










shrubs with a grass under-
story, types of vegetation
not easily analyzed with
the Dyksterhuis system.
They need to be put into a
form that is practical for
range condition measure-
ment and analysis accept-
able to land management
agencies. The outcome probably will be different systems
for different types of vegetation. They should be ST models
that include man-related causes of vegetational change
and autogenic processes that also cause change. Further
discussion and model analysis are given in Rodríguez
Iglesias and Kothmann (1997).

It will remain a worldwide issue. The likelihood is that
each country will develop particular procedures for range-
land condition evaluation because methods of sampling
and analysis procedures for the central U.S. grassland do
not necessarily apply to the dry regions, Mediterranean an-
nual grassland, high-grass tropical grasslands, shrublands,
and deserts. Considerable evaluation and testing lie ahead
on range condition analysis.

Rangelands in the Western half of the United States had
been severely abused before 1900 by too many livestock
and by little care given by the users. Deterioration of range-
land vegetation and soil in the U.S. reached its worst before
the 1930 droughts. Numerous experiments and tests of
practical recommendations before World War II attempted
to determine a stocking rate that was the carrying capacity
only for livestock and the degree of forage use that would
assure recovery of vegetation, reduce soil erosion, and re-
store water quality and quantity.

Carrying capacity for livestock grazing and for herbivo-
rous wildlife has not been successfully defined in research
attempts because (1) forage resources and special needs
in livestock operations vary from year to year and from
place to place; (2) vegetational composition changes as a
result of annual weather differences; (3) grazing effects are
not equal over extensive rangelands; and (4) the producer’s
varying needs for different kinds and classes of animals in
changing economic conditions. However, rangelands in
general have more vegetative cover and less soil erosion
than in 1900. These widely improved rangeland resources
developed through the application of various stocking rates,
use of seasonal grazing systems, and less complete utiliza-
tion of forage plants. Past failures in research and practices
to define a finite carrying capacity and stocking rate should
deter major future efforts into research on carrying capacity
and stocking rates. Too many economic, social, and man-
agerial factors prevent adequate control treatments for ef-
fective research, especially in the face of biological and cli-
matic variability. The major objective in decision making for
rangeland grazing by either livestock or big-game wild
species must be full ecosystem decision making and man-
agement that will rehabilitate, maintain, and protect the
basic resources of vegetation, soil, and water.

Too much emphasis remains on carrying capacity for ani-
mal grazing, both of livestock and wildlife. Carrying capacity
often implies natural regulation in a wildlife context, which

allows numbers to build,
followed by die-offs as
habitat restrictions in-
crease the effect of cli-
matic catastrophe. Rather
than management toward
a given number of live-
stock, wild animals, and
other users of natural re-

sources, major emphasis on the world’s natural rangeland
resources must be on the conservation and restoration of
those resources, not on carrying capacity for one or a few
species. For large grazing animals, the manager needs to
consider variable season of grazing, and variable numbers
of animals on each grazing unit with the limits-to-use set by
residual plant cover for ecosystem and succeeding user
values.

Forage Plant and Range Utilization
Utilization measurements and interpretation of proper use

presents a different situation than carrying capacity and
stocking rate, although the three concepts are closely
linked in non-destructive rangeland use. Forage utilization
studies began as an effort to define proper use of key for-
age species. Four decades of trying (before the 1950’s),
failed to yield adequate measurements and to evaluate the
percentages of the forage plants that were removed.
Trampled removal was not considered. The rule of thumb,
a myth, came to be known worldwide as ‘take half and
leave half’ of available forage, which was originally applied
to year-long and season-long grazing. This myth does not
apply to grazing in all seasons and areas.

Emphasis changed toward study of the effects of defolia-
tion on individual plants, that is toward the proportion not
eaten or trampled. That was a proper emphasis change be-
cause new plant growth builds from the living tissue re-
maining after defoliation. Individual plant response to vary-
ing degrees of defoliation at different times during the grow-
ing season has greater meaning. Vegetational responses in
long-rest systems of grazing show that occasional heavy
grazing can be tolerated. Some research has been report-
ed on effects of defoliation in this context, but much more
needs to be done. Useful guidelines must be for specific sit-
uations and include time of use in the growing season, and
measurement specifications. A utilization percentage or
category as an average for a pasture has little value.

Where the vegetat ion is annual grassland, as in
Mediterranean climatic types, proper forage utilization can-
not be the same as in perennial grasslands. The annuals
only store food in the seed for germination and growth in
another year. This fact has resulted in attention given to the
quantities of plant materials left after grazing. It becomes
the "mulch" that protects the germinating seedlings from
frost and drought during the beginning of the growing sea-
son. In California, studies have shown that the annual
grassland composition is directly related to the amount of
mulch at the time the annuals germinate. The composition
is also related to the patterns of rainfall and temperatures
especially during the beginning and near the end of the wet
season. The mulch is on the soil surface, water stays in the
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Rangelands in the Western half of the United States
had been severely abused before 1900 by too many
livestock and by little care given by the users. 



soil under it, seeds germinate under the mulch, and
seedlings live or die there. The microenvironment between
5 centimeters above and 5 cm below the soil surface is key
to the health of the annual grassland. It needs worldwide
study in the annual-grass ecosystem.

Seasonal Grazing Systems
Research and recommendations on which grazing sys-

tem to use have gone through a series of crusades. The
first was wide-spread use of deferred-rotation grazing fol-
lowing the work A. W. Sampson began about the time of
World War I. Following World War II, A. L. Hormay led the
second crusade on rest-rotation grazing systems. The more
recent third is a short-grazing/long-rest system which has
been recommended for widely different vegetational types
in several countries by A. Savory. Numerous publications
describe practical application and research into the useful-
ness of all three to rehabilitate rangeland and to produce
livestock. No single system has been shown to be best.
There have been failures and outstanding results from all
three types.

There are two major results. One is greatly improved
rangelands because land managers have learned the im-
portance of giving the vegetation opportunity to grow and
remain healthy. The combination of successes and failures
suggests the second, that good managers can make any
grazing system successful. Additional research into compa-
ring actual grazing systems probably is not needed.
However, much remains to be learned about the effects of
degree and seasonal timing of defoliation. Research proce-
dures with controlled laboratory treatments are suggested.

Rangeland Improvements
Rangeland improvements, especially mechanical and

chemical control of undesirable plant species, seeding of
mostly alien species, fertilization, and construction of runoff
water-control structures became widely accepted practices
in the mid- 1940’s and tapered off after 1970. At first the
objective was eradication and later, after failures and partial
results, it changed to one of noxious or undesirable plant
control. Herbicides caused environmental pollution and un-
desirable side effects to other than intended targets.
Machines to control woody plants became too expensive.
Prescribed fire to reduce brush and increase forage gained
in popularity. The sequence on millions of acres started
with brush reduced by fire, machines, or herbicides, fol-
lowed by seeding of Agropyron cristatum and other intro-
duced species. Fencing into pastures and grazing in a rota-
tion sequence completed the process. The practices did not
always produce either the expected forage or provide ade-
quate soil protection, and brush regenerated in a few years.
Costs of the conversion to grassland increased and envi-
ronmental pollution further reduced use of the so-called
"improvement" practices on public lands. On private lands

prescribed fire for woody plant control is the principal prac-
tice, but burning time is regulated to control air pollution.
Continued application of mechanical, chemical, and burning
procedures appears questionable except for land rehabilita-
tion after severe wildfire damage, soil loss through excessive
erosion and sedimentation, and locally for special purposes. 

Environmentalists who wanted native plants were able to
force reduced brush control treatments and the inclusion of
native plants in the seed mixtures on public land. Perhaps
an extreme case is the inclusion of native Artemisia triden -
tata, which was the major reduced shrub, in seed mixtures
after wild and prescribed fire. A myth emerged that
Agropyron cristatum and other wheatgrasses did not deteri -
orate and Artemisia tridentata did not re-invade and in-
crease. Both situations are false in a majority of seedings.
This example also illustrates another myth, that rangeland
improvements are permanent. Physical structures, shrub
reduction, seeding, and other changes placed on rangeland
will in time regress as the traditional natural successional
processes and climatic variability continue.

Alien Species
Invasion by exotic plants that are mostly annual herba-

ceous species, a few shrubs, and intentionally seeded
species is frowned upon by people primarily interested in
native species. Claims that ecological resiliency is higher
with the natives is not universally true and not all aliens are
threats to the native ecosystems. Alien introductions, de-
spite human efforts, have become permanent parts of the
native succession and climax. Whether that throws the suc-
cessional system into disorder or simply becomes a part of
it, is a matter of opinion. When aliens do become perma-
nently established, the term "new native" should be applied.
For example, the abundance of new natives in the
Mediterranean annual vegetation in California and Bromus
tectorum in the Intermountain West of North America indi-
cate they are permanent residents. They may be reduced
but it is highly unlikely they will be eliminated. That leaves
the rangeland manager with acceptance of the annuals and
to use them accordingly, or destroy them and seed with na-
tives, a costly and rarely successful procedure. Conversion
by animal grazing alone seldom succeeds. Mediterranean
annual grassland should be managed as such.

World-wide failed crusades include land treatments to
control most alien invaders such as weeds of cultivation and
rangelands, most insects, brush, and herbaceous species.
Successful invasion, or establishment by any of these or-
ganisms requires a favorable environment and a safe site
for the invader to collect needed resources. Creation of
safe-sites occur more or less continuously in the natural
landscape because of changes in vegetational composition
resulting from weather events, fire, herbivores, and inten-
tional and unintentional human-caused disturbances.
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Prescribed fire to reduce brush and increase for-
age gained in popularity.

. . . good managers can make any grazing system
successful.










