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Preface

As part of the 9th World Forestry Congress, the Food and
Agriculture Organization (FAO) of the United Nations organized
and sponsored an "Expert Consultation on the Role of Forestry
in Combatting Desertification," which was held in Saltillo,
Coahuila, Mexico, from June 24 to 28, 1985. The purpose of the
satellite meeting to the 9th Forestry Congress was to review
and evaluate the state of knowledge and experience in arid zone
forestry from the point of view of its contributions to
combatting the processes of desertification. Background
materials for this satellite meeting included the reports of
five studies that were conducted to show the productive,
protective, and social roles of forestry in the arid zones of
the world. These studies concentrated on the followng regions:

- - North America
- - Latin America and the Caribbean
-- Sudano -Sahelian Regions of Africa
- - Mediterranean and the Near East
- - Asia and the Pacific (including India, Pakistan,

China, part of the Soviet Union, and Australia)

This publication reports the results of the study
conducted in North America, and more specifically, in the
southwestern United States and northern Mexico. As mentioned
in the introduction to the paper, rarely is a study of this
kind complete in assembling all of the relevant information
that is available. Nevertheless, through a review of the
literature, unpublished reports and other materials, and
communications with forests in the region, such an attempt has
been made.

The author of this paper acknowledges the assistance of
FAO in helping to sponsor this study and the permission granted
by FAO to present this study as a separate publication. In
addition, the author wishes to thank Brahim Ben Salem, FAO,
Rome, Italy, for his technical assistance, and Judith D.
Hasbrouck, School of Renewable Natural Resources, University of
Arizona, for her editorial assistance.
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INTRODUCTION

Arid zone forestry programs in North America are largely
implemented in the southwestern United States and northern
Mexico. Here, forest resources are exploited by people for a
number of wood products, including fuelwood, building
materials, and food stuffs; and, perhaps of equal importance,
these forest resources have non -consumptive values in range,
watershed, and wildlife conservation. Arid zone forestry
management has gained attention in recent years, not only in
North America but throughout the world, because of the
potential of forestry in the orderly sustainable development of
arid lands, especially the rural areas, and in combatting the
desertification of these dry regions.

The arid zone forestry programs in North America generally
are less "intensive" than the forestry programs in the higher
elevation, commercial montane forests. Nevertheless, as
demands for wood products, domestic livestock grazing,
agricultural crop production, and rural and urban development
increase, there is a recognition of the necessity to implement
well -conceived programs to manage the arid zone forest
resources on a long- term, sustained yield basis and,
importantly, in a multiple use context throughout the region.
Otherwise, these increasing demands for commodity goods and
amenities cannot be satisfied adequately.

The purpose of this paper is to review and evaluate the
state of knowledge and experience in arid zone forestry in
North America. Rarely is a paper of this kind complete in
assembling all the relevant information that is available.
However, through a review of published documents, unpublished
reports and other materials, and personal communications with
foresters in the region, such an attempt has been made, as
presented below.

EXTENT, DISTRIBUTION, AND CHARACTERISTICS OF THE REGION

A number of biotic communities in the southwestern United
States and northern Mexico have been considered in reviewing
the state of knowledge and experience in arid zone forestry.
Specifically, the region of focus is the area between 26 and 38
degrees N Latitude and 103 and 118 degrees W Longitude, as
shown in Figure 1. This area coincides with that delineated by
Brown and Lowe (1980) in a published map of the biotic
communities in the region.
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Figure 1. -- Region of focus for this study (Brown and
Lowe 1980).
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The region is located primarily in Arizona and New Mexico,
USA, and Baja California del Norte, Mexico; however, it also
includes large portions of Sonora and Chihuahua, Mexico, and
California, Nevada, and Texas, USA; and small portions of Baja
California del Sur and Coahuila, Mexico, and Utah and Colorado,
USA. Although this area is restricted somewhat geographically,
the land management practices in the biotic communities found
in the region are representative of important arid zone
forestry activities in North America.

Biotic communities within the region that support trees,
shrubs, and more generally, woody perennials with current or
potential value in forestry are the vegetative types to which
this paper is addressed. These biotic communities, described
in detail by Brown (1982), include woodland and scrub
formations, and, to a lesser extent, the desertscrub formation.

Major emphasis in this paper has been placed on the
woodland formation, where most of the arid zone forestry in
North America occurs. However, some attention also is directed
toward the scrub formation, specifically, in describing the
extent, distribution, and characteristics of biotic communities
in the formation with potential in arid zone forestry. Little
time will be spent on the desertscrub formation, except to
mention, where appropriate, the role of "key" woody plants,
such as species of the Prosopis genus, in forestry practices.

The biotic communities reviewed are:

Woodland Formation

-- Great Basin Conifer Woodland

- - Madrean Evergreen Woodland

-- Californian Evergreen Woodland

Scrub Formation

-- Great Basin Montane Scrub

- - California Coastalscrub

- - Californian Chaparral

-- Interior Chaparral

- - Sinaloan Thornscrub

3



Desertscrub Formation

-- Great Basin Desertscrub

-- Mohave Desertscrub

-- Chihuahuan Desertscrub

-- Sonoran Desertscrub

Descriptions of the climate, physiography, plant and
animal resources, past and present land practices, and forestry
problems in the biotic communities of the woodland formation
also are presented below. The biotic communities in the scrub
formation are briefly described, because of their potential in
arid zone forestry. However, detailed descriptions for the
desertscrub formation are not presented, as these biotic
communities have little forestry value.

Much of the information for the descriptive summaries that
follow has been obtained from Brown (1982) who, in turn,
reviewed and summarized nearly one thousand references on the
biotic communities of the southwestern United States and
northern Mexico. A number of supplementary references also
were reviewed in preparing these descriptions, however.

Great Basin Conifer Woodland

This predominantly evergreen woodland is characterized by
the dominance of two conifers, juniper (Juniperus spp.) and
pinyon (Pinus spp.). These trees, which rarely exceed 12 m in
height, are spaced openly, except at higher elevations where
interlocking crowns create a closed overstory. The shorter,
bushier junipers are more prevalent than pinyons, although
either species can occur in pure stands. The pinyon -juniper
woodland, as this biotic community more generally is called, is
simple in age and density structure.

The pinyon -juniper woodland, one of the most extensive
vegetative types in the southwestern United States and northern
Mexico, covers 162,500 km2 and is centered in the Great Basin.
It extends southward through Colorado, Utah, Nevada,
California, Arizona, and New Mexico, into northern Baja
California del Norte, as illustrated in Figure 2. The entire
pinyon- juniper woodland in western North America occupies
between 194,250 and 323,750 km2, with specific estimates of
distribution being dependent upon criteria employed in
delineating the type.
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Climate

Annual precipitation amounts in the pinyon -juniper
woodland range from 250 to 500 mm, with recorded extremes of
180 and 560 mm. Although sparse, this rainfall is more or less
evenly distributed throughout the year. Winter precipitation
frequently occurs as snow in higher elevations. Nearly 70
percent of the annual precipitation falls during the late fall
and early winter.

A unifying climatic feature of this woodland is the
relatively cold winter minimum temperatures. Freezing
temperatures are recorded about 150 or more days a year,
restricting the establishment of evergreen oaks and other forms
of woodland vegetation which requires warmer temperatures.

Physiography

The pinyon- juniper woodland is located between 1,500 and
2,300 m, although, depending on aspect, it also can be found at
elevations ranging from almost 1,000 to over 2,700 m. This
woodland attains its greatest structural development on mesas,
plateaus, piedmonts, slopes, and ridges.

For the most part, the habitats are rocky, with thin soils
predominating. Soil parent materials are volcanic, sedimentary,
and granitic. The physical and chemical properties of these
soils are variable. Typically, junipers grow at lower
elevations than do pinyon, and they normally occupy the deeper
soil sites.

Plant Resources

Several species of juniper can dominant the woodland
overstory. Rocky Mountain juniper (J. scopulorum) is a major
tree in the higher elevations in Colorado, northern New Mexico
and Arizona, and more locally in Nevada and Utah. In western
Colorado, northwestern New Mexico, northern Arizona, Nevada,
Utah, and eastern California, Utah juniper (J. osteosperma)
becomes more common. One -seed juniper (J. monosperma) is
prevalent in western Texas, central and southern New Mexico,
and much of central Arizona, as is the closely related J.
california in southern California and Baja California del
Norte.
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Throughout the woodland, Rocky Mountain pinyon (P. edulis)
is the common pinyon, except where it is replaced by
single- needled pinyon (P. monophylla) in the western portions
of the region. Four -leaved pinyon (P. quadrifolia) becomes
more dominant in Baja California del Norte. Not listed in the
plant resources of the pinyon -juniper woodland are are
alligator juniper (J. deppeana) and Mexican pinyon (P.
cembroides). Although frequently present, both trees generally
are considered to be species of the Madrean Evergreen Woodland,
where they occur in communities of oak and oak -pine.

The principal contact with the pinyon -juniper woodland,
particularly in the central and eastern areas, is grassland.
Here, a variety of grasses and grass -like plants, forbs, cacti,
and shrubs abound in parks and savanna -like mosaics. The
openness of these landscapes depends, in large part, upon soil
type, range history, and land condition.

Junipers and, to a lesser extent, pinyons, have invaded
large areas of former grassland. Relatively complex herbaceous
communities, some of which have value as forage for domestic
livestock and wildlife species, are found throughout these
"invaded" grasslands. Over the years, many attempts have been
made to "reclaim" these lands by clearing the pinyon -juniper
overstories in a variety of range improvement programs.

Intermingling with adjacent biotic communities that are
higher and lower in elevation further complicates the
vegetative structure of the pinyon- juniper woodland. Upslope
contact is generally montane coniferous forest, while
desertscrub typically is found below the woodland strata.

Animal Resources

Only a relatively few vertebrates are closely tied to or
center their home ranges in the pinyon -juniper woodland.
However, the woodland furnishes seasonal habitats to a large
number of more adaptable and, therefore, more widely
distributed wildlife species. Mule deer (Odocoileus hemionus)
and elk (Cervus elaphus), two important big game animals, are
among the latter. Additionally, a rich diversity of non -game
birds are found in the woodland.

Domestic livestock, including cattle, sheep, goats, and
horses, utilize the forage resources of the woodland
(Springfield 1976). Grazing by domestic livestock is seasonal
(in the winter) or yearlong, depending upon the availability of
surrounding forage.

7



Past and Present Land Management

Many early Native American settlements were located in and
adjacent to the pinyon -juniper woodland. Reasons for the
selection were many. The climate was agreeable and
comfortable, the growing season was long enough for many types
of agricultural crops, and there was an abundance of fuelwood
for cooking and heating (Lockwood 1932, Randles 1949, Young and
Budy 1979). The same pattern of settlement continued during
the Spanish explorations, which depended upon the woodland for
fuelwood, building materials, and food stuffs. Additionally,
the Spaniards used wood from juniper and pinyon trees as
fencing for their domestic livestock.

With the coming of the American pioneer, after 1840, there
were additional demands for the woodland products. More
fencing material was needed to control expanding herds of
domestic livestock, and more fuelwood was required to supply
the expanding population. The demand for fuelwood continued
until the railroads reached the region, coal mining increased,
and fossil fuels became available. However, in the past 15
years, the demand for fuelwood has increased once again in the
pinyon -juniper woodland, due largely to the rising costs of
fossil fuels in the 1970's.

Only in the past 75 years has serious consideration been
given to the protection of the pinyon -juniper woodland from
wildfire, disease, and insects, and to the management of the
woodland to ensure more continuous yields of products and
benefits (Clary et al. 1974, Everett 1987). Over the years,
ranchers in the region have shown interest in removing pinyon
and juniper trees to increase forage production for domestic
livestock consumption. Consequently, range improvement
programs have been implemented on large areas, particularly in
the southwestern United States.

Coupled with range improvement programs, the removal of
the woodland overstory has been recommended to increase water
yield. But, as discussed in this paper, water yield
improvement through the removal of pinyon and juniper trees has
met with inconsistent and, generally, insignificant results.
Consequently, intensive watershed management for water yield
improvement is not practiced in the pinyon -juniper woodland.

Forestry Problems

In assessing the future of the biotic community for the
production of wood, it must be recognized that much of the
pinyon -juniper woodland has been heavily cut in the past.
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Considering the relatively low market values (other than for
fuelwood) for pinyon and juniper wood products in many portions
of the region, the woodland often has been thought of as a
stock resource, rather than a flow resource (Barger and
Ffolliott 1972). Until recent years, a need to manage the
pinyon -juniper woodland in a "renewable" context was not
expressed by its users.

Problems encountered in intensifying the practice of
forestry in the woodland are embedded largely in the long
rotation periods involved in its management. Juniper and
pinyon trees inherently are slow growing in comparison with the
higher elevation, commercial montane coniferous species. In
addition, the irregular form of these trees frequently limits
their usefulness for many primary wood products.

Until the early 1980's, the pinyon -juniper woodland had
been considered a stock resource that would be exhausted over
time in a particular area. However, this feeling is changing.
Attempts by land management agencies currently are underway to
manage the pinyon -juniper woodland under long -term,
sustained -yield for multiple benefits (Everett 1987).

Madrean Evergreen Woodland

Dominant trees in this mild winter -relatively wet summer
woodland are evergreen oaks (Ouercus spp.), generally 6 to 15 m
or more in height, and junipers and pinyons in varied
proportions. The woodland is an open overstory of woody
perennials, especially at its lower elevations. This biotic
community is composed wholly or partially of oaks at lower
elevations and mixed oak -pine woodlands at higher elevations.
Discussion in this paper is centered on the oak woodland, also
termed encinal woodland, from the Spanish designation to
describe evergreen woodlands that are wholly or partially of
oaks.

The encinal woodland is concentrated in the Sierra Madre
Occidental of Mexico, from where it reaches northward into
southeastern Arizona, southwestern New Mexico, and Texas, as
outlined in Figure 3. In aggregate, the encinal woodland
covers approximately 80,300 km2, although delineation of this
biotic community is difficult as inconsistent criteria of
classification have been employed.
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Climate

Annual precipitation in the woodland exceeds 400 mm, of
which 200 mm falls during the growing season of May through
August. Annual precipitation extremes are from 330 to over
1,000 m. Only the lower precipitation zones are characterized
by arid zone forestry practices.

Freezing temperatures are rare in the southern portions of
the woodland, but they increase to an average of almost 125
days in its northern limits.

Physiography

The encinal woodland is found in the foothills, bajadas,
barrancas, and sierras of the Sierra Madre Occidental and its
outlying mountain ranges, and in the lower elevations of the
mountain ranges in southeastern Arizona and extreme
southwestern New Mexico. In elevation, it occurs between 1,200
and 2,200 m.

Structural development of the woodland is determined, to a
large extent, by soil type and depth. It commonly is located
along drainages, on rocky slopes, and on other thin -soiled
habitats. Distinct patches of encinal woodland species often
are surrounded by subtropical deciduous forests, a mosaic
pattern that is attributed to variations in soil type (Goldberg
1982) .

Plant Resources

A large variety of oaks are found in the encinal woodland
of the Sierra Madre Occidental. Chihuahua oak (Q.
chihuahuensis) is commonly the first oak encountered at the
lowest elevations. To the north, Mexican blue oak (Q.
oblongifolia) is found at the lowest elevations. Other
evergreen oaks are Emory (Q. emoryi), Q. albocincta, and
Arizona white (Q. arizonica). Also, deciduous oaks, including
Q. chuchiuchupensis and Santa Clara (Q. santaclarensis), are
found in intermixture.

Among the oaks in the mountainous regions of southeastern
Arizona, southwestern New Mexico, and Texas are Emory, Arizona
white, Mexican blue, and gray (Q. grisea). Silverleaf oak (Q.
hypoleucoides) and netleaf oak (Q. rugosa) are found in the
intermediate elevations.
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Numerous herbaceous plants grow beneath the overstory of
the encinal woodland (Eyre 1980). However, while some plant
species increase with grazing by domestic livestock, the usual
result of over -grazed encinals is the destruction of ground
cover, resulting in bareness.

The lower contact of the woodland generally is with
grassland and, occasionally, desertscrub. At its northern
limits, the biotic community occurs above or within the drier,
interior chaparral. Its contact in the south is with
subtropical deciduous forest or thornscrub.

Animal Resources

The encinal woodland is a principal biotic community for
the white -tailed deer (Odocoileus virginianus) and the Mexican
grizzly bear (Ursus arctos). A variety of other large and
small mammals also are well represented. Various gallinaceous
birds are found in the woodlands. An assortment of non -game
birds make the woodland attractive to naturalists.

Cattle, goats, sheep, and horses graze on many rangelands
in the encinal woodland on a yearlong basis.

Past and Present Land Management

The history of this biotic community parallels, quite
closely, that of the pinyon -juniper woodland. However, in many
locales, settlement in the encinal woodland occurred several
years after the time of settlement in the pinyon -juniper
woodland (Lockwood 1932). The more mountainous topography in
the encinal woodland (relative to the pinyon -juniper woodland)
was partially responsible for this delay.

To the extent possible, people utilized, and continue to
use, the encinal wood resources for fuelwood, fencing,
miscellaneous building purposes, and food stuffs (Bahre and
Hutchinson 1984).

Although an important rangeland in many areas, the encinal
woodland has not been subjected to large -scale range
improvement programs. Similarly, water yield improvement
through vegetative management rarely is practiced. For both
land management purposes, the returns generally do not justify
the required expenditures.
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Forestry Problems

Little attention has been directed toward intensive forest
management in the encinal woodland. The long rotation period
that characterizes the trees in this biotic community is
undoubtedly a major reason. The poor form of the trees also
precludes their widespread use. With increasing demands for
fuelwood, however, systamatic management plans are now being
formulated by several land management agencies (Ffolliott and
Hasbrouck 1988).

Californian Evergreen Forest and Woodland

Of the three woodland series in this biotic community, the
lower elevations of one, the mixed hardwood series, contains an
encinal woodland. The diverse group of plant associations in
this woodland is restricted to the interior side of the coastal
mountain ranges in California. In essence, it is absent from
the mountains of Baja California del Norte.

Climate

Annual precipitation ranges from 300 to nearly 400 mm in
the lower encinal woodland of the Californian Evergreen Forest
and Woodland. Typically, rainfall occurs in the
"Mediterranean" pattern of October through April. The growing
season is yearlong.

Physiography

The encinal woodland of this biotic community is
restricted to moist, relatively cool sites within sheltered
valleys and foothills in the region, at elevations between 60
and 1,050 m. Only rarely does the woodland face the sea.

Plant Resources

Canyon oak (Q. chrysolepis) and coast live oak (Q.
agrifolia) are common participants in the encinal woodland and
occur more or less throughout. Natural hybridization between
the evergreen oaks (in particular, Q. agrifolia and Q.
wislizenii) is common (Griffin 1980). There is considerable
contact with the chaparral associations at higher elevations.

13



Animal Resources

Few vertebrate species appear to be restricted to this
biotic community. Mammalian inhabitants, of which there are
many, include both forest and tree- requiring animals. A
variety of non -game birds also inhabit the area.

Past and Present Land Management

Intensive land management, including forest exploitation,
seldom is practiced, However, because the biotic community
occupies important watershed areas which are subject to
occasional (but severe) burning, fire prevention activities and
protection programs are common.

Forestry Problems

Forest exploitation is minimal, therefore, forestry
problems also are minimal. However, fire prevention activities
and protection programs require continual attention. A
potential to harvest limited quantities of fuelwood does exist.

Great Basin Montane Scrubland

This biotic community is largely a deciduous scrubland,
although evergreen elements are regularly present and, at
times, can dominate locally. The physiognomy is that of a
thicket, from 1 to 6 m in height, which can present a dense
"chaparral" appearance or be relatively open. This scrubland
is found throughout the foothills and mountains of Utah,
Nevada, and New Mexico. It also is prevalent in southwestern
Colorado, where it intermingles with the pinyon -juniper
woodland.

Considering the relatively high elevations at which the
scrubland occurs, between 2,300 and 2,750 m, precipitation is
low. Annual precipitation is 380 to 525 mm, and it occurs more
or less throughout the year. Winter temperatures commonly are
freezing or below, and, in some years, the growing season is
less than 100 days. Soil development generally is poor.

Throughout much of its range, the dominant plant species
is a shrub form of Gambel oak (Q. gambelii). Other important
species include mountain- mahogany (Cercocarpus montanus),
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cliffrose (Cowania mexicana), greenleaf manzanita
(Arctostaphylos patula), New Mexican locust (Robinia
neomexicana), and buckbrush (Ceanothus fendleri). Sagebrush
(Artemisia tridentata), rabbitbrush (Chrysothamnus
viscidiflorus), and serviceberry (Amelanchier alnifolia) also
are well represented in many areas.

This scrubland is an important habitat type for mule deer
and a number of other vertebrates. However, only a few
non -game birds are considered indigenous species.

Much of this biotic community has been subjected to heavy
grazing by domestic livestock. As a consequence, grasses often
are scarce, and when present, they are low in nutritive value.
Currently, little forestry is practiced, although a limited
potential exists to convert the woody biomass in the area into
fuel.

California Coastalscrub

Much of the former distribution of this scrubland has been
cultivated or urbanized. Nevertheless, occasional remnants
still are found on the lower slopes of coastal mountain ranges,
mostly in southern California. Many of the plant species are
drought deciduous, low shrubs, 2 m in height. However, in its
less arid northerly environments, increasing evergreenness
becomes apparent.

Most of the California Coastalscrub receives less than 300
mm of annual precipitation, making it significantly drier than
the higher chaparral communities. The greatest proportion of
the precipitation falls during the period from October to
April. High summer temperatures are recorded over the 300 to
600 m elevational band of this biotic community. Soils tend to
be relatively shallow.

Characteristic plant species include sagebrush, a variety
of sages (Salvia spp.), and sumac (Rhus integrifolia).
Occasionally, California scrub oak (Q. dumosa),
mountain -mahogany, and cherry (Prunus ilicifolia) are found as
widely- spaced individuals.

Many of the plant species readily sprout following
burning, which is common; this, coupled with the general
abundance of herbaceous vegetation facilitates rapid recovery
after fire. On better sites, recovery can take as little as 10
years, but on poorer sites, recovery takes much longer.

This scrubland is considered to be the ecological center
for several mammals and birds. It also provides suitable
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habitats for a number of species adaptable to adjacent biotic
communities.

Currently, the California Coastalscrub is not being
managed for forestry, although once again, the limited woody
biomass available has a theoretical potential as an energy
source.

Californian Chaparral

Chaparral is the primary vegetation in southern California
and much of northern Baja California del Norte, where it covers
extensive mountain and foothill landscapes. Shrub heights
range from 1 to more than 3 m, but the physiognomy is uniform.
Nearly 900 species of vascular plants are associated with this
biotic community.

Similar to most chaparral areas in the world, Californian
Chaparral is found in a "Mediterranean" climate, with cool,
relatively wet winters, and a hot, dry growing season. Annual
precipitation on the more arid sites, below 1,750 m in
elevation, varies from 300 to 380 mm, with three- fourths of
this precipitation occurring from October through April. The
periodic six -month dry period coincides with high temperatures,
which further accentuates the seasonal drought. Chaparral
grows on a variety of geologic parent materials, but reaches
its best development on deeply fractured and weathered, coarse -
grained soils. On the steeper slopes, erosion rates are high.

Among the major chaparral plant associations, each of
which exhibits a unique species composition, are the chamise
series, the ceanothus series, the manzanita series, and the
scrub oak series (Conrad 1987). Of these, the latter is
unimportant in areal extent.

The chamise series is characterized by nearly pure stands
of chamise (Adenostoma fasciculatum), with minor amounts of
ceanothus, manzanita, sage, and California scrub oak.
Ceanothus can occur as essentially pure stands in the ceanothus
series, or as a co- dominant with chamise, California scrub oak,
or toyon (Heteromeles arbutifolia). The less extensive
manzanita series contains pure stands of manzanita, although
associations with chamise, ceanothus, and mountain- mahogany
also are found.

Californian Chaparral is the evolutionary center for a
large number of vertebrates, many of which are uncommonly found
elsewhere. Among these are a number of small mammals. Some
species of non -game birds are confined to this biotic
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community, while others are as equally at home here as in other
representative areas of the scrub formation.

Because of its importance as watershed cover in high
erosion -risk areas, the Californian Chaparral has been the
subject of a number of comprehensive studies, many of which
have been reviewed by Hanes (1977). However, little work has
been directed toward the development of forestry activities.
Nevertheless, the woody biomass contained in this biotic
community could be a potential source of energy.

Interior Chaparral

Chaparral is also an important biotic community in Arizona
and northern Mexico. Two centers of distribution are the
mid -elevational ranges in central Arizona and the "bufas" and
sierras of eastern Chihuahua and western Coahuila. Interior
Chaparral, like Californian Chaparral, is characterized by a
closed or moderately open growth of relatively uniform height,
between i and 3 m. Furthermore, many of the plant species are
disjunctive counterparts of those in Californian Chaparral.

Annual precipitation exhibits wide variations, although
open chaparral communities may develop on as little as 300 to
350 mm. Most of the precipitation falls as rain. In contrast
to the Californian Chaparral, precipitation in Interior
Chaparral is bimodal, with significant (but irregular) amounts
falling during a summer monsoon. Interior Chaparral occurs
mainly between 1,050 and 1,750 m in elevation, with stands
extending higher on drier and warmer slopes. Soils tend to be
poorly developed.

Shrub live oak (Q. turbinella) is the most widespread
chaparral species in Arizona and in most instances, the common
dominant. Occasionally in pure stands, this species more
generally is associated with mountain- mahogany, sumac, and
ceanothus. Less frequently, but of local importance are
buckthorn, cliffrose, rosewood (Vauquelinia californica), and
olive (Forestiera neomexicana). Manzanita also is found,
particularly at higher elevations.

Because of their remoteness, less is known of the
"Coahuilan Chaparral" species. However, a frequent dominant is
Coahuila scrub oak (Q. intricata). Others species include
Vasey oak (Q. pungens) and, less commonly, pringle oak (Q.
pringeli).

Although Interior Chaparral shares a number of plants and
animals with Californian Chaparral, their separation by the
desertscrub formation has resulted in important differences.
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Several mammals indicative of Californian Chaparral are absent
in Interior Chaparral. Their respective "niches" in Interior
Chaparral are filled, instead, by other wide -ranging species.
Nesting non -game birds are the more general scrub - adapted
animal species.

Because of its high accessibility and relatively gentle
terrain, lower chaparral sites have been, and continue to be,
heavily grazed by domestic livestock (Hibbert et al. 1974).
This biotic community also has been subject to water yield
improvement practices involving the conversion of chaparral to
grasslands. The potential of converting some chaparral species
to liquid fuels has been explored (Davis et al. 1984).

Sinaloan Thornscrub

Sinaloan Thornscrub, a tropical- subtropical scrubland,
covers much of southern and southeastern Sonora. The basic
structure and composition of the lower elevational, more arid
locales is drought deciduous, often thorny, multi -trunked trees
and shrubs, between 2 and 7 m in height. This biotic community
can contain as many as 1,600 to 2,000 perennial plants per ha.

Annual precipitation is 300 to 500 mm at its lower
elevational range, and as low as 230 mm along the coast.
Three - fourths of this rain falls during the July through
September growing season. Plant growth is slowed during the
driest months of April and May. Sinaloan Thornscrub is found
at sea level to over 900 m in elevation. Its primary residency
is on low hills, bajadas, mesas, and lower mountain slopes.
Additionally, it currently occupies lowland valleys, where it
has invaded former grassland. The biotic community develops
over a relatively wide range of soil conditions.

Information on plant resources is scanty. However, among
the more common tree constituents are several species of acacia
(Acacia spp.), ironwood (Olneya tesota), palo verde (Cercidium
sonorae), ocotillo (Fouquieria macdougalii), and mauto
(Lysiloma divaricata). Shrubs include lippia (Aloysia
palmeri), hackberry (Celtis pallida), brittlebush (Encelia
farinosa), liber bush (Jatropha cariophylla), and coyotillo
(Karwinskia humboldtiana). Cacti also are prevalent.

Sinaloan Thornscrub hosts a number of endemic animals,
such as mule deer, white -tailed deer, bobcat (Felis rufus
baileyi), and jaguarundi (F. yagouraroundi). A variety of
small mammals and avian species also are found in this
relatively unstudied biotic community.
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Domestic livestock graze forage resources in the Sinaloan
Thornscrub, particularly in the more open communities of the
plains and valleys. With the exception of limited cutting of
fuelwood, forestry activities are minimal.

GOALS FOR ARID ZONE FORESTRY

It is difficult to present a comprehensive picture of the
forest management emphasis that responsible administrators
place on the arid zones of North America. The goals of public
and private land managers concerned with deriving benefits and
satisfactions from the natural resource mix that characterizes
these woodlands and scrublands are not always the same.

The public land managers generally are more interested in
preserving benefits for future generations; this may require
land management practices which are based upon more than
limited business economics. On the other hand, the managers of
private land may make decisions based largely upon relatively
short -term profit motives that commonly are related to limited
forest products and uses. As might be expected, goals are
established to reflect intermediate viewpoints.

Objectives

Considering the arid zones in North America collectively
in terms of objectives, forest management is directed largely
toward a principle of multiple use of the forest resources.
Land managers recognize the need to develop the potential of
the region to produce a variety of wood products, including
miscellaneous building materials, poles and posts, materials
for boxes and crates, and most importantly, fuelwood. New
technologies also are evolving to further increase the
capabilities of the arid zones to furnish high quality wood
resources for a variety of needs.

In the past, it was common to "mine" the forest resources
of the region, rather than to consider them as renewable
resources. A feeling existed that the relatively "low- valued"
forest resources could be sacrificed without a plan for
replenishment to increase forage production, to improve
watershed conditions, and to enhance wildlife habitats.
However, in more recent years, there has been a recognition
that, with diminishing wood resources and increasing demands
for wood products, this situation must change (Everett 1987,
Ffolliott and Hasbrouck 1988).
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Land managers generally have adopted a viewpoint that
management planning must be structured to guarantee a continual
flow of benefits and to ensure long -term use of the forest
resources in the arid zones. Furthermore, because these lands
typically are used for multiple benefits, land management must
be oriented toward achieving a balance among all of the uses to
which the region is placed. Therefore, a prevailing objective
of forest management is to manage the wood resources on a
long -term, sustained yield basis within a multiple use concept.

Institutions Involved

A number of institutions are involved in the management of
forest resources in the arid zones of North America, both in
the southwestern United States and northern Mexico. Among
these institutions are land management agencies, which are
responsible for the implementation of management practices, and
educational and research institutions, which provide training
and research inputs to the management activities. Some of
these institutions are identified in the following paragraphs.

Land Management Agencies

Most of the arid lands in the southwestern United States
are under some form of federal ownership or trusteeship.
Therefore, it is not surprising that the land management
agencies involved in the arid zones are federal, including the
Forest Service of the Department of Agriculture and the Bureau
of Land Management of the Department of the Interior. The
Bureau of Indian Affairs, also in the Department of the
Interior, assists tribal councils in the management of lands on
reservations.

Approximately one - fourth of the arid zones in the
southwestern United States is owned by the states in the
region. The land management departments within these states
are charged with the management of the natural resources in
their jurisdictions. A branch of the Forest Service of the
Department of Agriculture, called State and Private Forestry,
provides technical assistance to the land management
departments in the states. Only a small fraction of the arid
lands in the southwestern United States are privately owned.
However, when desired, these land owners can obtain technical
asistance from federal or state land management agencies.

The Subsecretary of Forestry (Subsecretaria Forestal) in
the Secretariat of Agriculture and Hydraulic Resources
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(Secretaria de Agricultura y Recursos Hidraulicos) is
responsible for the management of forest resources in the arid
zones of northern Mexico. Two branches in the Subsecretary of
Forestry, one for protection (Direccion de Proteccion) and the
other for promotion of forest management (Direccion de
Fomento), coordinate the management of the forest resources on
these lands.

Within the states of nothern Mexico, forestry progams are
administered by trained foresters (Jefe del Programa Forestal).
Further, the states are sub- divided into "zones," each of
which has a director that is charged with the coordination of
federal and state activities. Similarly, the management of
forest resources on land that has been allocated to a village
(ejido) for farming and grazing is coordinated with federal and
state programs.

Educational and Research Institutions

Curricula and research on the management of forest and
other natural resouces in the arid zones are conducted by a
number of institutions in the southwestern United States.
Among these universities are Texas Tech University, New Mexico
State University, the University of Arizona, Northern Arizona
University, and the University of California at San Diego. The
University of Arizona has established a "dryland forestry"
program in the College of Agriculture. This program is
oriented toward the education of foresters to work in the arid
and semi -arid zones of the southwestern United States, northern
Mexico, and elsewhere in the world.

An internationally recognized institution for research of
arid zones is the Office of Arid Lands Studies, also located in
the College of Agriculture at the University of Arizona. This
institution conducts basic and applied research on a broad
range of topics that relate to the management of natural
resources in arid regions.

Research programs also are conducted by the Forest Service
of the Department of Agriculture. Its research branches in the
region, the Rocky Mountain Forest and Range Experiment Station,
the Pacific Southwest Forest and Range Experiment Station, and
the Intermountain Forest and Range Experiment Station, carry
out basic and applied research programs on many topics related
to arid zone forestry. In addition, cooperative research is
undertaken by the research branches of the Forest Service and
many of the universities. Other research programs of
importance in the region are sponsored by the National Science
Foundation, the National Academy of Science, the National
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Aeronautics and Space Administration, and the Man and the
Biosphere (MAB) Program.

Among the institutions that offer curricula and research
programs of the management of natural resources in the arid
zones of northern Mexico are the Universidad Autonoma Agraria
"Antonio Narro," the Universidad Autonoma de de San Luis
Potosi, the Universidad Autonoma de Nuervo Leon, and the
Colegio de Postgraduados de la Secretaria de Agricultura y
Recursos Hidraulicos, Chapingo. Specialty training on the
management of natural resources also is provided at other
educational institutions in the region.

Active participants in research programs include the
Subsecretary of Forestry in the Secretariat of Agriculture and
Hydraulic Resources, the Secretariat of Human Settlement and
Public Works (Secretaria de Asentamientos Humanos y Obras
Publicas), the National Council of Science and Technology
(Consejo Nacional de Ciencia y Tecnologia), and the National
Arid Zones Commission (Comision Nacional de las Zonas Aridas).

Orientation and Context of Major Program Activities

In recent years, a number of major programs oriented
toward better management of the forest resources in the arid
zones of the southwestern United States and northern Mexico,
have been initiated. These programs, whose activities are both
national and binational, have been undertaken in recognition 'If
the need for more intensive, comprehensive arid zone forestry
practices in North America.

The Forest Service of the Department of Agriculture has
begun an intensive investigation of the silviculture and the
utilization potentials of the pinyon -juniper woodland in the
southwestern United States. As part of this investigation,
studies are being designed to determine reproduction and growth
requirements, growth and yield patterns, and rotation periods
for a range of wood products. Formulation of this program was
in response to increasing fuelwood demands placed on the
pinyon -juniper woodland.

The University of Arizona, in cooperation with the Forest
Service, has started to explore the possibilities of managing
the encinal woodland for sustained yield production of
fuelwood. Specifically, attempts to identify silvicultural
treatments that shorten the interval between fuelwood harvests
are being made. Methods of reproduction also are under study.
Again, this effort is being supported because of increasing
pressures being exerted on this biotic community.
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The Secretary of Forestry in the Secretariat of
Agriculture and Hydraulic Resources also has intensified its
research programs, especially those emphasizing the management
of forest resources in the arid zones of northern Mexico.
Topics of research include the synthesis of improved methods of
multiple resource inventories, techniques of reforestation and
afforestation, and management and utilization of introduced
plant species.

The Forest Service of the Department of Agriculture,
United States, and the Subsecretary of Forestry in the Ministry
of Agriculture and Hydraulic Resources, Mexico, are seeking
ways to expand cooperative research, management, and extension
programs under a binational agreement between the two land
management agencies. These programs have involved the further
development of multiple resource inventories, the initiation of
growth studies, and the study of fire as a management tool. In
addition, cooperative educational programs are encouraged, in
areas such as the use of forest products, evaluation and
protection of forest resources, and forest economics.
Technology transfer mechanisms also are exchanged.

A binational program between the United States and Mexico
has evolved from the effort to combat desertification in the
two countries. Under the auspices of an agreement reached in
1979, the two governments are undertaking joint planning,
program design and implementation, and supporting activities in
a range of fields that relate to the conservation of the
natural resources in the arid zones of the southwestern United
States and northern Mexico. Among the topical fields are the
wise use of soil and water, the proper utilization of flora and
fauna in arid and semi -arid regions, and, importantly, the
management of forests, watersheds, and rangelands. Provisions
are made for the exchange of scientific and technical personnel
and infomation, cooperative research and demonstration, the
organization of training courses and symposia, and
participation by other governments, and regional and
international organizations.

The management of natural resources in arid zones is a
major area of concern to the Man and the Biosphere (MAB)
Program of the United Nations Educational, Scientific, and
Cultural Organization (UNESCO). Therefore, as part of the MAB
Program, the United States and Mexico are cooperating in a
binational program of research and education entitled,
"Comparative Studies of Dry Forests of Western North America."
A principal objective of this program is to determine and then
implement the most appropriate balance of natural resource
conservation and utilization practices for the "dry forest"
ecosystems under consideration. In particular, studies of
undisturbed, scientifically managed, and over -exploited forests
and woodlands are designed to provide comparative information
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on the consequences of alternative systems of forest
management.

EXPERIENCES AND RESULTS OBTAINED

The following sections of this paper are concerned with
forestry activities in the pinyon -juniper and encinal
woodlands. It is in these woodlands that arid zone forestry in
North America is practiced mostly. However, to present as
complete a documentation as possible, information relating to
the practice of arid zone forestry in the biotic communities of
the desertscrub formation also is summarized to the extent that
is allowed by the literature.

By far, most of the experiences and results obtained from
studies on arid zone forestry in North America are focused on
the pinyon -juniper woodland. A relatively large body of
information is available to characterize the production,
conservation, processing, and evaluation of this important
biotic community. This knowledge has largely been generated
through experiences in the southwestern United States (Everett
1987) .

On the other hand, quantitative information to describe
the production, conservation, and processing and utilization of
the encinal woodland is incomplete. However, as a need for
sustainable forestry in this biotic community has become
evident in recent years, a few preliminary sources of
descriptive information are available (Ffolliott and Hasbrouck
1988) .

Little "forestry- oriented" information is available to
describe the production, conservation, processing, and
utilization of the tree and shrub species in the biotic
communities of the desertscrub formation, although some efforts
currently are being directed toward this need.

Production

In the following paragraphs, the natural vegetation in the
arid zones of the southwestern United States and northern
Mexico that has value in forestry is summarized in terms of
stand, stocking, and growth characteristics of the biotic
communities involved. Important management objectives for tree
and shrub species also are presented. In addition, general
management practices have been outlined for agro- forestry
systems, sylvo- pastoral management, afforestation, and
shelterbelt and windbreak plantings. The importance of
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wildlife resources and the role of national parks, wildlands,
and biosphere reserves in the management of natural resources
in the arid region of North America also are reviewed.

Natural Woody Vegetation

Stand characteristics in the pinyon -juniper woodland vary
considerably (Barger and Ffolliott 1972, Everett 1987, Lymbery
and Pieper 1983, Paulsen 1975, Tausch et al. 1983, Tueller et
al. 1979). Tree density varies, over much of the biotic
community, from scattered individuals to several hundred stems
per ha. Depending upon the age and density characteristics of
the stand, volumes can range from less than 2 to over 100 m3
per ha. Extrapolating volume to an area basis, the
pinyon -juniper woodland contains approximately 1.45 billion m3.
Irregular stem forms (including sweep, crook, and forking)
generally characterize the woodland species. Throughout most
of the woodland, juniper trees outnumber pinyon trees.

Growth in the pinyon -juniper woodland is relatively slow
(Barger and Ffolliott 1972, Everett 1987, Meeuwig 1979, Meeuwig
and Cooper 1981a, Meeuwig and Cooper 1981b). Depending upon
the site productivity, and stand age and density
characteristics, growth is reported to range from 0.25 to 0.50
m3 per ha, which converts into an annual growth rate (on most
sites) of less than one percent. The rate of growth, expressed
as a percent, is greatest in smaller pinyon and juniper trees
(stems less than 30 cm in diameter), although the volume of
wood accumulation is greatest in larger stems. Natural
mortality exceeds the accretion in many areas.

Consdering the pinyon -juniper woodland as an entity, the
objectives of land management have been directed toward forage
production, wildlife habitat, watershed protection (and, to a
lesser degree, water yield improvement), and recreation.
However, while the tree species comprising the woodland are of
less commercial value than the "sawtimber" trees of the higher
elevation, commercial montane forests, these trees do represent
an extensive forest resource, and one that has been under
intensified demands in recent years (ffolliott and Clary 1984).

From the standpoint of wood products, increasing attention
is being given to the pinyon -juniper woodland as a potential
source of raw material for paper, particleboard, extractives,
charcoal, and fuelwood. Estimates of potential energy
equivalents in the fuelwood resources of the pinyon -juniper
woodland, ranging from 950 to 1,250 trillion kcal, are the
highest in the arid zones of North America (Ffolliott et al.
1980). However, land management practices aimed at improving
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the potentials to recover standing biomass and residues for
energy must be designed to maintain a balance among all the
natural resource management objectives on these lands.

Source information to describe the stand, stocking, and
growth characteristics of the encinal woodland is limited
(Ffolliott and Hasbrouck 1988). However, based on woodland
inventories in southeastern Arizona, tree density (of Quercus
spp. only) ranges from only a few, scattered trees to over 150
per ha. Applying a "localized" composite volume table as the
basis, volumes in the encinal woodland are 2 to nearly 65 m3
per ha. On an areas basis, total volume in the encinal
woodland is estimated to be 620 million m3. Relatively small,
often multiple- stemmed, irregularly formed trees are found in
the encinal woodland.

The encinal woodland grows slowly, rarely exceeding 0.25
m3 per ha, which is equivalent to an annual growth rate that is
less than one percent. Typically, growth is relatively fast
throughout the early and into the middle stages of development.
However, as the trees become older, natural mortality increases
to the point where net growth is negligible.

Many of the encinal woodlands continue to be managed and
used as in the past, although demands for the natural resources
have intensified. Grazing remains an important use and the
biotic community is receiving heavier recreational pressure
(especially hunting and related recreational activities) than
in previous years. Trees are being harvested (at increasing
rates) for fuelwood, poles and posts, and a number of
miscellaneous products and purposes. Therefore, land
management objectives are evolving to encompass all of these
demands. In the encinal woodland, as in other areas, the trend
of multiple use is practically irreversible.

Much of the information on stand, stocking, and growth
characteristics of the trees and shrubs in the biotic
communities of the desertscrub formation relates to the
Prosopis genus. Species of the Prosopis genus are found on two
kinds of sites in the southwestern United States and northern
Mexico: dry uplands and lower flood plains. On dry uplands,
these trees generally develop into small, multi - stemmed shrubs.
However, dense stands of large, straight- stemmed trees, often
60 to 90 cm in diameter, occur on lower flood plains.

It is on these latter sites where the greatest forestry
potential is found. Unfortunately, estimates of tree density
are incomplete and, therefore, difficult to summarize, because
of the great variability in the stands. However, on an areal
basis, total volumes of species of the Prosopis genus are
estimated to vary between 125 and 165 million m3.
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Growth of the species of the Prosopis genus is extremely
slow, with annual growth rates averaging less than 0.5 percent.
Most of this accretion is found in the larger trees. The
amount of natural morality is unknown.

Until recent years, species of the Proposis genus and
other tree and shrub species in the biotic communities of the
desertscrub formation have been regarded as "valueless,"
especially in the southwestern United States. As such, they
frequently have been removed to increase the production of
associated forage resources; in fact, this was a primary
objective of land management in the desertscrub formation until
recent years. However, this situation is changing.

Because of their increased use as fuelwood and their
potential use in a variety of other ways (Dahl 1982, Nabhan
1984), species of the Prosopis genus (and particularly, the
trees growing on the lower flood plain) are currently being
managed on many sites to provide a more or less continuous
supply of wood. Even with this increased recognition of their
forestry potential, the objectives of land management in the
desertscrub formation are oriented toward multiple benefits.

Under a principle of long -term, sustained yield
management, and assuming that the growth data presented earlier
are accurate, the amount of wood that can be annually harvested
from the arid zone of North America is estimated to be 115 to
235 million m3. Theoretically, through harvesting this amount,
the "capital" of the wood resources in the region would not be
depleted. However, whether or not this level of exploitation
can ever be achieved will depend, in large part, upon the
development of a proper "conservation ethic" in the management
of these biotic communities.

The techniques of management in the region, considering
all of the natural vegetation that has value in forestry, are
dictated largely by the objectives of management. A variety of
methodologies have been used in nursery propagation, care and
protection, silvicultural treatments, harvesting and
utilization practices, and multiple use management (Aldon and
Loring 1977, Barger and Ffolliott 1972, Everett 1987, Ffolliott
and Hasbrouck 1988, Gifford and Busby 1975, McDonald 1980).
However, explicit "procedural guidelines" generally are not
available. Rather, management techniques evolve from practical
experiences.

Instead of detailing the techniques of management here,
these techniques will be described in terms of their topical
applications in the sections of the paper to follow.
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Agro- Forestry

Agro- forestry is a relatively new word but not a new
concept. It is a name for a collection of land use systems in
which woody perennials (trees, shrubs, etc.) are grown
deliberately on the same land where agricultural crops are
grown, domestic livestock are grazed, or where there are
combinations thereof, in either spatial arrangements or
temporal sequences. On fertile lands, intensive agro- forestry
can support dense populations. However, agro- forestry can be
important in sustaining the productivity of "marginal" lands
with soil fertility and soil moisture problems, and where it is
necessary for people to produce most of their own basic needs.

Agro- forestry encompasses a number of land use systems
long -practiced in the arid zones of the world. Unfortunately,
a complete enumeration of these systems, as implemented in
North America, has not been made. However, these agro- forestry
systems can be classified into three categories: agro-
silvicultural (agricultural crops and woody perennials),
sylvo -pastoral (woody perennials and domestic livestock), and
agro- sylvo- pastoral (agricultural crops, woody perennials, and
domestic livestock). A listing of agro- forestry systems in
these categories include:

Agro- Silvicultural Systems

-- Trees with perennial agricultural crops

-- Trees for organic matter and mulch, with annual
agricultural crops

- - Tree in live fences

- - Shelterbelts and windbreaks (discussed below)

-- Trees as support for climbing agricultural
crops

- - Shifting cultivation systems

Sylvo- Pastoral Systems

-- Trees in pasture

-- Pasture in natural forest or woodland

-- Trees lopped for fodder

-- Trees utilized for browing
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Agro- Sylvo- Pastoral Systems

-- Man -made forest or woodland, with agricultural
crops and pastures

Agro- foresty provides a number of goods and services.
Depending upon the situation, it can produce fuelwood and a
variety of other raw materials from trees or shrubs for local
sale. It also is possible that agro- forestry will increase and
improve the production of food. Agro- forestry can protect and
even enhance the soil's productive potential. Importantly,
agro- forestry can improve social and economic conditions by
creating jobs and income, and reducing financial risks.

As mentioned above, knowledge of agroforestry systems in
the arid zones of North America is incomplete. It is
difficult, therefore, to provide a complete description of
agro- forestry in terms of the plants and plant combinations
used. Fortunately, the International Council for Research in
Agro- forestry (ICRAF), located in Nairobi, Kenya, is compiling
a "directory" on this topic.

Trees and shrubs that are indigenous to the biotic
communities in the arid region of the southwestern United
States and northern Mexico are common woody plant components of
agro- forestry systems. Introduced woody perennials, including
a variety of fruit trees, with known value and performance also
have been incorporated into other systems. Field testing and
evaluation, as conducted by the Plant Materials Center in the
Soil Conservation Service of the Department of Agriculture,
Tucson, Arizona, for example, is continuing in an effort to
find still more woody plant species that can be utilized in
agro- forestry.

Quite possibly, the greatest potential for improving
agro- forestry systems lies in the virtually unexplored field of
genetic improvement of multi -purpose trees and shrubs.
Selecting the species and varieties that are best adapted to
intended purposes and site conditions is being investigated.
Tree breeding (crossing plants to combine desired
characteristics) also is under study. Hopefully, the results
of this work will advance the use of agro- forestry in the arid
zones of North America.

Agricultural crops and combinations of crops that are used
in agro- forestry systems are numerous. Maize, barley, wheat,
sorghum, and other cereal grains are some. Also, a variety of
vegetable crops, often grown in intermixture, can be
components. On drier sites, water harvesting practices
frequently are coupled with agro- forestry; in this case, the
options of agricultural crops are greatly increased.
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For the most part, native forage species are found in the
pastures of the regions. However, seeding of introduced
species and varieties often is practiced on the better sites to
improve the level of forage production. Also, rangeland
rehabilitation commonly is prescribed to increase the amount of
forage available to domestic livestock which, in turn,
increases the carrying capacity of the land.

Comparative data to measure the level of production that
is associated with agro- forestry systems are unavailable for
the arid zones in North America. Studies currently are being
formulated to obtain this kind of information, however. A
system of "demonstration plots" is being established at the
University of Arizona, to provide comparative data sets on
relatively "simple" agro- forestry systems (Fowler and Ffolliott
1986). Similar investigations also are being conducted at
other educational and research institutions in the region.

Technologies of improved agro- forestry in the southwestern
United States and northern Mexico are evolving, due largely to
the high interest in this integrated form of land management.
But, these technologies need refinement and on -site validation
before they can be incorporated into operational programs.

Information is required on a range of diverse
agro- forestry topics, including alley cropping, improved
fallows, live fences, contour hedges, mulch production with
tree species, and fodder production. Some efforts to generate
this knowledge are underway, but programs of research must be
strengthened in both the United States and Mexico.
Unfortunately, too little communication occurs among foresters,
agronomists, range managers, and sociologists in the
development of agro- forestry technologies. This constraint
must be removed to fully appreciate the potentials of
agro- forestry in the arid zones.

Sylvo -Pastoral Management

Of particular importance in the arid zones of North
America is sylvo- pastoral management, or more simply, range
management that is practiced in ecosystems that support woody
plants. That range management is inseparable from arid zone
forestry cannot be denied on large areas in the southwestern
United States and northern Mexico. It is important, therefore,
that conflicts in land use between the production of domestic
livestock and wood production be resolved to "optimize" the
joint production of both.
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The sylvo- pastoral system practiced most widely in the
region is that involving grazing land in natural forests and
woodlands. However, the use of multi -purpose trees and shrubs
for fodder and browsing also is important. Therefore, efforts
to further this agro- forestry practice are underway.

As mentioned above, the principle species of domestic
livestock that are raised on the arid rangelands of North
America are cattle, sheep, goats, and horses. It is estimated
that nearly 8.5 million cattle, 1.9 million sheep, and 1.7
million goats graze on these rangelands annually; estimates of
the number of horses that graze the rangelands are unavailable
(Downing and Ffolliott 1983). However, the composition of the
herds in the southwestern United states differs markedly from
that in northern Mexico. A predominance of cattle is found in
the former, while cattle, as well as a high proportion of sheep
and goats graze in the latter. To a large degree, these
differences are attributed to differing economic and
socio- cultural orientations in the two countries.

The forage resources in the arid zones of the southwestern
United States and northern Mexico are valuable to the domestic
livestock that graze these rangelands. Important nutrient
constituents (including digestible protein, lipids, phosphorus,
and carotene) are satisfied through the consumption of native
and introduced grasses, grass -like plants, forbs, and shrubs
(Abdullahi 1981, Johnson et al. 1983, Merrill and Taylor 1981,
Otsijina et al. 1982, Rumbaugh et al. 1982, Sours 1983).
However, at the same time, inverse relationships frequently
exist between the forage resources and the density of trees and
shrubs on these rangelands. As the production of one natural
resource increases, the production of the other generally
decreases, with the magnitude of the "tradeoff" dependent, in
large part, upon the inherent site quality (Everett and Koniak
1981, Ffolliott and Clary 1982, Hennessy et al. 1983, Johnsen
and Elson 1979, Perez -Garcia 1980, West et al. 1979, Yavitt and
Smith 1983). Therefore, when range rehabilitation is
implemented to increase the level of forage production, the
tree and shrub resources normally are affected adversely.

On large areas of rangeland, especially in the
pinyon -juniper woodland, efforts have been undertaken to
convert the woodland to grassland (or nearly grassland
conditions) by control or removal of the tree and shrub
overstory. It has been estimated that over 725,000 ha of
pinyon -juniper woodland has been converted to grassland in
Arizona alone (Ffolliott et al. 1979). Most of this conversion
occured before the 1970's.

Control methods by which trees and shrubs are killed can
be classified as mechanical, chemical, and burning. Cabling
has been the most common mechanical method of control, although
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chaining, bulldozing, and hand chopping and sawing also are
employed. Tree -killing chemicals (for example, 2,4, -D,
2,4,5 -T, and picloram) have not been used widely, because the
trees and shrubs are resistant somewhat to many herbicidal
treatments. Burning ordinarily does not afford a high degree
of site selection, but it can be effective in certain
situations (Ahlstrand 1982, Bruner and Klebenow 1979, McGinty
1980, Wright et al. 1979, Young 1983).

Forage production has increased, several -fold on many
areas, once the tree and shrub overstory has been removed
(Clary and Jameson 1981, Gibbens 1983, Herbei et al. 1983,
Hessary and Gifford 1979, McDaniel et al. 1982, Morton et al.
1979, Neff 1980, Rippel et al. 1983). For example, pinyon -
juniper rangelands that produced forage levels of 250 to 300 kg
per ha before the removal of the trees and shrubs yielded
increases of 100 to 200 kg per ha following their conversion to
grassland (Clary et al. 1974). However, the question of
whether or not the sacrifice in wood resources warrants the
conversion can be answered only through an assessment of
comparative values for these natural resources. It generally
has been found that some combination of forage and wood will
"optimize" the joint production function.

Other range rehabilitation methods that are carried out in
the arid zones in North America include broadcast seeding,
fertilizer application, and construction of devices (fences,
stock tanks, etc.) to ensure more uniform distributions of the
domestic livestock.

Some rangelands also can be improved through modifications
of the grazing systems in use. Deferred, rotation, or
short -duration systems of grazing can increase the carrying
capacity of many ranges without seriously impacting the
production of wood. Range rehabilitation programs (when
necessary) should be geared to the potential of the area to
respond either to modified grazing management to improve the
range condition or to manipulation of the tree and shrub
overstory to increase forage production, as mentioned above.

All factors considered, one of the better uses of
ecosystems in the arid zones of the southwestern United States
and northern Mexico is to provide forage to the domestic
livestock that graze these areas. Situated between the lower
elevation desert and the higher elevation, commercial montane
forests, these ranges often hold the key to balancing domestic
livestock numbers and forage resources in the region
(Springfield 1976). However, the possibilities for improving
these ranges within the framework of achieving multiple
benefits from the land have not been explored fully (Box 1981).
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A sylvo- pastoral management practice that holds promise in
the arid region of North America is to plant multi -purpose
trees and shrubs, although to date, extensive trials of
promising species have not been conducted in the region.
However, experiences from arid zones in other regions of the
world suggest that some of the native trees and shrubs in the
southwestern United States and northern Mexico could provide
multiple benefits, including fodder or browse for domestic
livestock. Studies also have shown that a number of these
species have potential for fuelwood, food, and fiber (Johnson
et al. 1983, Jones et al. 1980, McGinnies 1979, McGinnies and
Johnson 1980).

One multi -purpose species of note is mesquite (Prosopis
luliflora), which is native to North America. An excellent
tree for fuelwood, mesquite's fleshy pods are eaten by domestic
livestock and can be ground into flour for human consumption
(Dahl 1982, Nabhan 1984). It is a relatively fast growing tree
(or shrub) which, in a 15 -year rotation, yields 75 to 100 t per
ha (National Academy of Sciences 1980).

Other species of the Prosopis genus, species of the Acacia
genus, and species of other indigenous genera (palo verde
(Cercidium floridum), for example) also have value in providing
fodder and browse for domestic livestock.

Afforestation

The term afforestation is applied strictly to situations
where the goal is to plant areas previously devoid of trees.
The term reforestation normally is used when areas that once
supported forests are replanted with trees. In either case, the
large -scale planting of trees and shrubs in arid zones is
absent in the southwestern United States and only undertaken on
selected sites in northern Mexico.

Because of the limited afforestation in the region, a
listing of species to plant has little meaning. Nevertheless,
a relatively small (and unknown) number of pinyon and juniper
trees and species of the Prosopis and Acacia genera are grown
in nurseries in the southwestern United States for out -
planting. In northern Mexico, pine (P. aleppo, P. halenpensis,
and P. cembroides), and species of the Prosopis and the Acacia
genera have been planted, with moderate to good success
obtained. A number of other tree and shrub species potentially
are suitable for planting (National Academy of Sciences 1980,
National Academy of Sciences 1983), assuming a proper site is
selected for the afforestation operation.
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Methods of seed collection, handling, and storage are not
standardized in the region. As a result, the "parentage" and
quality of the seeds frequently are unknown. Fortunately, the
establishment of these procedures for important tree and shrub
species that grow in the arid zones of North America has been
initiated by the land management agencies involved. The Food
and Agriculture Organization (FAO) of the United Nations has
prepared working manuals for important arid zone species that
are either native or adapted to the region (Doran et al. 1983,
Ffolliott and Thames 1983).

Nurseries in the region that furnish stock for planting on
arid sites are both governmentally and privately operated. The
governmental nurseries, managed by the land management agencies
in the region (including the Forest Service of the Department
of Agriculture, the Bureau of Indian Affairs of the Department
of the Interior, and the Subsecretary of Forestry in the
Secretariat of Agriculture and Hydraulic Resources) provide
stock for planting on federally owned and "trust" lands. In
addition, planting stock is made available to private land
owners for specific land reclamation purposes. A relatively
high level of quality control (in the sowing, care, protection,
storage, packaging, and transportation of seed) is maintained
in the operations of the governmental nurseries, where trained
nursery workers are employed.

Small privately operated nurseries also provide planting
stock, principally to private land owners at a cost. The level
of quality control in these nurseries often is unknown,
although, because of a profit motive, it is generally high.
However, the source of the seeds and the manner by which they
are collected, handled, and treated, are not specified always.

Nurseries grow both bare -root and container planting
stock. The survival of tree seedlings that are grown in
containers generally is greater than bare- root seedlings.
Furthermore, it is possible to plant container stock during
periods of the year when bare -root stock cannot be planted.
Therefore, a trend in the region has been to produce
increasingly greater numbers of container stock, with less
numbers of bare -root stock.

Due to the limited practice of afforestation, site
preparation techniques have not been developed fully. However,
in general, site preparation on lands in arid environments (as
compared to humid climates) is complicated and, at times,
costly.

It often is necessary to consider massive treatments (such
as deep plowing or the construction of terraces) to hold the
limited water from precipitation. Other, less intense,
treatments include furrows, trenches, pits, or berms that are
constructed along the contours. In very dry areas, it can be
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necessary to install water harvesting systems, in which surface
runoff from a larger catchment area is diverted onto a smaller
area, where the trees or shrubs are planted.

On severely eroded lands that are heavily gullied,
extensive site preparation often is required. Soil
conservation structures, including gully plugs, rock dams, and
temporary brush dams, can be planned. Preparation of these
sites may have to precede tree planting by several years in the
most severe cases.

Much of the planting of trees and shrubs is done by hand
methods. Because of the relatively limited afforestation in
the arid region of North America, the use of highly mechanized
planting techniques is not always economical. Trucks, wagons,
and other vehicles generally are employed to haul the stock to
the planting site, where holes are dug and the trees or shrubs
are planted, either by nursery workers or the private land
owners. Whenever possible, the time of planting is chosen to
coincide with anticipated precipitation events. However,
following planting, additional watering can become necessary,
which can increase the costs of an afforestation program.

Information on rotation periods and subsequent yields of
afforestation programs is lacking. Models of rotations and
yields in man -made pinyon- juniper woodlands and the encinal
woodlands are being formulated, but (as previously mentioned)
afforestation is not an extensive forestry practice in these
biotic communities. Studies that relate to rotations and
yields of species in the Prosopis and Acacia genera have only
recently been initiated.

Shelterbelts and Windbreaks

With little afforestation in the region, the establishment
of shelterbelts and windbreaks also is not a widely practiced
forestry activity in the arid zones of the southwestern United
States, although linear plantations are more common in northern
Mexico. Perhaps, the most common use of barriers made of trees
and shrubs is to reduce the velocity of winds across fields of
agricultural crops.

A variety of trees and shrubs are planted in shelterbelts
and windbreaks, although a complete listing of these species
has not been prepared. Among the native and introduced species
that are planted are those of the Prosopis genus, the Acacia
genus, the Tamarix genus, the Eucalyptus genus, and other
genera that exhibit a resistance to the force of winds and have
strong tap roots and dense, uniform crowns.
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Agricultural crops that are protected by the shelterbelts
and windbreaks include a variety of cereals, fodder crops, and
vegetables. Cotton crops also are protected, but to a more
limited extent. Barriers of trees and shrubs occasionally are
established around pastures, orchards of fruit trees, small
gardens, and buildings. However, as mentioned above, the most
common use of shelterbelts and windbreaks is to protect
agricultural crops and increase the level of production.

When shelterbelts and windbreaks occur in the region, they
often are single -row barriers. Occasionally, multiple -row
barriers, comprised of a single tree or shrub species, or a
mixture of species, are planted. A mixture of species is
planted typically, so that they will develop a triangular cross
section, with the tallest trees in the center, flanked by
shorter trees or shrubs on the edges. (For example, the inner
rows of shelterbelts or windbreaks are often comprised of trees
of the Tamarix or Eucalyptus genera, with the low growth form
of Acacia planted in the outer rows.) Barriers with
rectangular cross sections also are found, but less frequently.

In areas with prevailing winds, the shelterbelts or
windbreaks are established at right angles to the direction of
the winds, if the topography and land use patterns allow this
pattern. For irrigated areas, the barriers are located mainly
along the irrigation channels. The barriers are planted along
ridgetops in rolling topography, whenever possible, where they
are more effective.

The configurations of the shelterbelts and windbreaks are
varied. Depending upon the situation, a U, V, X, or square
configuration is planted. When planted around buildings, the
barriers are often in an L- shaped pattern across the prevailing
winds.

Spacing between shelterbelts and windbreaks, when they are
planted in series, is variable. Ideally, shelterbelts and
windbreaks are spaced at about 20 -times the height of the
tallest trees or shrubs (Brandle et al. 1988, Wenger 1984).
Therefore, as the height growth of arid zone plant species is
slow, the "most optimum" spacing for the region is an average
of 200 to 300 m between barriers. This spacing arrangement is
not commonly found, however.

For the most part, the shelterbelts and windbreaks in the
arid zones of the southwestern United States and northern
Mexico are not intensively managed on a sustained basis, once
they have been established. Managerial experience and,
therefore, guidance is lacking.

When trees or shrubs in the barrier die, they generally
are cut and replaced to maintain the integrity of the system.
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Occasionally, trees and shrubs are cut because they have grown
beyond the height of their maximum effectiveness. Cuttings
also take place for purposes of thinning or sanitation. These
cuttings, regardless of the purpose, can be used for fuelwood,
fencing materials, and fodder.

Cutting cycles to place shelterbelts and windbreaks on a
rotational basis have not been prescribed in the region.
However, a "rough" estimate of the cutting cycle for the native
tree species, when they are to be utilized for fuelwood
(species of the Prosopis genus, for example) is 25 to 35 years.

It generally is accepted that shelterbelts and windbreaks
have a positive influence on the production of agricultural
crops. Even when the loss of cropland by planting the barrier
and the loss of production adjacent to the barrier are taken
into account, total crop yields are increased. Importantly,
the magnitude of this increase must be known before the
economic feasibility of a shelterbelt or windbreak can be
determined.

Unfortunately, information on increases in agricultural
crop yields due to shelterbelt and windbreak plantings is
difficult to find. However, for the arid zones generally,
these increases are believed to range between the 20 percent
reported for maize in Nebraska (Stoeckler 1962) and the 50 to
100 percent observed for grasses and forbs in pasture land in
central Russia (Petrov 1979). These increases are presumed to
be higher during dry years than in wet years; this is
understandable, as a primary reason for better plant growth is
directly related to the effects of shelterbelts and windbreaks
on evapotransipration.

In addition to the effects of shelterbelts and windbreaks
on the level of agricultural crop production, a better quality
of crops often is observed, which also must be considered in an
economic evaluation of benefits. Another effect is the
protection that these barriers provide against mechanical
damage that occurs during intense storms.

Besides the so- called "occasional benefits" of
shelterbelts and windbreaks, there are "sustained benefits" in
terms of soil conservation, that are a component of an economic
analysis. Agricultural lands that otherwise would lose
valuable soil by wind erosion are saved for continual
production by these plantings

One more advantage to consider in determining the economic
feasibility of shelterbelts and windbreaks is that the land
taken out of agricultural production by planting trees and
shrubs, to a certain extent, is producing wood. In some
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locales, wood is needed almost as much as are agricultural
products.

Wildlife

Wildlife resources in the arid region of North America
have recognized value for both consumptive and non -consumptive
purposes. In terms of consumptive use, management activities
basically are centered on native big game species (for example,
deer and elk) and, to a lesser extent, on small mammals
(squirrels and rabbits) that are hunted. Therefore, wildlife
management agencies in the southwestern United States and
northern Mexico formulate their managerial strategies and
action plans to obtain the optimum level of big game
production, consistent with the associated natural resource
values.

Wildlife populations are difficult to quantify, as
measuring techniques frequently are based on observations of
the presence of the animals, rather than on true counts.
Nevertheless, with defecation rates as the basis, population
densities for big game and small mammals have been estimated in
the region. It is estimated, for example, that deer
populations range from 0.5 to 1.5 adults per 100 ha, and elk
populations are less than 0.5 adult per 100 ha. Rabbit
populations vary from 2 to 3 adults per 100 ha. It is
important to note that wildlife population densities generally
are variable, with the estimates largely dependent upon the
juxtapositions of habitats, weather patterns over the period of
record, and overall "productivity" of the populations.

Big game and small mammals furnish hunting opportunities
for numerous (licensed and unlicensed) people. The hunting
success for big game, which is a measure of the portion of a
population that is "taken" during the regulated hunting season,
ranges between 15 and 25 percent. For small mammals, the
hunting success is more difficult to quantify, as the available
records are not complete. However, the hunting seasons for big
game and small mammals overlap, and, as a consequence, small
mammals often are hunted intensely as a "buffer" species when
big game is scarce.

To augment the production of native species, some wildlife
management agencies have initiated limited programs of stocking
with exotic big game species. To illustrate, the Barbary sheep
(Ammotragus lervia), a native of North Africa, was introduced
into the mountains of northern New Mexico in the early 1960s,
because of its potential as a huntable big game species (Ogren
1962). However, this and other introductions are monitored
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carefully to minimize potential conflicts in habitat selection
with the "resident" animals.

The wildlife management agencies in the region have
devoted increasingly more attention to the non -consumptive use
of wildlife resources. Many non- game species of wildlife
(including birds, rodents, and reptiles) play important roles
in the overall functioning of the ecosystems in which they
live; furthermore, they frequently possess "aesthetic" values
which are difficult to measure. Accordingly, species and
habitat management practices aimed at non -game species have
been, and continue to be, developed for implementation.

Intensified efforts also are being made to retain wildlife
species, both game and non -game, that are considered to be
"threatened or endangered" in their arid habitats. To meet
this challenge, limitations and restrictions are placed on the
exploitation of both these animals and their habitats.

National Parks, Wilderness Areas, and Biosphere Reserves

To help conserve and even preserve a variety of natural
and cultural resources (some of which are perceived as
"diminishing ") in the arid zones of North America, networks of
conservation areas, such as national parks, wilderness areas,
and biosphere reserves, have been established in the
southwestern United States and northern Mexico. These areas
also are important in the long -term monitoring of the impacts
of man's activities on the fragile environments in the region.

Important ecosystem conservation areas, administered by
the National Park Service of the Department of the Interior,
are located in the arid region of the southwestern United
States. Included are national parks, national monuments, and
recreation areas. These areas, established by the federal
government of the United States under specified criteria and
regulations, enable trends and events that are implicated as
causes of ecological change to be evaluated (Gregg 1983). In
recent years, these areas also have gained importance in the
monitoring of regional desertification, particularly as this
process is affected by man's activities.

Other wilderness designations have occurred in the arid
zones of the southwestern United States. Of particular note
are wilderness areas, which have been, and continue to be,
created in "unique landscapes" by the federal government of the
United States in response to an expressed need for these areas
by the public. Wilderness areas are so designated only
following a careful review and evaluation of their relative
values by the responsible land management agencies. The
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exploitation of natural resources is prohibited in these areas
in an attempt to retain, to the extent possible, a "status
quo" situation.

The national park and reserve system in Mexico
demonstrates, in many respects, an influence by the United
States. Areas that are beautiful and scientifically
interesting, in which tourism is the only permissible activity,
are protected in much the same manner as those in the United
States (Halffter 1981). However, with the exception of the
more recently established conservation units, an ecological
basis for the selection and location of the national parks and
reserves in Mexico has not been employed. Nevertheless,
national parks and reserves located in the arid zones are
important in providing a "reference point" against which the
processes of desertification, both nautral and man -induced, can
be evaluated.

The great environmental changes throughout the arid lands
of the world in recent decades have made it clear that a new
dimension in conservation and preservation is required. This
new dimension is needed to perpetuate the earth's living
resources in all their variety, and to facilitate the proper
study and understanding of the changes affecting these living
resources for the future use and enjoyment by mankind. In
large part, the international network of biosphere reserves
within UNESCO's MAB Program is intended to contribute to this
new dimension by the maintenance of ecological processes on an
appropriate scale. As recognized by MAB, the three objectives
of biosphere reserves are:

1. To conserve for present and future use, the
diversity and integrity of biotic communities of
plants and animals within natural ecosystems, and
to safeguard the genetic diversity of species on
which their continuing evolution depends.

2. To provide areas for ecological and environmental
research (which is consistent with the above
objective) including, particularly, baseline
studies, both within and adjacent to biosphere
reserves.

3. To provide facilities for education and training.

Within the system of biosphere reserves, there are five in
the southwestern United States and two in northern Mexico which
are located at least partly in the arid zones. These biosphere
reserves, together with their respective fringe areas, allow
for the conservation of representative and unique environments,
environmental monitoring under natural conditions, and research

40



on the impacts of anthropogenic factors on natural ecosystems
in the region.

Conservation

Good conservation, also termed wise use, of the natural
resources in the arid zones of North America is an underlying
goal of the land management agencies in the southwestern United
States and northern Mexico. The managerial tactics that are
undertaken by these agencies to achieve this goal for the basic
resources of vegetation, soil, water, and wildlife are
described in the following paragraphs. In addition, the
approaches to the preservation of genetic resources, of both
plants and animals, and breeding programs for plants are
summarized briefly.

Conservation of Forest Resources

When properly adhered to, the conservation of forest
resources in the arid zones of North America is based on a
principle of long -term, sustained yield management. In the
past, this was not always the case, however, as the forest
resources were commonly "mined" to provide a variety of wood
products; or, the forest resources were removed to increase
the production of other natural resources (forage, wildlife,
and water). Now, management is striving to attain a general
balance in the growth and yield of the forest resources and,
simultaneously, to maintain an ecological balance and improve
the livelihood of people in the region.

A principle of multiple use of the forest resources also
is stressed. Out of necessitity, multiple use in arid zones is
structured in a somewhat different time frame than is found in
the higher elevation, commercial montane forests. The rates of
development for the forest and other natural resources in arid
environments are inherently low; in most instances, this means
that returns from the consumptive use of the resources in a
particular locale are realized only after relatively long time
intervals. Therefore, long -term "investments," including a
recognition of benefits foregone, are required to ensure the
continuance of a proper conservation theme.

One important point that should be made in relation to the
conservation of forest resources in the arid regions of North
America regards the importance of baseline inventories.
Prerequisite to the conservation of forest resources is
knowledge of the character of these resources. Consequently,
the United States and Mexico conduct basic inventories of their
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forest resources on a country -wide scale. From these
inventories, baseline information is obtained on growth and
yield, natural mortality, stocking conditions, and quality
features of the forest resources. This baseline information,
in turn, provides input to the formulation of policies and the
selection of managerial tactics that are suited to the forest
resources in arid zones.

In the United States, country -wide inventories of the
forest resources are undertaken periodically by the Forest
Service of the Department of Agriculture, with the objective of
providing an assessment of the renewable resources on the
country's forest and range lands. These inventories were begun
in the 1930's, although complete coverage of the southwestern
United States was not achieved until the early 1950's.
Originally, the Forest Survey was largely focused on only a
characterization of the timber resources. However, in recent
years, these inventories have been expanded, as required by
federal laws, to measure other renewable resources, including
forage, water, and wildlife habitats.

Country -wide inventories of forest resources in Mexico,
the responsibility of the Subsecretary of Forestry in the
Secretariat of Agriculture and Hydraulic Resources, were
started in the early 1950's. However, inventories of the
forest resources in the arid region of northern Mexico were
initiated only in the middle 1960's (Caballero 1978).
Information from these latter inventories is used to determine
the occurrence, frequency, and ecology of the more important
tree and shrub species. Other natural resource inventories
(for example, wildlife, recreation, soil, and water) are
undertaken by collaborating institutions (Lund et al. 1981).

In many instances, the country -wide inventories are
supplemented by more specialized multiple use inventory efforts
(Espejel and Lund 1981, Felger et al. 1981, Felker et al. 1982,
Sepulveda 1981, Velazquez and Ochoa 1981). When combined with
the results of the country -wide inventories, source data from
these latter inventories provide a basis to formulate national,
regional, and local policies on the multiple use of lands in
the arid zones. Protection regulations and orderly development
programs also are structured, where appropriate, at both public
and private levels, on the basis of the information provided by
these inventories; this is important, as the natural resources
in the arid zones are used in both countries by federal and
state agencies, and private enterprises through a variety of
organizational schemes.
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Soil Conservation - Control of Water Erosion

With the exception of "extreme" precipitation events in
terms of excessive and intense rainfall, hydric forms of soil
erosion generally are not a serious problem in the natural
ecosystems of the arid region of North America. When these
precipitation events do take place, however, erosion is common
and can occur in magnitudes that result in wide -spread damage.
Much of this damage is confined to urbanized areas in which
development occurred on flood plains without proper
consideration of the consequences of erosion caused by water.
Damage in outlying areas generally is minimal.

In the pinyon -juniper woodland, the amount of annual water
erosion varied from a trace to nearly 2,500 km per ha, over a
15 year period, on a study area in Arizona (Clary et al. 1974,
Ffolliott and Thorud 1975). The higher amounts reported were
associated with a reportedly "historical" storm, with an
estimated return interval of 50 to 100 years. Furthermore,
based on an analysis of available data, there was no
"meaningful" change in water erosion after the conversion of
pinyon -juniper to grassland.

Little information exists to describe water erosion in the
other biotic communities in the arid region of the southwestern
United States and northern Mexico. Based on observational
records, the amounts of annual erosion in these biotic
communities are similiar to or less than the amounts that have
been reported for the pinyon -juniper woodland.

Accelerated erosion often is associated with wildfires and
subsequent rainfalls of high intensity, a common occurrence in
the region. Wildfires tend to be comparatively hot, which
results in more complete combustion of the protective litter
cover. These wildlfires typically occur immediately before the
initiation of seasonal rains. Therefore, little time is
available for a protective vegetative cover to become
re- established. To illustrate the order of magnitude, erosion
after a wildfire can be 25 times greater than that observed
before the wildlife (Ffolliott and Thorud 1975, Hibbert et al.
1974), although the impact diminishes rather quickly.

Even though it is not normally a serious problem, various
managerial guidelines are followed for the prevention and
control of water erosion. Whenever possible, roads are not
constructed in or near stream channels, or on steep slopes.
Once temporary roads are closed, they generally are revegetated
with perennial grasses and forbs to minimize overland erosion
in the future. The harvesting of fuelwood and other wood
products often is curtailed in the dry periods of the year; in
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addtion, once the soils become saturated with rainfall, wood
harvesting may be stopped to minimize environmental
degradation. Grazing by domestic livestock, which can affect
the infiltration of precipitation into the soil mantle and
overland erosion rates, may have to be eliminated on fragile
sites.

Soil Conservation - Control of Wind Erosion

During the dry periods of the year, especially late March
through early June, it is not uncommon for winds to blow inland
from the Pacific Ocean across the arid landscapes of the
southwestern United States and northern Mexico. These winds
frequently are of sufficient velocities to erode the soil
resources in the region by detaching and moving soil particles
from one site to another. A number of revegatative practices
often are prescribed to reduce the magnitude of this wind
erosion.

As mentioned above, the shelterbelts and windbreaks
planted in the arid zones of North America are important in
controlling the amount of soil that is lost from agricultural
lands by wind erosion. These barriers are particularly
effective when comprised of trees and shrubs that retain their
foliage throughout the dry seasons, for example, those of the
Tamarix genus, the Atriplex genus, and the Citus genus. Also,
barriers that are planted in a north -south orientation at right
angles to the direction of the winds during the dry periods of
the year are more effective than other shelterbelt or windbreak
plantings.

Sand dune fixation through revegetation, to prevent the
movement of soil resources by wind onto more "productive"
sites, is practiced on a limited scale in the region. When
undertaken, the more common plants utilized in sand dune
fixation include four -wing saltbush ( Atriplex canescens),
Australian saltbush (A. semibaccata), ruby sheepbush
(Enchylaena tomentosa), creosote bush (Larrea tridentata), and
desert broom (Baccharis sarothroides). These plantings are
employed in situations where the on -site pioneer species are
ineffective in preventing the movement of soil from the sand
dunes.

Occasionally, the soil movement from sand dunes that are
colonized by native vegetation is reduced by treating the
overstory with herbicides, converting the sites to densely
covered grasslands (Gibbens 1983, Gibbens et al. 1983, Gould
1982, Wright 1982).
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The reclamation of lands that have been disturbed by
mining is required by law in many areas of North America.
There are over 12,000 ha of disturbed lands created by mining
activities in the southwestern United States, many of which are
being reclaimed through revegetation. Through revegetative
programs, direct benefits that are derived on these disturbed
lands include restoring the inherent productivities,
beautifying the areas, and controlling water and wind erosion.

On disturbed areas, plants can invade naturally over many
years, when the soils are stable and do not contain materials
that are toxic to plant growth. However, revegetation with
adapted plants often will reduce the time necessary for
re- establishing a plant cover. Many of the plant species used
in sand dune fixation are adaptable to revegetating lands
disturbed by mining (Day and Ludeke 1980). A variety of tree
and shrub species are recommended for different soil
conditions. In addition, a number of legumes possess potential
for providing quick, low maintenance ground cover for most
mined lands (Dean and Shirts 1977, Grandt 1977, Hassell 1977,
Nord 1977, Plummer 1977). However, without the application of
soil amendments, perennial grasses become established more
slowly than do other plants. Because of the arid climate,
supplemental irrigation frequently is scheduled during the
initial stages of plant establishment to improve success.

Wind erosion also can occur on highway cut and fill
slopes. To reduce this problem, broadcast seeding or planting
of low growing and semi -prostrate plants, and taller shrubs
often is prescribed, especially in the initial years after the
road construction (Mulford 1982, Thames 1977). Low growing
plants are creeping sage (Salvia sonomensis), gray santolina
(Santolina chamáecyparis), and green santolina (S. virens).
The most commonly planted semi -prostrate plant is descanso
rockrose (Citus crispus). Taller shrubs include the
saltbushes, desert bitterbrush (Purshia glandulose), and a
number of rockroses. Only a few of these plants are available
at nurseries, so when needed, arrangements are made at least
one year ahead to obtain the plants.

Water Conservation

It generally is conceded that the present demands for
water in the arid zones of North America far exceed the known
inputs, requiring fundamental assessments of the existing
supplies. Barring conversion of saline water, importation of
outside water, and advancements in rain making, the people in
the region will have to rely upon their variable surface and
diminishing ground water supplies. Consequently, the
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potentials for augmenting existing supplies have received
considerable attention.

To cope with the possibility of a future "shortfall,"
hydrologists and water -developers are searching for ways by
which new sources of water can be tapped. Several approaches
to water augmentation and methods for better water conservation
are being explored. Water harvesting, re -use of waste
disposal, water salvage, and vegetative modification, as
discussed in the following section, on upstream watersheds are
some of these approaches.

In arid environments, less than 5 percent of the
precipitation falling to the ground runs off, with the
remainder entering the soil mantle. Then, once the sun comes
out, a large portion of the water in the soil often returns to
the surface and is lost by evaporation and transpiration. A
number of investigations have shown that, when the ground is
covered with plastic, and the plastic with a protective layer
of gravel, as much as 80 percent of the precipitation runs off
(Ffolliott and Thorud 1977). This additional runoff can be led
into lined tanks to prevent seepage, and the tanks can be
covered with floating rafts to prevent evaporation. By this
technique, enough water can be harvested from one hectare of
ground for nearly 400 head of domestic livestock. Therefore,
water harvesting techniques appear to have a significant
potential in water conservation throughout the arid region of
North America.

No single technique of water harvesting is best suited for
all sites and for all water needs. Variability in climate,
physiography, and water needs requires that each system be
designed to match the local conditions. Many methods and
materials for the collection and storage of precipitation have
been developed. A handbook of water harvesting has been
prepared to present a "stepwise guide" for the design,
selection of materials, installation, and maintenance of water
harvesting systems (Frasier and Myers 1983). All of the
methods and materials that are described in this handbook,
which is oriented to the arid region of the southwestern United
States and northern Mexico, are being employed in systems to
supply water for domestic livestock, wildlife, and, with
modifications, households.

Water also is re -used, at least for some purposes, in the
region. For example, hydrologists at the University of Arizona
have devised a scheme in which water that is discharged from a
sewage treatment plant in Tucson, Arizona, is traded to farmers
for water from a nearby agricultural area. The water from the
sewage treatment plant contains relatively high levels of
nitrates and phosphates, making it valuable for agricultural
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uses, while water from the agricultural area is more suitable
for human consumption.

The potential for water salvage by removal of riparian
vegetation has long been considered in water conservation. The
relatively high transpiration rates of riparian plants that
grow with their roots extending into the water table or
capillary fringe is a primary reason for optimism in water
salvage. In addition, many land owners generally believe that
phreatophytes and other riparian plants are of low economic
value and are "water wasters." Unfortunately, it is difficult
to assess the amount of water that can be salvaged by the
removal of riparian vegetation.

Incomplete knowledge of potential water increases,
insufficient inventories of many riparian plant communities,
and complex ownership patterns contribute to the problem of
estimating the magnitude of water salvage. Investigations have
suggested that up to 5,000 m3 of water may be salvaged annually
by removing one hectare of riparian vegetation (Affleck 1975,
Ffolliott and Thorud 1975, Horton and Campbell 1974). However,
concerns for land uses other than water salvage (including
wildlife, recreation, and aesthetics) also must be reflected in
any management plan for these flood plains.

Watershed Management

The arid regions are not often thought of as watershed
lands. However, the water relationships in these areas can be
more important than those of more humid environments. Water is
always in critical balance in arid ecosystems, and this balance
frequently is upset by the actions of people. As a result,
watershed management programs are implemented to meet a number
of specific conservational and developmental goals.

Before discussing watershed management programs in the
region, some definitions and background seem appropriate. A
"watershed" by definition is the total area above a point on a
stream or river that provides water flow to the point.
Watersheds represent something more than drainage basins,
however. They are the fundamental land units of watershed
resources management and, as such, provide the logical land
units for the management and analysis of ecosystems (Brooks et
al. 1982). The term "integrated watershed management" refers
to the management of all of the natural and agricultural
resources on a watershed to maintain, protect and, in some
instances, increase the water resources. Therefore, integrated
watershed management is viewed as multiple use management
within the boundaries of a watershed. Importantly, a watershed
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management program must be compatible with the total resource
management objectives and the goals of society.

Activities that are associated with watershed management
programs in the southwestern United States and northern Mexico
can be grouped into one of three categories: activities which
minimize adverse impacts to the soil and water resources,
management activities that are designed to increase water
yields, and restoration or rehabilitation activities that are
needed to bring a watershed from a "poor, mismanaged condition"
into a productive state. Within the framework of these
categories, the watershed management problems and activities in
the arid region of North America are described below.

Due to the fragile character of the soil and water
resources in arid ecosystems, care must be exercised to protect
these resources. Fortunately, as suggested above, degradation
of the soil and water resources in the arid region of the
southwestern United States and northern Mexico usually is
associated only with "extreme" precipitation events in terms of
excessive, intense rainfall. Nevertheless, to ensure the
protection of these necessary resources, various preventative
and control measures are incorporated into watershed management
programs.

Many of the managerial activities that minimize adverse
impacts to the soil and water resources are similiar to those
employed to prevent and control water erosion. Roads are not
built in or near stream channels. Once the roads are closed,
the roadways are seeded to perennial grasses and forbs to
reduce erosion. The harvesting of wood is restricted in
periods of excessive rainfall. Grazing by domestic livestock
is monitored to ensure a minimal effect on the ecosystem. To a
large degree, these and other activities are components of
watershed management programs that are multiple use in nature.

Vegetative management on upstream watersheds is one
approach to increase water yields. Experiments throughout the
world have demonstrated that water yields can be increased by
changing the structure and composition of vegetation on a
watershed (Bosch and Hewlett 1982). The additional streamflow
runoff is attributed to decreased evapotranspiration. That is,
following treatment, less precipitation is converted into vapor
as a result of rainfall interception, and more is available for
streamflow runoff. To further investigate the potentials of
water yield improvement by vegetative management in the arid
zones of North America, experimental watershed studies have
been conducted in the representative biotic communities. The
best way to illustrate the effects of watershed management
programs on water yields is through a brief review of these
studies.
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The responses of water yields to the conversion of
pinyon -juniper woodland to grassland suggest little change in
total annual streamflow runoff. The conversion of
pinyon -juniper woodland overstories by mechanical methods (such
as cabling and hand clearing) has produced no significant
increases in water yields, when compared to conditions before
the conversion tests (Clary et al. 1974, Clary 1975, Ffolliott
and Thorud 1975, Ffolliott and Thorud 1984, Hibbert 1979). The
only significant response of streamflow runoff to the removal
of pinyon -juniper woodland is attributed to the aerial
application of herbicides (a mixture of 2,4 -D and picloram) on
one experimental watershed. Here, annual streamflow runoff
increased 10 mm (approximately 55 percent). However, because
of environmental concerns over the use of herbicides, the
results of this study have not been translated into operational
watershed management programs.

Responses of water yields to the conversion of interior
chaparral to grassland have been more favorable than those
observed in the pinyon -juniper woodland. In several
experimental watershed studies, the chaparral species were
killed initially by burning and their subsequent sprouting has
controlled by applications of herbicides (2,4,5 -T, fenuron, and
granular and pelleted tandex). On these experimental
watersheds, annual streamflow runoff increased between 30 and
150 mm (from 325 to nearly 700 percent) in response to the
conversion treatments (Ffolliott and Thorud 1975, Ffolliott and
Thorud 1984, Hibbert et al. 1974, Hibbert et al. 1975).
However, the results from other experimental watershed studies
have indicated that streamflow runoff responses to conversion
treatments, while significant, is less. It appears possible
that the conversion of interior chaparral vegetation on
upstream watersheds can be designed to increase water yields,
although the magnitude of the increase is quite variable and,
in most instances, unpredictable.

Water yield improvement through vegetative management in
the desertscrub formation is not promising. Where essentially
all of the annual streamflow runoff is generated by seasonal
precipitation events with intensities exceeding the soil
infiltration rates (as occurs in the desertscrub formation), it
seems likely that vegetative manipulations alone will alter
water yields (Ffolliott and Thorud 1975, Ffolliott and Thorud
1984). This general conclusion is supported by studies on the
effects of rainfall on soil characteristics and surface runoff
following range improvement treatments (Kincaid and Williams
1966). There is little correlation between the treatments
(brush clearing and seeding to perennial grasses) and surface
runoff, although the clearing of brush appears to increase
on -site runoff.

A constraint in watershed management is to minimize the
detrimental effects upon on -site soil resources. Sediment
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yields in the arid region of North America generally are small,
and there is virtually no change in sediment yields after the
water yield improvement tests involving vegetative
manipulations (Clary et al. 1974, Clary 1975, Ffolliott and
Thorud 1975, Ffolliott and Thorud 1984, Hibbert et al. 1974,
Hibbert 1979). Similarly, there is no "meaningful" change in
the concentrations of dissolved nutrients and heavy metals in
the streamflow runoff following these treatments.

Management programs to restore or rehabilitate watersheds
also are implemented in the arid zones of North America. Among
the activities that are undertaken in these programs are the
control of gullies and mass wasting through the construction of
upstream check dams, the establishment of a tree or shrub cover
on eroded and otherwise degraded sites, and (when necessary)
the curtailment of wood harvesting, domestic livestock grazing,
and other exploitative practices. Although monitoring of the
effectiveness of these activities is limited in the region,
restorative and rehabilitative activities are observed more
frequently on public than on privately owned lands.

In terms of revegatating degraded sites, a number of
plants, both native and introduced, are suited for this
purpose. Depending upon the degree of disturbance, the
climatic regime, and the goal of management, various tree,
shrub, and grass species are prescribed for planting. A
mixture of plant forms commonly is selected, with each form
satisfying a particular need.

Native plants have been mentioned in the descriptions of
the biotic communities in the arid zones of the southwestern
United States and northern Mexico. Other plant species used in
revegetation include, but are not limited to, the following
(Dean and Shirts 1977, Grandt 1977, Hassell 1977, Nord 1977,
Plummer 1977):

Trees

Shrubs

Black locust (Robinia pseudoacacia)

Sycamore (Platanus occidentalis)

Oak (Quercus spp.)

Four -wing saltbush (Atriplex canescens)

Rabbitbrush (Chrysothamnus nauseosus)

Olive (Elaeagnus umbellata)
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-- Bristly locust (R. fertilis)

Grasses

Brome (Bromos inermis)

Fescues (Festuca spp.)

Wheat grasses (Agropyron spp.)

Bermuda grass (Cynodon dactylon)

Bluestem (Andropogon furcatus)

Grama grasses (Bouteloua spp.)

Because arid ecosystems, once degraded, are difficult to
restore or rehabilitate, a current emphasis is placed on
incorporating activities which minimize the adverse impacts to
soil and water resources into the planning of watershed
management programs. By doing so, the "chain- reaction" that
occurs from the initial loss of soil and water resources to an
advanced state of degradation, in which overall productivity is
minimal, can be averted on many watersheds.

Wildlife

The biotic communities in arid zones of the southwestern
United States and northern Mexico are important habitats for
many wildlife species. These habitats occur in areas with tree
and shrub cover in a number of instances. Therefore, forestry
activities are intrinsically linked to the well -being of
wildlife resources. Quite often, when trees and shrubs are
manipulated through these activities, habitat qualities are
modified correspondingly.

To ensure multiple benefits on these fragile environments,
the land management agencies responsible for forestry and those
agencies responsible for wildlife resources attempt to
coordinate and complement their respective programs. It is
beyond the scope of this paper to review the details of the
wildlife management practices in the region. Instead, six
"guidelines" that provide the framework upon which wildlife
management is practiced in the arid zones of the southwestern
United States and northern Mexico are given (Ffolliott 1981,
Reyes Rodriguez 1983), as follows:

1. Maintenance or enhancement of the standard of
living for the steadily increasing population in
the arid zones of North America requires the
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maximum production of food, fiber, and minerals.
The management of wildlife resources must be, and
to a large extent is, oriented toward this need.

2. Maximum yields of wildlife resources, for both
consumptive and non -consumptive purposes, are
dependent upon well- conceived multiple resource
land management programs. Therefore, land
management practices that are conducive to the
maximum production of wildlife resources should be,
and largely are, integrated with forestry, other
natural resources, and agricultural programs.

3. Optimal populations of wildlife species depend, in
large part, upon the maintenance of "favorable"
environmental conditions and also upon a balance
between these populations and their evnironment.
Achieving this balance is a recognized goal of the
land management agencies involved.

4. Harvesting and utilization of wildlife resources
are determined by the relative species abundance
and reproductive capacity in relation to existing
habitats. Therefore, emphasis is placed on real or
potential values, rather than on artificial values
derived from custom or prejudice.

5. Wildlife management employs a variety of techniques
to maintain, or otherwise modify, existing
harvesting and utilization practices. Since no one
method is adequate, all techniques of management
are used to the degree warranted by their proven
value and utility. These practices include
environmental control, regulation of harvest,
artificial propagation and stocking, and predator
control.

6. All wildlife management practices should be based
upon the findings of adequate biological research,
modified (if necessary) to reflect local
conditions.

Although the above are guidelines only, they do provide a
comprehensive basis for the development and implementation of
appropriate conservative and, when necessary, preservative
strategies for the wildlife resources in the region.
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National Parks, Wilderness Areas, and Biosphere Reserves

As previously mentioned, national parks, wilderness areas,
and biosphere reserves have been established in the
southwestern United States and northern Mexico to help conserve
and preserve a variety of natural and cultural resources in the
region. The conservation of ecosystems requires an emphasis on
developing the necessary strategies for dealing with a growing
diversity of influences, mostly people induced, that originate
from both inside and outside the protected areas themselves.

In the southwestern United States, the National Park
Service of the Department of the Interior currently administers
16 major conservational units, totalling 2.9 million ha. These
national parks, national monuments, and recreation areas
illustrate a remarkably long history of continuous protection
(Gregg 1983). Fourteen of the units have been protected for
more than 40 years; the most recent addition has been under
protection for 15 years.

A "wilderness" designation by the Congress of the United
States conveys the most secure form of legal protection for
natural ecosystems. The conservational units in the
southwestern United States contain a particularly strong
representation of these legislatively designated areas, which
are managed to minimize human disturbance and perpetuate the
natural ecosystems (Gregg 1983). Ten of the 16 units, which
collectively comprise 1.4 million ha, include designated
wilderness areas or areas awaiting congressional action.

Other wilderness areas have been, and continue to be,
created by various branches of the federal government in the
United States in response to the public's demands for the
protection of these areas. Before these areas are designated
legally as wilderness areas, they are evaluated thoroughly
against established criteria by their respective administrators
and the general public to ensure their uniqueness as components
of the wilderness system. Such evaluations are important, as
once a wilderness area is created, exploitation of natural
resource products from the area is restricted.

Although the protected ecosystems in the southwestern
United States are affected by internal and external human
influences, they do provide the most extensive land management
system in the region for the conservation of genetic diversity.
In addition, many of these conservational units provide the
most suitable control sites for ecological research.

National parks and other reserves in northern Mexico also
contribute to the conservation of ecosystems in the region.
However, with the exception of the most recently created
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conservational units, studies on the ecological basis for the
selections of the location and the extent of the units have not
been complete. The interests and future of the local
populations rarely have been taken into account. The ownership
status of the lands often is confused. It should be noted that
inadequate methods of protecting natural ecosystems are not
exclusive to Mexico, which has a better system of national
parks and reserves than most Latin American countries.

It may be easy to blame the above problems on the
responsible administrative organizations. In fact, there is
some truth in this supposition, and there is room for
improvement in the current system of protection. But, as
suggested by Halffter (1981), other methods of natural and
cultural resource protection are needed to conserve
"representative" portions of the natural ecosystems, including
the biotic material in them, in northern Mexico. One method
may be the international network of biosphere reserves within
UNESCO's MAB Program.

Currently, there are five biosphere reserves in the
southwestern United States and two in northern Mexico which,
together with their respective fringe areas, conserve and
protect important natural ecosystems in the arid regions. A
question to answer is whether or not the conservation and
protection that is afforded by the network of biosphere
reserves should be enlarged upon, to include other ecosystems
in the arid zones of North America. Importantly, it should be
remembered that the extent to which the network of biosphere
reserves is increased is largely the prerogative of the MAB
National Committees in the United States and Mexico.

Priorities in establishing a biosphere reserve have been
formulated by the MAB Secretariats in the United States and
Mexico. Representativeness and diversity of an area is
paramount, to enable the greatest possible extrapolation of the
ecological information from the area to the entire bio-
geographic province. Effectiveness as a conservational unit,
which involves a number of factors (such as size, shape, and
location of the site with respect to natural protective
barriers in the area), also must be considered. The "ideal"
biosphere is one that is large enough to be self -regulating
through the inclusion of all the inter -related components.

Another important consideration in the selection of a
biosphere reserve is the naturalness of the area, which refers
to the extent to which a site resembles "primeval" conditions.
To a large degree, naturalness is interpreted broadly to
include a range of human modifications of a site. In fact, a
modified area can actually contribute to its suitability as a
biosphere reserve by providing locations for experimental and
restorative investigations. The educational and research value
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of the area is important in contributing to an understanding of
the structure and function of ecosystems, under natural and
disturbed conditions. The uniqueness of the area, evidenced by
the presence of rare, unusual, or unique features, also
increases its suitability for a biosphere reserve.

Other criteria to consider in selecting a biosphere
reserve include evidence of support by the managing entity,
maintaining a balance between observational and manipulative
study areas, a history of inventory, monitoring, ecological
research, and publications, and opportunities for international
collaboration.

Biosphere reserves do not pretend to solve all the
problems of the protection of natural ecosystems. However,
they do offer alternatives for their conservation and use, with
a "solid" basis for scientific investigation.

Conservation of Genetic Resources

The national parks, wilderness areas, and biosphere
reserves in the arid region of the southwestern United States
and northern Mexico provide the most extensive system for the
conservation of genetic resources, both of plant and animal
species. For the most part, the natural resources on these
areas are protected to ensure their retention in the
environment. In addition, these protected areas are important
in ensuring the genetic diversity of species on which their
continuing evolution depends. Quite often, these areas are
also the most suitable control sites for ecological
investigations on the impacts of human modifications on the
genetic resources.

A number of research and management institutions in the
region engage in programs that relate to the conservation of
genetic resources. In the southwestern United States, these
institutions include the Forest Service and the Soil
Conservation Service of the Department of Agriculture, the
Bureau of Land Management, the Bureau of Indian Affairs, the
National Park Service, and the Fish and Wildlife Service of the
Department of the Interior, the National Science Foundation,
the National Academy of Science, the land management
departments in the states, and the universities. The
Subsecretary of Forestry in the Secretariat of Agriculture and
Hydraulic Resources, the National Council of Science and
Technolgy, the National Arid Zones Commission, and the
universities in the region are among the important contributors
in northern Mexico.
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A number of arboretums, natural gardens, museums, and
other collections of plant and animal species are maintained in
the region to conserve and preserve genetic resources.
Sponsorship of these ventures is governmental, private, and
combinations thereof. Educational and research programs on the
conservation of genetic resources in the arid zones are an
important part of the public offerings by these organizations.

In recent years, cooperative programs (among institutions
in the respective countries and between the respective
countries) in the conservation of genetic resources have been
initiated. As these and other programs become successful, the
preservation of the genetic variability of plant and animal
species in the the arid region of North America will become
more assured.

Processing and Utilization

Processing and utilization of native woody perennials is
important to the livelihood of the people in the arid zones of
the southwestern United States and northern Mexico. Fuelwood,
roundwood, extractives, and food stuffs are only a few of the
primary and secondary wood products obtained from this primary
resource. A brief description of the processing and
utilization of native woody vegetation in the region for
economic purposes and, in some instances, amenities is
presented in the following paragraphs. Also, a brief
discussion of potential uses for several xerophytic plants that
are indigenous to the area and which may become important
commercially upon further research and development also is
given.

Processing and Utilization of Native Woody Perennials

Processing and utilization of native woody perennials in
the arid region of North America has been restricted largely to
use for fuelwood and roundwood products, especially fence
posts. The tree and shrub species in this area represent a
sizable wood fiber resource that could be useful in the
manufacturing of charcoal and particleboard (Barger and
Ffolliott 1972). Other wood products that can be made from
smaller, irregular stems and (perhaps) capitalize on unique
physical characteristics (such as fragrance and color) offer
additional processing and utilizational opportunities.

The trees and shrubs in the arid zones of the southwestern
United States and northern Mexico have been utilized longer and
more intensively for fuelwood than for any other wood product.
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In many rural localities, wood is still the principal fuel
used; in many areas, this use has greatly increased in the past
10 years. Heat content, ignition, and burning characteristics
are among the more important basic fuel characteristics
(Reineke 1960). Judged by these criteria, the arid zone tree
species in the arid region make "excellent" fuelwood.

The volume of fuelwood that is harvested is difficult to
estimate. One problem that confounds these estimates is the
fact that fuelwood is commonly measured and sold in
stacked -unit equivalents, rather than solid wood content.
However, a study in Arizona provides some insight to the volume
of fuelwood that is harvested. It has been estimated that, in
Arizona alone, approximately 170,000 m3 of fuelwood is
harvested annually by individuals and commercial cutters
(Ffolliott et al. 1979). Most of this harvest is obtained from
the biotic communities in and around the larger metropolitan
areas.

It also is hard to quantify the volume of fuelwood that is
cut in terms of individual tree or shrub species. Most of the
fuelwood that is harvested comes from the pinyon -juniper and
encinal woodlands (Gray et al. 1982), but the volumes of other
species generally are unknown. Pinyon is particularly favored
as fuelwood because it is resinous, ignites and burns more
readily than other woods (although with considerable smoke),
and generates a distinctive "incense" fragrance. Species of
the Prosopis genus also are harvested as fuelwood, primarily
because of their high heat content.

Fuelwood commonly is harvested and marketed haphazardly in
the arid region of North America, with many small, independent
operators working on an occasional or intermittent basis.
Quality of the fuelwood product and quantity sold on a stacked
basis, are questionable. The few commercial outlets in the
region often have difficulty in locating dependable sources of
supply and in obtaining a fuelwood product of reasonably
consistent quality (Barger and Ffolliott 1972). To help
alleviate the marketing problems and to analyze the impacts of
alternative harvesting regimes, a series of prototypical
simulation models have been developed to aid foresters in
scheduling intensities of processing and utilization (Samuels
and Betancourt 1982).

Some of the tree species in the region, especially the
junipers and some of the oaks, have been utilized heavily for
fence posts because of their outstanding durability. Large
numbers of fenceposts were cut for local use and as commercial
enterprises during the period of settlement in the southwestern
United States and northern Mexico (Barger and Ffolliott 1972).
However, in recent years, increased use of steel and
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preservative- treated wooden posts has severely reduced the
market for posts of arid zone tree species.

The annual cut of arid zone tree species for fence posts
in a five -state area of the southwestern United States
(Arizona, Utah, Nevada, Colorado, and New Mexico) was estimated
to be nearly 300,000 posts during the late 1960's and early
1970's (Barger and Ffolliott 1972, LeBaron 1968). It is
presumed that the annual cut is less at the present time.
Again, the junipers and oaks are the most popular fence post
species. Pinyon has not been favored for fence posts, since it
is a "non- durable" wood and rarely achieves a form that is
suitable for posts.

Harvesting fence posts is a highly selective operation, as
only those stems meeting specified physical requirements can be
utilized. Commercial fence post cutting and marketing is
primarily a part -time or fill -in job for individuals involved
in farming, ranching, or similar operations. A few operators
buy a large number of permits to harvest fence posts from
public lands, and then hire cutters on a piece -rate basis
(Barger and Ffolliott 1972). More often, however, cutters
operate independently and sell their fence posts to local
concentration yards or users.

Charcoal manufacturing through carbonization is an example
of chemical alteration to obtain a wood product. Many of the
arid zone tree species are suited to the production of
charcoal, although the market is not well defined. All of this
wood is about 50 percent carbon; consequently, charcoal yields
are proportional to the density of the wood (Barger and
Ffolliott 1972). The denser species generally are preferred,
since the charcoal yield per unit of volume is greater.

The amount of wood that is harvested and processed into
charcoal is unknown. However, a weekly production rate of 7 to
10 metric tons has been suggested as the minimum production
level for a full -time operation (Barger and Ffolliott 1972,
Johnson 1965, Kotok 1955). Larger producers concentrate on the
large, bulk markets for charcoal, while smaller producers
generally package a product for the wholesale -retail trade.

Pulping is another example of a wood product that is made
by altering the wood fiber. Currently, harvesting of pulpwood
is not commercially practiced in the arid zones of North
America. However, trends in mechanized harvesting systems and
chipping the wood on -site provide improved opportunities for
handling irregular material and relativey low volume
concentrations.

Pinyon and juniper trees have been pulped experimentally
to determine the feasibility of processing the pulp into paper
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(Barger and Ffolliott 1972). Pinyon has been pulped with
satisfactory results, although the pulp strength was below the
average for softwood pulps in general. Juniper also pulped
satisfactorily, but it produced low yields of pulp that
required approximately twice the quantity of bleached chemical
that is commonly needed for the bleachable pulps (Martin 1961).
Nevertheless, with continued growth in the paper industry, the
pulping of these and other tree and shrub species may become an
important form of wood utilization in the region.

Extraneous chemicals, called extractives, which include
resins, oils, and tannins, occur in the wood of most tree and
shrub species. These extractives account for the specific
characteristics that distinguish one wood from another and help
to determine potential uses of the wood. Many of the tree and
shrub species in the arid region of the southwestern United
States and northern Mexico contain appreciable quantities of
extractives which could be processed into usable items.

Pinyon contains significant amounts of oleoresin and will
bleed readily when wounded. The properties of pinyon gum
largely determine its potential use. Resin collected in an
Arizona study contained 20 percent gum turpentine and 80
percent rosin (Barger and Ffolliott 1972, Deaver and Haskell
1955). Exploratory investigations of the product potential of
pinyon resin have shown that spirit and oleoresinous varnishes
made from the resin had notable resistance to both hot and cold
water, a characteristic that other pine resins do not possess.
The use of pinyon resin in place of copal resin in covering oil
paintings also has been suggested.

Juniper woods contain appreciable quantities of oily,
fragrant extractives, rich in cedrol and associated essential
oils. These compounds give the distinctive "cedar" fragrance
for which the species are noted. Unfortunately, the physical
and chemical properties of the wood extractives of juniper are
not well known (Barger and Ffolliott 1972, Runeberg 1960).
However, juniper species from outside the arid region have been
exploited commercially for the production of "cedarwood oil,"
which is marketed for a variety of uses in pharmaceuticals,
perfumes, polishes, and insecticides.

The wood of almost any species can be used to manufacture
particleboard, but softwoods and hardwoods of low- density are
favored. A heavy wood (such as oak) is not well suited.
Pinyon could provide an excellent material for particlebaord,
although it is questionable whether or not it competes
economically with the cheaper residues that are derived from
tree species in the higher elevation, commercial montane
forests. The junipers appear to offer better opportunities for
creating particleboards with distinctive qualities, because of
their specific gravity, texture, color, and fragrance.
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In limited tests at the Forest Products Laboratory in
Madison, Wisconsin, juniper has been converted into flakes
which, in turn, have been processed into particleboards (Barger
and Ffolliott 1972). These tests indicate that satisfactory
particleboard can be manufactured from juniper, although linear
dimensional movement (shrinkage) is relatively high; however,
this problem can be corrected through a modification in the
manufacturing process.

The tree species of the arid zones in North America have
not been widely utilized for sawn products, due to their
relatively small size and poor form. Railroad ties and mine
timbers are cut on a limited scale from pinyon, and the
junipers occasionally are cut into lumber by smaller mills
(Barger and Ffolliott 1972). This lumber is used most often in
furniture and novelty items. Species of the Prosopis genus are
also processed into sawn products on a limited scale, with the
lumber utilized in cabinets, flooring, etc.

Unlike other arid zone trees and shrubs, pinyon is
valuable as a source of edible nuts and, in many areas,
Christmas trees. Pinyon nuts are currently the most valuable
product of the species. The size of the nut crop varies with
the particular year, although it averages 2 to 5 million kg
annually (Barger and Ffolliott 1972, Hamilton 1965, Little
1941). Most pinyon nuts are hand -picked from the ground,
providing seasonal employment for many people with low incomes.
Occasionally, tarpaulins or blankets are used to catch the nuts
shaken from a tree, or pack rat nests are robbed of their
cache.

Pinyon Christmas trees, long favored by local residents,
are sold commercially outside the region. In terms of number
of Christmas trees produced annually in the United States,
pinyon has ranked 15th or above. The proportion of the market
taken by pinyon is even greater in areas that have particularly
large areas of pinyon -juniper woodland (Barger and Ffolliott
1972). However, the demand for pinyon Christmas trees has
declined in recent years, due partly to a scarcity of
marketable trees and the trend to artificial Christmas trees.

Opportunities for expanding the processing and utilization
of the trees and shrubs of the arid zones in the southwestern
United States and northern Mexico depend, in large part, upon
the physical and chemical properties of the woods. Therefore,
work in continuing to learn more of these properties, as well
as their inherent variabilities, is a necessary requirement for
evaluating utilization potentials (Barger and Ffolliott 1972,
Ffolliott 1977, Herrera Bailon 1981, Voorhies 1977).
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Potential Uses for Xerophytic Plants

Of the 350,000 plant species that have been described by
botanists, only 3,000 are reported to be sources of useful
materials for people (McGinnies 1981). Less than 100 of these
plant species are cultivated on a large scale, and none are
xerophytic. However, the search for native xerophytic plants
of economic value has intensified in the United States and
Mexico in recent years.

In large part, the utilization of xerophytic plants is
encompassed in arid zone forestry practices. Quite often,
these plants are found on lands that support trees and shrubs.
It is for these reasons that this subject has been included in
this paper.

Five xerophytic plants, each of which offers a variety of
potentially worthwhile products, have recently been described
by Hinman (1984). The developmental status of these five
plants, which range from research curiosity to near -commercial,
is summarized below to illustrate these potentials.

According to Hinman (1984), a xerophytic plant that in all
likelihood will become a commercial reality is guayule
(Parthenium argentatum). A rubber -producing perennial shrub,
guayule is native to the Chihuahuan Desert in southwestern
Texas and northern Mexico. Its rubber is similar in character
to that produced by the rubber tree (Hevea brasiliensis).
Interest in guayule as a source of rubber was renewed in the
middle 1970's, during the oil embargo, in a search for
commercial plant crops that could be grown with little water.

It is still uncertain, however, whether guayle can be
grown commercially in the arid zones of North America. For
economically sound operations, it will be necessary to improve
the content of rubber in the plant, either through breeding or
chemical simulation. It also is important to extend the range
of guayule to "cheaper" lands by developing appropriate
cultivators. Cultural practices must be altered to reduce
labor costs and improve productivity, and the rubber extraction
process (and by- product utilization) must be perfected.
Research to date is encouraging, but more is needed to make
guayule a profitable crop (Hinman 1984, McGinnies and Johnson
1980, Nino Velasquez et al. 1981).

A xerophytic plant that has received much publicity, and
one that is close to a commercial status, is jojoba (Simmondsia
chinensis), which grows as a shrub in the Sonoran Desert of the
United States and Mexico (Hinman 1984, McGinnies and Johnson
1980). The seed of jojoba contains about 50 percent oil (by
weight). This oil, which can be obtained by solvent extraction
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or expression of the seeds, is similar to sperm whale oil, for
which it can be substituted in a number of industrial products.
At present, the primary economic use of jojoba oil is in the
cosmetic industry, where it is utilized in lotions, shampoos,
and conditioners. Other potential uses may be in lubricants,
transmission fluids, and even as a replacement for vegetable
oil in food.

Currently, in the southwestern United States and northern
Mexico, jojoba seed is obtained from plants that grow in the
wild and in small "commercial" plantations (Foster 1980, Hinman
1984, Nino Velasquez et al. 1981). The relatively large areas
that recently have been planted in jojoba may, in the future,
convert jojoba from a cottage industry to one of more
substance. However, the United States produced approximately
165 tons of jojoba in 1983, an amount that exceeded the demand
at the existing market price. Consequently, new uses must be
found for the oil if the jojoba industry is to become
profitable on a large scale. Nevertheless, jojoba may become
the first xerophytic plant to attain commercial importance in
supplying industries with "raw" materials.

Of the five xerophytic plants described by Hinman (1984),
species of the Lesquerella genus received the earliest research
attention. These plants, which are oil -seed producers, grow as
"weeds" in the arid region of North America. Their oil is a
potential source of chemicals, producing hydroxy fatty acids,
homologous to the ricinoleic acid of castor oil. Castor oil
has many industrial uses, as in plastics, protective coatings,
and synthetic intermediates. Quite possibly, through further
research and development, castor oil (whose regional production
is relatively small) could be replaced with Lesquerella oil.

One member of the genus, bladderpod (L. fendleri), holds
particular promise as a new source of hydroxy fatty acids
(Hinman 1984). This plant can be grown with less water and on
poorer soils than is required by the castor oil plant (Ricinus
communis). Furthermore, bladderpod does not possess the toxic
and allergenic properties of castor beans, a serious problem to
workers in the field and in processing.

Some of the xerophytes that seem to hold economic
potential are still in the initial research stage. Among these
plants are species of the Cucurbita genus, the best known being
buffalo gourd (C. foetidissima). This plant is native to many
of the same areas as bladderpod in the southwestern United
States and northern Mexico. The roots of buffalo gourd are
nearly 20 percent starch, which can be hydrolyzed chemically or
enzymatically to dextrins, maltose, and glucose that are
suitable as a sweetener in food and beverages (Hinman 1984).
Similar to the cassava root, it also may have utility in
preparing foods, such as puddings.
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At the present time, commercial development of buffalo
gourd seems to be impeded by the lack of support for genetic,
agronometric, and processing studies. Nevertheless, it is
encouraging that interest in processing and utilization of the
plant has increased, and that buffalo gourd may be on the
threshold of transition from research to developmental status
(Hinman 1984).

The last xerophytic plant (or actually, group of plants)
to be discussed by Hinman (1984) is relatively unknown.
Species of the Grindelia genus, collectively called gumweed,
produce a sticky resin that is similar to wood rosin.
Potentially, the discovery of a new source of wood rosin -like
material could have economic significance in the naval stores
marketplace. Products of the naval stores industry are used in
adhesives, paper sizings, and many other industrial products,
and their derivatives are employed in the production of
synthetic polymers. Initial research on gumweed indicates that
the resins of this plant may be an ideal substitute for wood
rosin, as well as providing completely new resins.

One species of gumweed, G. camporum, has been subjected to
relatively intensive research and developmental efforts
because: it has a high yield of crude resin; its many
accessions have the ability to sprout from the root crown to
produce two crops in a growing season; it has tolerance to
drought, salinity, and disease; and the chances for plant
improvement through selection and breeding appear excellent
(Hinman 1984). Furthermore, preliminary economic analyses
suggest that a favorable return can be obtained on an
investment in the processing and utilization of this species of
gumweed, with the resin being the sole product and the
remaining material, bagasse, being valued only as fuel.
However, the bagasse is too valuable to be used as fuel, with a
number of other potential uses (animal feed, pharmaceutical and
agricultural products, and adhesives and thermoplastics)
exceeding its fuel value.

The five xerophytic plants described by Hinman (1984) are
only a small fraction of the xerophytes in the arid zones of
North America with possible economic value. Many others have
industrialization potentials. Hard fibers of lechuguilla
(Agave lechuguilla) and palm (Yucca carnerosana) could become a
substitute for glass fibers in construction materials (Belmares
et al. 1979, Nino Velasquez et al. 1981). Resins from
creosotebush (Larrea tridentata) can be utilized to protect
wood and other plant fibers from degradation. Also, a variety
of species in different genera possess pharmacological value
(Campos- Lopez 1982, McGinnies 1979), while countless plants
could be used in food production.
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GAPS IN KNOWLEDGE

This review of the state of knowledge and experience in
arid zone forestry in North America has uncovered important
gaps in knowledge. To the extent that these gaps are lessened
through education and research, arid zone forestry practices
can be formulated better to satisfy the needs of the people in
the region.

In considering gaps in knowledge of arid zone forestry in
the southwestern United States and northern Mexico, three broad
sets of consideration become evident:

1. Biological - increasing tree and shrub growth
rates, establishing rotation periods, etc.

2. Socio- economic - identifying the supplies and
demands for wood products, characterizing marketing
potentials, etc.

3. Administrative - specifying wood harvesting
techniques, restricting land open to wood
harvesting, etc.

Attention in this paper is directed toward the biological
and socio- economic gaps in knowledge. The land management
agencies whose jurisdiction includes the lands suitable for
arid zone forestry practices are responsibile for establishing
and then enforcing the necessary administrative framework.

Biological Considerations

In the past, the wood resources in the arid zones of North
America have been "more mined than managed," meaning that the
tendency has been to remove the wood products from a site
without particular concern for "renewing" the wood resource for
future use. However, as demands increase and markets expand,
the wood resources of the region must be managed in accordance
with coordinated, multiple use forest management plans. To
help achieve this goal, the following gaps in knowledge should
be filled.

Quantification of Growth Rates and Subsequent Yields

Inherently, the annual growth rates of the trees and
shrubs in the pinyon -juniper woodland, the encinal woodland,
and the biotic communities of forestry- interest are low in
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comparison to those found in the higher elevation, commercial
montane forests. However, inventory data are incomplete to
adequately describe these growth rates and subsequent yields
over the range of sites considered for arid zone forestry
practices. This information is critical and prerequisite to
formulating and then implementing the silvicultural treatments
that can increase growth rates to the level required for
long -term, sustained yield forest management.

Information for Long -Term, Sustained Yield Management

In the development of a "sustained yield" forest
management scheme, information frequently is necessary to
establish rotational periods in which the trees and shrubs are
grown before wood harvesting is permitted to "maximize"
benefits. However, as the basic structures of the biotic
communities in arid regions of the southwestern United States
and northern Mexico lend themselves more to "uneven- aged" than
to "even- aged" forest management, a recognition of rotational
periods (which is a requirement in "even- aged" strategies) may
not be necessary. Instead, when the appropriate knowledge is
obtained, many of these biotic communities could be managed in
terms of "uneven- aged" forest management parameters. These
parameters might be approximated at the present time, but could
be more precisely quantified in the future. Three of the more
important "uneven- aged" forest management parameters are:

1. A desired number of plants in successive diameter
classes, to obtain a balanced distribution.

2. A residual "density" level as an established goal
in prescribing wood harvesting intensities.

3. A maximum tree or shrub size, beyond which
retaining the plant in a stand for additional
growth is not warranted.

Given an "uneven- aged" forest management regime that is
defined by the above parameters, a planned time interval
between harvesting operations can be programmed to improve the
potentials to recover wood resources for consumptive use on a
long -term, sustained yield basis. Unfortunately, source data
to quantify these parameters are available only partially and
for only a few, selected areas.
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Knowledge of Tree and Shrub Regenerative Practices

In contrast to the past, it must be assumed that the wood
resources in the arid zones of North America will be "more
managed than mined" in the future. Therefore, it will become
necessary to ensure that sufficient tree and shrub regeneration
is attained to provide a continual flow of wood on a "sustained
yield" basis. Unfortunately, the information that is required
to make an assessment of regenerative potentials is incomplete.

It is known that the tree and shrub species of interest
are not easily regenerated naturally in many instances, and
that effective artificial measures may be too costly.
Therefore, it has been suggested that long -term, sustained
yield forest management only be practiced on those sites that
are "favorable" for the establishment of natural regeneration
(Ffolliott et al. 1979). It is possible, however, that these
latter areas may be valuable for other natural resource
products or amenities.

When artificial regenerative measures are necessary, the
establishment of germplasm banks of known genetic quality
should be encouraged. Not only should these germplasm banks
contain material from native tree and shrub species, but also
from performance- tested exotic species.

Improved nursery programs, which include the timely
movement of planting stock to the sites to be regenerated, will
be necessary. Better site preparation techniques also may be
necessary, especially for severely degraded lands.

Socio -Economic Considerations

Equally important as biological considerations in the
management of wood resources are socio- economic considerations.
Among the socio- economic considerations that became evident in
this review of arid zone forestry in the southwestern United
States and northern Mexico are those discussed below.

Identification of Supplies and Demands for Wood Products

In response to the increasing demands for wood products
from the arid zones of North America, investigations have been
conducted to determine the levels of supplies, both present and
future, of woody biomass (Bahre and Hutchinson 1984, Ffolliott
et al. 1980, Frank 1982, Schnorr et al. 1982, Tolisano 1984).
One conclusion of these studies has been that supplies of wood
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apparently are available in many biotic communities; however,
demands for wood products from these biotic communities
undoubtedly will continue to increase and may approach the
anticipated supplies in the future.

In terms of fuelwood, for example, available supplies
represented by annual accretions of woody resources are
anticipated to increase in a largely constant trend to 1995.
The demands for fuelwood are also expected to increase
continuously to 1995. Extending these supply and demand trends
beyond 1995 suggest that fuelwood demands might exceed the
available supplies toward the middle of the next century. It
is obvious that more reliable information is necessary to
better determine if this "short- fall" scenario in fuelwood
resources will occur.

Similiar data sets are required to represent the supply
and demand trends for the full range of wood products that are
currently processed and marketed (or products that will be
marketed and processed in the future) in the arid regions of
North America.

Characterization of Marketing Potentials

The business patterns for wood products can best be
represented as either one supply point with many demand points
or one demand point with many supply points. More complex
spatial networks, with a number of interacting supply and
demand points, can characterize more "sophisticated" marketing
activities. However, these networks currently are not definable
in the marketing of wood products from the arid zones of the
southwestern United States and northern Mexico.

As mentioned above, supply and demand functions for wood
products from the arid regions of North America only can be
approximated at this time. Nevertheless, some general
considerations can be made. First, it seems probable that the
supply of wood will remain fixed, or essentially so, over the
next 10 to 20 years. There is little reason to suspect that
supplies of wood can increase in response to the higher prices.
The demands for other commodities and amenities from these
lands will tend to prevent significant increases in supplies.
Second, the demand for wood products probably will increase, as
discussed above. However, there is little reason to think that
the "elasticity" of demand will change in the next 10 to 20
years. In other words, the shape of the demand curve will
remain unchanged in the near future.

Assuming that the above considerations are at least
partially accurate, the economics of the wood product business
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in the arid zones of the southwestern United States and
northern Mexico can be characterized as an attempt by
individual firms to reach a short -run equilibrium between the
supply and demand points that control the firm's activities.
In a situation of short -run equilibrium with the supply fixed,
as hypothesized herein, the price will increase as the demand
increases. However, as additional firms enter the wood product
business in response to the increasing prices and as supply and
demand relationships change through time, the general
equilibrium of the current wood product business can be
disrupted.

It appears that the markets for wood products could be
enlarged upon through the expansion of currently active firms
or the addition of new firms in the wood product business.
Unfortunately, the magnitude of this potential enlargement in
markets cannot be quantified with the relatively limited data
that are available.

Recognition of Social Attitudes of Local People

Many rural people in the southwestern United States and
northern Mexico have a "strong" tradition in agriculture and
livestock production. Unfortunately, this tradition is not
always matched by an appreciation of wood production. This
lack of appreciation can be a barrier to the implementation of
forestry practices that compete for agricultural and grazing
land. However, it is possible that this barrier can be removed
by providing guidance through improved extension services and,
in general, better technology transfer mechanisms to educate
the people about the beneficial role of trees and shrubs.

A central purpose of rural development is to help people
become self- reliant. However, this development will not
succeed unless it reflects the people's own interpretation of
their needs, problems, and aspirations. Forestry, therefore,
must be forestry for the people and involve the people.
Importantly, it also must be forestry which starts at the
"grass roots" level.

Other biological and a variety of socio- economic
considerations could be recognized and included as part of the
gaps in knowledge. However, in the opinion of the author,
those mentioned above are representative of the more eminent
concerns, in terms of enhancing the baseline knowledge that is
needed to formulate environmentally -sound arid zone forestry
programs in North America. As these forestry programs evolve,
it is further anticipated that informational deficiencies will
continue to come into focus. The ability of foresters to
lessen these gaps in knowledge will determine the success of
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the forestry programs in satisfying the demands for wood
products, domestic livestock grazing, agricultural crop
production, and rural and urban development in the arid zones
of the southwestern United States and northern Mexico.

CONCLUSIONS

As stated in the introduction to this paper, it is a
difficult task to assemble all of the information that is
available on arid zone forestry programs in North America.
However, to the extent that this assignment has been
accomplished, it can be concluded that more is known about
forestry in the region than thought originally. Experiences
and results that have been obtained to date provide a valuable
background on production, conservation, processing, and
utilization. Relatively useful sources of basic knowledge on
arid zone forestry, albeit piecemeal, are available at this
time. The question now is, "how will this knowledge be
translated into orderly, well conceived plans of operation in
the future ?"

A challenge to the people in the arid region of the
southwestern United States and northern Mexico is to recognize
the value (not necessarily in itself, but in linkage with the
management of all of the natural and agricultural resources) of
forestry in satisfying their increasing needs for commodity
goods and amenities. Time is getting short, but with an
awareness of the relevant issues, the challenge should be
adequately met.
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