areas between encinal and pinyonjuniper woodlands.

More information about the woodlands

needs to be gathered "and analyzed; the results of which when
combined with the findings of this study, might help land
managers further understand overlap, encinal, and pinyonjuniper types and how to effectively manage them.
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Appendix A. DRC-height equation coefficients (a and b) ,
estimate of error variance (MSE = mean square error),
coefficient of determination (r 2 ), and number of
samples (n) per species per study area.
Site and
Species

r2

n

7.35

0.67

116

6.9

4.80

0.72

143

0.1

8.1

11.52

0.54

34

Oak

0.5

8.1

12.10

0.72

133

Juniper

3.5

5.7

8.45

0.61

161

Pinyon

3.8

5.6

5.78

0.63

40

Oak

2.2

7.7

17.45

0.62

147

Juniper

4.1

6.5

10.70

0.63

138

Pinyon

4.6

5.2

8.71

0.48

38

a

b

Oak

2.3

6.8

Juniper

0.2

Pinyon

MSE

San Rafael
Valley

Canelo
Hills

Cave Creek
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Appendix B. Volume equation coefficients for oak, juniper,
and pinyon.

Species

f30

f31

f32

Oak

-0.068

2.4048

0.1383

Oak

6.571

2.4048

-17.704

Juniper

-0.032

2.1076

0.1454

for X

Juniper

15.675

2.1076

62.827

for X > 6

Pinyon

-0.060

2.5139

0.1466

for X

Pinyon

3.898

2.5139

-7.917

for X > 3

where:

f3i

estimated parameters

X = (drc 2 ) (total tree height) / 1,000

Source:

Chojnacky, 1988

Remarks

for X

~

4

for X > 4
~

~

6

3
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Appendix C. Means, standard deviations (SD), and sample
sizes (n) of research data within the encinal types.
San Rafael Valley
VAR

MEAN

so

psbi 0.5412 0.0124

n

41

Canelo Hills
MEAN

so

Cave Creek

n

0.49910.0463 36

MEAN

so

0.4211 0.0770

n

33

cf6

22.3

12.1

41

53.2

11.8

36

49.7

13.3

32

cf12

20.5

12.4

41

50.2

10.2

36

53.6

15.0

33

ph6

6.1

0.5

41

5.4

0.6

36

6.5

0.5

33

ph125.8

0.4

41

5.4

0.8

36

5.7

0.5

33

o kn urn 2 64 • 1

113 . 1

41

256 • 5

1 07 . 3

36

4 55 • 1

21 7 . 8

31

pjnum

11.9

16.9

41

54.9

64.9

36

67.2

70.3

33

okba

75.5

19.0

39

90.6

33.6

36

122.3

37.9

33

pjba

4.2

5.2

41

12.5

7.5

36

14.4

9.7

33

142.9

39

788.8

293.8

36

1032.7

314.3

33

34.5

41

88.0

57.00

36

112.4

81.3

33

okv 595.4
pjv

26.6

where:
cf12

soil coarse fragments (percent volume) at 6 to 12
inches depth

cf6

soil coarse fragments (percent volume) at 0 to 6
inches depth

okba

basal area of oak (square feet per acre)

oknum

number of oak trees (per acre)

okv

volume of oak (cubic feet per acre)

ph12

soil pH at 6 to 12 inches depth

ph6

soil pH at 0 to 6 inches depth
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Appendix C continued.
pjba

basal area of pinyon-juniper (square feet per acre)

pjnum

number of pinyon-juniper trees (per acre)

pjv

volume of pinyon-juniper (cubic feet per acre), and

psbi

potential solar beam irradiation (as indexed by
actual/potential) .
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Appendix D. Means, standard deviations (SD) , and sample
sizes (n) of research data within the overlap areas.
San Rafael Valley
VAR

MEAN

SO

n

psbiO.5360 0.0240 41

Canelo Hills
SO

MEAN

0.5076 0.0348

Cave Creek

n
33

MEAN

n

SO

0.4770 0.0758

43

cf6 35.2

9.8

41

42.2

12.8

33

44.2

13.1

43

cf12 33.4

12.8

41

45.6

16.4

33

49.1

16.1

43

ph6

6.3

0.5

41

6.2

0.7

33

6.4

0.6

43

ph12

5.9

0.6

41

6.1

0.9

33

6.1

0.6

43

oknum 91.4

66.7

41

106.9

114.9

33

223.6

168.5

43

pjnum 82.0

59.9

41

141. 6

147.6

33

184.6

149.4

43

okba 34.5

14.8

41

32.7

21. 6

33

59.0

37.5

43

pjba 29.8

10.8

41

37.0

16.3

33

48.4

20.6

43

okv 290.8

127.0

41

306.7

218.8

32

485.6

295.7

43

pjv 199.9

83.2

41

268.1

113.8

33

395.0

167.6

43

where:
cf12

soil coarse fragments

(percent volume) at 6 to 12

inches depth
cf6

soil coarse fragments (percent volume) at 0 to 6
inches depth

okba

basal area of oak (square feet per acre)

oknum

number of oak trees

okv

volume of oak (cubic feet per acre)

ph12

soil pH at 6 to 12 inches depth

ph6

soil pH at 0 to 6 inches depth

(per acre)
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Appendix D continued.
pjba

basal area of pinyon-juniper (square feet per acre)

pjnum

number of pinyon-juniper trees (per acre)

pjv

volume of pinyon-juniper (cubic feet per acre), and

psbi

potential solar beam irradiation (as indexed by
actual/potential) .
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Appendix E. Means, standard deviations (SD), and sample
sizes (n) of research data within the pinyon-juniper
types.
San Rafael Valley
VAR

MEAN

so

psbiO.5352 0.0183

n

50

Canelo Hills
MEAN

so

0.5257 0.0343

Cave Creek

n

32

MEAN

so

0.5272 0.0293

n

44

cf6

29.1

10.0

50

38.7

11. 9

32

26.7

13.9

44

cf12

23.3

13.3

50

43.6

12.4

32

27.6

16.8

44

ph6

6.5

0.4

50

6.5

0.6

32

6.6

0.5

44

ph12

6.2

0.5

50

6.5

1.0

32

6.3

0.8

44

oknum 10.3

13.7

50

23.4

33.8

32

17.2

20.8

44

pjnum 134.7

58.6

48

230.8

172.1

32

336.1

150.2

42

okba

4.6

4.4

50

8.6

6.8

32

8.6

9.0

44

pjba

53.8

15.0

50

62.0

21.0

32

104.3

31.2

44

okv 38.5

37.8

50

79.5

64.6

32

93.1

120.9

44

pjv 359.5

100.5

50

433.0

137.5

32

806.8

215.6

44

where:
cf12

soil coarse fragments (percent volume) at 6 to 12
inches depth

cf6

soil coarse fragments (percent volume) at 0 to 6
inches depth

okba

basal area of oak (square feet per acre)

oknum

number of oak trees (per acre)

okv

volume of oak (cubic feet per acre)

ph12
ph6

=

soil pH at 6 to 12 inches depth
soil pH at 0 to 6 inches depth
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Appendix E continued.
pjba

basal area of pinyon-juniper (square feet per acre)

pjnum

number of pinyon-juniper trees (per acre)

pjv

volume of pinyon-juniper (cubic feet per acre), and

psbi

potential solar beam irradiation (as indexed by
actual/potential) .
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