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Preface

Rangeland Ecology and Management focuses on the ecology of rangeland
grazing, practical management of animals, and vegetational manipulation.
Part Four brings these together in the context of decision making for
damaged land, riparian and water conservation, multiple-use, and
modeling.

The reader will find scattered paragraphs taken from Rangeland
Management, published in 1975, but this writing is more than a revision
of that book. In 18 years, rangeland resource ecology has seen new
principles in defoliation effects, added fire to its understanding, and
again engaged in theoretical examination of succession, stability, and
range condition. Animal numbers and their distribution continue to be
cardinal principles of management. Grazing management of wild and
domestic species, separately or together, gains in attention. Seasonal
livestock management has bypassed rest-rotation toward short-duration
systems and may finally come to rest on flexible schedules that meet the
requirements of each location and manager.

Rangeland management has responded to the environmental
movement with less application of machines, herbicides, fertilizers, and
seeding of exotics. More prescribed burning, biocontrol measures, plant
breeding, seeding of native species, and knowledgeable worldwide
rangeland management have occurred. The present rangeland programs
on the reclamation of damaged land, riparian healing, reducing water
and air pollution, gaining user acceptance of multiple-use, and modeling
were only in distant sight in 1975. The result is an increase in chapters,
from 21 in 1975, to 31. Rangeland resource management may not be a
third greater since 1975, but in our opinion everything in the field has
changed in that time. We have attempted to review those changes,
including a moderate view of controversy, for the benefit of all those
interested in the rangeland resources.

Many new names of plants and animals have appeared since 1975.
These are cited as the various authors used them; therefore, the reader is
referred to Appendix One and Two where common names indicate
changes in scientific names.
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A book of this magnitude could not have been written without many
contributors. Numerous persons have helped by their willingness to
discuss what they believe and show what they arc doing. We gratefully
acknowledge that influence and want especially to mention W. A,
Laycock, J. L. Dodd, E. J. DePuit, J. A. Bartolome, Barbara Allen-Diaz, and
Lynn Huntsinger. Bill Laycock offered suggestions on the whole
manuscript. Ruth Heady spent many days editing, proofreading, and
checking literature citations. (She disclaims responsibility for any errors.)
USDA-ARS has supported the effort through approval of the use of word
processing equipment and the grant of time to the second author. Qur
wives, Ruth and Carla, have been supportive, even through missed
celebrations of birthdays and anniversaries. We thank them all.
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PART ONE

Grazing Ecology
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Rangeland Conservation

Rangeland occupies approximately 51 percent (6.7 billion ha) of the
earth's land surface (World Resources Institute 1986). One billion acres
(404 million ha) of rangelands, pastures, and woodlands in the United
States provide forage and habitat for some 70 million cattle, 20 million
deer, 8 million sheep, half a million pronghormn, 400,000 elk, 55,000 wild
horses and burros, and many other animals (Evans 1990). All areas
produce water and recreational facilities. Rangeland supplies forage for
herbivores; additional products such as minerals, construction materials,
wildlife, medicines, chemicals, fuel; and intangible values including areas
for the preservation of endangered species, anthropological sites,
recreational activities, and wilderness. These land-uses as a group are
often mentioned as the multiple-uses. Competition and controversy exist
over their relative values and coordinated management. The choice
among them for the use of public land is as often determined by social
preference and judicial-political pressures, as by their economic and
physical-biological attributes.

RANGELAND DEFINED

Rangeland is a type of land that supports different vegetation types
including shrublands such as deserts and chaparral, grasslands, steppes,
woodlands, temporarily treeless areas in forests, and wherever dry,
sandy, rocky, saline, or wet soils, and steep topography preclude the
growing of commercial farm and timber crops. Rangeland vegetation
may be naturally stable or temporarily derived from other types of
vegetation, especially following fire, timber harvest, brush clearing, or
abandonment from cultivation. Weed and brush control, seeding, and
fertilization of rangeland are infrequently applied practices.

The relative importance of different rangeland uses change, giving rise
to a second definition that is based on kind of use, usually equated with
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livestock grazing. Historically, this was the accepted definition. For
exampile, some rangeland is livestock summer range, or another area is
deer winter range. Boundaries among the various uses change and many
uses are made of the same rangeland. This book does not refer to range
or rangeland as a kind of use.

The second definition is the one employed by those with an overriding
interest in livestock grazing and by those who are derogatory of livestock
grazing, especially on the public lands. Range research and professional
practice have fostered this view through concentration on effects of
livestock on vegetation and soil and on land treatments aimed at
improving livestock production.

The dual definitions have important implications in budgeting,
personnel selection and promotions, relationships among user
organizations, and cost-effectiveness of land management. The second
definition pits the livestock producer against other users; the first
considers all the users in coordinated land-use decisions.

RANGE MANAGEMENT DEFINED

Range management is a discipline and an art that skillfully applies an
organized body of knowledge accumulated by range science and
practical experience for two purposes: (1) protection, improvement, and
continued welfare of the basic resources, which in many situations
mnclude soils, vegetation, endangered plants and animals, wilderness,
water, and historical sites; and (2) optimum production of goods and
services in combinations necded by society (Fig.1-1). The range
management profession places emphasis on ecological understanding
such as that shown in Figure 1-1 and the following: (adapted from Joyce,

1989)

Determining suitability of vegetation for multiple-uses
Designing and implementing vc,gctatlon improvements
Understanding social and economic effects of alternatives
Controlling range pests and undesirable vegetation
Determining multiple-use carrying capacities

Eliminating soil erosion and protecting soil stability
Reclaiming soil and vegetation on disturbed areas
Designing and controlling livestock grazing systems
Coordinating activities with other land resource managers
Protecting and maintaining environmental quality
Mediating land-use conflicts

Furnishing information to policy makers

* ® # & & & 2 & s * @& =



External Factors

Climate, Solar Energy, Topography, and Available

Organisms

Management
Inputs

Soil
Organic Matter
Minerals
Erosion Control

Vegetation
Brush Conuol
Seeding
Fire

Animals
Kinds
Disiribution
Numbers
Time of Use

Internal Factors
Soil water Micro climate
Soil temperature  Competition
Mineral supply Symbiosis

Herbivory Evolution

4
d

Ecosystem Components

Soil c .
Vegetation Agmlfl;lpztxes
populations imals
Products

Forage Clean air

Water Recreation

Wﬁdlifﬁ Minarals

Better life Construction materials

Figure 1-1 Rangeland ecosystems and management.
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Management of rangeland requires selection of alternative
techniques for optimum production of goods and services with no
resource damage. No single set of management practices has ever been
found to achieve management goals on rangeland. Ecological principles
underlie most of the decisions made by the range manager because of the
diversity of natural and humanly disturbed ecosystems.

The use of different management strategies is dependent upon
management goals and objectives as well as the ecological potential of the
rangeland in question. The planning and application of the many
alternatives has come to be known as holistic resource management
(Savory 1988). Ideal holistic management requires renewal and
sustaining of natural resources, and elimination of destructive use by
shortterm mining of vegetation and soil. While emphasis is often placed
on effects and management of domestic animals, the overriding goal is
rangeland resource rehabilitation, protection, and management for
multiple objectives including biclogical diversity, preservation, and
sustainable development for people.

THE RANGELAND ECOSYSTEM

Rangeland systems consist of many interacting environmental forces,
local combinations of organisms, and the impacts of use by an increasing
number of people. These systems remain primarily under the control of
the overall environment, although use and management of rangeland
ecosystems alter populations of organisms and change the rate of physical
and biological inputs (Fig. 1-1).

Rangeland Development

The topmost box in Figure 1-1 depicts the interacting state factors of
Jenny (1941). He suggested that soil is a function of parent material,
relief, climate, and organisms. Over time, well-developed or mature soils
result. Major (1951) applied Jenny's concept to vegetation and developed
the thesis that vegetation depends upon the same state factors as does
soil. Primary succession is the development from pioneer to relatively
stable communities of plants and animals beginning on raw parent
material. Mature soil and climax communities continue to be located at
specific topographic places on particular physiographic bases and to
receive an energy combination the universe provides for each spot. Jenny
(1958) called the wide variation in natural ecosystems landscapes. Other
terms that apply to the homogeneous units within landscapes on
rangeland are habitat types (Dauberumire 1970), range sites (Dyksterhuis
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1949), and ecological sites (Jacoby 1989). Landscape systems are on a
complicated spatial scale because each range site or location, even a
square decimeter or smaller, has its separate set of organisms, inputs, and
responses. These vary continuously through space as well as time. Two
examples are shown in Figure 1-2 of rangeland deterioration and
improvement.

Rangeland Deterioration

The human rangeland resource user entered this system after it was
well developed. Most areas had mature soils and climax vegetation, only
temporarily set back because of occasional natural disturbances. The new
land-users in the late 1800s and early 1900s destroyed the natural
grasslands to make room for food crops, harvested timber for fuel and
shelter, and replaced the large wild herbivores with domestic animals.
Too many poorly managed animals overgrazed rangelands, causing
deterioration of vegetation through several commonly accepted stages
(Fig. 1-2). The most palatable plant species were selected first,
continually grazed, and closely defoliated; this practice reduced plant
vigor, lessened seed production, and eventually, caused plant death.
Usually the space vacated by desirable species became the expanded
home of less palatable and nutritious species. If overgrazing continued,
these species gave way to annual invaders, many of which were weeds
introduced from other continents. The palatable species in the pioneer
successional stages became rare, and continued overgrazing reduced the
invaders. Deteriorated rangelands resulted in ever-widening patches of
totally bare soil, beginning where animals naturally congregated. This
process of ecosystem destruction occurs worldwide and is one cause of
desertification.

Disappearance of soil-holding mulch and plant roots permitted
erosion, which further destroyed the land. Accelerated erosion is
characteristic of overgrazing. Except on steep slopes and fragile soils,
erosion came after considerable vegetational deterioration. In Figure 1-2,
deterioration and improvement are shown for a sequence that moves
regularly away from and toward stability and another that shows
irregular change with various stable combinations of species.

An extensive summary of range problems in the western United States
by the United States Forest Service (1936) established the fact that
overgrazing had already destroyed more than half of the range forage
resources and at that time deterioration was continuing on three-fourths
of all rangeland. Little more than 75 years of high livestock numbers,
uncontrolled grazing on public lands, and lack of knowledge or care for



Moist Grassland

Climax vegetation, Little erosion, Excellent
condition, High productivity
Overgrazing Grazing
Management
Low vigor of palatable Stable vegetation
species
Decrease of desirable t
vegetation Mixed annnals and
perennials
Less desirable species
become dominant 1
I' Annual grasses
Undesirable species
become dominant '
Extensive etosion Broad-leaved annuals
{End of Disturbance)
Low apd erratic forage production

Semiarid and Arid Vegetation

Five hypothetical rabgeland conditions, each may be

considered stable

1

Mixed shrub spp.
Perennial grasses

Y

Dense shrubs {one spp.)
Few herbaceous plants

Mixed shrab species
Mized annual species

!

Few shrubs of one spp.
Extensive anmual grass

gl

No shrubs
Extensive annual mix

I

Low and emratic forage production Bare soily

Figure 1-2 Two examples of deterioration and secondary succession or vegetative change in rangeland ecosystems.
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the land mainly caused the destruction. Overuse of the land was fostered
by society and approved by government; it was a benevolent and
necessary policy for westward expansion of the United States. In
addition, extensive droughts and drastic price fluctuations combined to
cause periodic presence of surplus cattle and sheep on the western
ranges.  Sufficient concern by the 1930s resulted in efforts to regulate
livestock grazing on western public rangelands to reduce erosion and
rehabilitate the national rangeland resources.

The percentage of rangeland in poor condition decreased from 36
percent to 18 percent from 1936 to 1984 (CAST 1986). During the same
period the percentage in good to excellent condition increased from 16 to
36 percent. From 1960 to 1988 numbers of pronghom, deer, bighorn
sheep, elk, and moose have shown dramatic increases on public
rangelands in the presence of livestock grazing (Bureau Land
Management 1989). Perhaps as much as 60 percent of the Nation's
rangeland is in stable condition, The western rangelands as a whole
have a denser cover of vegetation and less erosion in 1990 than they
had in 1890. Accomplishments are many but there is still improvement
to be made.

Rangeland Improvement

The range manager may begin efforts to halt destructive processes and
increase yield at any stage of range condition (Fig. 1-2), because the
primary ecosystem is seldom completely destroyed. Secondary plant
succession often begins with broad-leaved annuals, changes to dominance
of annual grasses, becomes a mixture of perennials and annuals, and
finally returns to perennial vegetation. In the Mediterranean-type annual
grassland, annuals dominate all stages of change. Sampson (1919) was
the first to describe these stages for grazing in forest openings, and his
description of secondary succession following relief from overgrazing
continues to be pertinent to management of rangelands. Clements (1916)
is usually given credit for the foundation statements on plant succession,
Many others have described patterns of species dominance and
successional stages for numerous vegetation types. Gradually stages in
secondary plant succession became the foundation of range condition
evaluations (Dyksterhuis 1949). His suggested procedures have been
used for several decades in the large grassland region of central North
America. In the western states where perennial grasses are not the
recognized dominant and major climax species, argument surrounds the
concepts of range site and range condition as based on plant succession
and climax (more in Chapter 10).
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The orderly replacements of species in secondary succession is
suggested in Figure 1-2. Because of variable site conditions, types of
vegetation, evaluations by technicians, and management objectives,
successional stages in semiarid and arid shrublands and others are not so
clearcut and vegetation appears stable. The diagrams emphasize that
grazing, as an ecological factor, causes major vegetational changes.

THE GRAZING FACTORS

Grazing of both wild and domestic animals exert an influence upon
the productive rangeland systems by their defoliation of plants through
eating and physical damage, by their digestive processes, and by their
movements. Separation of this total influence into individual factors
promotes an understanding of grazing impacts and fosters informed
animal or grazing management. To use the grazing animals as tools to
attain vegetational production goals, the manager must know the impact
of grazing upon the ecosystem. Consideration of animals only as
products is not enough.

Figure 1-3 shows reciprocal relationships between land and animals
as arrows from vegetation through the grazing factors (large circle) to
animals and from animals to vegetation. Grazing also affects the
decomposers and the soil. The range manager has two sets of
manipulator tools. One aims at controlling range vegetation by altering
the grazing factors, and the other applies such items as seeds and
fertilizers directly to the vegetation/soil complex.

Individual Effects of Grazing

When a grazing animal eats, it selects certain plants or plant parts and
removes them to a definite degree or intensity. This event occurs at a
specific season in the phenological development of the plant, and it may
be repeated. Thus, grazing includes four aspects of defoliation: intensity,
frequency, seasonality, and selectivity. Each of these factors influences
the growth and reproduction of the plants differently, and hence, the
vegetation being grazed. Animals can be managed to influence
vegetation by changing their impact on the four defoliation factors and
on their continual spatial rearrangement of minerals, plants, and other
animals. For example, accumulations of minerals where animals bed
stimulate some plant species more than others, and animals move plants
whose seeds attach externally to their bodies or survive passage through
their digestive tracts.
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Grazing Factors

Intensity Season
Aspects of -
A Other
Defoliation Plants Herbivores
Frequency Selectivity
Hems
/ Redistributed
Mineral
Cycling
Minerals
Physical ¢ Animai
Behavior

Managed Range Animals

Figure 1-3 Interacting grazing factors by domestic and wild herbivores

that influence rangeland ecosystems.
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FEach species of range herbivore has its own peculiar behavioral
characteristics, some inherited--some learned, that determine part of its
total impact on the habitat. Sheep often graze into the wind, many
species prefer specific types of cover, some establish territories, and
herding instincts are common. Sheep and cattle differ in their seasonal
preference of riparian and upland sites. Animals exert a physical impact
by trampling which damages plants, compacts soil, makes trails, churns
soil surfaces, and covers seeds. Other physical actions by animals include
the burrowing activities of rodents and the mixing of organic materials
with mineral soil by invertebrates.

Slight to nearly complete decomposition of plant material in digestion
by herbivores occurs rapidly and speeds mineral cycling. The reduced
state of chemical bonds in dung and urine makes the minerals more
quickly available for use by plants and hence by another herbivore than
are minerals from slowly decomposing, ungrazed plant materials.

Effects of Grazing as a Whole

The grazing factors are shown in Figure 1-3 as a highly complex set
of interacting processes. One factor of defoliation can hardly happen
without the others. Cycling of minerals depends upon defoliation, but
the recycled minerals influence grazing only after being returned to the
soil and reabsorbed by plants.

Range managers have few data on many individual relationships in
the grazing process. In general, the total grazing influence, or the large
circle in Figure 1-3, has been the center of attention and the separate
factor operation within the grazing process has been minimized. Studies
of individual factors have concentrated on animal response. For example,
data on the influence of forage selectivity on the nutrition of domestic
animals can be found for more situations than can data on vegetational
responses to selective grazing.

It is well to keep in mind that every animal is always a whole animal,
exerting the different grazing impacts at the same time. A cow, for
example, tramples plants while selectively grazing forages to a certain
intensity. Thus its grazing effects are confounded. Separation of grazing
factors is important because each animal species grazes and behaves
differently, to which the vegetational response varies.  Better
understanding of these various aspects of grazing gives knowledge useful
to the manager who must make decisions about kinds of animals,
stocking rates, seasonal grazing, and many other range inputs.

The approach taken in Figures 1-2 and 1-3 is one of showing the
importance of the separate rangeland ecosystem elements and their
relationships with each other. This is an analysis procedure. Actually
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analysis and synthesis in rangeland management should be growing as
twins. However, analysis is by far the most frequent approach. Pulling
apart is far easier than putting together. Analysis is subject to greater
quantification and therefore is often more scientifically respectable than
synthesis. One objective in this book is to present both the accumulated
facts and principles on grazing management and the synthesis of that
information into managed ecosystems. The theory of holism gives
emphasis to the synthesis half of the twin activities. The following
chapters analyze these separate grazing factors and show how the
information is useful in decision making on grazing management.

Analyzing the separate effects of grazing and suggesting the best
management of grazing is only one part of range management. Other
parts include the social and economic situation of the landowner, either
public or private, and the tradeoffs among all the uses of the land. These
change over time just as the vegetation changes. The range professional
is rapidly coming to a point that requires analysis of the total system of
biological production, the economics of that production, the sociological
aspects of public and individual use of rangeland, and the political rules
involved. The interactions and synthesis of all these factors are not yet
attainable in nicely operating computer systems. Managers of rangeland
operations who use systems for decision making usually do so at the
subsystem level.
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Defoliation

Defoliation is the removal of physiologically active material, as by
herbivore eating, clipping, and trampling. A longterm and continuing
question about defoliation is the proper use of rangelands; or how much
and when grazing defoliation can take place without damaging the
plant’s physiological processes. The ultimate competitive success of the
defoliated individual within the plant community is at stake. The
grazing manager's purpose is to use a pattern of defoliation that
maintains production levels and fosters better range conditions.

The plant requirements of proper use or defoliation have been the
subject of two families of experiments extending over a century. The first
combines grazing trials with variable stocking rates on range pastures
that are grazed yearlong or in a vast variety of seasonal schedules. The
second family is the response of plant biomass and total nonstructural
carbohydrates (TNC) levels to a wide array of simulated grazings by
clipping at different intensities, frequencies, and seasons.

Both types of research have their disadvantages. The grazed pastures
were seldom uniform and costs have been great. Which individual plants
were grazed, how severely, and how frequently were more often
estimated than measured. The clipping treatments were more severe than
grazing.  Those that determined changes in chemical contents,
emphasized the percentage content, not the quantity of plant foods that
arrived or left the food storage pools. Critical levels and timeliness of
food sources and transport processes within the plants became known for
only a few species. Usually little attention was given to the plant's
competitive ability or to the environmental factors such as water stress.

The large body of clipping and grazing data and experiences
unquestionably tells us that plants, plant communities, and vegetational
regions differ greatly in their ability to withstand defoliation and
maintain their livelihood. Those with high grazing tolerance may have
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attained it through evolutionary development of physiological and
morphological adaptations.

The controversial grazing optimization hypothesis states that annual
net primary productivity (ANPP) increases when herbivory increases.
Observations of increased tillering by grasses and shrub sprouting when
they are defoliated would seem to substantiate that hypothesis.
However, a light clipping when moisture and temperature are adequate
for regrowth usually has little influence on annual ANPP (Savelle and
Heady 1970, Williamson et al 1989).

COEVOLUTION OF PLANTS AND ANIMALS

Plants and herbivores have evolved an interdependent relationship
and tolerance in which defoliation is as much a part of the system as is
the need for herbage by grazing animals. Natural selection operates both
to provide herbivores with food and to permit growth and survival of
plants. The fact that plants palatable to one kind of animal or another
dominate the world's grasslands and commonly occur in shrublands and
forests suggests that adaptive processes through natural selection operate
to foster both the eater and the eaten.

Most forage plants have the capacity either for rapid replacement of
green tissue or for grazing avoidance. Plants have developed such
deterrents to grazing as high lignin content with low nutrient values as
they mature, tannins, alkaloids, essential oils, organic acids, and other
compounds that do not appear to have important roles in plant
metabolism (Stuart-Hill and Mentis 1982). Other seemingly protective
characteristics to tolerate or escape grazing include spines, high tensile
strength, low growth, abundant seed, stolons, short periods of rapid
growth, rhizomes, basal meristems, and carbohydrate storage. Evolution
to accumulate silica may be a defense against herbivores (O'Reagain and
Mentis 1989).

Herbivorous animals have developed such characteristics as chewing
of cud, a rumen or cecum with digestion by microorganisms, use of a
high volume of low-nutritive forages, mobility, seasonal breeding, and
special mouth and teeth arrangements. The result has been vegetation
tolerant to grazing by numerous large animals of several species, as in
Africa and the central United States; and fewer herbivores on less tolerant
vegetation, as in New Zealand and some mountain grasslands (Heady
1968).

Grazing and defoliation can get out of balance, as illustrated by
overpopulation and overgrazing by either wild or domestic animals.
Usually, it does not stay in balance for very long. The stresses from
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defoliation, either natural or human-caused, speed evolutionary processes
and may severely damage the rangeland ecosystems for the short term.

DEFINITIONS

The range manager's aim is to reduce the damage from severe
defoliation by controlling the amount, the time in relation to phenological
development of the plant, the frequency if defoliation occurs more than
once, and the selection of the grazed species (Alcock 1964).

Intensity of Defoliation

The proportion of the current year's forage production that is
consumed or destroyed by grazing animals from a single plant, a
species, or the vegetation is expressed in three different
terms--defoliation intensity, use, and utilization. The early range
management literature and much of today's favor "utilization.” The
glossary of range terms (Jacoby 1989) did not recognize “intensity of
defoliation” and did not define "utilization" as referring to the harvested
or destroyed biomass. In clipping experiments, "intensity” rather than
“use"” is the term that usually expresses the proportion of the plant weight
or height that has been removed. In this book the three terms have the
same definition.

In clipping experiments, where the investigator harvests and weighs
the removed materials, the calculation of proportion of material removed
depends upon some measurement of the remaining stubble. That
measurement is most accurately determined by sacrifice of the whole
plant. If animals harvest the forage, direct measurement is impossible
and the investigator must rely upon measurements of ungrazed plants or
on dietary factors to reconstruct the portion that has been eaten.

Because of these difficulties and the fact that plant regrowth begins
from the material left unharvested, the use and proper use of rangeland
forage is best defined in terms of the amount or length of herbage
remaining on the plant. Commonly for grasses, it is expressed as the
average stubble height or weight of plant materials per land unit. For
shrubs, the length or amount of uneaten twig growth that remains on the
plant after grazing or treatment is of critical importance to the plants. As
grazing animals depend upon the amount of material removed and the
plants upon the herbage remaining, it would seem that attention to plant
residue after grazing is most important to managing the vegetation and
material removed to managing animals.
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Frequency of Defoliation

Frequency of herbage defoliation is the number of occurrences of
herbage removal in a certain interval of time. In a clipping experiment,
frequency might be expressed as weekly herbage removal to a constant
stubble height occurring between certain dates. In grazing situations,
frequency of defoliation becomes the rotation schedule for schemes that
use large numbers of animals in small areas for short grazing periods.
Repetition of defoliation, hence frequency, in longterm grazing is difficult
to determine. The use of frequency in the sense used here should not be
confused with the ecological usage: the ratio of units containing a species
to the total number of units.

Clipping of container plants is the common procedure for separating
effects of frequency from those of intensity of defoliation. For example,
repeated clipping at the same stubble height but at different time
intervals would hold intensity of defoliation constant and vary the
frequency. By definition, intensity of defoliation does not differ as the
interval of time between defoliations changes. Some studies describe an
increasing number of clippings as greater intensity of herbage removal.
Undoubtedly plants clipped more than once have less photosynthetic
tissue than those clipped once and in this sense are subjected to increased
intensity. However, intensity effects are confounded with frequency and
seasonal effects. Only by careful attention to these concepts can adequate
determinations of effects due to degree and timing of defoliations be
distinguished.  The separate effects indicate that more frequent
defoliations result in a drop of carbohydrate reserves and less vigorous
plant (Teague 1989 and many others). Frequency effects are of special
importance to short-duration grazing,

Season of Defoliation

Season of defoliation is the time measured along the growth curve
of the plant or vegetation when defoliation occurs. Some grasses and
most forbs are highly susceptible to defoliation and lose vigor when
active green tissue and meristems are removed at any time during the
growing period. The meristems of shrub and broadleaved herb leaves
are at the outside edges. Their removal stops further growth. Some
grasses with basal meristems show little effect of leaf blade removal in
terms of dry weight and seed produced. Sensitivity of many grass
species to defoliation is highest when the flower stalks begin to develop
and decreases rapidly as the plants approach maturity.
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Growth patterns determined under field conditions are subject to
much variation resulting from irregularities in weather, Average growth
at certain calendar dates has advantages for managing livestock, but the
value of a fixed date is minimal for prediction of phenological
development in another year or location. Therefore, the investigator must
define the growing cycle of the plants precisely in order to relate effects
of herbage removal to plant development.

DETERMINING EFFECTS OF DEFOLIATION

Investigators in hundreds of experiments have used clipping, grazing,
or both treatments to study effects of defoliation. While an extensive
review of methods is not intended, a brief description of experimental
techniques is needed to facilitate understanding of the resuits. (see
Forage Supply Cycle in Figure 11-1 and in Chapter 16)

Clipping Studies

Clipping has been the principal technique used in the study of
defoliation. Most investigators have applied clipping to single species
grown in pots under fluctuating greenhouse or lath-house conditions.
Controlled environment chambers have also been used. Other pot-type
studies have depended upon the natural environment, with
supplementary water supplied as needed. The substrate upon which the
plants were grown has varied from closely controlled nutrient solutions
and untreated but uniformly mixed soil in pots to planting in cultivated
field plots. Growth conditions must be controlled and measured in
laboratory and field if responses are to have predictive value for other
situations.

Clipping treatments differ as much as growing conditions. Treatment
variables include clipping height, time of first clipping, frequency of
clipping, time of last clipping, and type of material removed. These
variables have been defined by calendar dates, growth stages, and
occasionally both items. For example, one study stipulates that plants be
clipped to a defined stubble height every two weeks while another
requires clipping only when regrowth reaches a certain height.

Measurements of plant response to clipping nearly always include dry
weights of material removed and a final weight of crowns and roots at
the end of treatments. Pots or boxes facilitate measurement of root
responses because whole plants must be harvested. A pot contains all the
roots; it contains only the roots of the plants treated; and these roots can
be removed easily from the container and substrate. Other measurements
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include length, width, and thickness of various parts; color; degree of
branching; reproductive responses; ratios of wvarious plant parts;
longevity; changes in plant form; vigor; and chemical composition.

A pot experiment that includes comparisons of three species, three
intensities of defoliation, and three clipping frequency regimes, replicated
five times, requires 135 pots plus control pots and replacements. This
experiment entails a sizable effort but includes only a small portion of the
possible permutations and needed information.

Although results are available from many clipping experiments, few
are comparable and seldom test the same hypothesis. The general
principles that regulate plant responses to defoliation remain unclear in
many instances. A suggestion for procedural improvement specifies that
the growth curve for an untreated set of plants be determined in each
clipping experiment as the normal from which various defoliations cause
deviations. Clipping of a new replicate set of previously unharvested
plants at each 2-week interval throughout the growing season gives a
measure of cumulated growth. The plotted data produces the typical
normal growth curve (Fig. 2-1). At plant maturity, clipping the same
replicates again (at the same stubble height as earlier clippings) measures
regrowth. A third clipping at ground level gives stubble weights. The
sum of these three weight measurements--accumulated growth, regrowth,
and stubble weight--for each treatment date provides an estimate of total
response from the first clipping. The data and curves provide a basis for
evaluating various other treatments of intensity, frequency, and season
of defoliation against the untreated phenological growth curve of the
species.

Grazing Studies

Effects of defoliation by grazing animals have been studied in many
experiments using several stocking rates. Usually these experiments
specify grazing with a constant number of animals for a certain period of
time or until a certain degree of forage utilization has been attained.
Interpretations of degrees of defoliation usually depend upon the
difference between measurements taken before and after grazing or inside
and outside of small areas protected from grazing by cages. A glance at
Figure 1-3 suggests the complexity of using grazing animals for the study
of defoliation effects. Grazing animals confound all of the grazing factors
so that the investigator cannot determine the relative importance of, for
example, frequency and intensity of defoliation without the influence of
trampling. Grazing periods of more than a few days give relatively
inaccurate measures of frequency and season of defoliation. Grazing
studies give excellent overall estimates of vegetational changes.
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Figure 2-1 Mean oven-dry weights, in grams, of Avena barbata resulting
from clipping a new set of replicates on each date to determine normal
growth. On May 23, all plants were clipped to a 4-centimeter stubble
height for measurement of regrowth and to the soil surface for stubble
weights (Savelle and Heady 1970).

Effects of Clipping Versus Grazing

Several differences exist between the effects of grazing and clipping.
Grazing selectively removes plant parts and individual plants in the
vegetation and includes factors of pulling and nutrient cycling, while
clipping tends to be uniform and severe (Hart and Balla 1982). Hand
clipping did not closely approximate the effect of taking some mature
stems and parts of leaves from the shrub Acaciz karroo by goats (Teague
1988). Only with extremely heavy use by animals does an even stubble
height develop. Grazing animals usually take repeated bites to harvest
an individual plant, but the time interval between the bites may permit
regrowth. Different animals graze by pulling, breaking, or biting at
random heights whereas cutting with shears is uniform. Even with
heavy continuous grazing of pastures, individual plants may escape
defoliation for a time (Briske and Stuth 1982). Clipping treatments have
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tended to be at constant time intervals and at a uniformly severe
intensity. If the amounts and kinds of foliage removed by clipping and
grazing arc the same, the effects of both are likely to be the same
(Jameson 1963).

Responses of plants in grazing trials include the effects of competition,
but many studies of clipped planis in containers do not. Therefore,
clipping and grazing affect range vegetation differently; either may be the
most damaging to the vegetation. Grazing animals do more than
defoliate. They trample, move seeds and minerals about the landscape,
and select what and where they eat. Clipping does not duplicate these
effects on water and nutrient availability in the soil and decomposition
of litter. Clipping should be considered as a means of studying the
defoliational effects of grazing, not the whole set of grazing factors. In
this context, clipping is a sensitive and valuable tool that can yield more
information about defoliation alone than can a grazing trial.

EFFECTS OF DEFOLIATION ON PLANT MORPHOLOGY

Defoliation, including removal of perennial stems, alters normal
structural changes that occur during the development of plants. Removal
of terminal buds from young tree branches often causes several lateral
buds to germinate, foliage to increase, and the tree to thicken. Hedging
of browse plants by animals and development of an uneven underline of
foliage on shrubs and trees attest to morphological responses by plants
to herbage removal. Lawn mowing results in an increase in grass tillers,
leaves, and percent of ground cover below the clipping height. New
sprouts on Chrysothamnus viscidifforus and Symphoricarpos vaccinoides were
increased in number by clipping new growth at various intensities. They
were shorter on the former species (Willard and McKell 1973). Tueller
and Tower (1979) found that nonuse of Purshia tridentata resulted in an
average reduction of 70 percent in annual branch and leaf growth.
Grasses in the middle of improved pastures often have a short spreading
form while those protected at the pasture edges are more upright.

Grass Morphogenesis

The number, locations, and activity of meristems, thus to some degree
the morphology of the forage plants, are important to resprouting after
grazing and fire. Tolerance to grazing is also related to the ability to
reestablish foliage in the face of competition from nearby and often
undefoliated plants, especially under conditions of water stress. Stress
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endurance and competitive effectiveness constitute critical and complex
interactions that most clipping studies have not measured.

The growth unit of grasses is the phytomer. It consists of a node, the
internode above, leaf sheath, leaf blade, and with or without an axillary
bud and adventitious roots. There are several phytomers per tiller, and
several tillers per plant (Fig. 2-2). Thus, the terminal meristems and buds
are nearer the soil surface than many forbs with only terminal meristems.
This suggests both avoidance and tolerance components of grass
resistance to defoliation by large herbivores. The unit basis of the
phytomer probably results in first choice call on photosynthates produced
by that phytomer as well as contribution to the next developing
phytomer on the tiller (Briske 1986).

The apical promeristemn of a grass stem consists of an ever-expanding
cone with cells being displaced laterally as the central plant enlarges by
cell division. Organs such as leaves and spikelets arise as primordial
ridges immediately below the apex. Each leaf extends vertically from a
ridge to quickly enclose the shoot apex. Soon a meristematic collar
separates leaf blade and sheath. Where leaf sheath and stem join, a node,
and perhaps an axillary bud or adventitious roots, develop. Cell division
at leaf collars and nodes ends early, and major apparent growth
thereafter is by cell elongation. Of necessity, each new leaf forms above
and inside the older leaves, and all remain rolled or folded together until
elongation of the stem internodes separates them. Therefore, grass leaves
originate in a linear sequence and expand in order by elongation (Fig.
2-3). The floral shoots may take 2 or 3 years to develop in some grasses
(White 1977).

Tillering, germination of axillary buds, proliferates new vegetative
and reproductive materials. For example, removal of the growing point
stimulated axillary shoot growth in Trichachne californica when soil
moisture was present (Cable 1982). Elongation of internodes elevates
only fertile culms in some species, lengthens vegetative stems in others,
and may do both in still different species. Height and display of foliage
and inflorescence, arrangement of leaves, number of nodes, timing of the
period of elongation, and perhaps size attained appear to be species
characteristics (Rechenthin 1956). However, they can be altered.
Defoliation by grazing and cutting changes architectural display of foliage
and reproductive parts from taller, open arrangements to lower, compact,
horizontal positions. Knowledge about the morphogenesis of species can
be useful in designing grazing schedules. For example, Bouteloua gracilis
has a high percentage (85 to 90) of the shoots being vegetative.
Conversely Andropogon hallii has only 60 to 65 percent of vegetative
shoots. Regrowth in Bouteloua comes rapidly after each bit of rain, but



22 Defoliation

in the Andropogon regrowth was stopped with clipping in midsummer.
This suggests that the former could be grazed continuously and the latter

ungrazed after July (Sims et al 1973).

5
Culm
4 Leaf blade
B 3 Collar (meristematic)
2
Leaf sheath
% & Node (merestematic)

Phytomer #1

Figure 2.2 Stylized structure of a grass tiller showing five phytomers and
the seed head. The parts of a phytomer are indicated on the right.
(adapted from Briske 1986).
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Initiation and Development of Culms

Major control of culm initiation and elongation in grasses apparently
rests with the species. Branson (1953) suggested that one group of
grasses maintains a high proportion of vegetative culms with growing
points in or near the soil, another group has a high proportion of
vegetative culms with elevated growing points early in the growth cycle,
and the third group develops inflorescences on most stems. However,
elevation of the fertile apices may be gradual for much of the growing
period in one species or rapid in another following an early period with
abundant leaf growth but little stem elongation. Examples of plants in
three groups are:

Group HI Fertile culms

Group 1 Infertile
apices numerous
and in or near the
soil

Group II Infertile
apices numerous and
soon above the soil

more numerous than
the infertile; apices
elevation varied

Andropogon gerardi
Bouteloua gracilis
Buchloe dactyloides
Hilaria belangeri
Lolivm perenne
Pog ampla

Poa pratensis
Sitanion hystrix
Stipa comata
Tristachya hispida

Agropyron smithii
Bromus inermis
Paridcum virgatum
Sorghastrum nutans
Sorghum halepense
Themedn trigndra

Agropyron desertorum
Agropyron spicatum
Andropogon scoparius
Bromus mollis
Elymus canadensis
Festuca octoflora
Hyparrhenia hirta
Annual grasses

horoermssesmemmasssr o ———————————————r.
e et

Defoliation effects are closely associated with removal of meristematic
tissues. Frequently, growth of roots and culms has been inversely
proportional to the intensity of clipping in experimental studies (Branson
1956). As intensity increases or stubble height becomes lower, the
chances increase for apical meristems to be removed. However, Group
I grasses and certain of the Group IIl species may be defoliated through
much of the early growing periods without danger that the growing
points will be removed. An example of the different responses that result
from defoliation is given for Agropyron desertorum (Fig. 2-3) (Cook and
Stoddart 1953).

Comparisons of three South African grasses illustrate extreme patterns
in elevation of shoot apices (Booysen et al 1963). Hyparrhenia hirta buds
initiate in the spring, and remain at low level until midsummer, when the
apex becomes reproductive and the internodes elongate. Buds of



24 Defoliation

Tristachya hispida begin growth in the spring but remain close to the soil
until the following spring, when the apices become reproductive.
Growing points of Themeda triandra elevate in midsummer but do not
become reproductive until the second summer. The growing points of
Themeda are vulnerable to grazing for at least nine months, but repeated
clipping or grazing tends to lower the apex height and to favor plants
with self-protecting basal buds (Rethman 1971).

Clipping position Type of subsequent growth
1 Below uppermost culm node | 1 Only from axillary buds at
while still in sheath culm base
2 Between seedhead and 2 Culm continues to develop
uppermost culm node but is headless

3 Upper part of head removed | 3 Culm continues to develop
with part of an inflorescence

4 Leaves below collar; culm 4 Culm and seedhead develop;
apex intact and enclosed in leaves without blades
several sheaths

¥

Culm and seedhead develop;

5 Leaves above collar; culm leaves with stubby blades
apex intact and enclosed in
several sheaths

Figure 2-3 Response to clipping position (Cook and Stoddart 1953).

When a culm enters the reproductive phase and begins to clongate, no
new leaves will be produced. Removal of the apical meristem prevents
further development of the culm and stimulates axillary buds at the base
(Jewiss 1972). Grasses in general require a new culm if new leaves are
to develop. Andropogon scoparius and Bouteloua curtipendula have 10 to 15
basal nodes with potential buds in the first 2.5 centimeters of culm, and
others, for example, Sorghastrum nutans and Agropyron cristatum, as few
as 2 to 4 such nodes.

Defoliation that removes the growing point and stimulates new tillers
from rhizomes, stolons, and low buds on vertical stems does not
necessarily result in greater biomass production. Total yield of Avena
barbata may be litfle influenced by a single defoliation (Fig. 2-1).
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Summer removal of the growing point may be too late in the season for
regrowth of fertile culms (Sims et al 1971). Evidently late clipping and
frequent clipping tend to reduce flowering and maintain plants in
vegetative stages of growth. Maintenance of culmless vegetative growth
by heavy grazing during the boot stage may be highly desirable for
species such as Sitanion hystrix which have undesirable awns at maturity.

Many pasture management systems use frequent grazing and mowing
to prevent flowering and resultant dormancy of the forage species.
Normally, vegetative material has a higher nutritive value than has
mature herbage. Many species resistant to defoliation (1) maintain
vegetative buds in or close the soil surface, (2) do not elevate the apical
meristems more than 2 or 3 centimeters until rapid elongation and
flowering take place, (3) produce numerous fruiting stems, and (4) have
the capacity to initiate abundant new culm development from basal buds.
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Physiological Effects of Defoliation

The good health of plants depends upon their ability to maintain
normal physical and chemical processes. Many studies have measured
effects of defoliation by determining changes in the percentage chemical
composition of plant compounds, especially carbohydrates.

The term total nonstructural carbohydrates (TNC) refers to the group
of carbohydrates commonly called food reserves that the green plants
manufacture and use in growth and respiration. The compounds are
soluble or readily changed to that form and are mainly dextrins, fructose,
sucrose, and starch. The usual analysis procedure is by detergent
analysis. TNCs are grouped because the kinds vary in proportion from
one species to another and they may be converted from one kind to
another between day and night and as the growing season progresses.
TNC is preferred to the synonym "total available carbohydrates” (TAC)
because "available" for what is not always clear. Not included are the
structural carbohydrates, such as the cellulose compounds, which plants
do not use in respiration, but are important in the morphological
structure of plants. Herbivore nutrition depends in part upon microbial
digestion of the structural carbohydrates.

THE CYCLE OF NONSTRUCTURAL CARBOHYDRATES

The concept that disappearance or persistence of grazed plants
correlates with amount and percentage of TNC reserves has been
propounded and reviewed many times. Overharvesting, either by cutting
or grazing, generally reduces TNC in roots and perennial stem bases.
However, quantities of TNC fluctuate through normal cycles in relation
to growth stages of pasture species.

More or less summarizing the results of TNC analysis over many
decades were the generalized seasonal cycles of TNC concentrations
described for nine range species (4 shrubs, 3 forbs, 2 grasses) by Menke
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and Trlica (1981). The cycles are variations on the succession of (1)
gradual decline during the dormant season due to continued
respiration; (2) a rapid decline with the onset of new growth,
continuing until photosynthetic products become greater than
immediate needs; and (3) a sharp rise during maturation and onset of
dormancy. For many species minimum amounts of stored TNC occur at
initiation of growth and maximum amounts at the beginning of
dormancy. In the absence of defoliation, period 2 may not be long and
a second low In grasses may occur during flowering, suggesting that at
those times it is important to schedule relief from grazing.

Some herbaceous species apparently store TNC during seed
development while others are using reserves at that time. Storage in
lower culms and roots normally occurs during maturity of the foliage and
at a time when TNC in the leaves is declining. Fall regrowth reduced
reserves in Oryzopsis hymenoides, Stipa comata, and Sitanion hystrix (Coyne
and Cook 1970). Other variations from the general TNC cycle are related
to species of plant, type of phenological cycle, part of the plant
considered, site where the plant grows, and type of analysis.

TNC PRODUCTION AND PLANT GROWTH

Growth after defoliation has long been linked to pools or reserves of
carbohydrates in roots, rhizomes, stem bases and other ungrazed portions
of plants. Fluctuations in these concentrations have been used to explain
plant responses to intensity, frequency, and season of defoliation; but
these explanations do not account for the many irregularities and
differences among the data. For example, both net photosynthesis and
carbon allocation to synthesis of new photosynthetic tissue increased
following defoliation of Bouteloua gracilis (Detling et al 1979). In a
different study on the same species, Wilson (1984) reported in a 3-day
growth test that only 13 percent of new root biomass came from stored
TNC. Carbon gain and water loss rates in Agropyron desertorum and
Agropyron spicatum foliage did not account for differences in grazing
tolerance. Production and maintenance of photosynthetic tissue were
more important (Nowak and Caldwell 1986). In other words, early
physiological principles based on TNC indicating plant vigor and
recovery after defoliation were oversimplifications.

Experiments with Agropyron desertorum and A. spicatum suggest that
in most instances photosynthesis during growth outweighs stored
carbohydrates as a source of energy for growth, The first carbohydrates
produced are delivered to the critical meristems where that growth is
attached (Richards 1986). Therefore it now appears that only the carbon
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reserves above the zones of cell division in the two grasses are
immediately available to the shoot meristems. Thus, the major source of
carbon for regrowth is current photosynthesis and the amount of
regrowth is controlled by meristematic limitations. This is contrary to the
carlier view that the potential of a plant to recover after defoliation
depended upon abundant and quickly movable carbon reserves in the
roots and stem bases.

The recent findings for grasses also give emphasis to location of node
meristems and their germination characteristics. Those nodes
morphologically nearest to the point of defoliation and to the initiation
of new growth are the principal ones. Their initiation of growth in
relation to apical dominance and other physiological controls are poorly
understood. Effects of intensity and frequency of defoliating new growth
are considerations in the designing of grazing schedules.

STIMULATION BY CLIPPING

On a basis of logic any defoliation of green tissue should reduce
photosynthesis and thereby net primary production, but that is not
always the result. A small degree of live herbage removal may stimulate
one species to produce more tillers, leaves, branches, or seed but the
same degree may severely reduce the size and growth rate in another.

Increased production at certain levels of defoliation have occurred
with short grasses that have rhizomes and stolons and those that
maintain growing points near the soil surface. Short grasses in Kansas
produced more with light and moderate use than with no defoliation
(Albertson et al 1953). Clipping of shortgrass range in Texas at 2-week
intervals increased yield by 94 percent over one fall harvest (Eck et al
1975). Tainton et al (1970) found both increases and decreases in biomass
production from clipping among 24 plant species in a review of 21
papers.

Removal of the terminal bud on shrub twigs often results in two or
more branches and increased growth (Shepherd 1971) but less flower and
fruit growth (Garrison 1953). Coleogyne ramosissima, when heavily
browsed, increased twig production by a factor of 3.6 relative to the
control plants and remained at that high production for at least 4 years
(Provenza et al 1983).

Browse species in moist climates are favorably affected by moderate
clipping in certain stages of growth. Lay (1965) showed that browse
production increased on a number of species when 25 or 50 percent of
the current year's growth was removed in either fall or winter. Garrison
(1953) obtained similar results from Purshia tridentata, Ceanothus velutinus,
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Chrysothamnus nauscosus, Holodiscus discolor, and Cercocarpus ledifolius,
Topping of tall Purshia tridentata plants to a 0.9-meter height increased
yield of new growth for at least four years (Ferguson and Basile 1966).

DEFOLIATION AND COMPETITION

Most clipping studies are on plants in isolation and their immediate
competitive environment is seldom considered. Highly important to
rangeland use is new understanding that a defoliated plant may react as
much to competition from surrounding nondefoliated individuals as to
the biomass removed from it (Mueggler 1972, 1975; Archer and Detling
1984). Partial reduction of competition can offset adverse effects of heavy
defoliation. Plant recovery on rangeland must include both new plant
tissue and favorable competitive position. Shoot establishment is at
least partly a result of the plant's competitive status. Competition and
defoliation are confounded and their relative importance seldom
measured. Species differ in response to each factor and the interaction
between them (Caldwell and Richards 1986).

DEFOLIATION AND OVERGRAZING

Excessive and frequent defoliations in container and grazing studies
have resulted in nearly complete exhaustion of stored TNC in roots and
stem bases, resulting in loss of plant vigor and plant death. Defoliation
approaching the time of normal late growing season accumulation
magnified the effects. Generally, early clipping had little effect on food
reserves at plant maturity. Therefore, severe continuous overgrazing is
more likely the cause of vegetational deterioration than early growing
season defoliations alone.

Moderate grazing and rotations of nongrazing periods increased the
need to know how many days plants needed to recover during the
growing season. Reestablishment of TNC reserves in roots and lower
stem bases did not answer the question. Donart and Cook (1970) claimed
that normal TNC levels of several species on mountainous summer range
often were restored by the time regrowth had reached 20 percent of the
expected total growth or within three weeks during the rapid growth
period.

Recent studies have shortened the time that new growth depends
upon or even uses food reserves. Replenishment begins when new leaves
are still very small in the southern African shrub, Acacia karroo (Teague
1988). By using Carbon-14, Steinke (1975) determined that close clipping
caused Eragrostis curvula to draw on reserves for initial regrowth but new
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growth after light clipping did not use reserves of carbon. In Paspalum
notatum the normal growth of a new leaf depended upon stored TNC for
only two or three days (Sampaio et al 1976). White (1973) in a review
paper stated that apparently stored TNC affects regrowth for the first 2
to 7 days. The regrowth from reserves is now thought to be only for
a day or two until photosynthesis from new growth becomes
independent of reserves (Caldwell et al 1981, Caldwell 1986). The TNC
pool in the above-ground parts of Ceratoides lanata was shown to be the
equivalent of one day of photosynthetic carbon gain in favorable
conditions (Caldwell 1984).

OTHER NUTRITIVE COMPONENTS

Defoliation influences other nutritive components of plants in addition
to TNC. Herbaceous and woody species tend to lose crude protein,
phosphorus, and other minerals but to gain in structural carbohydrates
as the growing season progresses. Stimulation of new growth by
clipping and grazing tends to retard maturity and to decrease the
proportion of structural materials. Therefore, percentages of crude
protein, phosphorus, and potassium, as well as TNC, tend to increase as
intensity and frequency of defoliation increase. Clipping of Agropyron
spicatum in the spring lowered fiber content and increased crude protein
and phosphorus in fall growth (Pitt 1986). Harvesting of Schizachyrium
stoloniferum in the fall gave highest yield but poorest quality feed. Spring
and summer grazing year after year reduced vigor but gave higher
quality forage (Kalmbacher et al 1986). Total amounts of these
components on an area basis will be lower if biomass decreases more
than the compensation resulting from their percentage increases.

YIELD AND VIGOR EFFECTS OF DEFOLIATION
DURING GROWTH

Foliage removal has more influence on yield at certain seasons than
at others. Low heights of grasses and short twig length in shrubs
indicate that intensity of defoliation may have been high. Also indicated
is low production of herbage. For example, Canfield (1939} reported the
10-year average yield of Bouteloua eriopoda as 9.8 grams per square meter
when clipped at two-week intervals to the 2.5-centimeter height and 19.5
grams per square meter at the 5-centimenter height. One end-of-season
clipping did not change the results at the 2.5-centimeter height but the
yield nearly doubled when the clipping height was doubled. Other
examples establish the severe effects of defoliation that removes a large
portion of current growth too late for it to be replaced.
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Removal of 90 percent of the current growth from desert shrubs killed
many of them. Even 50 percent removal in late spring and summer for
three years caused significantly lower yield than that from unclipped
plants. After seven years of no clipping, recovery in most species was
proportional to degree of vigor deterioration during the three years of
clipping (Cook 1971).

Defoliation effects on Elymus cinereus gradually became more severe
with advancing growth until the late boot stage, after which time the
combined yield of growth and regrowth increased to a high at flowering
(Fig. 3-1). Single clippings that removed three-quarters of the foliage at
boot stage also resulted in reduced yield the following year. Krall et al
(1971) suggested that Elymus cinereus can be grazed prior to the boot
stage if no more than 50 percent of the herbage is removed. Clipping at
the boot stage was too late for new culms to complete the normal growth
cycle. This was clearly the most critical time to defoliate the species. In
another study, Elymus cinereus showed greater response to clipping height
and frequency than to time of foliage removal (Perry and Chapman 1975,
1976).

Removal of 65 percent of the leaf area of Muhlenbergia porteri reduced
plant vigor regardless of the growing season. Late and continuous
defoliation had a greater effect than during early growth (Miller and
Donart 1981). In Lolium perenne, TNC reserves were down in winter and
early spring but up during and after seed formation. Yearly rest from
grazing by sheep made no difference than grazing at any season. There
was no advantage for deferment in spring, summer, or fall as long as 650
kilograms of herbage remained available per animal (Hassan and Krueger
1980). Clipping of Agropyron spicatum at early bloom reduced its
yield to 15 percent of controls (Blaisdell and Pechanec 1949) and greatly
reduced flowering the next year (Heady 1950). Repeated heavy
defoliation at the boot stage may eliminate this species from the
vegetation within three years (Wilson et al 1966).

Perennial grasses vary in sensitivity to herbage removal, but a majority
of them sustain little damage if early defoliation ceases in time for them
to complete seed maturation. From early boot stage in some specics to
late flowering in others appears to be the most sensitive time for
defoliation. Several are listed below:

Agropyron desertorum (Cook et al 1958)

Agropyron spicatum (Stoddart 1946, McLean and Wikeem 1985a)
Atriplex canescens (Menke and Trlica 1983)

Balsamorhiza sagittata (Blaisdell and Pechanec 1949)

Bouteloua eriopoda (Miller and Donart 1979)
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Calamagrostis rubescens (Stout et al 1980)

Elymus cinereus (Perry and Chapman 1975)

Elymus junceus (Svejcar and Rittenhouse 1982)
Eragrostis trichodes (Moser and Perry 1983)

Festuca scabrella (McLean and Wikeem 1985b)
Mertensia arizonica var. leonardi (Laycock and Conrad 1969)
Panicum virgatum (Haferkamp and Copeland 1984)
Purshia tridentata (Menke and Trlica 1983)
Sporobolus flexuosus (Miller and Donart 1979)
Sporobolus wrightii (Haferkamp 1982)

Stipa thurberiana (Ganskopp 1988)

DEFOLIATION EFFECTS AFTER PLANT MATURITY

Defoliation after plants have ceased growth is generally believed to do
no harm to the plants. However, Anderson (1960) found that removing
herbage of prairie vegetation in September decreased yields the next year
from 3,900 to 2,650 kilograms per hectare. Delaying removal of aftermath
from middle September to late October increased the next year's yield by
38 percent (Conrad 1954). Curtis and Partch (1950) obtained a sixfold
flowering stalk increase in Andropogon gerardi and 60 percent more height
growth by removing old growth mid-March. Removal of all mulch and
standing dead litter in Jate winter resulted in no negative effect on forage
yield in the fescue prairie but may have stimulated tillering. In the
mixed prairie the removal of plant residue decreased yields (Willms et al
1986).

Standing dead material can have no direct physiological link to
perennial materials at the ground surface and below. However, the
effects of standing dead, litter, and mulch on the soil surface are real.
They are indirect effects that operate through changed environment
rather than direct stimuli from clipping,.

EVALUATION OF DEFOLIATION PRACTICES

Many studies relating to intensity, frequency, and timing of defoliation
confound the treatments and even confuse the terminology. Increased
frequency of defoliation may be called increased intensity and time of
cutting may refer to calendar dates or days since planting, all without
reference to the phenological sequence of growth stages. The separate
effects of intensity, frequency, and season of defoliation seldom have
received separate attention. However, defoliation studies with individual
plants and plant communities have contributed to an understanding of
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grazing effects. Although contradictory results make every generalization
risky, a number of solid conclusions can be stated:

¢ Removal of living tissue will cause varied responses according to
amount removed or intensity, frequency of removal, and phenology
of the plants at the time. Any one of these three factors or any
combination of them can cause plant deterioration, no obvious effects,
or stimulation, depending upon level or timing of application. Plant
responses to severe treatments have shown decreased (1)
above-ground biomass, (2) culms or woody branches, (3) seed, (4)
height of leaves and culms, (5) length of twigs, (6) quantity of
nutrients per land unit, (7) root biomass, (8) root length, (9) TNC
storage, and (10) vigor of plant. Overdefoliation causes winter killing,
injury during drought, and wundesirable changes in botanical
composition of range vegetation. All these results vary by species and
site. Any one or combination of them in the extreme constitute the
signs of rangeland overuse. Light and moderate use does not cause
significant change in these parameters.

* Senescence and decreased nutritive quality of lower leaves in a thick
grass stand due to abundant, tall, flowering stems may be remedied
by cutting or grazing. New growth is more leafy and higher in
proportion of nitrogen than is old growth so defoliation usually
improves quality of forage for livestock. This tradeoff with losses
from overdefoliation requires careful synchronization of grazing
pressure with pasture growth. Manipulating animal grazing with the
aim of developing nutritive feeds requires small pastures, long
growing seasons, and species that tiller easily or branch profusely.
Extensive areas and short growing seasons effectively reduce
application of such a management restraint on rangeland.

* Major susceptibility to defoliation seems to be from flowering into
maturation. Reasons for this may be (1) that leaf tissue is at a
maximum, (2) most culms are reproductive and few are vegetative, (3)
apex removal is abundant without time for tiller reproduction and leaf
regeneration, (4) stores of TNC may be minimal, and (5) factors such
as shortening days and little soil moisture may prevent tiller
replacement which requires bud release and allocation of assimilates
{Branson 1956, Caldwell et al 1981, Mueller and Richards 1986,
Marshall 1987).

* Resilience to defoliation in a species may be attributed to factors
other than TNC pool size and translocation. For example, species
may have high photosynthetic capacity, long foliage longevity,
protected meristems, rapid shoot and leaf replacement, a low degree
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of apical dominance, a high ratio of leaf area to leaf weight, high
allocation of TNC and nitrogen to shoot growth, and be well
adapted to water stress and competition in the plant community.
An understanding of the defoliation effects and the importance of
plant adaptations to any type of defoliation is fundamental for the
professional rangeland manager.
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Palatability, Preference, and
Selective Defoliation

Each herbivorous species or individual, wild or domestic, large or
small, selects a daily ration from the forages available within a chosen
place, a niche, a plant community, a territory, its habitat. All grazing
includes elements of choice ranging from obligatory grazing on, or choice
restricted to, a part of a single plant to display of little forage preference.

The plants preferred are said to be palatable. As used here,
preference refers to animal reactions and palatability to plant
characteristics. Separation of these two concepts aids analysis and
understanding of the grazing process, although their combined process
is selective defoliation. Forage selectivity results from a highly complex
interaction among three sets of variables operating over time: the animals
doing the grazing, the plants being eaten, and the environment of both.

Each animal lives, grows, and reproduces on the food it eats so animal
responses to selective feeding constitute a large and important study
discipline.  Digestibility trials; chemical analysis of feeds; and
determinations of intake, nutritional requirements, nutritional imbalances,
growth rates, reproductive rates, and many other animal responses
belong to interdisciplinary understanding between the interests of
rangeland and those of animals. When an animal takes food for
nutritional needs, it exerts an influence upon further production of food
and on the evolution of the forages. For example, Detling et al (1986)
found that Agropyron smithii had more, shorter, and more prostrate tillers
in areas grazed by prairie dogs than in areas free of prairie dogs. The
hypothesis is that longterm grazing changes the genetic makeup of the
species.

Diet information is useful for forage allocation among animal species,
selecting type of animal most compatible with the range resource,
selecting the plant species to monitor or seed, determining suitability of
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habitats for introducing exotic animals, and predicting outcome of forage
utilization. However, tabulation of diets alone does not compare what
is eaten with that which is available to be eaten, explain reasons for diet
differences, nor give evidence of competition for foods (Hanley 1982).

EXPRESSIONS OF SELECTIVITY

Selectivity of herbage expresses the degree to which animals harvest
plants or plant parts in different proportion than in the herbage
available to them. It is not "to the exclusion of others” as defined in the
Range Glossary (Jacoby 1989). A principal dietary item may or may not
be a selected item as here defined. Selectivity ratios between the
proportion of any species, plant part, or group of plants in the diet and
the proportion of that item in the herbage available to the animal were
used by Van Dyne and Heady (1965) as expressions of relative preference
on an index scale (Fig. 4-1). The two numbers used to calculate the ratio
should be determined by the same procedure; for example, the point
system on both fistula material and clipped vegetation from the same
pasture. Selectivity ratios cffectively show differences in food habits
(Table 4-1).

Methods of determining selectivity ratios have been studied. Krueger
(1972) and Krueger et al (1974) used frequency in the diet and on the
range as well as percent of diets and range composition. Vavra et al
(1977) divided a measure of consumed by consumed plus unconsumed.
Tucker et al {1976) calculated linear regression as a measure of agsociation
or selectivity. Rank correlations may also indicate degree of association
between consumed and available forage. After field testing, Loehle and
Rittenhouse (1982) concluded that a need for further investigations
existed because of sampling problems and inadequacies of selectivity
indexes.

Caution must prevail with these indexes because as degree of forage
utilization approaches 100 percent the relative selectivity ratio will
approach 1.0, which indicates that all herbage is eaten without selection.
As availability declines selectivity is reduced. A small percentage of
forage utilization in a pasture would yield the widest selectivity ratios.

Most statements about selectivity have been based on measurements,
ocular estimates, or general observations of the amount or percentage of
material removed from a pasture. This percentage is referred to as actual
use or utilization in the older range literature and degree of use in
Jacoby (1989). Proper use or proper utilization indicates that the
removal of forage is estimated to be the correct amount to maintain or
improve the productivity of the site. When the rangeland is used
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Figure 4-1  Selectivity ratios exhibited by sheep and cattle for plant
groups. Ratios shown on the central axis express dietary composition in
proportion to range composition. Those parts of the diet near the top of
the scale were highly selected while those near the bottom were rejected
(Van Dyne and Heady 1965).
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Table 4-1  Selectivity ratios exhibited by several animal species
for numerous dietary items. (Ratios were calculated
from data given in the sources cited.)

Animal Plant species or group Selectiy Season Location Source
ity ratio
e e e e e
Cattle Sporcbolus airoides 7.1 | Yearlong New Herbel and
Bouteloua barbata 64 Mexico Nelson
Bouteloua eriopoda 1.7 {1966)
Salsola kali 1.3
Gutierrezia sarothrae 0.2
Scleropogon brevifolius 0.2
Cattle Phalaris tuberosa 26 | Summer California Van Dyne
Stipa pulchra 2.2 arud Heady
Trifolium spp. 1.9 (1965}
Bromus spp. {annual} 1.0
Avena barbata 0.6
Aira caryophyllea 0.5
Sheep Phalaris tuberosa 100 | Summer California Van Dyne
Btipa pulchra 31 and Heady
Trifoltum spp. 1.8 (1965}
Bromuys spp. (annual} 0.8
Atra caryophyllea 0.4
Avena barbata 0.3
Sheep Grasses 15 | Summer Utah Smith and
Forbs 1.7 Julander
Browse 0.5 (1953)
Angora Grasses 67 | Winter Texas Malechek
Goats Forbs - angd
Browse 1.6 Leinweber
(1972}
Angora Grasges 0.7 | Spring Texas Malechek
Goats Forbs 8.3 and
Browse 1.0 Leinweber
(1972)
Angora Grasses 1.1 | Summer Texas Malechek
Goats Forbs 8.0 an
Browse 0.7 Leinweber
(1972)
Angora Grasses 140 | Fall Texas Malechek
Goats Forbs 4.0 and
Browse 0.8 Leinweber
(1972)
Mule Deer | Quercus spp. 1.7 | Yearlong New Boecker ot
Cercocarpus breviflorus 1.3 Mexico al {1972)
Garrya wrightii 0.3
Mule Deer | Grasses 0.3 | Summer Utah Smith and
Forbs 33 Julander
Browse 0.4 (1953
Mule Deer | Grasses 59 | Spring Utah Smith and
Forbs 24 Julander
Browse 0.3 (1953)
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Pronghorn | Grasses 0.2 | Yearlong Alberta Mitchell
Forbs 2.8 and
Browse 109 Smoliak
(1971)
Pronghorn | Artemisia lridentata 4.1 | January Montana Bayless
Artemisia tridentata 36 | February (1969)
Artemisia tridentata 2.9 | March
Bighom Lupinus spp. 248 | Winter Wyoming Oldemyer
Sheep Agropyron spicatum 2.2 et al (1971) H
Chrysothannus 2.3
viscidiflorus 1.1
Artemisic frigida 0.2
Astragalus spp.
Rocky Grasses 1.6 | Sumuner Montana Saunders
Mountain Forbs 0.6 (1955}
Goat Browse 01 §

properly, one species may have 60 percent of current growth removed
but a less preferred species only 40 percent. These are expressions of
forage utilization for the whole range, rather than of selectivity as defined
above,

METHODS OF STUDYING SELECTIVITY
Paired Grazing Studies

Degree of use on each species in a stand as a measure of selectivity
has been determined by comparison of herbage weights per unit area
from paired grazed and ungrazed conditions. Commonly, determination
of the degree of herbage utilization constitutes the principal aim of
studies using ungrazed plots, and measurement of selectivity or some
aspect of forage preference is secondary.

Observing Grazing Animals

Another approach to gathering data on food selectivity centers on
observation of grazing animals. The observer records the time an animal
grazes on a species or the number of bites it takes to obtain a frequency
of use for each species or for certain vegetational types. Tamed
whitetailed deer, mule deer, red deer, and pronghorn permit
exceptionally close observation of grazing. The aim of most observational
studies of this type is to characterize food habits and animal behavior as
much as to quantify selectivity.
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Controlled Feeding

Feeding two foods at a time to penned animals quickly shows which
is preferred and permits ranking the foods. Pairing a third food species
first with one and then with the other allows ranking of three species.
In cafeteria fashion, Murray (1984) rated fourteen grass accessions, grown
in a uniform nursery, according to their palatability to sheep.

Retrieval of Eaten Material

Retrieval of any kind of eaten material for measurement was
practically impossible before the surgical establishment of fistulas became
successful. The installment of esophageal fistulas in sheep permitted the
collection of relatively unchewed but animal-selected and -eaten material
with apparently minor influence on the animal's natural grazing habits
(Heady and Torell 1959). Point sampling, using a crosshair in a binocular
microscope of about 15 power, provided frequency data and percentage
composition of species and parts of plants in each fistula-collected
sample. Fistulation procedures require tame animals and frequent care.

Sampling and analysis of stomach contents of killed animals have
given abundant information on the food habits of wild animals. These
partially digested materials have been separated into their various
components by estimations, hand picking and weighing, point sampling,
screening, and flotation procedures. Major criticism of stomach sampling
stems from biased high estimates for indigestible material, small numbers
of animals sampled, and sacrifice of animals.

Plant Cells in Fecal Material

The frequency, size, and pattern of different indigestible cuticle and
plant cell walls such as epidermal, guard, cork, and silica cells varies by
plant species. Microscopic analysis of these fragments in fecal material
is a low cost method for determining preference and food habits. This
situation permits determinations of diets on a qualitative basis by ranking
species according to abundance in the fecal material (Vavra et al 1978).
The method does not indicate the quantity of the separate species eaten
by an animal, nor the amount available to the animal. A library of cuticle
and cell patterns aids in accurate identification of plants eaten.

By using the plant cell technique, Hansen and Reid (1975) found that
the overlap in diets between deer and elk ranged from 3 percent in
winter to 48 percent in summer; 12 to 38 percent for deer and cattle in
summer; and 30 to 51 percent for elk and cattle in summer. McInnis et
al (1983) claim that the esophageal method of determining diet
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composition is more accurate than visual observations and analysis of
either stomach contents or fecal material. Regardless, the fecal analysis
technique has gained wide use in the determination of food habits
because of its low cost by not requiring tame and fistulated animals.

PALATABILITY FACTORS

Palatability factors are those attributes of plants which alter their
acceptability by grazing animals. They may stimulate a selective
response by animals or they may prevent the plant from being grazed
(Heady 1964). Factors involved are not completely understood; for
example, nutritive and chemical contents correlate with palatability in
many instances but in others they do not. Acceptance by animals of a
given plant species changes, sometimes for unknown reasons, but
probably because of changing plant characteristics that an animal can
recognize by its senses of touch, taste, and smell. Palatability cannot be
based on one factor alone.

Chemical Composition

Many studies correlate palatability with various plant chemical
components. It is commonly accepted that forage high in crude protein
is highly accepted by cattle and sheep (Cook 1959, Blaser et al 1960, and
many more). Forages high in sugars or with sugars added and high fat
content usually correlate with high palatability. Livestock accepted the
grass cultivars highest in phosphorus and potassium before those with
low contents of these minerals (Leigh 1961). Percentages of lignin and
crude fiber increase when crude protein, the simple carbohydrates, and
fats decrease; therefore, negative relationships between palatability and
content of lignin and crude fiber are as common as positive relationships
with other compounds.

Plice (1952) found that manure-affected plants in a pasture were not
grazed by cattle, but were grazed by sheep, although they were higher
than unaffected plants in crude protein, calcium, potassium, iron, fat,
nitrates, and vitamins. The unaffected contained more silica, aluminum,
phosphorus, tannin, chloride, and sugars. Any type of added artificial
sweetener, such as sugar, saccharin, or sodium cyclohexyl sulfamate,
increased the palatability of the manure-affected plants. These results
suggest that the taste of sweetness and not the presence of sugar itself
determines palatability. Molasses sprayed on dry grass improves
acceptance by cattle and furnishes them an energy supplement as well
(Wagnon and Goss 1961). Sheep will graze the affected areas.
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Volatile Oils and Palatability

Efforts to explain why numerous unpalatable species contain as much
as, or more, nutrients than those readily grazed suggested analyses for
other plant compounds. In 1964, Nagy et al demonstrated that essential
oils of Artemisia tridentata reduced rumen bacteria, fermentation, and
appetite in deer and cattle. However, volatile fatty acids supply a major
source of energy to ruminants, so not all essential oils can be antagonistic
to rumen functions. Chromatography indicated that the oxygenated
monoterpenes might be the cause of rumen disorders (Hanks et al 1971).
Undoubtedly proper functioning of the rumen and other parts of the
digestive tract influence selectivity of feeds.

Some terpenoids may be attractants and others toxic (Personius et al
1987). Utilization by sheep varied from none to 98 percent of current
growth for 21 accessions in three subspecies of Artemisia tridentata (Welch
et al 1987). Not only were the terpenoids different among plant varieties
and collections; they may be lost by exposure and by mastication (White
et al 1982, Cluff et al 1982). In addition to the terpenoids, the astringent
properties of tannins and toxic compounds in poisonous plants are
known to affect palatability.

Many conflicting results from proximate analysis have been reported
in studies aimed at explaining palatability according to differences in
chemical contents. For sheep and cattle it is usually indicated by high
crude protein, phosphorus, gross energy, and by low crude fiber (Arnold
1964a). Perhaps the best positive indicator is crude protein.

Proportions of Plant Parts

Grass and forb leaves contain greater proportions of fats, crude
protein, and simple carbohydrates but less lignin and crude fiber than do
stems. Fruits and seeds vary among species, but they usually have a
relatively high content of crude protein, fats, and carbohydrates.
Although chemical contents may not be the reason for differences, leaves,
flowers, and seeds are generally more palatable than stems. In the dry
season, when stems may be the principal material available, sheep and
cattle continue to show preference for other plant parts (Van Dyne and
Heady 1965) as follows:
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“ Percentage of diet in late dry season “
Class of Animal Stems Leaves Inflorescence
Cattle 77 8 15
“ Sheep 70 19 11 "

Most grazing animals select leaf over stem and green material over
dry. The proportions of plant parts influence the palatability of forages.
For example, plants of a species that are short because of poor site,
drought, and defoliation will have a higher leaf/stem ratio than tall
plants of the same species. This translates into higher palatability and
nutritive value for the shorter plants, although forage components may
be less per unit area.

Growth Stage and Palatability

As herbaceous plant materials mature, they generally decrease in
palatability and in nutritive value. Succulence decreases and soft leaves
become harsh. For example, leaf harshness in phenotypes of Agropyron
was negatively correlated with preference by sheep (Shewmaker et al
1989). O'Reagain and Mentis (1989b) on the basis of comparisons of nine
native species claimed that increased acceptability occurred with
increasing leaf percent as well as leaf crude protein. Typically, the whole
plant becomes higher in fiber, and the leaf/stem/fruit ratio changes
toward a higher proportion of stems as it matures. Systems of
management that prevent accumulations of mature plant materials tend
to maintain grasses in a higher palatable condition than those of the same
species that are mostly stems.

The position and extent of lignification in each grass species
characterizes advancing maturity, curing qualities, and palatability. The
patierns may be different according to variety or cultivar; a situation
useful in selecting the best varieties for propagation (Goodenough et al
1988).

Palatability of a few species gain as the growing season progresses.
The selectivity ratio for Medicago hispida from new growth to maturity
illustrates increasing palatability of this species as it becomes older
(Heady and Torell 1959):
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Date Palatability
| February 1 0.15
March 5 0.82
April 1 1.08
May 2 2.25
July 9 2.45

Arnold (1964a) showed the same trend in several legumes for
increasing palatability as growth stage advances and attributed it to
changing odor.

Animals alter their preferences to meet changes in feed supply. For
example, juvenile sage grouse maintain a diet of succulent forbs by
selecting one species after another paralleling the development of the
plant species (Klebenow and Gray 1968).

External Plant Form

Palatability usually is reduced by the presence of awns, spines,
excessive hairs, stickiness, coarseness of texture, and unfavorable odor
from external glands on the plant. Glabrousness and succulence tend to
enhance palatability. Height, growth habit, and position of the various
plant parts affect accessibility and palatability. One study found that
small plants of Agropyron cristatum tended to be avoided (Hacker et al
1988).

Kind of Plant

Although a few species of plants dominate each range type, many
occur within the distance traveled daily by large herbivores. Only a few
will constitute the diet at any one feeding. During a longer time period,
all available species are likely to be grazed to some extent, as was found
in the southern New Mexico desert grassland (Allison et al 1977) and in
the California annual grassland (Van Dyne and Heady 1965). The less
abundant species can add substantially to animal diet but may go
unnoticed in analyses of available forage. For example, the lichen
Ramaling reticulota may be missed as an important component of the
forage because it grows on trees and is consumed immediately after
falling.
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In a test of 16 species, Hansen et al (1985) found that Labops hesperius
(black grassbug) preferred Agropyron cristatum and Elytrigia intermedia and
the least preferred were Dactylis glomerats and Phalaris arundinacea.
Greatest variation was found in the hybrid, Elytrigia repens x Elytrigia
spicata indicating possibilities for selection of cultivars resistant to the
bug.

Availability of Associated Feed Elements

The availability or proportional botanical composition of a species in
the vegetation influences its acceptability. Plants with low palatability
were selected to a greater degree when they compose a small rather than
a large proportion of the stand (Tomanek et al 1958). In contrast, Cook
{1962} found that increases in the proportion of a palatable desert plant
led to increased use of it but increases in the proportion of unpalatable
species resulted in less use of them. Associated feeds and species
availability alter the palatability of any other food item in the diet.

On mountain ranges in Wyoming, Hurd and Pond (1958) showed that
preference for Stipa columbiana was greater and for Danthonia intermedia
less in a grass/shrub cover, than in a grass/forb cover. Annual species
on one habitat showed different acceptances by sheep when the species
occurred together in different proportions (Heady and Torell 1959). Such
relationships are common with many species.

Where forage is abundant in relation to the grazing pressure, animals
express their preferences freely. As feed become less available, the more
palatable portions disappear first, then animals must eat less desirable
forages (Arnold 1964a, Van Dyne and Heady 1965). Domestic livestock
and most other large herbivores are opportunistic grazers so their diets
vary greatly from place to place, time to time, and among individuals
and species.

PREFERENCE FACTORS

Animal reactions that regulate food acceptance have been classified
into three interrelated systems (Young 1948). One of these systems
includes stimuli within the animal's body which bring on desires for
eating, some of them learned. The second system conditions the animals
through evolutionary development of feeding habits on a long time scale
and through learning on a short time scale. The third system affecting
food preference comprises the animal's environment. These three systems
operate a chain of events that includes recognition of food, movement
toward the food, appraisal, eating, and leaving the food source.
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Preference for a food may be exhibited at any point in this series
(O'Reagain and Mentis 198%a).

The understanding of plant chemical defenses to herbivory has
prog,rebsed beyond the traditional concentrations of alkaloids, phenolics,
resins, tannins, and terpenoids. Animal selectivity is related to these and
many more specific chemical substances. Additionally, other studies have
given importance to learning from postingestive consequences, from
mother, and dietary training of livestock (Bryant et al 1991).

Internal Animal Factors

Animal preferences for foods are stimulated by the senses of sight,
smell, taste, touch, and perhaps hearing in special instances. In a series
of experiments with sheep on pastures Arnold (1966) and Krueger et al
(1974) impaired the sheep's sight, smell, taste, and touch separately and
in combinations. Blinkering changed their behavior but did not alter
their preference for certain forage species. Sight allowed them to
recognize food items and to orient themselves with their surroundings
while smell, taste, and lip-touch were each important in determining the
acceptability of some forage species but not others. Apparently each
plant stimulates these three senses differently.

Longhurst et al (1968) showed that deer use smell to make their initial
selection of forage. If they like the smell, they taste. If they like the taste,
they feed upon the plant. Once the plant is learned, feeding proceeds
without initial testing. Hearing is used when fruits are falling but, like
sight, has little importance in detennmmg preference. Overall, taste
appears to be the principal sense used in selecting forages.

A very small amount of data exists on the influence of physiological
state of an animal on preference for foods. Changing conditions of
breeding, pregnancy, lactation, fear, excitement, fullness of the intestinal
tract, and hunger influence animal behavior, grazing time, and amount
of forage intake by animals (Arnold 1964b). Consequent changes in food
preferences would be expected, but whether they exist and how they
operate have not been fully explained.

Learned and Evolved Behavior

Delphinium barbeyi, tall larkspur, with toxic diterpenoid alkaloids is the
most important plant poisonous to cattle and sheep grazing on mountain
rangeland in the western United States. Provenza and his team
(Provenza and Balph 1988, 1987, Lane et al 1990} were able to condition
heifers to avoid eating the plant by intraruminal infusion of lithium
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chloride whenever they consumed the larkspur in pen feeding. The
aversion lasted into the second summer and was broken when the treated
animals were allowed to graze with untreated animals. Successes with
conditioning animals for food selectivity are encouraging, but many
questions remain. What is the strength of social interactions, the
optimum age for conditioning, the best procedure?

Previous grazing experience influences the selectivity of foods. Sheep
reared on range and pasture were compared as to their preferences for
forages after a 3-week pen-feeding equalizing period for stabilization of
rumen organisms. The sheep reared on irrigated pasture ranked Medicago
sativa first in preference, but those raised without Medicago selected their
previous diets. These differences soon disappeared. Differences between
preferences for generally unpalatable species lasted longer (Arnold
1964a).

If the motivation in selective grazing is adequate nutrition, animals
should consume highly nutritious but unpalatable feeds before less
nutritious but palatable materials. Little evidence exists that grazing
animals have nutritional wisdom enabling them to select the best
available diet (Arnold 1964a). Precise rectification of salt deficiency
seems to be an exception. Several experiments have demonstrated,
however, that forages actually eaten contain a higher nutritive content
than the average of the pasture from which they were selected (Weir and
Torell 1959).

Restricted food habits, such as that of the walkingstick (Diapheromera
velii), which feeds only on Psoralea tenuiflora (Ueckert and Hansen 1972)
may have evolved through coadaptation; the grazier becoming more and
more specific for food and the producer withstanding the pressure or
even evolving a symbiotic need for the consumer. The grazing animal
must have an instinct or a hereditary nufritional wisdom to select the
foods it can use. This selection process would seem to be a
self-regulating mechanism, whereby materials not accepted readily along
the digestive tract are not accepted by its mouth. Perhaps the animal
accepts undesirable material only to avoid extreme hunger or death.

Many native grazing animals have little ability to search for food
beyond routes learned as juveniles. They usually spend most of their
lives in a restricted territory even when the food supply in that area
diminishes.

Grazing herbivores differ markedly in their food habits; each animal
species shows preference for certain plant species, individual plants, parts
of plants, plants in certain growth stages, areas of previous use,
successional stages, range sites, and range types. Animals often continue
to graze these preferred elements although their availability becomes low
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and associated but less desirable elements more abundant. Animals show
variation in food preferences among locations, among seasons of the year,
over a period of a few days, within the same day, and among individuals
(Van Dyne and Heady 1965).

Food habits are not exhaustively catalogued here, but reference is
made to a few of them (Table 4-2). In Chapter 14, further reference is
made to diets in conjunction with the management of mixed animal
species.

Environmental Influences

Climate, topography, and soil affect palatability of plants and
preference for foods by animals. A plant species on different sites will
vary in chemical composition, succulence, proportion of leaf, and
harshness of the foliage. These differences may be fixed genetically as
indicated when plants from different areas are grown together. Animals
prefer different sites, and the site affects their selection of foods. Hooper
(1962) found that deer browsed the same species to different degrees
when it occurred on different soil types. Degree of forage use on
different sites and selectivity of area for grazing correlated positively with
nitrogen, phosphorus, and potassium contents in plants and soils
(Vandermark et al 1971).

Two management practices, fertilization and buwming, change
palatability of plants as well as feed quantity and nutritional quality.
Burning affects availability of new growth by removing standing dead,
shrubs, and cactus spines. Grazing animals prefer fertilized and burned
areas.

Grazing animals change their behavior, hence their food preferences,
with differences in temperature and rainfall and with wetness of foliage.
When other and more palatable plants are covered with snow, mule deer
will browse on less desirable species such as Juniperus osteosperma and
Pinus edulis. Areas of heavy clay soils tend to be avoided by plains game
animals in Africa during wet weather, thus weather influences their
selectivity of foods.

VEGETATIONAL RESPONSES TO SELECTIVE GRAZING

In an attempt to study selective grazing alone as a factor causing
vegetational changes single sheep were placed in small, uniform pastures
of Phalaris tuberosa and Trifolium subterraneum. Marked differences in
botanical composition resulted after five months. Presumably, each
animal selected a different diet, but the animals also ate different
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amounts, and the conclusion was reached that intensity of grazing
influenced pasture changes more than did selectivity (Arnold 1964c).

After five years of sheep grazing in south central Canada, Euphorbia
esula was reduced by 95 percent and Agropyron desertorum increased by
32 percent because of selective grazing (Johnston and Peake 1960). As
with the previously mentioned work, clear elimination of other grazing
influences was not made. Few documented observations on the influence
of selectivity alone on vegetation are available; yet it is an aspect of
grazing that underlies many management recommendations.

Wild animals have grazed through geological time without apparent
destruction of their preferred forages. This suggests a number of
hypotheses: that moderate intensities of grazing may be stimulatory
and beneficial to the continued well-being of rangeland ecosystems;
that forage species tolerate defoliation within certain limits; that
grazing factors other than selectivity may cause vegetational changes;
and that the separate influence of selective grazing has not been
measured.

A large body of literature leaves no doubt that grazing animals
influence the vegetation on which they feed, even under a light grazing
intensity. However, innumerable accounts describe increases of all
preferred plants when grazing pressures were lightened (Ellison 1960).
Few examples exist where palatable species have completely
disappeared because of grazing, especially light and moderate grazing.
Intensity of grazing has a greater impact on vegetation than selectivity,
but livestock depend upon selectivity to obtain their needed diet.
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Physical Effects of Grazing Animals

Whenever large grazing animals move, the exerted force affects soil,
vegetation, and other animals. Major impacts on the land include eating
action; trampling or treading which bruises and cuts plants; soil
compaction; and covering of vegetation with soil and dung. The
mechanics, magnitude, and control of soil compaction, as influences on
herbage production, have received more attention than other major
impacts. This emphasis stems from the fact that soil compaction
increases in direct proportion to increasing intensity of rangeland use by
animals.

One of the first recommended range practices was to eliminate
trampling damage by avoiding repeated use of the same bedground by
bands of sheep grazing summer ranges (Sampson and Weyl 1918). Large
areas around each place of animal concentration, whether it is a
bedground, watering point, gate, holding pen, or campground, becomes
bare of vegetation. Designated livestock trails or stock routes throughout
the world receive so much animal traffic that, typically, they are bare of
vegetation and eroded. This chapter centers on the impact of animal
movements upon the landscape.

ANIMAL MOVEMENTS

Each species of animal, and each individual, moves in its own
repetitive behavioral pattern. These habits relate directly to the resultant
physical effects on the land. For example, a highly selective grazing
animal travels farther in mixed grassland to obtain its daily ration than
does a less selective individual. Burrowing activities of rodents,
wallowing by bison, dusting by birds, and mixing of soil by invertebrates
are other types of behavior that affect rangelands.

Behavioral patterns of cattle and sheep vary according to type, breed,
and age of animal; climate; season; available feed; topography; and other
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factors. Hafez and Schein (1962) and Hafez and Scott (1962) found in
extensive literature reviews that cattle and sheep varied greatly in their
daily activities as follows:

f e

! Cattle l Sheep
Grazing time, hours 4to9 9to 1l
Distance fraveled during grazing, km 3to5 5t0 13
Rumination time, hours 4to9 8 to 10
Number of grazin_?, periods ] 4to0 5 407

Sheep spend more time grazing and traveling than do cattle. As the
available forage decreases in quantity, both animals travel farther and
spend more time grazing, as suggested by the numbers given above.
Great variation in behavior exists among individual animals of the same
species and in the same individual in different environmental conditions.

DIRECT EFFECTS ON PLANTS
Discarding of Herbage

Pulled and discarded plants may be found after grazing on nearly all
range types. Plants are easiest to pull when the soil is wet. Such damage
to Bromus tectorum by cattle is frequent. Horses and burros are known
for their habit of pulling grasses and consuming only parts of them.
Grasshoppers cut blades of grass but eat only parts. Rabbits and rodents
have been observed to nip pieces from grasses and shrubs and waste
most of the material. Poa ampla appears especially susceptible to pulling
from the soil (Hyder and Sneva 1963). Plants differ seasonally in their
resistance to pulling. For example, grazing cattle uprooted Calamovilfa
longifolia and Stipa comata most often in July but Bouteloua gracilis in
September (Quinn and Hervey 1970). These actions constitute efforts by
some animals to obtain preferred foods and desirable nesting materials.

Bark Wounding

Animal damage to the bark of woody plants may cause material above
the wound to die. Bark wounding, sometimes ring-barking, results from
rubbing by mule deer removing velvet from their antlers; bears and cats
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sharpening their claws; rabbits, rodents, bears, beavers, and Australian
opossums feeding on the inner bark; rodents ring-barking young Populus
tremuloides under snow; birds feeding on the sap of trees; and insects
depositing their eggs in or under the bark.

Perhaps the African elephant destroys woody plants more
spectacularly than does any other animal. A herd may eliminate forests
by breaking limbs for browse and pushing down trees or tearing them
apart seemingly in fun. However, other situations can be striking. Ring-
barking by voles killed as much as 84 percent of the Artemisia tridentata
in some Montana stands (Mueggler 1967). Many more examples can be
given.

Covering of Live Plants

Small, ground dwelling animals dig burrows, depositing soil on
surrounding vegetation. Larger animals cover vegetation with dung.
Dung patches killed 75 percent of the grasses and legumes under them
in a dairy pasture during a 15-day period (MacDiarmid and Watkin
1971). Organic materials under the patches decomposed quickly but the
affected areas produced little regrowth for a year. Dung patches
averaged 0.07 square meter and were deposited at the rate of 13.9 per day
(MacDiarmid and Watkin 1972). This calculates to a coverage of
approximately 0.97 square meter per day or 354 square meters per year
per cow. While many factors alter these calculations for field application,
the conclusion must be accepted that coverage with dung constitutes an
important physical effect. Because of slow decomposition, the effects are
greater in dry areas than under moist conditions. High livestock density
and high stocking rate concentrate that impact.

Fitch and Bentley (1949) claimed that herbage elimination by rodents
in the California annual grassland amounted to more than 50 percent of
the annual crop, but that the animals consumed less than 10 percent of
the plant material that they cut off.

Mound building by soil dwelling animals buries live vegetation and
alters the habitat for establishment of new plants. Pocket gophers
disturbed as much as 25 percent of the soil surface in southwestern
Oregon and reduced survival of Pinus ponderosa seedlings from 87 percent
to 12 percent (Hooven 1971). Gopher impact was from both burial of
plant and foraging on the roots. Julander et al (1969) reported 4,000 to
4,500 pocket gopher mounds per hectare in the Cache National Forest,
Utah. Prairie dogs and ground squirrels may move as much soil as do
pocket gophers.
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Whether or not burrowing, mound building, and other activities of
ground dwellers result in benefits to range forage production remains
unclear. A drier habitat results where pocket gophers burrow than where
they are absent; erosion may be increased from the freshly turned soil;
and the new mounds provide sites on which germination and
establishment of plants are difficult (Laycock 1958). Conversely,
burrowing counteracts soil compaction; mixes soil and organic matter;
covers erosion pavement; and increases water infiltration, soil porosity,
s0il aeration, and rate of soil formation (Ellison and Aldous 1952).
Species of early successional stages often occur on abandoned 2- and 3-
year-old mounds. There seems little question that rodents in peak
numbers consume large quantities of forage and permanently reduce
seeded and planted stands of grasses and trees by their physical
activities. However, small populations may be more beneficial than
harmful to rangeland ecosystems.

Trampling of Plants

Trampling affects plants directly as animals cut, bruise, and break
them during walking and running. The damage changes according to the
plant's moisture content, elevation of growing points, physical strength
of leaves, and flexibility of plant parts (Edmond 1966).

Direct losses of herbage by trampling have been reported as 1 to 5
percent in the shortgrass type in Colorado (Quinn and Hervey 1970), 23
percent of the standing crop on sheep ranges in the mountains of Utah
(Laycock et al 1972), and 68 percent of the lichen component by reindeer
during a year of grazing (Pegau 1970). Artificial trampling and lodging
of Mertensia arizonica var. leonardi during early growth increased
production but decreased production if it occurred during flowering and
fruiting (Laycock and Conrad 1969). The Festuca scabrella/F. idahoensis
type in Montana was more resistant to trampling than nearby forest types
(Cole 1988). Rhizomatous grasses as a group resist trampling more than
do bunchgrasses.

Dry plant materials tend to break rather than bend under the hoof, so
late seasonal effects often exceed growing season damage for many
species. The breakage may be desirable if it lays dead grass materials on
the soil surface where decomposition occurs rapidly, or it may be
undesirable if it results in loss of soil protection.

By using an artificial hoof to simulate trampling Abdel-Magid et al
(1987) found little difference in material detached in either continuous or
short-duration grazing systems. Cattle walked on the spaces between the
bunches (Agropyron cristatum) at all frequencies of walking and seldom
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trampled the tall bunches, suggesting that laying of dead material was
minimal (Balph and Malecheck 1985).

CRYPTOGAMIC SOIL CRUSTS

Mosses, algae, lichens, and fungi often form dark crusts that bind the
soil particles together. Probably the blue-green algae are the most
effective. They have the capacity to stabilize desert soils, to fix nitrogen,
and to conserve soil nutrients. As many as six species of blue-greens
have been found in a soil sample (Rogers 1989). These covers protect the
soil between the plants in arid and semiarid regions.

Once the crust is broken by trampling, it has taken as many as 18
years for crust reestablishment in ungrazed Utah exclosures (Anderson
et al 1982b). Cryptogamic cover and diversity is reduced by any large
animal activity. Anderson et al (1982a) claims that these soil crusts do
not suppress vascular plants. The role of soil crusts in soil stability and
vegetational succession is poorly understood (Dunne 1989).

EFFECTS ON SOIL

Large animals walking on the ground exert physical pressure on the
soil by their weight, and they move soil particles about the land surface
with their feet. Soil compaction may result from the first but the second
often causes soil loosening and erosion. Small animals cause the same
effects as do large animals; the only difference is in degree.

Soil dwelling animals may loosen the soil more than they compact it,
thereby countering influences of large animals. For example, the castern
mound-building ant reduced bulk density of the soil by constructing
channels and chambers and by depositing subsoil within and on the soil
surface (Salem and Hole 1968). Many species of termites in arid and
semiarid regions cement soil particles in their nest building. Those nests
below ground form a cap that prevents water infiltration and seedling
establishment for many years, but mounds favorable to plant growth are
produced by some species of termites (Lee and Wood 1971). A wide
variety of soil dwelling animals select, transport, rearrange, mix in
organic matter, and cement soil particles. Plants respond to changes in
soil, so perhaps the positive affects of animals on soil and vegetation
outweigh the immediate negative physical effects of animals on plants.

Soil Compaction

Soil compaction is defined as the packing together of soil particles
by forces exerted at the soil surface, which result in an increase in
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specific gravity by decreasing the pore space (Lull 1959). The principal
soil characteristics determining supporting capacity or susceptibility to
compaction include texture, structure, porosity, and moisture content.
These combine to give each soil condition a capacity to hold or support
a load or to resist deformation. Examples selected from Lull (1959) show
the approximate deformation point of several soil materials as follows:

! kg/cm2 !
Organic soils 0.21
Dry sand 2.0
Wet sand and dry clay 4.0
Packed gravel 8.0

Static loads exerted when rangeland vehicles and animals remain
stationary approximate the following pressures on the soil.  Values
encompass a wide variation in load weights and track size or bearing
surfaces for vehicles (Lull 1959).

" l kg/cm2
Crawler tractor 0.32 - 0.63 |
Sheep 0.65
Wheel tractor 1.4-21
Horse or cow 1.7
Truck 35-70

The measurement of stationary pressures needed to exceed the
supporting capacity of the soils has been used to evaluate soil
compaction. However, as animals walk, their weights fall on restricted
areas of their hooves, whereby weight per contact area exceeds the soil
strength. The result may be chipping of dry soil surfaces, compaction of
maoist soils, or deformation of wet soils.

Maximum compaction occurs at soil moistures about midway between
wilting and field capacity. Wetter soils give way or reform with less
compaction than do those with intermediate moisture content. Puddling,
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or loss of structure, and compaction may occur with repeated traffic on
heavy soils.

With constant pressures and soil moisture, soils with high porosity
and a wide range of particle sizes are more susceptible to compaction
than are other soils. When compaction occurs, small particles replace air
spaces between the large pieces. Soils composed of particles mostly of
one size usually do not compact unless a well developed structure has
given them large pore spaces. Structureless sands compact very little.

Compaction readily alters or reduces structure and pore volume,
thereby increasing soil density. Increased soil density in turn reduces
infiltration capacity, permeability to water, water storage capacity,
aeration, root penetration, and activities of soil dwelling animals. The
result is less top growth of plants. The most common measure of soil
compaction is change in soil specific gravity or bulk density.

Changes in Bulk Density

Bulk density is the specific gravity of the soil. Numerous, but not
all, experiments that included measurements of physical effects of
animals on soil have shown that grazing increases bulk density or
decreases porosity of soil. Some of those indicating an increase include
Duvall and Linnartz (1967) in longleaf pine/bluestem range of the
southern United States; true prairie in Missouri (Kucera 1958); sandy soils
in Oklahoma (Rhodes et al 1964); silt loam soils in New Zealand
(Edmond 19538); and numerous other pasture and forest situations as
reviewed by Reynolds and Packer (1963).

Studies in the shortgrass region of the United States have generally
found that bulk density increases directly as intensity of grazing becomes
more severe (Brown and Schuster 1969, Knoll and Hopkins 1959, Rauzi
and Hanson 1966, Read 1957, and Reed and Peterson 1961); but this was
not found with increasing grazing pressure on coarse textured soils (Van
Haveren 1983).

Soil compaction was greatest after 25 years with continuous grazing,
less under deferred and rotated treatments, and least in protected areas
in eastern Nebraska (McCarty and Mazurak (1976).

After 19 years of heavy cattle grazing, Canadian workers reported
lowered pH and changed carbon content of soils, but little effect on
moisture tension, bulk density, total available phosphorus, and total
nitrogen. One report was on fescue grassland (Johnston et al 1971) and
the other on the shortgrass type, both on the Manyberries Station in
southern Alberta (Smoliak et al 1972). Earlier, Lodge (1954) in southern
Canada and Orr (1960} in the Black Hills of South Dakota found
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increased bulk density in some grazed soils but not in others.
Bunchgrass ranges in southeastern Washington (Daubenmire and Colwell
1942) and subalpine grasslands in Utah (Meeuwig 1965, Laycock and
Conrad 1967) showed no change in bulk density with heavy grazing.

Packer (1963) maintained that winter grazing by elk reduced plant
cover and increased soil bulk density in the Artemisia/Agropyron areas
north of Yellowstone Park. He suggested that ground cover should not
be allowed to diminish below 70 percent and bulk density to increase
above 1.04 grams per cubic centimeter. Standards have not been
suggested for other soils. Interpretation of changes in bulk density
requires care. Soil density changes with moisture content, as it did when
soils were compared during early and late growing season (Laycock and
Conrad 1967). Removal of mulch from the soil surface resulted in
changes in botanical composition and significant increases in soil bulk
density, without trampling by animals (Heady 1965). These results
suggest that altering animal impact on the vegetation itself and thus
changing species composition has an influence on soil density which is
separate from the influence of compaction by trampling. Thus, all soil
compaction may not be caused by animal trampling.

Soil Porosity (Infiltration)

Increased bulk density correlated with decreased soil porosity (Read
1957, Kucera 1958, Reed and Peterson 1961). Trampling with an artificial
hoof increased overland flow of water in the Agropyron spicatum/Bromus
tectorum type in southern Idaho (Packer 1953). On sandy loam and loam
soils the infiltration rates after 15 minutes were higher for light and
moderate grazing than for heavy grazing. On another site the sandy
loam gave the same infiltration for all three grazing levels (Rauzi and
Smith 1973). In New Mexico on one site, slope as great as 30 percent
made little difference in infiltration under light grazing (Wilcox and
Wood 1988),

Depth of soil compaction due to grazing seldom reaches 15
centimeters; frequently is limited to the surface 5 centimeters; and
probably recovers in five to ten years after heavy grazing is reduced
(Reynolds and Packer 1963). Lusby (1970) reported soil recovery in three
years after removal of cattle from the salt-desert shrub type in Colorado.
Soils on the Reynolds Creek Experimental Watershed in southwestern
Idaho showed increased bulk density with increasing stocking rates and
that two years without grazing were needed for recovery to no-grazing
levels (Stephenson and Veigel 1987). Alternating swelling and shrinking,
as with freezing/thawing and wetting/drying, reduced soil compaction
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in the studies described above. More than likely, freezing/thawing and
wetting/drying together with the activities of microorganisms begin to
reduce compaction as soon as it occurs. Payne et al (1983) using 2, 8, and
32 vehicle tracks repeated each month, May to September, found no
carryover effects in the second year for the 2- and 8-trip treatments except
when the soil was wet. Vehicular traffic that loosened soil also reduced
infiltration and increased sediment yield in southern Nevada (Eckert et
al 1979).

DESIRABLE TRAMPLING EFFECTS

Although trampling usually implies damage to vegetation and
compaction of so0il, a number of benefits result from the physical impact
of animals. Without disturbance, the few millimeters of surface soil may
become sealed, and thereby reduce intake of water and establishment of
seedlings. The trampling action of livestock breaks the cap, moves soil,
and helps to cover seeds. Holistic Resource Management (Savory 1988)
emphasizes these benefits with little reference to physical damage by
animals.

Trampling action lays standing dead material onto the soil surface,
where decomposition increases the return of minerals to the soil. In
addition, trampling reduces large accumulations of mulch and litter by
breaking and stirring plant materials into the mineral soil. Like many
other factors in moderation, a small amount of treading may be beneficial
or show no detrimental effects.

Trampling or rolling for compaction of seedbeds on light soils tends
to increase moisture retention, moisture per unit volume of soil, and
improve several factors for plant survival (Hyder and Sneva 1956).
Moderate trampling appeared to favor emergence of perennial grasses
but heavy trampling favored Artemisiz and some weedy annual forbs
(Eckert et al 1986).

EFFECTS OF SOIL COMPACTION ON VEGETATION

Compaction of soil reduces root growth. Roots of Bouteloua
curtipendula cv. Premier did not penetrate a compacted layer in old fields
during the first year after seeding (Fryrear and McCully 1972). Soil
compaction reduced yields of ryegrass/white clover pastures in New
Zealand (Edmond 1963, 1966). Artificial trampling reduced ground cover
and production of Agropyron spicatum and Bromus teciorum in southern
Idaho (Packer 1953). Similar results were caused by elk on their winter
range in southwestern Montana (Packer 1963). Compaction of soil below
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the plowed zone reduced emergence and first-year yields of seeded range
grasses (Barton et al 1966).

Although most of these results confound grazing and trampling, they
suggest that soil compaction reduces growth of roots and thereby lowers
yield of tops. Apparently, dry soils do not compact easily. Extensive
range grazing, much of it during the dry season, may have little effect on
soil compaction and herbage yield.

Animals often walk the same paths again and again as they move
across slopes or to and from water. In moist regions with a long growing
season, the paths may be bare in the center and support annual grasses
and weedy forbs along the edges. Tall growth at the path edge may
result from increased soil water beneath the bare paths with less
competition for it. Probably, treading exerts major influence in the paths
and grazing exerts major influence away from them. These strips of
different vegetational compositions in both dry rangelands and moist
pastures suggest successional stages that result from various degrees of
animal use.

EVALUATION OF PHYSICAL EFFECTS

Relating observed vegetational changes to their causes remains a
difficult problem of separating multiple interrelationships. For example,
disappearance of plant materials in grazed and ungrazed treatments may
be due to foraging by insects, birds, and other animals; to trampling; to
pulling or breakage of plants; to falling of mature plant parts such as
flowers, lower leaves, and fruits; and to the shattering action of wind,
rain, hail, and windblown materials. Regrowth may obscure these losses
and further complicate measurement and interpretation.

Physical effects of animals are as ageless as the animal species
themselves. England and DeVos (1969) reported the presence of fossil
trails and wallows made by bison on the Canadian prairies. Burrowing
animals have pushed more s0il materials downhill than uphill for as long
as these animals have existed. Ground birds have changed soil
characteristics by their scratching and dusting; all animals have exerted
pressure by walking; and many more physical effects have occurred
during geological time. Therefore, trampling and other physical effects
of animals are unavoidably parts of the grazing process.

As one evaluates these related effects, compensations or counter
influences become increasingly obvious and the concept that physical
effects mean damage becomes less acceptable. It is true that livestock
compact the soil and break plants by their trampling, but immediately,
other animals and the physical environment tend to reduce the
compaction. Breaking of plants may stimulate them to new growth. Bare
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soil quickly becomes occupied with new plants. Populations of plants
and animals succeed as their physical requirements become available, and
they diminish as their surroundings become more favorable to other
species. Thus, the physical effects of animals may be either desirable or
harmful depending upon the context of evaluation.

Permanent changes in rangeland ecosystems can result from excessive
physical effects of animals, but usually compensations quickly return the
soil to its condition before the physical effects occurred.
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6

Energy Flow and Nutrient Cycling

The first two laws of energy in their simplest form are that energy can
neither be created nor destroyed. In a grazing context, they imply that
light energy captured by green plants will be transferred in excreta and
heat to the atmosphere as it passes through the food chain.

The processes in the capture of energy, its flow, and cycles of carbon
and minerals are the basic aspects of terrestrial ecosystem functioning.
Understanding how herbivory affects those processes is the vegetational
foundation of Rangeland Management. Investigating the interactions of
plants, animals, and environment is in part determining the fate of energy
and individual minerals in the rangeland ecosystem.

ENERGY CAPTURE

Through the photosynthetic process, plants capture energy from the
sun, which is combined with CO, from the atmosphere and water and
minerals from the soil to make the carbohydrates used in respiration.
Part of the manufactured material is converted into more complex
carbohydrates, proteins, vitamins, and other compounds that constitute
the biomass of the plant itself. Primary production is that biomass plus
the respiration used to produce it. The net accumulation (respiration
excluded) in one year is above-ground net primary production (ANPP),
or NPP if the root system is included. Secondary production in the
grazing context is the use of ANPP by herbivores. They affect ANPP
by a number of feedback mechanisms as shown in Figure 1-3.

Energy captured in the primary production of photosynthates and
transferred to other trophic levels—-herbivores, predators, and
decomposers--is generally considered an inefficient process because most
of the energy is dissipated along the way. Measurement and
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understanding of range ecosystem processes involve following such items
as carbon, nitrogen, sulfur, phosphorus, potassium, and other essential
minerals within each trophic level and from one level to another. The
transfers of energy through biological systems and the cycling of minerals
from soil through plants and back to the soil constantly change in rate
and magnitude. Grazing systems or schedules are management tools to
increase the efficiency of energy capture, harvest, and conversion of
forage to salable products (Heitschmidt 1988).

ENERGY FLOW

Williams (1966) estimated that his range plots in the San Joaquin
Valley, California, received 1,600,000 kilocalories of solar energy per
square meter of which 700,000 or 44 percent were in the wave lengths
usable by plants. ANPP amounted to 3,275 kilograms per hectare or
1,410 kilocalories per square meter. This was 0.09 percent of the total
energy received at the site. Steers, one type of secondary producer on
those plots, had a net productivity of 69 kilocalories per square meter for
an efficiency of 0.004 percent relative to the total energy income.
Snaydon (1981) shows that efficiency of energy use is. in the
neighborhood of 10 percent on a basis of energy of liveweight gain to
energy in food consumed, 2.5 percent if it is to energy of herbage
produced, and 0.017 percent if it is to total solar energy received.

Biomass and mean annual respiration of harvester termites in tropical
regions may be of the same order of magnitude as that of mixed
populations of mammalian herbivores in Africa and much greater than
that of the marsupial fauna in northern Australia (Lee and Wood 1971).
Macfadyen (1964) maintained that energy respired by a temperate
meadow was divided about one-seventh by plants, two-sevenths by
herbivores, and four-sevenths by decomposers. Microorganisms in the
soil produce as much as 90 percent of the secondary production because
of their large numbers and rapid metabolic rates (Macfadyen 1968).
Apparently, far more energy is liberated through soil dwelling organisms
than through above-ground herbivores. If this is so, the decomposers
may limit range ecosystems, and "feeding them" through maintenance of
soil organic matter and mulch would make more energy available for the
secondary consumers in rangeland ecosystems.

MANAGEMENT BY ENERGY FLOW
Cook (1970) suggested that energy transfer presents a new approach

to calculating biological efficiency of range ecosystems for domestic
animals. On the assumption that 40 to 50 percent range utilization
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expresses forage consumption, between 18 and 25 percent of the herbage
produced becomes metabolizable energy in cattle and sheep. Cook
allocated that amount of energy among the various physiological
functions such as reproduction, growth, maintenance of body heat, and
travel. Different classes of animals had different energy requirements.
For example, a yearling steer required energy equivalent to 0.85 of a
nonlactating cow unit and about 0.67 of a cow-calf unit. A ewe and lamb
rated 0.21 of a cow-calf unit on an energy basis. Cultural energy,
nonsolar such as labor and gasoline, to produce a kilocalorie of meat was
2.24 kilocalories for sheep and 4.5 kilocalories for weaner calves (Cook et
al 1976).

Energy transformation and animal responses can be used to establish
standards for measuring range livestock production. Cook (1970) showed
that summer mountain ranges in Utah produced about three times more
energy than did desert winter ranges, and that steers converted dietary
energy to meat about 45 percent more efficiently than did cows.

An energy budget shows the relative impact of different organisms.
Partitioning of energy draws attention to points of energy dissipation
where ecosystem modifications to increase efficiency of energy use may
be effective. Because different kinds of animals use energy at different
rates, biomass comparisons between such diverse species as grasshoppers,
mice, and livestock have much less value than do comparisons of the
energy they transfer.

Forage species differ in their ability to convert solar energy into a form
that is digested by animals. Marlow (1984) found that Agropyron
cristatum was more efficient in this respect than Agropyron smithii,
Bouteloua gracilis and a number of other important range grasses.

Energy passes through biological systems with tremendous
unrecoverable losses at each transfer. Because energy is not recycled,
increased efficiency of energy use depends upon reduction of losses, and
a gain of a few thousands of a percentage point is important to the land
manager.

NUTRIENT CYCLING

A nutrient cycle includes the uptake or capture, utilization, and
release of a nutrient into a form that can be reused. The nutrients of
concern on rangelands are several minerals, carbon, and water.

Herbivores divert portions of plant nutrients into animal food chains.
Unlike energy, which leaves the system when released from chemical
bonds, nutrients return to the soil. They may be circulated from soil to
plants to animals to soil numerous times. Each nutritive element follows
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its own particular pathway because each serves separate functions in the
animal and is held by different chemical bonds. Grazing animals alter
the pathways, change the rates of nutrient release by decomposition, and
reposition nutrients in the pasture. The manager can add or remove a
significant amount of nutrients from the area. Without herbivory,
nutrients in vegetation leach directly to the soil or return to the air or soil
via decomposition.

Generalized Nutrient Cycling

A generalized diagram of nutrient cycling is shown in Figure 6-1. The
boxes represent nutrient accumulations, and the arrows show pathways
of transfer from one sink to another. Descriptions abound of quantities
of minerals in the various pools such as the soil and litter. A common
type of study partitions or budgets the total quantity of minerals among
all the compartments. Because increase in temperature indicates greater
available energy and increased rate of growth, other studies have used
the summation of degree-days to predict expected growth.

Detailed analysis of mineral reserves describes the system organization
and provides a base for the study of mineral flow through the system, the
system physiology. Such an analysis depends upon estimates of the size
of the various nutrient pools and the transport of minerals from one pool
to another. Transfers occur in both space and time. The annual cycle of
plant biomass accumulation and litter decomposition has received much
attention (Pieper 1974).

Grazing provides many routes of mineral transfer. Minerals in the
dung and urine decompose at rates different from those of the uneaten
plant litter. The herbivores may die, may be eaten by carnivores, or may
be removed from the area by management (Fig. 6-1}. Lemming cycles
have been correlated with cycling of nitrogen, phosphorus, potassium,
and calcium. Schultz (1969) speculated that primary production in the
arctic grassland declines and the lemming populations crash when
vegetation is overgrazed and a high proportion of the system's nutrients
become unavailable in plant and animal detritus. As decomposition in
the cold environment gradually releases the nutrients, primary
production increases and the lemmings soon increase.

The pattern of accumulation and decomposition of dead herbage on
rangeland is closely related to productivity. Early recognition of this
point was evidenced in stipulations that proper utilization was removal
of approximately 50 percent of the herbage crop. Mulch, litter, and plant
residue, in terms either of amounts per unit area or of percent of soil
cover, have been used to evaluate rangeland utilization, range condition,



76 Energy Flow and Nutrient Cycling

and trend. Generally, litter cover correlates directly with production, but
an excess may decrease herbage growth.

Nutrients Fixation in
in et ——— Rainwater,
Soil Dust, Substrate,
Nutrients Nutrients
in —p| Pl | Decomposers
Vegetation Litter
Nutrients Nutrients
0 af— in
Urine herbivores
Nutrients
1 in Animal
Litter & Dung
Nutrients Nutrients
in Animals | opummm in
Removed Carnivores
Figure 6-1 Generalized nutrient cycles in range ecosystems (Redrawn

from Pieper 1974).

The dead herbage is an important but neglected constituent of pasture
and rangeland systems. Beginning at the low point of plant residue
accumulations, near the end of the rapid-growth season, amounts
accumulate rapidly as current growth dies. Decomposition, consumption
by invertebrates, and grazing by vertebrates gradually reduce the amount
of residue until the next yearly increment. However, that addition does
not occur as a single large amount at one time. Growth and
decomposition overlap in time; for example, flowers and lower leaves in
herbaceous vegetation begin to die very soon after they begin to grow.
The living and dead herbage of grasses arc tangled in space. Both the
time-related and space-related variables are subject to modification by
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grazing as well as the physical environment. Dead herbage must be
considered and used in the management of rangeland primary
production.

After analysis of data in several papers, Pieper (1974) constructed an
approximate budget of nutrient cycling in the desert grassland of
southern New Mexico (Table 6-1). This table shows that domestic
livestock at moderate stocking rates altered the routing of only a small
quantity of minerals and that rodents were unimportant in the area.
Commonly, amounts of soil minerals in reserves are many times the
amounts of cycled minerals (Charley 1972). Microorganisms have been
shown to use most of the net primary energy, so they probably cycle
more nutrients as well.

Table 6-1 Annual compartmental budget, in kilogram per
hectare, for quantities of five elements on a desert
grassland range in southern New Mexico (Pieper 1974)
Transfer or Compartmgm
Taken up by vegetation 6.6 0.3 45 1.4 2.1
Average wt, in herbage 4.4 0.2 3.0 1.0 1.4
Average wt. in litter 4.5 0.5 2.6 1.4 0.3
Transferred from litter to soil 4.5 0.5 2.6 1.4 03
Consumed by cattle 4.6 0.2 31 1.0 1.4
Consumed by rodents 0.19 0.01 0.13 0.04 0.06
Returned in feces 0.5 0.1 0.2 0.65 1.1
Returned in urine 3.8 0.03 29 0.25 0.2
Removed by sale of calves 0.26 0.07 0.02 0.10 0.003

Elements Returned to the Soil

Grazing animals return a large proportion of the consumed plant
nutrients to the soil. Typical of data on the point are those of Hutton et
al (19673 who found that dairy cattle voided most of the minerals
consumed and retained less than 10 percent of any element. The
elements were distributed in the following percentages:
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st

“ [ In Dung ! In Urine l In Milk l Retained “

Nitrogen 26 53 17 4
Potassium 11 81 5 3
Phosphorus 66 0 26 8
Sodium 30 56 8 6
Calcium 77 3 11 9

Most of the voided phosphorus and calcium occurred in the dung
whereas the urine was rich in nitrogen, sodium and potassium. These
values vary according to the nutrient content of the forage, condition of
the animal, and physiological state of the animal. However, direct
relationships were found for nitrogen in dung and in forage (Raymond
1966) and between nitrogen, phosphorus, and potassium in forage and in
soil (Vandermark et al 1971). Between 80 and 95 percent of all ingested
nutrients are returned to the soil in the excreta of domestic animals.

Elements from Other Sources

Rainfall, dust, and microorganisms that fix materials from the
atmosphere continuously increase the reserves of nitrogen and several of
the major minerals in the soil. Rock decomposition may be the only
significant source of additional phosphorus for range soils.
Decomposition of soil parent material adds other minerals to the available
supply. Management adds minerals to any system by fertilization and
supplemental feeding of livestock, which in effect borrows from some
other system.

Fried and Broeshart (1967) showed that rainwater adds about 9
kilograms (range 2 to 45) of nitrogen to each hectare per year as a
worldwide average. Sulfur additions in rainwater may be over 112
kilograms per hectare per year near industrial plants that burn large
amounts of fossil fuel. Extensive rangelands receive less, perhaps as little
as 100 grams per hectare per year. In Great Britain, Robertson and
Davies (1965) showed that minerals added each year to a hectare of soil
from rainwater in kilograms were calcium 7, magnesium 4, potassium 3,
and essentially no phosphorus. Arid and semiarid regions with more
dust than Great Britain have greater quantities of mineral in rainwater.
Chlorine and sodium were concentrated near the oceans, potassium
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occurred uniformly across the continent, and calcium concentrated in dry
regions (Junge and Werby 1958). Reduction of air pollution reduces
mineral deposits on the soil.

Nitrogen fixation by Rhizebia on planted pasture legumes varied
between 56 and 670 kilograms per hectare per year (Fried and Broeshart
1967). Most native legumes contribute nitrogen to rangeland ecosystems.
Becking reported in 1968 that about one-third of the 330 species in 13
genera of nonleguminous seed plants were known to fix nitrogen
symbiotically with the Frankia bacteria. Some of the genera are: Alnus,
Casugring, Ceanothus, Discaria, Dryas, Elseagnus, Gale, Hippophae, Myrica,
Purshia, and Shepherdia. Numerous species of bacteria, actinomyces,
fungi, yeasts, and blue-green algae are known to be nonsymbiotic fixers
of nitrogen from the air (McKee 1962). Azotobacter and Clostridium are
nonsymbiotic nitrogen-fixing bacteria abundant in soil crusts of arid
regions (Williams 1983). Nonsymbiotic nitrogen fixation is difficult to
measure, but it is likely to be 22 to 56 kilograms per hectare per year on
unfertilized pastures (Whitehead 1970). Nitrogen fixation literature is
vast but an excellent summary is found in Vincent (1982).

Elements Lost from an Area

The bovine body contains about 20 percent ash and 80 percent protein
on a combined fat-free and water-free basis (Reid et al 1955). Both water
and fat contents vary tremendously but have little influence on the actual
amounts of protein and ash. A 450-kilogram animal contains about 28
kilograms of 8 elements. If that animal were removed as a 2-year-old
and had grazed the forage on 4 hectares, it would take with it less than
3.6 kilograms of the 8 elements per hectare as follows (Maynard and
Loosli 1969):

Amount in a Amount removed per
450 kilogram- | ha per year if animal
cow, In grazed 4 ha for 2
Element kilograms ears, in kilograms
Nitrogen 15.9 2.0
Calcium 5.9 0.7
Phosphorus 3.2 0.4
Potassium 0.9 <(.1
Sodium 0.7 <0.1
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Sulfur 0.7 <0.1
Chlorine 0.5 <0.1
Magnesium 0.2 <(0.1
Total 28.0 <3.6

Domestic animals that are sold or removed from the land take
elements with them, but not large amounts. In contrast, grain crops may
remove 67 to 78 kilograms per hectare per year of nitrogen, 11 to 17
kilograms of phosphorus, and 67 to 78 kilograms of potassium (Fried and
Broeshart 1967).

Recoveries of fertilizer nitrogen in forages seldom reach 50 percent
and many attempts have been made to account for the losses (Martin and
Skyring 1962). Nutrients are eroded and leached from an area in runoff
and ground water but the losses are seldom balanced against gains from
the atmosphere, dust, and rock decomposition. Likens et al (1967) found
that forested watersheds had losses of calcium, magnesium, and sodium
but the losses were balanced with release from rocks through weathering.

THE NITROGEN CYCLE

Nitrogen, which is the largest component of air and tends to return to
its relatively inert gaseous state in the atmosphere, is an ideal example of
nutrient cycling. Unlike energy, which moves through an ecosystem once
and is lost, nitrogen cycles continuously from the atmospheric and soil
reservoirs to primary producers, to consumers, and back to the reservoirs.
None is lost from the system, although time may need to be reckoned on
a geological basis for completion of the longest cycles. Pathways that
nitrogen may follow are numerous and complicated.

Figure 6-2 depicts a generalized nitrogen cycle for rangeland. It
indicates that losses and gains occur continuously as nitrogen moves
from place to place and alters in chemical form. Figure 6-2 should be
considered a flow chart of possibilities, not a closed cycle or a steady
state of nitrogen movements. Nitrogen was selected to illustrate cycling
because of the key role it plays in range production, the large body of
available information about it, and the emphasis on urinary nitrogen
describing animal influences.

Urinary nitrogen from cattle and sheep is approximately 76 percent in
urea form, 12 percent in amino acids, 1 percent ammonia, and the
remainder in numerous other nitrogenous compounds. Most of the
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amino form of nitrogen is glycine. Depending upon temperatures and
soil moisture, urinary nitrogen moves rapidly through the various
pathways in the nitrogen cycle (Fig. 6-2), and its effects on plants may
disappear in a few weeks.

Nitrogen deposited on the leaves may be absorbed or returned to the
atmosphere. Most of it, however, is added to the soil reservoir, where it
changes to ammonia, to nitrite, and finally to nitrate. At each step,
nitrogen may be absorbed by plants, lost by leaching, or returned to the
atmosphere.  Volatilization results when ammonia is formed from
chemical decomposition of nitrogen oxides and by enzymatic reduction
of nitrogen oxides.

Simpson and Freney (1967) found that nitrogen reactions were most
rapid in soils with low quantities of nitrogen. However, Power (1972)
claimed that fertilizer nitrogen may become immobilized in any part of
the cycle and suggested a 3- to 4-year cycle of complete nitrogen turnover
in the northern Great Plains. The rate of nitrogen release from dung is
probably slower than from decomposing plant litter. On balance,
turnover of nitrogen is accelerated by passage through animals but, like
other nutrients, it may go into reserves anywhere in the cycle.

Hannon (1958) in Australia suggested that less than 0.1 percent of the
total nitrogen in soil actually cycles. Williams (1964) working with
improved pastures, accounted for 7 percent of the total nitrogen that
annually cycled through plants and animals. Nitrogen fixed in the yearly
crop of California annual grassland averaged less than 22 kilograms per
hectare and accounted for less than 0.5 percent of the total nitrogen in the
soil/plant system.

THE SULFUR CYCLE

Sulfur, like nitrogen, is cycled (Fig. 6-3) from soil through plant and
animal and back to the soil (Blair 1971). The sulfate ion (50,) is the
principal form of sulfur used by plants. The sulfur cycle begins with the
oxidation of rock sulfides and elemental sulfur into sulfates. These may
be leached from the soil, precipitated as sulfate salts, absorbed on the
surface of clay particles, absorbed by organisms, or reduced to sulfides.
Sulfur is added in fertilizers, introduced into the cycle in rainwater, and
absorbed as 50, from the atmosphere. The sulfur that becomes bound
in organic matter is unavailable to plants and must be converted to
sulfate form, largely by microbial action, before it can be used again.
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Figure 6-2 The nitrogen cycle on rangeland, with emphasis on urinary
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Figure 6-3 The sulfur cycle in a rangeland context. (After Till and May
1970)

The ultimate source of sulfur, unlike that of nitrogen, is the soil parent
material, which releases sulfates during weathering. Much of the sulfur
in range ecosystems is associated with plants, animals, and organic
detritus. In Australia, Till and May (1970) found about 200 kilograms per
hectare total sulfur of which 14 kilograms were available to plants and
100 kilograms were in the cycling pools (Fig. 6-3). Undoubtedly other
grazing situations would show different amounts. These authors
maintained that the sulfur cycle formed a highly complex closed system
with few losses and small additions from fertilization. A 450-kilogram
steer has about 0.7 kilogram of sulfur retained in its body. It probably
consumed 9 kilograms of sulfur in a year, nearly all of which was
returned to the soil. Voided sulfur is about 30 percent in dung and 70
percent in urine (Walker 1957).

CYCLES OF PHOSPHORUS AND POTASSIUM

Animals influence rates and amounts of other cycling elements as well
as those of nitrogen and sulfur. Voided phosphorus occurs almost
completely in the dung, where it apparently is more concentrated than
in the original feed. It leaches slowly from dung, especially that of sheep
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and other animals that produce pellets. Approximately 20 percent is
inorganic and readily available to plants (Bromfield and Jones 1970).
Organic phosphorus in dung becomes slowly available to plants as the
dung decomposes. Phosphorus in the herbage amounted to
approximately 0.2 percent of the total in the vegetation/soil system
(Heady 1965).

Complexity of mineral cycling is further illustrated by phosphorus
turnover within the ruminant animal (Tomas et al 1967). Saliva
constitutes the principal source of phosphorus for rumen organisms. It
determines the inorganic phosphorus level in the rumen fluid. The cycle
is from gut to blood to saliva to rumen.

Potassium, mostly in the urine, is readily absorbed by plants; hence its
effectiveness disappears in a few months. Potassium is the third element
in the label on fertilizers. The key to a favorable response to fertilization
with nitrogen and phosphorus on some soils may be potassium in the
urine of grazing animals. Nutrients in animal excreta have interacting
influences with fertilization.

MANAGEMENT BASED UPON MINERAL CYCLING

Animal matter is likened to a chemical engine that transforms the
energy of plant biomass to usable form. Minerals are important to that
transformation. Availability to plants of all minerals except phosphorus
appears to be enhanced by passage of herbage through grazing animals.
Animals increase the rate of cycling, especially of those ions, such as
chlorides and nitrates, which move easily in soil solution. Evidence
supporting this contention appears in the relationships of animals to
pasture productivity. Frame (1970) showed that dung patches in pastures
have the equivalent of over 112 kilograms per hectare of phosphorus and
224 kilograms per hectare of potassium. Urine spots equal fertilizer rates
of nitrogen above 336 kilograms per hectare and potassium rates above
560 kilograms per hectare. From 50 to 60 percent of the deposited
nutrients become effective in forage production.

While many of the results described were found on pastures with high
stocking rates, it would be logical that they should apply to rangelands.
Low rainfall and low stocking rates should change only the speed of
cycling and the amounts of nutrients in the cycle. Although not reviewed
here fertilization of rangelands nearly always increases above-ground
biomass production (Wight and Black 1972). Equally important is the
below-ground biomass and soil organic matter because they are directly
related to rapid and sustained nutrient cycling (Woods and Schuman
1986).
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Decomposition rates of dung from large animals depends upon
coprophagous insects in many regions of the world. Their activities
incorporate dung into soil, reduce infective stages of parasitic worms,
reduce breeding areas for flies, and increase rates of mineral cycling.
Dung-feeding insects have been shown to vary in kinds and numbers in
different adjacent vegetation types (White 1960). Dung beetles have been
imported to many parts of the world to increase organic matter
decomposition and improve soil fertility.

The managerial bottleneck in mineral cycling rests in the slow
decomposition of organic accumulations. Management to increase the
rate of mineral turnover includes trampling and laying of standing dead
materials so that contact with moisture and soil organisms is increased,
addition of nutrients to reduce imbalances, and spreading of
unnecessarily large accumulations of litter and dung.
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Redistribution of Minerals
by Plants and Animals

The supply of nutrients in the ecosystem constantly changes.
Increased and improved nutrient availability results from weathering of
rocks, deposit of erosion products, precipitation and fixation from the
atmosphere, immigration of organisms, and fertilizer applications. This
chapter describes the redistribution of minerals attributable to the
presence of plants and actions of animals. Displacements in quantities of
minerals occur vertically and horizontally. An influx one place means an
outflux from another. Although nitrogen is a gas, many references to
nitrogenous compounds are made in this chapter.

REDISTRIBUTION BY PLANTS

Roots gather minerals from a wider area than that receiving most of
the litter fall; thus localized concentrations of minerals and organic matter
occur under perennial plant canopy. This movement of minerals has
been examined in many ways: as a vertical and horizontal mosaic of
minerals, microhabitat, and kind of organism; as an annual cycle of
production, deposit, and decomposition of litter; as variations among
regions due to climate and vegetational types; in relation to plant
succession and changing species composition; and as the reason for
changing mineral status of soil.

Gradients of minerals, organisms, and microenvirorunents occur
because perennial plants are discrete and live sufficiently long for striking
patterns to develop. Open canopies foster mosaics, which may be highly
regular or random in their distribution. Once formed the pattern may
remain, as shown by gradients of nitrogen around stumps of the legume
Acacia aneura and chlorides of sodium and potassium around Atriplex
vesicaria (Charley 1972). Perennial herbaceous plants and even annuals
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contribute to the mosaic, which are also patterns of foods and cover for
animals. They may be altered in their development by grazing animals.

Trees

The transfer of various chemical elements between trees and soil
follows a number of routes and occurs at different rates according to the
species of plant, kind of chemical, and weather. Radioactive elements
introduced into roots and stems rapidly pass into other plant parts, from
which they may be leached by rain, fall in leaves, bark and woody
material, and released from the roots. Rainfall under Pseudolsuga
menziesii contained as much phosphorus and twice the potassium as that
dropped in litter fall (Will 1959). Potassium, calcium, magnesium, and
sodium occurred as leachates in rainwater that dripped through tree
canopies and flowed down the stems (Carlisle et al 1967). Part of the
nutrients taken-up by the roots return to the soil without intervening leaf
fall and decay.

After rapid initial leaching of soluble nutrients, further release from
wood and litter occurs slowly by decomposition, which may be the
limiting factor on rate of nutrient cycling (Olson and Crossley 1963).

Botanical composition of the herbaceous vegetation differs under tree
canopy from that in open areas. Plant devclcrpment may be somewhat
later under the trees, and differences in selectivity of forages occur
between shaded and sunny sites. These differences may be due in part
to the combined redistribution of nutrients by both plants and animals.
If the woody plants are removed, soil phosphates and other
accumulations slowly decrease to the grassland levels but evidence of the
mosaic may last for decades.

Engle et al (1987} found the standing crop under Juniperus virginiana
trees to be less than in the open. Armentrout and Pieper (1988) described
differences in botanical composition radiating from the bases of Pinus
monophylla and Juniperus osteosperma. The influence of Acacia karroo on
grass production in its vicinity appears to be little different whether there
are few trees or no trees at all (Stuart-Hill et al 1987) but grass decreases
above a threshold of 300 trees per hectare (Aucamp et al 1983). Biomass
production of California annual grassland is generally higher under
scattered Quercus douglasii and Q. wislizenii than areas without the tree
canopy (Frost and McDougald 1989). Above a certain threshold of
canopy density understory growth will decrease.
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Shrubs

Shrubs as well as trees accumulate minerals from the adjacent
openings and enrich the soil beneath their canopies. Nutrient and
organic matter gradients become increasingly sharper with increasing
aridity, especially where individual shrubs are separated by unoccupied
surface soil, as in most arid shrublands. Closed canopies often show little
pattern in the distribution of nutrients (Charley 1972). Generalized
distribution of nitrogen under a bush of Atriplex vesicaria (Fig. 7-1)
illustrates concentration near the soil surface and somewhat to one side
of the central stem due to wind action, slant of the sun, and gravity on
sloping land. Oxygen uptake and nitrification under Atriplex bushes
averaged about twice that in the interbush area. The shrubs may be
cycling nitrogen, speeding the nitrification process, or doing both (Rixon
1971). Nitrogen in soils under Acacia greggii, Cassia armata, and Larrea
divaricata decreased significantly as a function of distance from the center
of the shrub canopy (Garcia-Moya and McKell 1970).

|
10} _ =
. 1 TOTAL N (ug/g) | =
E
L20
o | XSS 7-900 | - —
w301 et — ©zZAs-700 | =
— E=s5-600}|— ~
40] :
50

50 25 0 25 YT
CENTIMETERS FROM PLANT CENTER

Figure 7-1 Distribution of nitrogen in the soil beneath a single bush of
Atriplex vesicaria (Charley 1972).
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Distributions of other nutrients, as well as nitrogen, correlate with
shrub presence. Several species of Atriplex concentrate salts of sodium,
potassium, calcium, and magnesium in their leaves and fruiting bracts
(Sharma 1973, Sharma and Tongway 1973). These minerals tend to reach
constant accumulations in the plant parts, regardless of soil content.
Species vary in their ability to concentrate minerals in their structure,
hence the soil beneath them. For example, Grayia spinosa had abundant
potassium in the leaves and so did the soil under the canopy, but
Sarcobatus vermiculatus showed the same relationship with sodium.
Bromus fectorum reflected the concentration with higher sodium content
when growing under Sarcobatus shrubs than between them (Rickard
1965).  Prosopis juliflora gathers nutrients and changes physical
characteristics of soil under its canopy (Tiedemann and Klemmedson
1973).

REDISTRIBUTION BY LARGE HERBIVORES

Large herbivorous animals tend to concentrate near water, salt, feeding
areas, bed-grounds, and shade. These are focal points to which animals
move in more or less regular daily or seasonal migratory patterns. By
consuming forages away from the focal points and depositing excreta
near them, animals cause a redistribution of minerals. Hilder (1966)
found that sheep deposited about a third of their excreta on only 5 to 7
percent of the total area of pastures 40 hectares in size. About 30 percent
of the pasture tended to became enriched and 70 percent impoverished.
Earlier in the same study, Hilder and Mottershead (1963) showed that
sheep bed-grounds, in comparison with areas 128 meters away, had twice
the total nitrogen and exchangeable calcium, 5 times the magnesium, 14
times the available phosphorus, and a 130-fold increase in potassium.

Weir (1971) described a situation in Wankie National Park, Rhodesia,
in which herds of about ten species of wildlife gathered around water
during drought. Accumulation of minerals occurred within a kilometer
of water and depletion occurred from 3 to 5.5 kilometers away from
water. Losses of minerals were likely in the area along the edges
between grassland and woodland, a favorite grazing habitat for several
species. Not only do animals redistribute nutrients that they consume,
but also they remove nutrients disproportionately because of their
selectivity for certain forages and locations (Van Dyne and Heady 1965).

Many factors alter these influences. Effects of urine decrease outward
in a linear manner from the patch center. The greatest impact of dung
on vegetation occurs under the deposit and at its edge (MacDiarmid and
Watkin 1971). Rapid losses of moisture and ammonia immediately follow
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deposition of both dung and urine. After initial decomposition of fine
materials, disappearance of dung occurred at a slow rate and from the
soil surface upward. If the upper surface of the dung pat dries, it tends
to shed rainwater and remain for a year or two before disappearing.
Both the magnitude of effect and rate of decomposition directly relate to
precipitation and temperature, to rate of plant growth, and to actions of
coprophagous insects (Davies et al 1962).

The return of dung and urine to pastures may increase production of
forage and alter botanical composition. However, effects are temporary
except where animals congregate and enrich the soil with large
accumulations. On rangeland this is less than 5 percent of the pasture
but it may be important on riparian habitats.

Forage production on ranges and pastures depends upon grazing
intensity, selectivity by animals, trampling, and many other influences
that have not been separated from the redistribution of nutrients by
animals. Little wonder that contrasting results accrue from different
studies. Still, abundant observations have established that the
congregation of grazing animals increases soil mineral content, which
becomes noticeable in the species composition of the vegetation.
Management should consider techniques of mechanical spreading of
dung concentrations and of rotating the deposition away from central
water points.

REDISTRIBUTION BY OTHER ANIMALS

Other animals in addition to the large herbivores consume foods in
one place and concentrate their waste at a central point in their territories.
Some cache organic materials as well as concentrate waste. Termiteria in
Africa are richer in nutrients than are the surrounding soils because of
the gathering of plant materials by the termites and their use of salivary
and fecal materials to cement the soil. Lee and Wood (1971) found 2- to
10-fold increases of nitrogen, phosphorus, calcium, and potassium in a
mound of Nasutitermes triodiae in northern Australia. These authors cited
other studies that illustrate nutrient gathering by several soil animals as
shown in the Table 7-1.

The conclusion that all animals alter the distribution of nutrients seems
reasonable, although the influence of many species on their habitats has
not been determined.
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Table 7-1 Nutrient In In
gathering by several termite In earthworm
small animals galleries | anthills casts In soil

%
Nitrogen, % 0.102 0.126 0.192 0.087
Phosphorus, % 1.200 0.058 0.061 0.041
Potassium, % 0.610 0.370 0.390 0.480

MINERAL BUILD-UP DUE TO LIVESTOCK FEEDING

Confinement and feeding of animals, as with dairies and feedlots,
accumulates waste materials resulting in high mineral concentrations in
soil and water. Stewart et al (1967) found about 100 kilograms per
hectare of nitrate in a natural grassland in the North Platte River Valley
and 16 times that amount under corrals. The element of greatest concern
is nitrogen becausc it may exceed health standards, which differ from one
area to another and over time as new data become available. Nitrate
standards are based on dangers of methemoglobinemia, which may occur
when the body converts nitrates to nitrites. Excessive concentrations of
nitrates in feed and water endanger both livestock and humans.

Minerals concentrated in corrals or in home and community sewage
systems often find their way into ground water, streams, and lakes. This
fertilization of the water may increase algae and other aquatic plants,
eventually resulting in large amounts of decaying organic matter that
reduce oxygen content of the water, kill fish, and cause unpleasant odors.
Other sources of leached minerals include fertilizers used on rangeland
and cropland; decomposing crop residues; industrial discharges; and
natural sources such as erosion, fixation from the atmosphere, rainwater,
and rock decomposition.

Nitrogen undergoes rapid and complex transformations as it moves
in and out of soil reservoirs. The principal soil losses of nitrogen are
leaching of nitrates, denitrification, and volatilization of ammonia.
Shallow wells and surface water generally have much more nitrate than
do deep wells. Smith (1967) maintained that most nitrate in water comes
from natural sources and that little comes from fertilizer nitrogen. The
most common minerals in undcrground water are calcium, sodium,
potassium, magnesium, and ammonium. Usually, abundance of these
and other minerals relates directly to composition of local soil and rocks.
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However, excessive nitrate in water does occur in relation to livestock
concentration and to crop fertilization.

High amounts of phosphorus and other elements that rapidly become
fixed on soil colloids result from direct discharges of sewage and
industrial wastes. Eroded soil material from runoff plots in Wisconsin
contained 3 times the available phosphorus and 19 times the
exchangeable potassium found in the soil proper (Massey and Jackson
1952). Radioactive phosphorus, potassium, and calcium moved more
rapidly into a forest soil as a result of colloidal particle transport and
faunal activity than by leaching (Riekerk 1971). Normally, water filtered
through soil does not contain large amounts of readily fixed elements
until saturation has been exceeded.

MANAGEMENT BASED ON MINERAL DISTRIBUTIONS

Movements and distributions of minerals are important to rangeland
management, especially when the whole range is considered. Corrals
need to be below the domestic water supply to lessen danger of
pollution. Winter feeding of livestock should be located in a different
area each year to lessen concentration of nutrients that increase danger
of discharges infto surface water and shallow wells. Domestic water
supplies should be sealed and wells adequately cased to prevent
contamination from corrals, septic tank drain fields, and fertilization of
crops and gardens. FEach ranch presents its peculiar problems in
positioning of water supply, homestead, and livestock.

Nitrate leaching and cycling appear to be related to depth of moisture
penetration (White and Moore 1972). Where annual precipitation is too
low to leach minerals beyond the root zone, an occasional flood or
unusual weather may cause pollution of water supplies if care has not
been taken in positioning the various ranch functions.

Grazing management obviously plays an important role in nutrient
cycling and redistribution. Proper grazing protects the soil resource from
accelerated erosion that carries away valuable elements. Control of
animal distribution minimizes nutrient redistribution by preventing local
overgrazing and longterm livestock concentration. Recognition that
patterns of minerals and organisms occur naturally and that the animals
themselves contribute to the mosaics, provides the land manager with a
better understanding of the landscape.

The mineral pattern formed in one vegetational type continues when
another vegetation is established. The effect may be secen as varied
results of plot treatments, varied success in seeding, patterned response
to fertilization, and areas selected by animals for grazing. The "tracks”
of previous plant and animal communities may disappear slowly.
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Reestablishment of original assemblages often follows the original
pattern.

People on small acreages in Africa and other parts of the world have
used redistribution and management of minerals to increase total
production and kinds of products from their farms. The central effort is
to stall feed a cow or two with hand-cut and carried forage, and poultry
in cages away from predators. Manure from the stall and the poultry
goes to the cropland as each new crop is established.

Normal expectations from establishment of this mineral-management
system would include (1) as much crop productivity from less land than
before because of improved soil mineral status and physical conditions;
(2) improved nutrition for the family because of better quality crops,
proteins in the diets from the stall-fed animals, and more eggs from the
chickens; (3) less soil erosion because forage crops are rotated with food
crops; (4) more cash flow to the small farmer; (5) reduced livestock
trespassing on crops; and (6) relief to overgrazed rangeland surrounding
the farms. Professional range managers find that rangeland improvement
may come more easily with an indirect attack, as illustrated by this
example, rather than with a frontal attack on the rangeland itself.
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Distribution of Plants by Animals

The fact that a plant grows on a spot of soil indicates that somehow
a seed or other bit of germplasm arrived there and became established.
Aspects of plant/animal interactions include plant/microbe associations,
pollination, seed predation, seed dispersal, and herbivory (Archer and
Pyke 1991). Any one of these factors may influence the composition of
vegetation over time and space (Louda 1982). This chapter principally
concerns the dispersal of plants by herbivorous animals.

Aside from human activities, animal dispersal of seed plants probably
is the most effective means by which plants are moved. Wide
distribution of seeds by animals was claimed by Willson et al (1990) to
be of importance in understanding vegetational changes, especially on
reclamation projects. A large number of plant species have developed
animal dispersal mechanisms. Apparently, every animal that is large
enough to move seeds does so. Animals actively transport disseminules
to nests and caches. They egest unharmed at least a few seeds of most
ingested species, and they passively carry disseminules that adhere to fur,
feathers, and feet. The materials moved may be seeds, fruits, living
pieces of plants, and whole plants. Distribution of plants by animals is
considered here to mean movement of disseminules beyond the
territory where they normally would occur without animal influence.

ACTIVE TRANSPORT

Among small mammals, birds, termites, and ants, numerous species
gather and store plant disseminules in their nests and in other hiding
places, usually small excavations in the soil. More material is collected
than consumed, caches may not be found, and mortality of the caching
animals resuits in hidden material not being eaten. Active transport may
be the principal dispersal mechanism for large fruited species such as
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oaks, walnuts, and hazelnuts. Obviously this activity, as well as other
types of dispersal, peaks at the time of seed maturity.

Birds and rodents are the most effective transporters. For example, the
jay in England actively buries acorns, one per hole, for about two months
each autumn in a radius of about 1 kilometer from the source
(Chettleburgh 1952). La Tourrette et al (1971) stated that active transport
influences the dynamics of plant populations by enhancing plant
establishment. Caching of Purshia tridentata seeds in small soil pits by
rodents has occurred as far as 300 meters from any seed source (Nord
1965, West 1968).

Clusters of perhaps a dozen seedlings may appear if a cache is not
disturbed, Saunders et al (1973) wrote that clumps of Ribes velutinum are
the result of rodent activity. The kangaroo rat and Great Basin pocket
mouse in Nevada cache seeds of Bromus tectorum, Agropyron intermedium,
Agropyron cristatum, Chrysothamnus spp. and many other species in soil
pits about 5 centimeters deep and 3 centimeters wide. One pit contained
65 plants and 155 seeds of Bromus tectorum. Heteromyid rodents
generally recover few cached seeds, leaving many planted (McAdoo et al
1983). Other species of kangaroo rats and pocket mice in Arizona cached
and favored establishment of Prosopis, Opuntia, and large-seeded grasses
(Reynolds 1950). Rodents have been shown to decrease seed reserves in
the California annual grassland (Borchert and Jain 1978). Spores of 15
genera of mycorrhizal fungi were found by Maser et al (1988) in the
stomachs of 575 small mammals (16 species).

The seeds collected by harvester termites and stored in their nests may
be exposed and planted by termite-eating mammals that destroy the
nests. Bare soil and vegetation of low den‘;lty around termite mounds
often become colonized with Cynodon spp. in subtropical grasslands.
Collection of seeds helps establishment of the particular vegetation found
on and near termite mounds.

Accumulation of seed and chaff from consumed seed around an ant
mound indicates that harvester ants occupy the burrow. They do not
transport seeds for great distances, but the diffusion of plants in the
locality is altered and planted seed for rangeland improvement may be
eliminated. Working on the Sonoran Desert of southern California, Tevis
(1958) found that the ant Veromessor pergandei selected and gathered 8
percent of the seed crop of three planted species. He concluded that
Veromessor had no significant influence on supply of native plants.
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INGESTION AND SPREAD OF FRUITS

Animals spread plants by ingesting seeds at one location and egesting
them at another. Passage through the digestive tract often increases
percentage germination. In reviewing 94 papers on the dispersal of
viable seeds by birds, McAtee (1947) found that crow droppings
contained more than two viable seeds per gram and that some 50 avian
species ate and voided the seeds of Juniperus virginiana. Predators that
feed on sced eaters secondarily disperse seeds. The killdeer and mallard
duck egested seeds of many aquatic and semiaquatic plants in viable
condition. Many hydrophytes have small, hard seeds; thus they can pass
unharmed through the gizzard and are resistant to digestive acids
(DeVlaming and Proctor 1968). Ringnecked pheasants and bobwhite
quail destroyed beyond recognition the seeds of 3 common fencerow
plant species but voided at least a few seeds of 16 species (Krefting and
Roe 1949). Olson and Blum (1968) found viable seeds in all parts of the
digestive tracts of tropical birds.

Riegel (1941, 1942) recovered viable seeds of several grasses and
Opuntia spp. from pellets of cottontails and California jackrabbits. Ten
herbaceous species germinated from deer fecal pellets placed on sterile
sand in a glasshouse (Heady 1954).

Apparently ruminant animals will pass a few seeds of nearly every
species that they consume. Burton and Andrews (1948) recovered the
following proportions of seeds fed to dairy cows: one-half of Paspalum
notatum and Cynodon dactylon, one-third of Axonopus affinis and Sorghum
halepense, one-fourth of Paspalum dilatatum, and one-eighth of Lespedeza
striagta. Seeds of six common farm weeds were recovered at average rates
of 11 to 24 percent when fed to calves, horses, sheep, and hogs, but few
survived digestion by chickens (Harmon and Keim 1934). McCully (1951)
recovered half the Rosg bracteata seeds fed to mature cows, and 90 percent
of the seed showed no damage. Thirty percent of hard seed but only 3
percent of scarified seed of Trifolium repens passed through sheep
(Suckling 1952). Sheep grazing rangeland in California voided 15 species
as determined by germination tests with seeds in fecal pellets (Heady
1954). Based on germination tests of seed in dung, Dore and Raymond
(1942) claimed that in a grazing season a single cow on pasture
redistributed 36 species totaling over 900,000 viable seeds.

Seeds that pass through digestive tracts unharmed include desirable
pasture grasses and legumes, undesirable range species, and weeds of
cultivated crops. Fecal pellets of sheep and jackrabbits collected where
animals had been grazing areas heavily infested with Halogeton glomeratus
contained 14 and 18 viable seeds, respectively, per 500 grams of material.
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This quantity is sufficient for sheep to have spread Halogeton over its
wide area of distribution (Cook and Stoddart 1953).

Studies to determine the reasons for Prosopis invasion into semiarid
grassland of the southwestern United States implicate livestock, deer,
peccary, cottontail rabbits, jackrabbits, coyotes, rodents, and Gambel's
quail for their roles in seed dispersal (Reynolds 1954). Between 12 and
45 percent of hard Prosopis seeds passed through livestock unharmed
(Reynolds and Glendening 1949). Twenty-seven percent of the total seeds
fed to sheep germinated after egestion (Glendening and Paulsen 1950).
Many rodent caches remained unopened and produced Prosopis seedlings,
sometimes several years after the cache was deposited (Reynolds 1958).
Rodents, most of which have small home ranges, may not carry the seed
more than 100 meters and would seem to be less important distributors
than are the larger animals. Livestock trailed at the rate of 15 kilometers
per day might transport Prosopis seeds in their digestive tracts more than
100 kilometers.

Some seeds show improved germination following passage through
a digestive tract. Passed in dung, Rosa bracteata seed germinated at a 50
percent rate whereas the controls and stratified seed failed to germinate
(McCully 1951). Opuntia seed germination increased 50 percent after
passage through jackrabbits (Timmons 1942). Pronghomn appear to be
spreading Astragalus cicer. Consumption of the wild tomato (Lycopersicon
esculentum var. minor) by the giant tortoise on the Galapagos Islands
broke dormancy of the seed and increased germination from 0 to 80
percent (Rick and Bowman 1961). Many more examples were reviewed
by Howe and Smallwood (1982).

The seeds of different species germinate differently in response to
passage through the digestive tract. About half the species fed to
pheasants and quail showed no change in percentage germination
(Krefting and Roe 1949). Cynodon dactylon was the only one among seven
southern forage species which increased in germination rate after passage
through cattle. The other species decreased (Burton and Andrews 1948).
Atriplex confertifolia was the only one among seven common species of the
sagebrush/grass type in southern Idaho which showed increased
germination by passage through sheep.  Bromus tectorum, Elymus
caput-medusae, and Agropyron cristatum exhibited >90 percent germination
before and <2.4 percent after consumption by sheep, but jackrabbits
reduced germination of the three species to <0.6 percent (Lehrer and
Tisdale 1956). The soft seeds of grasses quickly lose viability in the
bovine intestinal tract and so will hard seeds if they remain in the rumen
after completion of scarification (Archer and Pyke 1991).
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PASSIVE TRANSPORT

Adaptations of seeds and other plant parts which facilitate their
dispersal by animals include buzrrs, hooks, barbs, mucilaginous coverings;
and retrose arrangement of hairs, spines, spikelet parts, etc. Large
accumulation of Xanthium burrs in the tails of livestock, Stipa and
Erodium fruits under the skin of sheep, and cactus joints hanging on the
faces of cattle illustrate obvious dispersal mechanisms. One hundred
eighty hares of 369 (Lepus capensis) collected in Kenya had 810
disseminules in their fur that included 17 plant species (Agnew and Flux
1970). Since these hares groom themselves daily, the number of seeds
they carry in a season must be considerable. The magnitude of seed
dispersal by animals may be greater than commonly realized.

Seeds of Elymus caput-medusae are carried and spread by humans and
machinery as well as by animals. Clifford (1956), working in England,
listed 43 species that he found in dried mud on footwear; the maximum
disseminule number in one sample was 176. In a later Nigerian study
(1959), he found over 40 species in samples of mud taken from
automobiles. This material averaged one to two seeds per 10 grams of
mud. Clearly, people and their equipment are agents of plant dispersal.

Robbins (1940) listed 526 alien species growing without cultivation in
California and stated that the invasion began in 1769 with the first
permanent settlement at San Diego. Very likely, alien plants arrived to
stay in California before 1769. Packing materials and livestock debris cast
overboard from sailing vessels along the California coast no doubt
contained seed as well as that carried by animals and men put ashore on
short trips. The first European settlers into Mexico and the eastern
United States arrived long before 1769, and plants brought by them could
have been spread by migrating birds and mammals. In fact, once an
alien plant species arrives onto a new continent, it has potential to spread
and occupy suitable habitats throughout that continent without further
dispersal by people.

People have been responsible for the movement of many plants and
animals from one continent to another and from one small location to a
spot nearby. Let a few examples of noxious species suffice rather than
extensive literature review. The rhizomes of Convolvulus arvensis have
been spread by machinery from one field to another; introduced
ornamentals have become pests; several Eurasian Centaurea species spread
readily from rangeland to farmland; and Taeniatherum agsperum has been
spread over rangeland by sheep.
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MANAGEMENT IMPLICATIONS

Dispersal of plants by animals and humans has a number of
implications for management of rangelands. Clean feeds, seed, truckbeds,
shoes, and trouser cuffs obviously reduce chances of invasion by
undesirables.

Duration of Seed Retention in Digestive Tracts

Apparently cattle retain a few seeds in their digestive tracts for seven
to ten days (McCully 1951, Burton and Andrews, 1948). After feeding
known quantities of Trifolium repens seed in gelatin capsules to sheep,
Suckling (1952) found the first seed in the dung 24 hours later, the
maximum number on the second day, and decreasing amounts through
the sixth day. One autopsied sheep had 1,559 seeds in the digestive tract,
mostly in folds of the omasum, six days after feeding. Sheep in Idaho
were found to retain viable seeds for nine days, and New Zealand rabbits
still had seeds after four days (Lehrer and Tisdale 1956). Trailing and
hauling of animals spread the retained viable seed along stock routes.

Other animal species may retain seed for various intervals; for
example, the maximum seed retention time was five days for killdeer and
four days for mallard ducks (De Vlaming and Proctor 1968). Different
seed species pass through a single animal at different rates. Details are
largely unknown, but small, hard seeds are likely to be retained longer
and with less reduction in germination than are large seeds and those
that rapidly imbibe water. Cud chewing, grinding in gizzards, and
contact with digestive acids do not destroy all seeds.

Longevity of Seeds in Dung

Harmon and Keim (1934) found that seeds of six common weeds lost
their viability within four months of burial in fermenting manure, but
Trifolium repens showed 16 percent germination after burial in dung for
five months. Manures used for fertilizer may contain viable seed of
undesirable species. Although return of feedlot manures to rangeland
may not be a common practice and seeds may not survive long storage
in manure, alien plants may become established in a corral area where
shipped livestock are unloaded. They may spread from there.
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The Use of Animals to Spread Seed

Animals can be used to spread desirable forage plants. Burton and
Andrews (1948) mentioned cattle as a factor in the spread of Axonopus
affinis in the South and suggested this method as an aid to reseeding in
the piney woods. Medicago hispida, Oryzopsis miliacea, and Trifolium hirtum
have become established by feeding seed to sheep and cattle, but the
practicality of this method of seeding rangelands is doubtful, although
interest in the practice continues.

Feeding hay with seed attached results in subsequent seed dispersal
by animals. For example, a number of northern European hay grasses
are common in mountain meadows in North America. Their presence
there dates from the time grain was carried into the mountains for horses.
Winter feeding on rangeland should be rotated from place to place to
spread seed and reduce undesirable effects of concentrated animals.

In rough country, such as cutover timberland, planting of forage
species often can be done only in irregular patches or strips. Animals
will spread the seeded plants when grazing occurs at the time of seed
maturity.

Seed Collection

Squirrel caches yield seeds of coniferous species. Many rodents pile
grass seeds around or in their burrows. Farmers have raided these
caches to obtain seeds of wild plants, for example, Bromus rubens seed
gathered by giant kangaroo rats. Hard seeds that pass through the
digestive tract become concentrated in the dung. which may be collected
more easily than seeds gathered directly from plants. Improved
germination may give a double advantage to the use of these seeds.

Effective Dispersal Distance

Duration and rate of travel by animals determine dispersal distances.
For example, a migrating mallard duck flying at 75 kilometers per hour
could easily carry seeds for distances of 1,000 or more kilometers before
they were voided. DeVlaming and Proctor (1968) believed that the
characteristic widespread distribution of many aquatic and semiaquatic
plants is due to migration of aquatic and shore birds.

The classic study (Ridley 1930) of vegetation on the island of Krakatau
after all organisms on it had been destroyed by volcanic eruption in 1883
gave a rough estimate of dispersal rates. This island lies in the path of
prevailing sea and air currents from Java, 30 kilometers away. Thirty-six
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years after the eruption, many plants had reached Krakatau. Many were
not present on similar islands further from Java (Table 8-1). These data
and Ridley's interpretations suggest that distance is a factor in dispersal,
that seaborne dispersal is highly effective, and that birds carry
disseminules for greater distances than does wind.

Table 8-1 Number of flowering plant species with different
dispersal mechanisms on three islands at different
distances from Java (From Ridley 1930).
Carried
Distance Carried in mud
from Age of Sea Wind internally Adhere on
Java, km istand borue bome by birds on birds birds
Krakatau kit 36 yr 60 34 34 g 3
Christmas 228 Hogene 44 9 36 5 ]
Cocos- 1,125 Unkwn. 17 0 0 5 0
Keeling

EFFECTIVENESS OF PLANT DISPERSAL BY ANIMALS

On a small scale, say one or two square kilometers, animals probably
serve to keep plant populations thoroughly mixed. They bring
disseminules to each point of ground in such numbers and variety that
every species growing nearby has potential to become established on each
new bare area. This vicinity effect from neighboring stands functions
directly with distance, and alters the pace of vegetational change.

Animals consume seeds and fruits of many plants in amounts varying
with individual preferences and seasonal availability. A portion of the
seeds consumed passes through the animals in viable condition, that
portion being dependent both on the hardness of the seed and on
characteristics of the animal. The dispersal may be beneficial or
undesirable depending upon the evaluation of the investigator.

The rapid naturalization of hundreds of species alien to the flora of
North American rangelands probably began before the arrival of
Buropeans. However some came by riding the wind and on birds. These
new natives that have become widespread owe their distribution to the
movements of animals as well as people.
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Fire as an Environmental Factor

This chapter develops the premise that fire is a part of natural
systems, just as are plants, animals, moisture, and energy. It describes
ecological effects of fire; Chapter 22 describes the use of fire. Research
studies on rangeland fire number in the hundreds. Several books and
conference proceedings have reviewed fire characteristics on grassland,
shrubland and woodland, and have described the planning and use of
prescribed fire (Biswell 1989, Booysen and Tainton 1984, Gillon 1983,
Wright and Bailey 1982).

Many writers have stated that fire causes grasslands. This particular
vegetational type does burn frequently, but the presence of fire does not
prove that grasslands need or are caused by fire. Most other vegetational
types burn occasionally and some frequently, yet many do not become
grasslands with repeated burning. The ponderosa pine-type in Arizona
has a record of burning every 7.3 years (Weaver 1951), mixed pine in
California burned about every 8 years (Show and Kotok 1924), and the
California coastal redwoods burned every 25 years (Fritz 1931).
Cercocarpus ledifolius with a few scattered ponderosa pine in central Idaho
burned every 13 to 22 years from 1700 to 1900 and less frequently
afterward (Arno and Wilson 1986). Data such as these could support the
hypothesis that fire causes grasslands and forests. Where climate and
vegetation favor burning, fire occurs frequently and species exhibit
differing mechanisms for resisting damage.

Fire does result in ecosystem changes, and range managers have used
fire to gain their management objective. The characteristics of fire and its
ecologlcal effects need to be known before fire can be used as a modern
tool in vegetational management.
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PREHUMAN SOURCES OF FIRE

Lightning is a common source of fire in natural vegetation. It is a
weather phenomenon that is associated with both frontal and
convectional movements of air. Lightning fire depends on the presence
of dry organic materials, either in dry climates or in dry seasons. These
climates have existed on earth for many millions of years, almost
certainly from earlier than the beginnings of mammals and grasslands in
the late Cretaceous Period.

Evidence has accumulated that prehistoric fires were prevalent. Fossil
charcoal shows that fire destroyed vegetation in the Mesozoic era (Harris
1958), long before man learned to use fire. Charcoal in woodrat middens
is evidence of fire in the grass/sagebrush region since the last glacial
period (Mehringer and Wigand 1990). Shinn (1980) found 24 references
in the journals of early travelers to burning by native peoples.

Arnold (1964) estimated that 1,800 lightning storms are occurring at
any given moment on earth. On a basis of 10,000 km? and forty years of
records, the average number of lightning fires per year was 6.0 in mixed
prairie in eastern North Dakota, 224 in south central North Dakota, 24.7
in western North Dakota, and 91.7 in the pine/savanna in northwestern
South Dakota and southeastern Montana (Higgins 1984).  Fires
originating in woodlands and forests, if unchecked, burn into adjacent
grasslands. Fire has been a factor in natural selection throughout the
evolutionary history of higher plants and animals.

THE EVOLUTION OF TOLERANCE TO FIRE

Ecosystems that contain abundant forage resources as well as grazing
animals are subject to burning. These ecological types include grasslands,
shrublands, woodlands, and open forests. Dense temperate forests,
tropical rain forests, and deserts, which seldom burn, have few large
grazing animals. Thus fire must be considered along with grazing in the
coevolution of plants and animals on rangelands.

As each new mutant and recombination of factors in the gene pool
was subjected to the sorting effects of fire, as well as the physical
environmental factors and grazing, those individuals most fire tolerant
and fire escaping survived in greater proportion than the less well
adapted. Fire was intermittent in its effect because of irregular time
periods between its occurrences. The physical factors, although
constantly required for growth, were likely to be most selective at
intermittent times of extremes, especially after fire and heavy grazing.
Effects of catastrophes in climate, in overgrazing, and in fire differ in
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degree. All serve to select plants and animal species best adapted to each
particular ecosystem.

If plant species have developed mechanisms for surviving fire and
grazing, they may also depend on fire and grazing for successful
regeneration. They may possess characteristics that enhance flammability
and attractiveness to grazing animals. Some vegetational communities
burn readily and are fire-dependent while others appear to be fire-
independent. In either, elimination of grazing or fire results in changed
species composition. Shift in any environmental factor results in
ecosystem changes. All are part of the ecosystem, no one part is more
causative and natural than another.

Humans, especially with modern domestic animals, are a relatively
new factor in the environment of vegetation. They have changed the
kinds of animal populations and the intensity of grazing by animals.
Since the ancients learned to carry fire the intensity and frequency of
burning has also changed. Humans have possessed fire and used it to
enhance their lives for a period far longer than the age of grazing by
modern domestic animals. Only in degree do the current effects of fire
and grazing differ. Both have been duplicated in experiments using
clipping and mechanical disturbances,

FIRE-TYPE AND FIRE SPECIES

The terms fire-type and fire species refer to the vegetation and
species that are favored by burning. These are the types and species
that are adapted to frequent fire and may require burning at regular
intervals to maintain their vegetational position. They may be climax
species such as those in grasslands and chaparral, which survive frequent
fires by sprouting from unburned crowns. At the same time they would
be climatic climaxes and or grazing climaxes. The fire-types and fire
species are stable under a combination of factors that include burning.

These terms are applied to successional stages that follow a fire, for
example Pinus contorta originates from seeds dependent upon the fire to
open cones. A second fire before seed production kills the stand.
Pioneer and temporary successional stands of annuals such as Epilobium
angustifolium in forests and Emmenanthe penduliflora in chaparral are called
fire species. They regencrate abundantly after fire, but normal plant
succession replaces them in a few years.

The terms should be restricted to those types that owe their origin to
fire and to the species that dominate the types. Characteristically the
stands are monospecific and of even age. Whether fire is needed or
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tolerated in the climax-types is not clearcut, and to call them fire-types is
confusing.

ADAPTATIONS OF PLANT SPECIES TO BURNING

Adaptations of herbaceous species that permit them to resist, evade,
or endure burning and grazing include short basal internodes; sprouting
from stem bases, rhizomes and stolons; abundant seed crops, hard seed,
seeds that bury themselves, and adaptations of fruits to rapid distribution
and burial; and a short period for vigorous stem elongation and
maturation followed by dry season dormancy. Many spring-aspect plants
and early maturing broadleaved herbaceous species in grasslands are
favored by fire, which removes smothering mulch.

Trees and shrubs have some of the adaptations of herbs and additional
means of avoiding damage by fire. Sprouting that occurs from
adventitious buds high on the stem of certain trees, on stumps, from root
crowns, and in buried lignotubers permits them to live even though
above-ground live woody material has been removed. Thick, corky, and
insulating bark protects many trees as they begin to mature, although
when younger, they may be highly susceptible to fire. Seeds of many
species in the chaparral types require heat to break dormancy. Still other
trees and shrubs produce seed early in the growing season before the
plant material is dry enough to burn.

Perhaps the most effective combination of adaptations to burning is
that of grasses that produce seed in a short time, die to ground surface
each year, have perenniating buds on live stems near or in the soil, can
withstand repeated defoliations, and produce small seeds that tend to fall
into soil cracks. Numerous species have these characteristics and their
abundance in grasslands allows the type to evade damage by fire. Atthe
same time, they produce fuel that tends to remove competing species.
Yet not all grasses, shrubs, and trees are equally resistant to fire. Here
is the relative response of a number of species:

l Damaged l Undamaged

Festuca idahoensis Bromus tectorum
Stipa comata Agropyron desertorum
Carex filifolia Koeleria cristata
Phlox canescens Balsamorhiza sagittata
Purshia tridentatn Symphoricarpos albus
Artemisia lridentata Quercus gambelii
Cowania mexicana Tetradymia canescens




Fire as an Environmental Factor 111
EFFECTS OF FIRE ON SOIL

A fire in grassland, chaparral, forest, or any other natural vegetation
reduces the litter and mulch, consumes most of the standing dead, and
can remove above-ground living material. The degree to which soil cover
is removed and the degree of exposure of mineral soil is determined by
the intensity of the fire. Following a fire and depending to a large degree
upon the remaining cover and subsequent weather, changes occur in soil
temperatures, organic matter in the soil, soil dwellers such as nematodes,
ground surface environmental conditions, available nutrients, population
of soil micro- and macroorganisms, soil acidity, water infiltration, and
erosion. Either an increase or decrease may occur in each of these
characteristics. ~ Fire intensity governs the degree of response.
Notwithstanding statements that fire is damaging, the mass evidence
indicates little permanent deterioration in soil is caused by burning,.

Soil Temperature

A thin cover of plants and litter rather than a thick cover results in
more heat from the sun reaching the soil surface. A black surface after
a fire readily absorbs heat, but so did the preburned colors of the soil
surface. Maximum spring temperatures in the top 2.5 centimeters of soil
were raised as much as 10 °C, but minimum temperatures were not
greatly altered following fire in the true prairie region of the central
United States (Kucera and Ehrenreich 1962). An uncovered soil has
greater temperature fluctuations than does a covered soil. As green
plants cover the soil, temperatures in the burned area become equal to
those in adjacent unburned areas. The short period of higher soil
temperatures, coincident with the beginning of growth, may be the cause
of earlier growth of herbaceous plants on burned areas. However the
new green growth may only be more obvious without the preburn
accumulation of plant residue,

Soil Organic Matter

Burning affects above- and below-ground organic matter, although the
fire may not cause high soil temperatures. Burning alters amounts
available for decomposition by reducing above-ground portions and often
increases soil organic matter by killing plants, making their roots
available for decomposition (Daubenmire 1968). Fire changes the cycle
of annual deposition of litter, at least during the first year after burning.
In savannas, the organic layer on the soil after a fire may be in patches
several centimeters thick beneath the tree canopy, or reduced to ash.
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Termites prevent natural accumulation of litter on the soil in many
tropical grasslands. In parts of the California annual grassland,
decomposition is complete each year. A single fire, which removes the
standing dead, alters the habitat at the soil surface but has little influence
on soil organic matter. However, Meiklejohn (1955) found that with
burning of the tallgrass in Kenya, fungi were reduced for one or two
months, Actinomyces and bacteria had not recovered in three months, and
Clostridium were not affected.

Grazing and hand clipping, as well as burning, alter the amount and
position of litter. Normal litter cover in ungrazed grassland may take
from one to six years to accumulate after a fire. Repeated removal of
plant residue by hand for eight years reduced soil organic matter as well
as changed the botanical composition in the California annual grassland
{(Heady 1956). Fire and hand removal of ungrazed herbage resulted in
similar vegetational changes in South African grasslands (Scott 1970).

Grasslands with a pine overstory in the southeastern United States
frgquentiy show increased soil organic matter after burning. Fires before
the growing season in grasslands often have similar results. Moore
(1960), working in ngerla, found that 30 years of annual early dry season
bummg increased soil organic matter but late dry season burns decreased
it in comparison with complete protection. High soil temperatures that
stimulate growth, a temporary abundance of annual pioneer plants, and
decay of roots from plants killed by the fire are given as reasons for
increased organic matter after fire (Daubenmire 1968). General
statements of increases or decreases in soil organic matter due to fire
should be questioned.

Nutrients in the Soil

Ashes left after a fire in vegetation are composed mainly of potassium,
calcium, magnesium, and phosphorus as simple salts. The first three are
basic in reaction. There is little direct loss of these due to burning except
as they are released from organic binding and are moved by wind and
water. Carbon, nitrogen and sulfur are volatilized and lost, especially
where the fire is hot enough to leave white ash. If the ash is black,
indicating a light burn, there is little loss of any mineral from the system.

The major influences on soil nutrients appear to be a rapid release of
minerals and generally a fractional increase in pH. Both influences are
temporary and of little significance in grasslands where accumulation of
ash is slight. Although nitrogen is lost in the smoke, reports do not
always show a loss of nitrogen from grassland systems due to burning.
Pioneer plants often include annual legumes that fix nitrogen. Higher
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soil temperatures during and after fires result in increased nitrification.
The ash from a forest fire may contain sufficient amounts of nitrogen to
stimulate subsequent growth. Prescribed burning in the ponderosa pine-
type resulted in a nitrogen loss from the organic material on the soil and
a nitrogen gain in the top inch of soil. The increase was attributed to
leaching of the partially decomposed material left unburned
(Klemmedson et al 1962).

Soil Moisture

Burning of grasslands may reduce or increase soil moisture. Higher
soil temperatures increase evaporation, and more plant growth increases
transpiration. Without cover, runoff is high, but that situation may be
eliminated quickly as new growth covers the ground. Soil moisture may
be increased because there is less interception of rainfall by plants and
litter, a higher proportion of pioneer and shallow rooted species, and less
total transpiring cover. Apparently, the infiltration rate remains
unchanged or the change is minimal (McMurphy and Anderson 1965).
Lack of soil cover and higher soil temperatures during the interim
between the fire and establishment of a new cover appear to result in a
temporarily drier soil surface after burning than before. Likely, the
principal effect occurs in the altered moisture regime in the top few
inches of soil and is related to fire intensity.

Erosion

Wind erosion is likely to increase briefly after burning in dry areas
(Blaisdell 1953). Water erosion will increase after burning if grazing is
heavy and if slopes are steep. The risk of erosion is highest before a
ground cover is reestablished. In southern California, where chaparral
is on land steeper than the angle of repose, creep erosion occurs
immediately after a fire, and erosion by water can be great during the
first growing season if precipitation rates are intense. In most situations,
accelerated crosion after a fire on relatively level land is of little
consequence. A paired watershed study showed negligible effect on
erosion when a chaparral cover was converted to grass (Davis 1989).

Hydrophobic substances in plants, litter, and duff volatilize at 390 to
550 °F (200 to 290 °C) and the vapor may move into the soil and condense
into a nonwettable zone. This occurs in chaparral fires and increases the
risk of erosion. Wetting agents have shown varied results (DeBano and
Conrad 1974).
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EFFECTS OF FIRE ON ANIMALS

Fire effects on animals relate to reduced cover and the secondary plant
succession that follows. Insect populations may be reduced or increased
depending on species. Many individual insects are killed by fire, but
enough escape to replenish populations. Certain insect species flourish
on specific food plants that are abundant in different successional stages
after a fire. Other insect species are abundant in relation to the amount
and type of cover following burning.

Burrowing rodents generally escape all but the hottest fires because
they take refuge in burrows. They are dependent on specific foods and
cover, both influenced by burning. Vole populations crash when their
habitat is burned, but whitefooted mice may be little affected. Rodent
populations quickly return to preburn levels when cover is reestablished.
After a spring fire, species composition changed very little but
populations of small mammals were low for one year. Recovery time
was longer after a fall burn (McGee 1982).

Because fire often affects both food and cover, bird populations
respond to burning. For example, prescribed burning with hot fires in
the southeastern United States promotes herbaceous legumes and
bobwhite quail, but the absence of burning and light burning reduce
legumes and quail (Martin and Cushwa 1966). Ground nesting birds are
vulnerable to burning until the hatchlings are able to escape fire. Bird
species dependent upon shrubs and trees will be effected negatively.

Grassland fires have little effect on the larger animals, and most
escape forest fires by running, but they soon retum to the new foods.
Young sprout growth from surviving woody crowns, sometimes within
days after the fire, generally is highly palatable and nutritious. Small
burns and the edge of larger burns attract the animals and may become
overused for several years by mule deer, bighom sheep, and elk.
However, animals may avoid areas for part of a year if burned in the fall
after plants are mature and no regrowth occurs (Skovlin et al 1983).
Chaparral or shrubs that have grown beyond the reach of deer can be
improved by burning off the tops so that sprouts and seedlings develop.

EFFECTS OF FIRE ON PLANTS

Fire damage to individual plants depends upon the temperatures
reached in live tissue, the length of time certain temperatures are
maintained, and the physiological state of the plant at the time of
burning. Growth stage, growth form, and size of plant influence the
susceptibility of live tissue to heat damage. Lethal temperatures for
meristematic tissue appear to vary between 45 °C and somewhat above
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60 °C (Daubenmire 1968). Many seeds have a much higher heat
threshold and withstand temperatures over 100 °C. For example, seeds
of Erodium botrys withstand temperatures of 100 °C for 4-hours. Heat
treatments, such as those that occur during burning, have increased
germination of several species, including Andropogon gerardi and Ambrosia
artemisiifolin (Curtis and Partch 1948).

Numerous studies have shown that stage of growth is an important
determinant of fire damage. Invariably, a grassland fire occurring when
some species are green and other are dry will do more damage to the
green species than to the dry ones. A fire that occurs after cool season
species begin to grow in the true prairie region will damage them but
will do no harm to the unsprouted warm season species (Towne and
Owensby 1984). In the California annual grassland, the differential
between the presence of sufficient mature anmuals to carry a fire and the
falling of Taeniatherum seed is about ten days. Yearly burning during that
period may reduce but not eliminate the Taeniatherum by destruction of
seed (McKell at al 1962).

Annuals depend upon seed that must survive during a fire. Heat
generated by a grass fire may kill most seeds that have not fallen and
part of those on a dry mulch surface. Seeds lying on bare soil, buried in
soil cracks, or buried by the twisting action of awns survive in great
numbers (Bentley and Fenner 1958).

The position of growing points on plants often determines
temperatures attained in the live tissue and severity of damage. Fire is
more damaging to Festuca idahoensis, which has nodes and buds at or
above the soil surface, than to Agropyron spicatum, the buds of which are
in the soil (Conrad and Poulton 1966). Small crowned species of
bunchgrasses usually sustain less damage than do large bunches because
of differences in fuel contained near the basal nodes (Wright and
Klemmedson 1965).

New growth on burned areas may differ in chemical composition,
moisture content, and growth stage from new growth on unburned areas.
Generally, percentages of crude protein and ash in grasses are raised
immediately after a fire (Killinger 1948). Reasons for this response are
not clear, but among the explanations are increased amount of available
nutrients from the ash left by the fire and elimination of old stems that
are using more food than they manufacture. The difference may be due
to age of material analyzed, because the new growth after a fire may be
younger or older by a few days than unburned material nearby. Several
authors showed that the moisture content of new herbage is higher in
burned than in unburned areas (Mes 1958). Daubenmire (1968) discussed
these relationships and mentioned exceptions to all of them. One point
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is clear. Effects of burning on speed of growth and quality of forage are
shortterm, seldom lasting beyond the second year after a fire and usually
disappearing during the first growing season.

Annuals have been reported to be shorter the first season after a burn
(Hervey 1949) and after hand removal of litter (Heady 1956). Perennial
grasses in the sagebrush/grass of southeastern Idaho were shorter after
a fire, but production was higher due to an increased number of culms
(Blaisdell 1953). As litter accurulates in tallgrass communities, basal area
and size of plants decrease. Burning that reduces litter in these types
generally stimulates growth, but on drier sites, frequent burning reduces
cover and vigor of perennial grasses and may cause their replacement
(West 1965).

Decreased size of perennial grass plants following a fire commonly is
accompanied by increased flowering and seed production for one or two
years. The species that respond in this manner are mainly warm season
species of the true prairie and of the tropical and subtropical grasslands.
After burning, short grasses and bunchgrasses of dry and cool grasslands
tend to have fewer inflorescences than do warm season grasses
(Daubenmire 1968). In some species removal of litter without burning
has the same effect.

VEGETATIONAL RESPONSES TO FIRE

There seems little doubt that species composition of the vegetation in
many parts of the world has changed in concert with changes in the
frequency and intensity of burning. Increased woody plants and reduced
grassland followed closely after fire reduction in southern Texas (Lehman
1965). Protection from fire has resulted in dense, stagnant thickets of
Pinus ponderosa in New Mexico (Weaver 1964) and in the Sierra Nevada
in California (Biswell 1959). Fire played a role in maintaining desert
grasslands of the southwestern United States, and the reduction of fire
increased woody plants at the expense of grasses (Humphrey 1962). Fires
that reduce the treeline forests in the Arctic bring on succession, increase
diversity, and lichens in a few decades for favorable caribou habitat
(Klein 1982).

Species Composition

Fire in forest types that are not frequently burned reduces the
proportion of climax woody species and sets the succession to begin at
a seral stage. For example, burning of Picea glauca in well-drained
northern forests results in successive dominance of moss, broadleaved
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herbs, grass, hardwoods, and the return of spruce in about 20 years (Fig.
9-1). Removal of trees by burning has resulted in an intermediate stage
dominated by Purshia and Arfemisia (Blaisdell 1953). A second fire sets
that succession back further by reducing the shrubs. Changes from dense
woodland to savanna and then to grass with repeated burning in tropical
and subtropical areas are further examples of the establishment of new
types of vegetation from which plant succession proceeds anew until the
next fire.
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Figure 9-1 Vegetational succession following the 1947 fire on the Kenai
National Moose Range, Alaska. From 10 to 12 years after the fire, over
50 percent of the moose herd was feeding in the burned area because
abundant herbs, grass, and browse were available. As the Picea glauca
and P. mariana increased, the other plants declined in quantity and moose
feeding diminished. A succession of fires could provide the best moose
habitat over time. (Adapted from Spencer and Hakala 1964).

Those vegetational types closely attuned to frequent burning soon
return to normal after a fire. The chaparral in California may appear to
be destroyed by a fire because the above-ground parts of the shrubs have
disappeared from the landscape (Horton and Kraebel 1955). Soon,
however, the shrubs sprout from root crowns and dominate the site in
four to six years. The shrubs sprout mainly from the original plants, but
some develop from seed. It takes several fires at close intervals and
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heavy browsing for the chaparral to be reduced significantly. However,
Ahlstrand (1982) suggested that burning the Chihuahuan Desert near
Carlsbad Caverns at 10- to 15-year intervals would favor grass over
shrubs and cactus. Stands of Quercus gambelii change little with burning
in any season because of sprouting (Harrington 1989).

Grasslands show slight changes in composition as a result of burning,.
The Mediterranean-type annual grassland has more broadleaved annuals
and fewer grasses for one year after burning than before burning (Hervey
1949). Andropegon scoparius decreased and Andropogon hallii increased
with burning in western Oklahoma (Mcllvain and Armstrong 1966). In
the South African veld without burning, grasses give way to forbs but
when the grasses are subjected to different burning regimes, the
proportion of grass species changes considerably (Scott 1970).

Change in the botanical composition of vegetation is related to the
intensity and season of burning. One forest may be set back to bare soil
or to the very beginning of plant succession, but another may be
converted to a shrub stage with a scattering of the climax dominants still
alive. Fires frequently reduce the taller layers of vegetation and promote
those near the ground. Grasslands and shrublands are favored when
forest is destroyed. Shrublands, Artemisia for example, can be removed
almost completely in a single fire, and a grassland can result, but in time
the shrubs return. Those shrub types that are successional to forests
seldom are perpetuated by repeated fire. Grasslands are more permanent
than shrublands under frequent burning, but their composition can be
manipulated.

The apparent permanence or vegetational change due to burning is
related to generation times of dominant plants in the different
successional stages. Evidence of a fire in the species composition of
annual grassland may last for only a year or one generation of plants.
Perennial grasslands recover in 1 to 3 years, but California chaparral
takes about 10 to 15 years before evident shrub dominance is complete.
Dominance of Epilobium after burns suggests a fire within the last 5 years,
but a Pinus contorta stand or any evenaged group of trees indicates a fire
slightly older than the trees. Plant succession after a fire moves rapidly
or slowly depending upon lifespans.

A comparison of the reports on the effects of burning the
grass/sagebrush type in British Columbia and farther south in the United
States showed similar responses by Artemisia tridentata and associated
annuals. Chrysothamnus nauseosus reacted differently (Johnson and Strang
1983). Extension of local results to broader areas should be tested before
applications are made.
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Production

The production of forage is increased or decreased by different
burning situations, just as other results of burning vary. Burning
increases the productivity of forage grasses in the Arundinaria tecta
understory in South Carolina (Hughes 1957), for Andropogon spp. under
pine in Louisiana (Duvall 1962), and on the coastal plains of Florida
(Hilmon and Lewis 1962). In Florida, the coarse Aristida stricta is burned
for improvement in the quality and palatability of livestock feed,
although production per unit area is decreased. In several western
United States, perennial grasses increase when Arfemisia and other woody
species are reduced by fire (West and Hassan 1985). These are examples
of an increasing grass production per unit area in direct relation to
removal of competition by woody plants.

Some grasslands increase production following fire, as shown in the
true prairie of the central United States (Kucera and Ehrenreich 1962) and
in tallgrass of wet sites and regions in Africa (West 1965). Burning
usually lowers forage production in mixed prairie (Launchbaugh 1972),
California annual grassland (Hervey 1949), and other dry vegetational
types, but Cave and Patten (1984) reported enhanced rangeland
productivity in the upper Sonoran Desert.

Burning at different seasons has different effects on biomass
production in grasslands. The growth in a grassland dominated by
Andropogon scoparius in the Flint Hills of Kansas varied with time of
annual spring burning (Anderson 1964). In the Northern Territory of
Australia, wet season burning of the annual Sorghum intrans reduces it
sufficiently that Townsville stylo (Stylosanthes humilis) can become
established (Stocker and Sturtz 1966).

FIRE AS A REGENERATIVE STIMULANT

When an area is burned, changes occur in animals, soil, and
vegetation. For many organisms, a fire is a major disturbance since
conditions favoring their development are destroyed. They must retreat
to unburned areas and await the return of suitable habitat. The waiting
time may be short in a grassland or centuries long if mature climax trees
are required. For other organisms, burning brings conditions favoring
their development and the abundance of many plant and animal species
is related to number of years following fire.

The succession of plants and animals following a fire, the dependence
of many animals upon the various successional stages, and even the
restriction of animals to certain stages and strictly defined niches, suggest
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that fire has been a relatively constant and continuously present
ecological factor over geological time. The complement to the destructive
role of fire is the grazing and other activities of animals in swarm
numbers.

Fire and succession result in great fluctuations of herbivorous animals
and changed habitat conditions. It should be looked upon as one of the
forces that reduce large stores of organic materials to available
nutrients,which stimulate regeneration first in plants and then in animals.
This is a healthy process since it permits and supports a succession of
different organisms and it fosters replacement of the old by the young,.
Over thousands of generations the process has resulted in situations
where burning is necessary for many species. A greater variety of
landscape conditions and a larger number of species exist than would be
the case if burning did not occur. Fire is a regenerative force that keeps
natural ecosystems healthy, fosters a wide diversity of species and
habitats, and even prevents the extinction of species.

Many contradictions occur in the literature on fire. By carful selection,
one can show that burning has either favorable or unfavorable effects on
plant species, communities, animals, and soil. This chapter has attempted
to show that situation. Literature during the 1970s and 80s has not
greatly changed the wide variability of fire effects from earlier work.
However, a major and important conclusion is that the effects of fire are
temporary. Similar to effects of climate disturbances on organisms,
rangeland ecosystems recover to preburn levels. Extensive increases
have occurred during the 1970s and 80s in the use of prescribed fire. (see
Chapter 22.)
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Rangeland Synecology

The skilled range manager encourages or works against the changes
in rangeland ecosystems. The cause of change may originate within
(endogenous) or from outside (exogenous) the ecosystem. Each alteration
of grazing, plant population, animal population, small organism, soil
mineral, infiltration, fire, human presence, or any other environmental
impact results in a new set of ecosystem changes. For the purpose here,
the subject will be limited to the ecosystem dynamics of the landscape
(Forman and Godron 1986) which is a diverse collection of subunits that
are often called "range sites” or "ecological sites.” They are composed of
collections of organisms living in a more or less similar abiotic condition
of herbivory, climate, soil and fire, and with interactions from site to site.
The aim is to present a discussion of such concepts as types of
vegetational change, succession, climax, diversity, site, range condition,
trend, stress, disturbance, and others that are commonly within the term
synecology of rangeland vegetation (Heady 1975).

SEVEN GROUPS OF VEGETATIONAL CHANGE

Ecosystem changes occur in overlapping scales of time and space. Short

time scales are often those of physiological processes within the
individual or within a life cycle, while longer terms are evolutionary or
geological. Exclosures, container plants and treated pastures illustrate
small space scales in contrast to geologic base leveling and climatic
changes that occur on large areas (Bartolome 1989).

Daily, Weekly, and Seasonal Changes
The shortest changes for our purposes are the numerous twenty-four

hour cycles that can be observed; for example, varying concentration of
water and photosynthates, position of leaves, and flower opening.
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Grasshoppers sit on the vegetation at different heights above the ground
during night and day. Numerous animal rhythms have peak activity
keyed to day, night, twilight, and perhaps lunar influences. The second
group of intraannual changes are the longer cycles and random changes
that correlate with wet/dry and hot/cold annual seasons.

These physiological, morphological, behavioral, and phenological
responses raise no particular argument as to their existence, but their
reactions to range management practices are of major importance and
only partly known. For example, study of effects of defoliation or
grazing on the capture, transport, use, and storage of carbon has
extended over the last 100 years, but new principles have emerged since
1975.

Interannual Changes in Vegetation

The third type of rangeland ecosystem change results from
uncontrollable influences of weather, especially unusual events. No two
annual weather patterns are ever alike. Alternating periods of drought
and above average precipitation may extend over several years.
Organisms respond with differences in phenology of their life cycles,
growth rates, reproduction, and mortality. Rodents and insects exhibit
lengthly demographic cycles.

Intra~- and interannual changes are so thoroughly superimposed (Fig.
10-1) upon successional changes that their separation and measurement
have not always been attained. Field sampling of vegetation must be
accomplished in a manner that the various natural cause/effect
relationships do not become confused with responses to treatments. Of
particular importance is recognition that many types of intra- and
interannual changes occur every year whether the vegetation is changing
rapidly after a disturbance or is in relatively stable condition.

Successional Changes

Succession is a fourth type of change. Certain species dominate
immediately after a disturbance such as on mine spoil. Later they give
way to the dominance of others, which in turn are replaced in subsequent
years. This directional replacement of species is succession and it is
often accompanied with soil building. The height, massiveness and
structural differentiation of the community increases. Changes in
microenvironment and increasing autogenic factors may exceed the
tolerance limits of some organisms or favor others in competition for
survival. The early dominants are likely to be small in size, mature
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quickly, and have a short lifespan. Production of biomass may expand
rapidly and reach a plateau before compositional stability is reached.
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Figure 10-1 Stylized succession asymptotically approaching a dynamic
climax (B) which includes variations associated with daily, seasonal, and
yearly phenomena. The absolute climax might be defined as the
midpoint of these variations at A.

The successional process defined in detail by Clements (1916) has been
the subject of considerable controversy; however, observations, many of
them longterm, have shown that directional changes in species
composition do exist after disturbance and removal of stress.

Vegetational development begins with the migration or replacement
and planting of plant propagules. Next is plant establishment, which
Clements called ecesis. It may be enhanced with supplementary water
and minerals. FEstablished vegetation causes reaction or modifies
microenvironment and soil development. Succession of species follows,
which is largely the result of competition acting among a few in the
shortterm and many more organisms later as reactions in the system
become highly complex (Van Hulst 1978). Lastly, stabilization begins
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when species composition remains about the same in successive
generations. During succession exogenous factors show little directional
change, ie. grazing has followed the same pattern and intensity.
Endogenous influences have multiplied, especially the symbiotic
relationships between vegetation and soil systems, and competition for
resources is severe. Often this stage is called climax. The stability is
dynamic because the organisms and processes continue to change intra-
and interannually.

The succesional process leading to a single and extensive climatic
climax in a region as defined by Clements (1916, 1936) has been the
subject of considerable controversy. Ilis was a hollistic view claiming the
convergence of greatly different successional changes over numerous
habitats toward a regional climax. Examples of the different views
include the polyclimax suggestions of Cowles (1901) in which each site
goes through a succession and reaches more or less stability. Another is
the individulistic concept by Gleason (1939) that postulates that in
vegetation composed of species with different environmental
requirements and tolerances, individuals usually become established at
random, resulting in a continuum of species composition. Gleason
emphasized the independence of parts of ecosystems. Although the
different views perpetuate, they may be more a matter of perspective
about the concepts of succession and climax.

Johnson and Mayeux (1992) claim that current research and rangeland
ecosystem evaluation lean more heavily on Gleason's ideas than on the
Clementsian system. However, the Clementsian defined successional
process is used in building successful reclamation of mine spoil (Redente
and DePuit 1988). Also, the Clementsian based rangeland condition and
trend system of evaluation as developed by Dyksterhuis (1949) remains
in use by the Soil Conservation Service (5CS). Details of the procedure
may be obtained from any SCS field office. Questions of appropriate
application appear to be on some shortgrass types, shrublands, and
Mediterranean annual grasslands.

Primary succession refers to the process outlined above when it
begins on new substrata such as thick deposits of volcanic ash, new lava
deposits, and in some situations following surface mining. Few areas of
primary succession occur in rangeland management, because nearly all
disturbances damage but do not destroy the soil and plant resources. If
the disturbance extends over time as with overgrazing, the vegetation is
said to deteriorate toward a pioneer stage in a sere called regression or
retrogression.

Secondary succession refers to development of those seres that
follow the partial destruction or disturbance of existing communities.
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Disturbance is used here to mean an event that upsets the normal
functioning of the ecosystem. It begins on soil already formed, which
encourages remaining organisms to develop rapidly toward the original
vegetation (Fig. 10-2), but more likely toward new stable vegetation if the
inputs are permanent (Fig. 10-3).
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Figure 10-2 Permanent rangeland inputs alter successional patterns and
result in new stable compositions, Grazing disclimax, as an example, has
been widely accepted. It is contingent upon continued heavy grazing
that maintains a certain rangeland appearance. This graph extends that
concept to include permanent additions and removals of plants, animals,
and minerals. Examples include introduced game animals in Texas,
Agropyron desertorum on sagebrush-grass ranges, Eragrostis lehmanniana
spreading on the Santa Rita Experimental range in Arizona, and many
more. Permanent alterations in rangeland ecosystems should be
recognized as such when their removal becomes impossible in practical
terms.
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Figure 10-3 Plants, animals, and ecosystems change over geological time
in response to immigrations, evolution, and climatic drifts; the latter most
likely due to earth changes. These long-term influences result in gradual
drift of ecosystems, of which only five new ones are shown. The real
number at any one geographic location would be much larger because
the factors act simultaneously It as well as continuously. This graph
should be visualized as including the simultaneous variations depicted
in Figure 10-1 and extending them on a geological time scale with
exaggeration in the vertical scale.

Extremes of drought, wind, and freezing; severe fires; and epidemics
of herbivores may catastrophically eliminate the current dominants.
Succession is set back to proceed again. Pioneer stages occur locally
under a dung pat, on pocket gopher mounds as well as over large areas
from other causes. Disasters large and small, continually present
conditions that permit species in low stages of succession within larger
climaxes. Regardless of setback, oscillations, and whether or not climax
is ever attained, natural systems tend toward stability. It results from
interactions within the ecosystem and indicates ability of ecosystems to
remain or return to normal in the face of external disturbance.
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Sere, stage, and condition class are terms that are commonly
associated with plant succession. Secondary succession may begin with
bare ground, proceed through an annual weed stage and a perennial
grass stage to a point of near stability--the total being a sere and stages
being its parts. The first description of secondary succession in a
rangeland context and the stage names still used are those of Sampson
(1919). The whole, in fact, is a continuum,; the stages being a necessary
convenience for communication. The mix of successional stages on the
landscape may be the result of disturbances, topography and soil, climate,
uses of the land, management prescriptions, vegetational classification
categories, and evaluation procedures (West and Van Pelt 1987).

The importance of space differences must not be overlooked in
understanding succession and stability on rangeland. The space under
consideration may be large, as for ecxample comparison of plant
succession patterns on arid areas of five continents; or on small locally
defined microsites for seed germination studies, patch grazing, range
sites, and management units.

The climatic climax hypothesis stated that given enough time for base
leveling and regional soil development under a regional climate, there
would be a comparable regional or climatic climax vegetation (Clements
1936). This may be true as shown by similarity of vegetation over large
areas, such as the tallgrass region of central United States. On a smaller
spatial scale suitable for site evaluation and land management, the
theoretical climatic climax loses much of its value, because many sites in
a region have apparently stable but different vegetations. Changes in
vegetation and succession in particular are difficult to measure in arid
and semiarid shrublands. Early ecologists recognized the existence of
small scale stability and called them subclimaxes, disclimaxes or
polyclimaxes.

A recent model of management scale vegetations called state-and-
transition (Westoby et al 1989, Friedel 1991, Laycock 1991) is a help in
organizing information about vegetational stability and change. Insimple
terms state is a present vegetational type, as that of condition classes on
a range site, and transition shows the direction of change from one state
to another. Catalogs of both state characteristics and transition factors are
made and revised as information becomes available. The model
recognizes the successional changes without human influence and
predicted change under active management.
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Immigrations

A fifth type of change results from immigration of organisms and
minerals. Many species have potential to move because of highly
evolved dispersal mechanisms. They ride wind and water currents for
great distances. Animals that migrate, especially birds, move seeds about
the earth. For several centuries increasing travel by humans has
multiplied the number of plant and animal immigrants. A safe
assumption is that immigrations have occurred for as long as there have
been organisms to emigrate.

Many newcomers quickly become naturalized and a part of the local
succession and climax. They are new natives rather than aliens.
Examples include Salsola iberica, Sisymbrium altissimum, Bromus tectorum
in western North America, house sparrows and European starlings across
the United States, and the European rabbit in Australia. Hundreds of
new arrivals on North American rangelands have found habitat and
environment suitable to their requirements, and they are permanently
established. By so doing they found a place in the vegetational changes
and stability of their new home. Many are desirable plants such as Poa
pratensis in mountain meadows and the seeded Agropyron species.
Dislodging many of them now in favor of the so-called old natives is
beyond practicality. If promotion of only the original native plants were
to become policy, the introduction and improvement of rangeland forages
through genetic research would be severely hampered.

In like manner minerals are moved by wind, water, animals and
humans. They alter the receiving systems, likely on a permanent basis,
and result in new climaxes as well as new successional patterns.

Early-humans altered successions and climaxes by buming the
vegetation and harvesting animals and plants. These influences should
be considered as natural phenomena as well as the resulting successions
and climaxes. Current influences by land managers differ from the older
ones more in degree than in principle. Thus immigrating organisms
continue to change their receiving systems, but old processes such as
disturbance and competition continue.

Evolution

A sixth type of change results from evolution of new characteristics
and species, usually replacing older ones. Every individual lives in a
place and within a community where it struggles for survival. Those best
adapted to the extremes of living conditions and associations survive,
altering their gene frequencies to a small degree, their population
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characteristics, and the system in which they live. As one species evolves
others react, so structure and function of the whole assemblage changes
through geologic time. Evolution of communities and ecosystems seems
as reasonable as development of individuals and populations. Genetic
gradients are in harmony with geographic diversity. Community
characteristics, such as diversity, physiognomy, succession, climax, and
nutrient cycling, are cumulative effects of species evolution and multiple
steady-state processes. Significant adaptations, whether developed
suddenly as a single evolutionary step or gradually over eons of time,
alter successions and climaxes.

Climatic Change

Changing climate causes a seventh type of ecosystem change.
Unusual climatic events, yearly variations, and cycles of a few years are
well-known causes of vegetational change. On a longer scale, a cool
period known as the "little ice age" occurred from about 1600 to 1900 AD.
It was followed by global warming until 1940 and then cooling until 1970
(Neilson 1987). For the last two decades temperatures have increased.

An increase of carbon dioxide (CQ,) content of the atmosphere is
given as a major reason for recent global warming. Composing
approximately 50 percent of the gases that trap solar energy, it influences
climate as well as being required for plant growth. CO, in the
atmosphere has been increasing because of burning that releases carbon
from fossil fuels and carbon pools in woody plant materials. If earth
temperatures increase significantly, vegetation of the carth will respond
with expansion of tropical and subtropical species into temperate zones
and C4 species replacing C3 species. Mayeux et al (1991) have
demonstrated that increasing CO, levels confers a physiological
advantage upon C3 over C4 plants. This gives rise to another hypthesis
that additional atmospheric carbon explains in part why C3 shrublands
have replaced C4 grasslands and savannas. Much remains to be learned
about the effects of CQO, in the atmosphere.

Precipitation changes as well as temperature. Neilson (1986)
suggested from an analysis of 130 years of climatic data for Las Cruces,
New Mexico that before 1900 the winters were drier and the summers
wetter than after 1900. It is well known that wet winters favor cool
season plants and warm season plants do best in wet summer climatic-
types.

A drift in macroclimate is a response to geological base leveling and
tectonic earth movements. Paleontologists describe this type of change
when they list plants and animals in the geological strata that are
different from those organisms existing there today. In recent geological
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time, say a few thousand years, fossil records in pollen profiles and
middens of various sources give credence to this type of vegetational
change. Packrat middens show abundant pinyon pine from 40,000 to
12,000 years before present (BP) from Durango, Mexico to Texas and New
Mexico where none existed after that time (Van Devender 1987). After
12,000 BP the type shifted upward more than 1,000 meters and northward
over 600 kilometers.

More recent vegetational changes are illustrated by Mehringer and
Wigand (1987) from their studies in southeastern Oregon where the
present vegetation is sagebrush/grass. If juniper pollen reflects
abundance, the period following the latest Wisconsin glacial retreat
witnessed retreat of forests and gains of shadscale, grass/sagebrush and
juniper. The fluctuating areas occupied by these vegetational types
extend to the present. The authors suggest expanses of juniper 4000 to
2000 BP, others at 1600 and 850 BP, and still another that began 400 BP
only to wane after 200 BP. A high for juniper in another place occurred
in deposits dating 500 BP. As juniper decreased there was an increase in
sagebrush fluctuating with grass pollen and changes in charcoal in the
midden strata. Because these changes have always occurred, presumably
organisms have adapted to them or were redistributed accordingly.

VEGETATIONAL CHANGE AND STABILITY

The preceding sections related vegetation changes to time and space,
defined a number of terms, and mentioned others. Let us return to
factors and processes in vegetational change and stability for an
understanding leading to application in the inventory and management
of rangeland.

Disturbance and Stress

Disturbances may be catastrophic and overwhelming as by removal of
vegetation, soil, and overburden in surface mining or covering by molten
lava. They initiate primary succession which is an ecosystem building
process. Other disturbances may be local deviations from the average
and as small as a moment of grazing. They proceed slowly over time,
nevertheless initiating ecosystem changes. Disturbance is useful as a
general term as well as one covering anything that causes change in
rangeland ecosystems.

The distinction between disturbances due to natural and human causes
is to be treated with care because most human disturbances have
nonhuman counterparts; only the frequency and intensity are changed.



Rangeland Synecology 133

Vegetational changes following catastrophic fire are similar whether the
fire was set by lightning or a manager. Other pairs of influences include
construction of ponds by manager and earth movements, overgrazing by
wild and domestic animals, destruction of vegetation by insects and
herbicides, and actions of machinery and burrowing animals.

Identification and description of disturbances and what they do gives
understanding of their affects on ecosystem processes and a means of
evaluating the use of disturbance. Usually an undisturbed or stable
reference point is required. The reference point of value for rangeland
vegetation management is accurate prediction of ecosystem behavior
through the time-route of vegetational change.

Disturbance at some level is natural, frequent, and a factor in
evolution of species in rangeland ecosystems. The universality of
disturbances support the belief that stability or climax never occurs.
Modern influence by an increasing human population has added variety,
frequency, and intensity to the natural disturbances (DePuit 1986).

The most striking feature of rangeland ecosystems is their capacity to
adapt to and reassemble after disturbance, whether or not the result is
similar to the original. This is the stimulation of catastrophe, but it does
not mean following the same pathways to the same stable state as before
the disturbance. Some disturbances, rainfall variation for example, are
normal and organisms have become adapted to them.

Studies in the mixed prairie in western South Dakota have shown that
removal of prairie dogs and bison gave additive results in terms of
increased biomass and changed botanical composition (Cid et al 1991).
This is an example of the vegetation reaching for a new stability when
stress factors are removed and as diagrammed in Figure 10-2.

Another example is shown in a series of annual photos taken for forty
years in the Atriplex confertifolia type in southern Idaho (Sharp et al 1990).
During the 40 years there was no grazing by domestic livestock.

The changes in species dominance were the result of changing stress
from weather and insects. Other interactions may also be involved but
no large animals--only an occasionally abundant herbivorous scale insect.
It has been argued that vegetational oscillations such as those shown in
the 40-year photo set negate the concept of stability and climax. Others
say that stability is relative and dynamic, thereby encompassing the
variations.

For practical purposes in the evaluation of range condition and trend,
the changes illustrated by Sharp et al (1990) indicate that a single year of
vegetational sampling does not always measure the vegetation of another
year. The principles are that wide fluctuations in vegetation occur and
that single year measurement can be highly misleading, regardless of the
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system used to evaluate condition and trend. The time and space
variations must be known before adequate evaluation can be made.

’ Year Dominant Plants General Precipitation
1951 Atriplex confertifolia About average
1958 Poa secunda Afier dry years and scale insect on
Sitanion hystrix Atriplex
Sphaeralcea grossulariaefolia
Atriplex
1960 Halogeton glomeratus Dry spring
1963 Atriplex confertifolia Wet spring many seedlings
1964 Sphaeralcea grossulariaefolia Very wet spring
1967 Atriplex confertifolia Very wet spring
Sttanion hystrix
1971 Bromus tectorum Wet year
Sitanion hystrix
1972 Atriplex confertifolia Dry spring
1973- Sitanion hystrix ‘74 dry, '80 wet, '84 dry
85 Atriplex confertifolia Scale insect again
1986 Bromus tectorum Wet spring

Awiplex dead
Lepidium perfoliatum
Stsymbrium altissimum

1987 Grasshoppers and mixed plant
species
1990 Sitanion hystrix Wet spring

Poa secunda

Sphaeralcea grossulariaefolia
Halogeton glomeratus
Atriplex seedlings

Rangeland ecosystem disturbances are studied as to their own
characteristics; such as the properties of fire and the grazing factors.
Indirectly, disturbance may influence vegetational composition by acting
upon competition and the supply of resources. The latter requires
definition of normal system behavior and how its reactions can be
manipulated. Rangeland management involves increased intensity and
frequency of disturbance or the suppression of them to alleviate stress
that retards attaining objectives.
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Stress is defined as a restraining action on rangeland organisms and
ecosystems. The restriction is measured by the change when the stress
is relieved. Behind each disturbance that causes vegetational change is
a stress of some kind. Thus, adding nitrogen and water to desert
ecosystems relieves restraining influences. The amount of increased
biomass production is a measure of the normal stress in the system, If
the system does not respond to added fertilizer, there is no stress from
lack of minerals. Another view is that wet years can increase soil
bicarbonate and iron deficiency, parasites such as dodder (Cuscuta spp.),
soil salinity, lack of oxygen in the root zone, and more disease organisms.
Two or more of these factors may be sequentially additive or synergistic
causing low vigor and dieoff from an apparent single cause when it
results from numerous causes (Wallace and Nelson 1990).

Competition

Competition is a process which occurs when one organism
withdraws a resource needed by another, such as water, nutrients and
space, from their common environment. It is a process and not a result.
It emphasizes the interaction, usually in the same trophic level, by which
one organism deprives another of needed resources. A species that
grows earlier than another often has an advantage. Patch grazing of one
plant or a small area may reduce photosynthetic material to a point that
the vegetation changes in favor of the ungrazed neighbors. Competition
is measured and understood in terms of results such as change in
population size and biomass production. Competition is only one but
probably the most important synecological interaction in succession.

Competition between organisms, may be inter- or intraspecific, and
caused endogenously as with high plant density. The availability of
resources must partly govern the intensity and effects of competition
{Samuel and DePuit 1987). Effects may be compensatory and interacting,
A central part of the competition concept in synecology is that a short
supply of a needed requisite causes a change in the organism, even
death. Evolved special mechanisms in response to pressures of
competition should be considered results. The "struggle for life" is
divided into three parts: (1} against abiotic conditions, (2) against
herbivory, predation, parasitism, and disease, (3) competition for food,
light, and space.

Each organism has an ecological range of abiotic and biotic
environments where it is best able to live. This probably is an
environmental plateau because most organisms have a tolerance for a
range of environments. Consequently a common belief is that species do
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best where they originate. The success of numerous species when they
are introduced to new areas casts doubt on that principle. Perhaps
because predators are left behind, new arrivals may do well and adapt
as new natives, becoming a part of the accepting ecosystem.

A longtime result of competition is natural selection which tends to
make organisms adapted to a short supply of resources or to make them
more efficient in the use of the available supply. This is evolution
toward the use of all available niches and adaptation to niche
diversification that develops through ecosystem succession. Comparisons
of Agropyron smithii and Bouteloua gracilis in and out of longterm
exclosures in western South Dakota have shown genetic fixing of greater
competitive ability for the exclosure plants of both species. Dissimilar
populations have developed in response to defoliation and competition
(Painter et al 1989). Clearly, herbivores influence species development.

Decrease in vigor, less growth, and even the death of a plant by
overgrazing and excessive defoliation treatments have been related to
contents of proteins and carbohydrates. Mueggler (1972, 1970), Archer
and Detling (1984), Olson and Richards (1989), and Painter et al (1989)
have shown that the effects of defoliation have been less in the field
when competition from nearby plants was removed. Change in botanical
composition under heavy grazing may be related as much to competition
from plants nearby as to the effects of defoliation itself.

Biodiversity

Biological Diversity (biodiversity) has come to mean species richness
or number of species within a defined area and/or the evenness of
species distribution in abundance or biomass throughout the area.
Biodiversity is usually given as a scale or index and is often used for
comparison of a plant or an animal community with a standard or
objective. Obviously, determination requires a species list and some of
the biodiversity indices include a measure of importance such as density,
production, or cover. Biodiversity may also be in terms of life-forms or
groups of species. The methods of analysis can be categorized as
calculation of indices, rank correlation tests, and similarity indices.
Methodology and comparison of several of these are given by Chambers
(1983), Chambers and Brown (1983), and Magurran (1988). The Shannon
index is the one commonly used.

However measured, diversity has become an important parameter of
above- and below-ground organisms. High diversity is considered to be
a desirable characteristic that indicates rangeland ecosystems are vigorous
and in good health; sustain high forage production; provide nutritional
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improvement through mixed diets; give greater niche differentiation,
more mutualistic or sympatric interspecies benefits, and increased
ecological stability of vegetation and soil. While all these may be true on
certain sites, it is well to record that the greatest species richness often
occurs at intermediate successional stages, does not always correlate with
greatest stability, and can only be maintained with managed herbivory
(livestock grazing) as reviewed and tested by Collins et al (1987).
Measurements and standards of biodiversity are required by law in
certain states for bonding release in mined land reclamation. In 1991, ten
federal, state, and university agencies in California agreed by
memorandum of understanding (MOU) to work together on the
proposition that: "Sustaining the diversity and condition of its natural
ecosystems is a prerequesite for maintaining the state's prosperity” (Anon.
1991). Biodiversity was understood in the MOU to include genetic make-
up, species, populations, communities, ecosystems, landscapes, and
regions. There is little doubt that biodiversity has long been a concern
of ecologists, and more recently central to claims and actions by
conservationists, environmentalists, and land managers. However,
biodiversity indices are difficult to interpret and have not been accepted
by those who favor more simple measures such as species lists and
measures of abundance and distribution (Magurran 1988). Diversity
needs further development to make it a tool for rangeland managers.

Generation Time

The varied time scale of the seven groups of ecosystem changes needs
emphasis in terms of generation time. Changes that occur interannually
often repeat within the lifespan of dominant animals and plants. In most
successions, the sere requires a few generations; a generation may be a
single year in annual grassland, half a century or more for sagebrush, or
several centuries in forests. Evolutionary changes and climatic drifts
normally span many generations. Successful migrations occur in one
generation but time between migrations may be long. Dryness of habitat
increases the time for succession to proceed and there comes a point in
increasing dryness when intervals between regeneration events are longer
than the lifespan of the individuals. The dominants do not replace
themselves, patches of evenaged dominant trees occur, or desert shrubs
expand by ever increasing rings (Johnson and Mayeux 1992).

Vegetation scientists, being the evaluators of ecosystem changes, tend
to center their measurements and judgments upon a spatial scale
restricted by easy travel and a time scale based on their own effective
lifespan. The daily, seasonal, and yearly changes or an unusual event
caused by weather come so rapidly and with so little response to
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managerial efforts that measurement of them is ignored. In deserts these
types of change may be supreme with little evidence of succession. In
less extreme climates, successions of species attract attention because of
the relatively quick responses to climate and the applied practices. When
lifespans reach beyond investigator comprehension, as in forests,
successional stages may appear as climax. The average lifespan of many
shrubs and perennial herbaceous plants is unknown. Therefore it may
appear that desert shrub types have no succession and any combination
of species is a stable community.

Climax

How should stability or climax be viewed to express real situations in
the face of the seven types of changes over time and the influences of
stress, disturbance, and competition; all superimposed on many different
types of ecosystems? Ecosystems in this sense are of the size called
habitats, range sites, ecological sites, etc. The time span is now for
effective rangeland management; therefore, climatic climax is too far into
the future and may never occur. The polyclimax view projects stability
on a shorter time scale, but more important, it has a spatial base that
supports the concepts of sites and habitats. The individualistic theory
that organisms occur at random may be true on a small scale, but it is
rejected because it doesn't recognize site differences. Another concept is
that vegetational change moves continually. Stability in the latter view
may increase and become asymptotic. Whichever view one prefers, the
fact still remains that in the longrun, forests replace forests, grasslands
return after disturbance and so do the deserts, although all will be
different from the pristine.

Climax or a stable state results when abiotic and biotic factors
operate without directional change in species organization. Climax is
difficult to determine and requires interpretation of trends, responses to
weather, numerous Kkinds of cycles, variability, probability, and
qualitative relationships as well as repeated measurements. Exact
definition remains elusive. Here is an example.

The Park Grass Experiment at the Rothamsted Experiment
Station in England began in 1856 with the object of determining the
effect of different and continuous fertilizer regimes on the yield of
hay from permanent grassland. Over 80 years of data were used
to test the relationships between biomass, species diversity, species
number and time (Silvertown 1980). The treatments selectively
increased some species and decreased others, but all treatments
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came to a stable composition in the longterm. Annual variations
occurred in compositions that were temporary vacillations from a
floristic equilibrium. Annual rainfall amount influenced biomass
more than composition. Species diversity (Shannon function H)
and species number were negatively related to biomass. Two
results are emphasized. (1) A new equilibrium in species
composition was reached and maintained with annual fluctuations
when a treatment was maintained. (2) Greatest diversity occurred
when the biomass was less than in the highest biomass yield
treatment.

Evaluation of rangeland vegetation depends upon an understanding
of vegetational changes and the time taken for change to occur. It also
depends upon an understanding of the composition toward which
succession is pointed, and that the magnitude of changing species
composition gradually lessens, but never stops. Therefore, definition of

a fixed endpoint, or a species composition that exists without change,
becomes highly theoretical. It is a range of compositions. Acceptance of
plant succession does not require acceptance of a completely stable end
usually called climax. Although subject to debate, climax is used here in
the sense that the best possible definition of vegetation to which
succession leads is useful for evaluating rangeland ecosystems.

Indicators of Stability

Identification of climax and stable vegetation for rangeland purposes
is based on relic vegetation and soil, evaluation of vegetational changes
attributed to reduced grazing pressure, interpretation of ecological
research, review of repeat photos and other historical accounts, and
comparisons of relic areas along a continuum. Observations,
measurement, and evaluation of climax contain a large measure of
personal opinion. Criteria used to judge stability are one or more but
never all of the following:

* Species composition changes relatively little in stable communities.
An individual that dies is likely to be replaced by another of the
same kind.

¢ Dominant species do not change, sagebrush/grass continues to be
sagebrush/grass.

s Longevity of the dominants increases as the succession proceeds
and the largest organic structures come to dominate the system.
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Ecosystem structure reaches a plateau and becomes highly
developed as shown by well organized strata, numerous
interspecific dependencies and symbiotic relationships, complex life
cycles, small niches, narrow adaptive specialties, varied
territoriality, and fascinating mimicry.  Individually, these
conditions may stabilize before the system as a whole. This
complex diversity tends to be repetitive and regular in its
horizontal pattern, as each south facing slope or each stand of
many species tends to be like the next over wide geographical
areas.

Life-forms within successional seres converge toward the prevailing
regional normal. This criterion tells us that successions in a region
are widely varied at the beginning and that they converge toward
similarity in life form. For example, several adjacent abandoned
fields in the tallgrass region may have different plants as pioneer
dominants but become similar grassland communities as succession
proceeds.

Dispersal mechanisms tend to be adapted to movement by animals
rather than by wind and to vegetative continuations rather than by
seed.

Stable communities of widely spaced desert shrubs and others
dominated by sprouting chaparral and grass species have a pulse
stability or no succession, if one prefers. When these types are
destroyed, as by fire, the dominants regenerate immediately
without an extensive sere. In other words chaparral replaces
chaparral.

Biomass quantities remain relatively unchanged; accumulation and
dissipation of energy are in balance.

Net production is low in the climax; maintenance takes much of the
energy.

Factors influencing succession tend to become more autogenic and
less allogenic as stability develops.

RANGE CONDITION AND TREND

The general concept of range condition and its application in the
evaluation of rangeland appeared in the beginings of range management.
However, extensive application began as a part of the conservation
movement in the 1930s. Different systems with numerous variations
were proposed. The Soil Conservation Service adopted the one proposed
by Dyksterhuis (1949) that was based on the principles of Clementsian
plant succession. Other agencies and range ecologists have not fully
accepted the system.
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The concept of range condition embodies and expresses the
characteristics of a named site at a given time and is in terms of
nearness to an ecological or use standard. Trend is the change in those
characteristics toward or away from the standard. Range condition is
the subject of inventory., Trend is an objective of monitoring,

Parameters used in the measurement of condition and trend have been
proportional species composition but the species have been classified
differently. Abundance, cover, forage value, biomass, successional status,
and palatability have been used, none of which have been satisfactory for
all purposes. Soil condition and erosion hazard have been secondary
parameters because they are difficult to combine with the vegetation
measurements into a single term. The use of one or several parameters
for determination of condition and trend is a subject of disagreement.

Conceptual problems with dependence upon the fundamentals of
Clementsian grassland succession and climax arise in application.
Vegetational changes may not progress toward a climatic climax,
complicated spatial differences may be difficult to delineate, successional
stages in desert shrubland may not exist, introduced species add new
dimensions to the vegetation, some vegetational changes are not
reversible, and due to biological inertia present vegetation became
established at and earlier time and is not in equilibrium with the present
climate. Parallel changes in biomass production and ecological condition
are usual for natural grasslands but unusual for climax shrubland and
forests. Examples of vegetation that changed little after livestock grazing
was reduced or eliminated caused search for other factors. Basically, the
problems are lack of synecological understanding and concepts about
with succession and climax (Lauenroth 1985).

The range profession developed with forage and livestock in mind.
Yet the types designated as sagebrush, pinyon pine/juniper, mesquite,
prickly pear, creosotebush, and many more woody types are climax in
their own areas of rangeland but their condition often has been classed
as poor for livestock in the mistaken belief that the climax is grassland.

The annual-type grassland in California has been automatically
classified in "poor” condition because most plants are exotic. New
natives everywhere will remain to find a place in our native vegetation.
Society will come to recognize that humans and nature add species as
well as remove them from any given place. In California, evaluation of
livestock rangeland management is based on plant residue because of
ease in measurement, relation to soil protection, and unknowns about the
successional ecology.

There are several other problems with definition and application of
range condition. In the popular press and conversation among ranchers,
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it often means: Has the rainfall given us a good forage crop? Nonrange
professionals of all types give more credence to range condition
categories than was intended by range management professionals.
Condition classes for one use are not always the same as those for other
types of use. The commonly used classes of excellent, good, fair and
poor have not been universally applied, inviting criticism.

The United States Congress has been drawn into a definition of range
condition. The Public Rangelands Improvement Act of 1978 emphasized
multiple objectives in use of the rangeland as follows:

Section 3(d) The term "range condition” means the quality of the
land reflected in its ability in specific vegetative areas to support
various levels of productivity in  accordance with range
management objectives and the land use planning process, and
relates to soil quality, forage values (whether seasonal or year
round), wildlife habitat, watershed and plant communities, the
present state of vegetation of a range site in relation to the
potential plant community for that site, and the relative degree to
which the kinds, proportions, and amounts of vegetation in a plant
community resemble that of the desired community for that site.

That definition calls for consideration of site including soil quality,
relation to potential plant community, and desired community. The
procedural details of how to do this to multi-user satisfaction are yet to
be accepted. We need to change the way we determine and report
resource conditions—to change from forage condition to include other
uses {(Eshelman et al 1989).

Basically, there are two problems of condition evaluation and use on
each site, determining potential conditions and management objectives.
The potential is not accurately known for many sites. Objectives of
management change and the vegetation that best fits the objective is often
a guess. Reporting range condition on a management unit or nationwide
on the above basis cannot be accurate without stating the management
objectives.

Approaches to range condition and trend in the southern African
climatic climax grassland have varied, but the principal system appears
to be on a weighted key species method (Hurt and Bosch 1991) and the
degree of rangeland degradation. Theoretical condition is poorer as
degradation becomes greater. The procedure establishes a degradation
gradient based upon percentage species composition with species in
groups. Response to grazing, community dynamics, and recovery
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potential obtained through research, ordination, and regression supply
the data and analysis (Bosch and Gauch 1991).

Rangeland managers must be able to determine the current state of the
resource and predict the future state when certain management practices
are applied. At this writing, the actual measurement and use of range
condition and trend have seen little change. The ferment over the
concepts will remain just that until field testing indicates improved
practical use.

NEW DIRECTIONS IN RANGE CONDITION ASSESSMENT

The above sections for the most part described vegetational changes
on the basis of time, the scale being hourly to geologic. Each type of
change is also associated with a space or site. The three terms, ecological
site, range site, and habitat, are of long standing. Others are in the
process of definition and usage. These terms have essentially the same
definition: A unit of land supporting or capable of supporting a
distinctive climax vegetation (Shiflet 1973). Ecological sites and range
sites may be less extensive and included with others in the habitat type.
Plant community is a general term commonly referring to a collection
of plants with no successional status or size implied, seeded or
nonnative vegetation included. More specific usage is not widely
accepted.

These concepts have much in common as a conceptual basis for
classifying natural ecosystems, differing more in their application to land
classification for multiple-use purposes than to ecological differences
(Leonard and Miles 1989). They are based on the proposition that
vegetation is an integrated expression of abiotic and biotic characteristics
and that stability, as succession to climax, reflects the site and habitat
potentials.

Range sites and habitat types emphasize potential vegetation while
community (type) and ecological site give most attention to the present
vegetation. The purpose of using these concepts is to provide a basis for
inventory and land management; not to prove succession and climax.
Site definition in terms of potential can hardly be used in rangeland
inventory and management without defining present vegetation and its
relation to the potential. That is range condition; an inseparable
complex of site, present vegetation and potential vegetation.

The habitat type method of classifying land was first described by
Daubenmire (1952). It has become a widely used system for land
classification in forests and more slowly for shrublands and grasslands.
The concept of potential vegetation has been gradually enlarged to
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include seral vegetation, soils, landforms, and management (Wellner
1989). Clamﬁcatmn of habitat types is ecological and not colored by "for
what use.”

An effort has been made to separate the range condition concept of
Dyksterhuis (1949) as used by the Soil Conservation Service into two
concepts. One is ecological status defined as: The present state of
vegetation and soil protection of an ecological site in relation to the
potential natural community for the site (Jacoby 1989). The second
redefines range condition by giving the vegetation on an ecological site
a resource value rating (RVR) for a particular use or benefit (Jacoby
1989). Both concepts are applied to the same range site. If the vegetation
is non-native, RVR is used. The revised concepts emphasize and separate
plant succession from multiple-use values.

The potential vegetation is being defined as the stable vegetation
community that could eventually occupy a site without human influence.
It is currently called potential natural vegetation or potential natural
community, With or without human influence, potential plant
community is one of several that may become established on an
ecological site. Still another is desired plant community, one identified
in a management plan as desirable. The Society for Range Management
(1991) by action of its Board of Directors has accepted and encouraged
new directions in the assessment and reporting of range condition.
Rangeland should be classified by ecological sites and the management
objective should be defined in terms of desired plant community for
each site. Protection of the site against erosion should be assessed in
terms of a site conservation rating and where accelerated erosion begins
is the site conservation threshold. Wide acceptance of procedures using
these concepts is in the future. However, terms and concepts are needed
that give clear interpretation of present vegetation, likely changes,
possible stability, planned use, and potential vegetation.

Westoby et al (1989) suggested a state-and-transition model for
research and management of rangelands. Data would be catalogs of
different states of the vegetation and of the possible transitions among the
states. The states have been illustrated as a series of boxes that describe
different combinations of dominant plants. Arrows between the boxes
suggest different states when factors such as fire, herbicides, and grazing
change the vegetation. Lower successional steady states, for example a
dense sagebrush stand, can be shown with reference to various
treatments. An advantage of the model is that several steady states can
be shown for an ecological site--not just one climax. Incorporation of this
type of model into range condition assessment is yet to be done (Laycock
1991).
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Two site classifications have made their way into rangeland inventory
and management practice. Ecological site (Bureau Land Management) is
similar to the range site (Soil Conservation Service) and percent of
similarity presumably means to potential natural community or climax
as follows:

B _—

Percent Similarity Range Condition Ecological
Condition
76-100% of climax Excellent Potential Natural Community
51-75% Good Late Seral
26-50% Fair Mid Seral
0-25% Poor Early Seral

Procedures for field sampling and determination of each condition
class are defined within the using agency. The terms for range site
emphasize use for what purpose and for ecological condition currently
accepted.

LIVESTOCK AS A TOOL TO MANAGE RANGE CONDITION

Successful use of livestock grazing as a tool to enhance habitat for any
purpose requires establishing specific goals and livestock handling
procedures for accomplishment. That entails planned control of grazing
intensity, frequency, seasonality, and distribution of animals. Anything
less will be unsatisfactory.

Aldo Leopold wrote in (1936) "cover is controlled by controlling plant
succession.” On rangeland that control rests with livestock grazing and
other tools such a water development, seeding, and prescribed fire.
Improperly used, these and other manipulations of vegetation adversely
affect vegetation, animals, and soil for realizing the intended purpose.
However, prescribed fire and reduction of woody species by machinery
are accepted tools for wildlife habitat improvement. The use of livestock
to enhance habitat for many species and management of grazing big-
game species to improve habitat need more scrutiny and attention.

The problems of re-creation or restoration of high diversity grasslands
are gaining attention worldwide. After only two years of study in the
calcareous region in England, Gibson et al (1987) found that 43 of 75
species found near the study site migrated and established in greater
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numbers on spring and fall grazed areas than on ungrazed controls.
Diversity and abundance of species (including one national rarity) were
increased by grazing. Literature review has indicated that grazing
livestock can be used to attain four objectives for wildlife habitat
management as follows (Severson 1990):

To alter species composition of the vegetation
To increase total biomass or of selected species
To increase nutritive quality

To alter diversity, height, openmness of vegetation

. 2 ¢

Application of the above may be limited, but in any habitat
improvement program at least two of the four will be applied. Careful
planning to better the habitat for a target species will reduce adverse
effects on nontarget species; however, there will be tradeoffs in most
instances. Increasingly, livestock grazing is being used as a tool to
improve wildlife habitat.

Altering Composition

In Utah heavy cattle grazing resulted in thick shrubs but later
overbrowsing by mule deer in winter killed the shrubs and the vegetation
returned to grassland (Urness 1990). A common belief is that overgrazing
in the past resulted in monospecific stands of various Artemisig species,
but many of those stands including the close associate Purshia tridentata
have been converted to grass stands. These shrubs can be encouraged in
many places by heavy spring grazing by livestock. The best bobwhite
habitat on rangelands are high cover for nesting but low seral stages for
food; thus requiring either patch grazing or overgrazing in spots or
various degrees of grazing in adjacent pastures (Guthery et al 1990).

Increase Selected Species

Urness (1990) reviewed the published information on the chain of
events beginning with overgrazing and fire suppression in the late 1800s
that promoted increases of shrubs into former open grassland.
Unregulated hunting kept deer populations low. Regulated hunting in
the early 1900s set in motion an increase in mule deer that lasted into the
mid-1900s. Reductions of livestock grazing beginning in the 1930s and
heavy use of shrubs by deer were accompanied with increased grass and
retreating shrublands.  About 1950 deer numbers began to decrease.
Urness (1990) also reviewed a number of trials that showed how carefully



Rangeland Synecology 147

managed livestock grazing can improve deer habitat. To do so the whole
plan must include deer herd management as well as livestock
management.

Cattle select grasses during early spring grazing but not Purshia
tridentata until a later time; cattle should be removed from deer winter
range during summer and fall. Spring grazing can reduce the grasses
which has been shown to increase the growth of Purshia. Spanish goats
will reduce Quercus gambelii allowing other shrubs to increase, but in
some arcas the better species for deer have also decreased.

Nutritive Quality

To improve the nutritional value of herbaceous plants they should be
grazed early and the animals moved at a time that will allow regrowth,
This has delayed plant maturity a few days and the regrowth matures at
a smaller size than ungrazed. Although differences are small, the shorter
material has less percentage lignin and strengthening components,
therefore higher nutritive value. Also, removal of leached old growth of
grasses makes new growth more available to the grazing animal.

Cover, Diversity, Height, Openness

Kantrud (1990) summarized the habitat needs of breeding waterfowl
in the prairie pothole region of northcentral United States on the basis of
163 literature items. Breeding waterfowl prefer openings in the marsh
canopy and avoid dense cover. A mixture of cover and open water
provides better food, higher hatching success, and resting sites along the
shorelines. Broods increase as diversity of shoreline increases, as do
other marsh dwellers. Monospecific stands of large emergent plants
(Typha, Scirpus, Phragmites) have very low diversity. Their manipulation
might be attained with control of water depth. Effects of burning have
varied. Overgrazing that destroyed most of the cover during the nesting
season was damaging to waterfowl. Light to moderate grazing after the
hatching period opens cover, increases diversity, and provides the best
brood habitat. Reductions of dense cover has increased invertebrates.
The damage and the improvement of wetland habitats by grazing are
matters of seasonality, frequency, and intensity of grazing.

A study of the effects of 5 grazing systems on the nesting and success
of several duck species on the Central Grasslands Research Center in
North Dakota found that nesting success on nongrazed prairie was
consistently lower than on grazed treatments (Sedivec et al 1990). The
following recommendations were given: Grazing should not begin until
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late May to allow nesting. Vegetation dominated by Symphoricarpos
occidentalis should be protected until that time as it is the favorite nesting
site for ducks and sharp-tailed grouse. A twice-over rotation grazing
system was best suited to production of livestock and birds.

Although livestock grazing seldom destroys wildlife habitats, it alters
them. Changes in vegetation structure and species composition benefits
some animal species but harms others. In northeastern Oregon, when
cattle were removed the elk increased from 120 to 320; later a cattle
grazing plan to increase forage quality supported an elk increase to 1100,
Livestock grazing improved mule deer, bobwhite, and Canada goose
winter habitats.

In the absence of grazing in the California annual-type grassland tall
grasses increase and forbs decrease, resulting in a poorer habitat for some
84 vertebrate species. The grazing pattern should be light to none in late
fall and winter and heavier in the spring to reduce grasses. In Sierra
Nevada meadows of California and the same data base, 68 vertebrate
species showed an affinity for short-herb rather than tall-herb vegetation.
Moderate grazing is used to attain that vegetation (Kie and Loft 1990).
After 37 years, the vegetation in the sagebrush/grass type in Oregon was
not significantly different between grazed and ungrazed (Sneva et al
1984).

Heavy Grazing as a Tool

Overgrazing usually causes undesirable changes in the species
composition and other undesirable results such ag soil loss and wildlife
habitat deterioration. However, situations exist where the composition
of the vegetation can be changed only with heavy grazing. Heavy
grazing, then, becomes a tool in achieving the desired and planned
objective. It should be considered "bad" only when it causes the
rangeland ecosystem to move away from a planned objective.

"Overgrazing” in the public press and the attitude of many persons
does not admit that grazing can be anything but heavy. The term is also
used for light and moderate grazing and always with a negative
connotation.  To accomplish the four goals for wildlife habitat
improvement, grazing and often some degree of heavy grazing are
necessary. Grazing that changes vegetational structure invariably helps
some wildlife species while damaging others. If livestock grazing were
removed completely, the vegetation would change to the detriment of
many other species. Both managed grazing and no grazing require
planning and decision making, which depends upon inventory, thorough
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knowledge of ecosystem dynamics, and an intimate knowledge of species
tradeoffs, both plant and animal.
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Numbers of Animals

Control of animal numbers is the first and most important rangeland
management principle. As each animal grazes, it reduces available
herbage both in quantity and quality, thereby changing the habitat for
itself and altering future animal/habitat relations. The timing and degree
of forage utilization by animals are the principal controls over species
composition and forage production in the manager's hands. Stipulation
of animal numbers and the degree of forage utilization have little
meaning without describing kind of animal, grazing distribution, and
season of use. These are the four cardinal aspects of grazing animal
management.

On rangeland, regeneration of desirable plants maintains good range
condition. Grazing by too many animals or too heavy use by a few
animals results in overuse, loss of vigor, and ultimately disappearance of
the desirable plants. Deterioration of the range vegetation begins when
less valuable forage species replace the desirable plants. Diminished land
values, lowered income, and soil instability eventually result.

Replacement of destroyed vegetation by seeding remains expensive.
Furthermore, animal numbers must be strictly controlled if new seedlings
are to become established. Other range improvement practices also
require relief from heavy grazing. If range resources are to be
perpetuated at the highest productivity levels, the range must be properly
stocked and utilized.

Excessive forage utilization by either livestock or game reduces growth
rates, weight gains, and animal values. Coordination of forage utilization
with forage growth through control of animal numbers usually
determines the success or failure of other range practices and the
economic stability of the operation. This principle cannot be
overemphasized. Many stocking rate experiments, for example, Woolfolk
(1949), Hurtt (1951), Launchbaugh (1957}, Klipple and Costello (1960),
Reed and Peterson (1961), Beetle et al (1961), and Merrill and Miller



156 Numbers of Animals

(1961) have shown that moderate and conservative stocking rates give
greater longterm returns than does a heavy stocking rate. With moderate
and light stocking rates there are improved animal condition, more wool,
greater percentage calf crops, higher weaning weights, fatter cull animals,
less death loss, less supplementary feeding and higher selling prices.

CONCEPTS AND DEFINITIONS

Rangeland resources result from more than the physical characteristics
of the site. Individual resources increase or decrease in importance and
new ones are created as demands of society and inputs by management
change (Lime and Stankey 1971). The concept of rangeland resources
signifies a synthesis of physical environment, plants, and animals as
enhanced by the manager and produced for society. One hears the term
related resources for range forage, game, recreation, watershed, soil,
timber, etc. and multiple-use when two or more of grazing of
livestock, wildlife production, recreational facilities, more water, timber
production, etc. occur on the same land. These general terms for
resources and uses are of value as specifics in local planning.

Many organizations have had a longterm interest is grazing animals
and grazing lands and have used different terms to define the same
concept. Other terms are used with different definitions, some obscure
and conflicting, by interest groups. A Forage and Grazing Terminology
Committee of 33 people representing 15 organizations and 2 foreign
countries has published "Terminology for Grazing Lands and Grazing
Animals." Allen (1991) was Committee Chair. Terms are organized under
four headings—forages and grazing lands, management concepts,
measurement, and method of grazing. The bibliography in the paper
includes two range glossaries (Jacoby 1989, Trollope et al 1990) and
numerous books on cultivated pastures and rangelands.

Carrying Capacity and Grazing Capacity

Range management literature lists many terms related to numbers of
animals, Grazing capacity refers to the average number of animals on
a defined management unit that will produce an objective of animal
performance without ecosystem deterioration over a long time period.
The management unit may be a pasture, an allotment, a ranch, or a series
of pastures grazed in rotation. Often this definition is the same as for
carrying capacity.

The number of animals in a management unit for each year or
grazing season that goes into calculating the average grazing capacity
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is the stocking rate. Some definitions state "maximum" and others
"optimum” numbers of animals rather than "average.” The objective "of
animal performance” determines which word applies. "Greatest livestock
financial return” often implies optimum numbers. Use of animals as a
tool for another purpose, such as to improve wildlife habitat, to reduce
fire hazard, or to improve range condition may require maximum
stocking rate in one situation, average in another, and varied rates for
another purpose. Clarity in describing grazing capacity for specific
situations requires careful choice of words.

Range resources are supplies of commodities and services, each with
a capacity of production and a capacity for off-take. One of these
resources is forage, but the production varies season-to-season and
year-to-year. The relative utility of range resources results from an
integration of physical and environmental factors, effects of organisms,
available technology concerning resource use, and current potential value
to society. Extensive changes in the use of all wildlands, including
livestock grazing land, have come from new demands for the types of
goods and services available. Persons with many different land-use
objectives are interested in the land capacity for their particular interest.
Carrying capacity in this context could be the total of all product
capacities, one being grazing capacity. To use carrying capacity in the
sense of livestock grazing alone results in misunderstanding by those
interested in resources other than forage. The notion of carrying capacity
as a biological constant becomes untenable, as does the concept of
sustained yield when applied to a single often-changing product.

Many factors determine grazing capacity for both livestock and wild
grazing animals. The principal limits on livestock are quantity and
seasonal availability of feed. Also for wildlife, and availability of
preferred habitat and cover must be considered. Winter snow lowers
food availability limiting populations to less than complete use of
available forage during other times. High-quality summer forage
promotes large individual size and good health that enhances winter
survival and reproductive success. Thus, the desirable herd size of any
animal population on a summer range may be considerably different
from that of the same herd on a winter basis (Wallmo et al 1977).
Alternating wet and dry seasons in the tropics have effects similar to
those of alternating winter and summer seasons. Efforts to increase
grazing capacity center on the limited resources or on increasing the
feed supply at the time of greatest stress.

Where both feed supply and livestock numbers cycle, three types of
calculations have been used in quantifying basic herd size for yearlong
operations. One method requires identifying the feed supply and
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number of animals supportable during the months of least available
forages. A second method determines a yearlong herd size on the basis
of average monthly feed supply; but this method usually gives higher
estimates of animal numbers than can be maintained. A third method
arrives at the basic herd size by comparing month-by-month estimates of
feed supplies (forage production) and requirements (dry matter or
nutritional intake) by animals of all ages (Workman and MacPherson
1973). Flexibility in the stocking rate can be attained by allotting a certain
percentage, say 75 percent, of the grazing capacity to the breeding herd
and adjusting total numbers through varied animal removal as the feed
supply dictates.

Merely increasing the feed supply cannot increase grazing capacity
where overriding behavioral mechanisms control numbers.  The
populations of Uganda kob are limited by territoriality (Buechner 1963).
In Wyoming a fence limited mule deer movements and their overgrazing
caused mortality of Arfemisia tridentata subsp. vaseyana (McArthur et al
1988).

Many ungulate populations in a new or changed habitat increase
slowly, erupt, crash, and then reach a relatively steady density. The
latter, in equilibrium with stable habitat conditions, is different from
those at the beginning of the population cycle. This is an ecological
carrying capacity in contrast to a managerial carrying capacity or grazing
capacity concerned with livestock production, hunting, aesthetic values,
efc.

Grazing capacity is more difficult to define in populations that
"explode” or cycle than in those that tend to be stable, such as the
numbers of livestock on a ranch. Examples of exploding populations are
those of species introduced onto islands; two examples are the reindeer
on St. Matthew Island in 1963-1964 (Klein 1968), and the moose on Isle
Royale in Lake Superior (Mech 1966). Both rapidly increased and then
crashed. In these instances, there seemed to be only one limiting factor--
the food supply. The common sequence of events is a geometric
population increase beginning with a few animals, summer food in short
supply, and animals entering the winter in poor condition. Extreme
weather conditions result in a heavy dieoff. When a second limiting
factor, predation, was introduced onto Isle Royale, the numbers of moose
fluctuated much less severely than they did with only changing food
supply.

These examples illustrate the difficulties in defining and interpreting
the concepts of carrying capacity and grazing capacity. To avoid
misunderstanding, one should use them sparingly after tersely defining
them for each given situation.
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Units of Animals and Grazing

Allen (1991) defined a standard livestock unit (SLU) or animal unit
(AU) as One mature nonlactating bovine weighing 500 kilograms and
fed at maintenance level, or the equivalent, and expressed as weight at
the 0.75 power in other classes of animals of the same species. The use
of AU in publication should specify the species and breed, class, sex, size,
age, and physiological status of the livestock. It was assumed that an AU
has a dry matter intake of 8 kg/day.

In range management, it is common to consider an AU as a mature
cow (450 kilograms and a dry matter intake of 12 kg/day) either dry or
with calf, or their equivalent. Horses, sheep, and goats commonly are
converted to animal units at the rates of 1.25, 0.2, and 0.17, respectively.
Depending upon size and gain per day, young animals between weaning
and maturity vary from 0.6 to 0.9 of their adult female equivalent animal
units, Adult bulls are about 1.25 AU, but large ones may be as much as
2 AU. These conversion factors are indicators of equivalent amounts of
forage needed by different kinds and classes of domestic animals with
similar diets. In other words the AU is a unit of animal but an AU-day
is a demand for feed (Scarnecchia 1985). Animal equivalents have little
application in expressing equivalent impacts on range vegetation from
animals with wide differences in food habits.

An animal unit month (AUM) is the amount of forage required by
an animal unit for one month of grazing. In range management it is
common to express the usable forage in a pasture as AUMs per acre or
acres per AUM. Related terms for specific instances include sheep day,
band day, cow day, cow month, and others that refer to different kinds
of animals and time periods.

Animal unit equivalents are used to describe the forage needed by
mixtures of grazing animals. The equivalents allow allocation of forage
to different kinds of animals, to varying forage requirements as young
animals grow, and to grazing at different seasons. Coordination of
varying AUM requirements and forage increments in day-to-day livestock
management still is a matter of judgment by the manager. Scarnecchia
and Kothmann (1982) give a mathematical framework that shows the
relationships among these terms.

Animal unit months of grazing, or a variant such as steer months, are
widely used as leasing units and as a basis for pasture rental. Grazing
fees on public lands and on many private pastures are attached to animal
units on a basis of grazing season or time.
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Grazing Pressure

Grazing pressure is the animal to forage relationship at an instant
of time and is expressed as AU or AUM to weight of available forage.
It quantifies the demand for forage by animals in a ratio to the standing
crop of vegetation available to them (Fig. 11-1). This function is related
only indirectly to numbers of animals and area of pasture. Hart (1987)
found that the animal gains from several grazing systems were the same
with the same grazing pressure.

Labeled as herbage supply in Figure 11-1, the standing crop of new
forage available for grazing begins at 0, proceeds to a peak at plant
maturity, and falls to 0 as herbage is consumed by herbivores and
decomposers. In many vegetational types, the cycle of herbage produced
one year overlaps part of the following cycle before it disappears. The
peak supply may be sharp as shown, broad and relatively flat under
favorable moisture conditions, irregular when occasional rain brings
repeated growth, and show great annual variation.

~HERBAGE SUPPLY

—3 HERBAGE AMOUNT

< FIRST HERBAGE CYCLE e SECOND CYCLE

Figure 11-1 Grazing pressure expressed diagramatically. The supply of
forage for one full yearly cycle, which overlaps the end of other cycles,
appears as an accumulation and decay of standing forage crop (solid
line). Demand for forage (dashed line) increases as young animals grow
and suddenly decreases at sale time. Grazing pressure is light when
daily consumption is less than the daily increment in forage supply
and when available forage is well above daily consumption.



Numbers of Animals 161

General nutritional values are not shown in Figure 11-1 but they can
be visualized. Crude protein is high in new-green foliage and the
proportion of high-fibrous stems is low. As growth proceeds crude
protein becomes less in percentage of plant materials and fiber increases.
The quantities of these nutrients on an area basis is different from the
percentages in a plant because of the accumulation of standing crop.
These and other relationships can be superimposed on Figure 11-1
illustrating seasonal progression of grazing values.

Animals, or their demand for forage, are imposed on the cycle at a
more or less constant rate in a few range operations. However in most,
demand for forage by young animals gradually increases, a sudden
decreased grazing pressure occurs at sale time or hunting season, and the
demand remains relatively constant until the next addition of young
animals. Figure 11-1 suggests the supply /demand for feed for yearlong
operations that dominate in Mediterranean annuals and the wet/dry
tropical and subtropical regions.

Many other situations exist. Complete use of feed during the forage
growing period is the objective in steer operations, hence all the feed
would be used at sale time, point B. Cow/calf operations on temperate
rangelands often begin grazing at point A and end at point C when the
animals go to nonrange feed. If points A and C are below the supply
line the grazing is light and heavy when above the supply line.

Thus, almost all range grazing programs result in varying seasonal
grazing pressures on the vegetation. Grazing pressure is light during
times when the daily herbage growth increment is greater than the daily
harvest and during times of grazing on accumulated mature growth,
Heavy pressure occurs when daily consumption exceeds the daily growth
increment and available forage supply is low. Yearly as well as seasonal
variations alter these relationships.

Expressions and measurements of grazing pressure on rangeland have
embodied the concept that the degree or percentage of forage utilization
signifies the influence of grazing on the vegetation (Campbell 1937). This
relationship suggests that grazing pressure is proportional to the amount
of herbage eaten during a season or a year. A better expression of
grazing pressure for rangelands and pastures may be one relating
numbers of animals to available forage (Hyder 1954, Heady 1956, Mott
1960). In 1966 Campbell expressed this concept of grazing pressure as a
ratio of animal days per 1,120 kilograms of available dry matter per
hectare. The influence of day-to-day changes in grazing pressure (ratio
of forage demand to supply) on range condition and production needs
further clarification.
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Stocking Rate and Stocking Density

Stocking rate is the actual number of animals or animal units on a
unit of land for a specific period of time, usually for a grazing season.
Where the grazing season is yearlong, a time period may not be
stipulated, but in temperate and mountainous regions, stocking rate
commonly defines all the grazing that occurs during a year, for example,
30 AUs per hectare for four months of grazing. It may be expressed as
120 AUMs per hectare or 1 AUM per 0.0092 hectare. This is an
animal-to-land relationship.

Stocking density describes the animal-to-land relationship at an
instant of time (Booysen 1967). Stocking density is a function of herd
and pasture size. It differs from stocking rate which expresses
animal-to-land allotment for the entire grazing season.

The distinction between stocking rate and stocking density becomes
important in rotational grazing plans. For example, number of animals
per 5 hectares would be the density of animals when all animals are in
one unit of a 5-pasture (each of 5 hectares) rotational system, but the
stocking rate for the system is 5 animals for the 25 hectares.

A high stocking density often requires a short grazing period and it
is used to attain full forage utilization before regrowth can be grazed.
Also it is useful to describe animal-to-animal behavioral relationships.
Stress has been shown to be density-dependent in some species of
animals, and therefore a function of animal density.

Stocking rates have been expressed as units of area for each animal as
well as animals per unit area. These expressions of stocking rate have
shown differently shaped functions when plotted against a third variable
such as animal gains per individual or land unit. Animal-to-area
axpr(,sswms are preferred because they are more directly related to
grazing pressure and production per hectare than is area per animal
(Shaw 1970). However, in regions with low grazing capacity, the ideal
designation may be area per animal because it avoids the use of fractional
terms.

PRODUCTION PER HECTARE VERSUS PER ANIMAL

Figure 11-2 is a diagrammatic expression of the relationship between
production per unit area and weight gain per animal. The left- and
right-hand scales indicate low production rangeland. They are different
for high producing pastures and rangeland. Stocking rate, the horizontal
scale may be expressed in AUM/ha, ha/AUM, percent utilization, and
range condition. Bement (1969} used ungrazed herbage on upland blue
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grama rangeland in Colorado. Multiple uses give opportunity for other
horizontal scales. Hart (1986a) and Wilson and MacLeod (1991) have
reviewed the variety of functions proposed to describe responses to
different stocking rates,
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Figure 11-2  Diagramatic expression of product per animal and per
hectare in relation to stocking rate. (Adapted from Mott 1960)

Given the same grazing system and length of grazing period, as
numbers of animals are increased per unit area, closer utilization, less
available feed, and less nutritious forage per animal result. Animals gain
less and if the situation continues, they eventually lose weight (Fig. 11-2).
Slow-growing animals and those with great fluctuations in weight must
be fed for a longer period of time and often to a heavier weight than
animals that are rapidly grown. Stocking at rates that reduce weight
gains per animal often leads to range and financial problems.

If product per animal is plotted against numbers of animals per unit
area, the relationship usually is linear and the two factors negatively
correlated within the range of low and moderate grazing pressures (Fig.
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11-2) (Riewe et al 1963, Peterson et al 1965, Bement 1969, Blackburn et al
1973, Pearson and Whitaker 1974, Hart et al 1988, Wilson and MacLeod
1991). This relationship is one of animal response to nutrition and
genetic potential rather than to stocking rate or feed availability (Harlan
1958, Heitschmidt et al 1989).

At low stocking rates, individual animals show little response to
changing numbers because the feed supply is beyond their capacity to
use it. Individual animal potential rather than pasture productivity is
defined when few animals graze abundant forage (Morley and Spedding
1968). QOccasionally in practice, low forage utilization may allow plants
to become coarse and of low quality, resulting in less gain per animal
than at moderate stocking rates. The optimum stocking rate is usually
lower and never higher than the biological at maximum sustained yield
according to Workman and Fowler (1986).

At high stocking rates, gains per animal fall rapidly with relatively
small change in numbers of animals (Mott 1960). The point where the
curve breaks, the optimum level or slightly to the right of it in Figure
11-2, has been called the peril point for management (Harlan 1958).
Gains per arca and gains per animal cross at that point; animals are
beginning to lose weight and condition. At stocking above that point
range forage availability declines, range condition deteriorates, and
animals rapidly lose condition. Stocking below the peril point gives more
leeway in management and little response to changing stocking rates.

A 12-year stocking rate experiment with sheep grazed yearlong
yielded data that approximated the schematic curves in Figure 11-2
(Tadmor et al 1974). Hart (1978) reviewed the work of others on the
relation of liveweight gain and stocking and it is arguable whether the
curve, to the left of the peril point is straight and flat or curved as shown
in Figure 11-2. Jones and Sandland (1974) presented a different model
than Figure 11-2 that seemed to emphasize animal response more than
relating animal responses to pastures, especially in the longterm (Bransby
and Tainton 1979). The preferred model should relate profit per hectare
to the level of standing herbage and vegetational condition (Booysen et
al 1975, Bransby and Tainton 1979, Mentis and Tainton 1981, Bransby
1985).

Quantities of animal products per hectare increase directly as stocking
rate increases, reach a peak, and fall rapidly at excessive stocking rates
(Fig. 11-2). Many but not all studies have shown the greatest per-hectare
productivity with the high stocking rates (Riewe 1961). Experimental
treatments in the narrow range of stocking that gives peak gain per
hectare are difficult to select; therefore, many experiments have missed
them. Furthermore, managers and experimenters alike deliberately
eliminate high stocking rates in order not to damage range and livestock.
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Maximum gains per hectare over the longterm indicate ample
opportunity for animals to select nutritious feed without range damage.
Animal numbers and duration of stay in a pasture normally should not
exceed a degree of forage utilization that causes excessive weight loss.

After assuming equal beginning weights, grade changes, and other
animal characteristics; taking no account of pasture and fixed costs; and
selling steers at the same price per kilogram as the purchase price, Riewe
(1961) calculated that the highest gross returns came from a stocking rate
that yielded maximum gain per hectare on cultivated pastures. This may
not be true for rangeland. As selling price increased over purchase price,
gross income increased at all stocking rates and remained maximum at
or near the point of highest gain per hectare. If prices fell, high stocking
rates tended to maximize financial loss. The least financial loss occurred
with the greatest weight gain per animal at low stocking rates.
Intermediate price reductions resulted in gross losses at high stocking
rates and lowered returns at low stocking rates. Apparently high
stocking rates produce high gross returns when price changes are
favorable and produce the greatest financial losses when prices fall.

Analyses that only include changes in livestock prices tell little about
net return or profit from changes in stocking rate. Production per unit
of labor, per kilogram of fertilizer, per centimeter of rainfall; number of
game animals harvested; and other factors may be as relevant to
economic analysis as is production per hectare. These input and output
factors vary widely in time and place. As costs increase and prices
decrease, the economically optimum stocking rate appears to decrease.
Lower stocking rate does not always yield lower net returns. If rapidly
gaining animals develop a price differential in their favor, the manager
may need to redress stocking rate toward lower levels and less gain per
hectare to maintain high rates of weight gain and profit.

Other factors being equal, the curve of profit against stocking rate
appears to be relatively flat (Hildreth and Riewe 1963). This relationship
gives the manager considerable flexibility. The enterprise is not required
to have the stocking rate at a fixed point to obtain near-maximum profit.
As Mott (1960) wrote, optimum stocking is a range of rates rather than
a single one. The manager should strive for stocking rates that maximize
net profit, as continually modified by risk and ability to cope with
changing factors. Torell and Hart (1988) said to maximize profits the last
animal added to the herd must add as much return as it does cost,
including in the cost any range deterioration that may occur.

Partially controlled game populations present stocking rate problems
similar to those of livestock. For example, deer and elk fecundity rates
change inversely with stocking density. Net production per breeding
animal decreases as population size increases, and the stocking density
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at optimum vyield of young animals uses less feed than the habitat
supplies (Gross 1969). At maximum stocking density, the harvest is
reduced for game as well as for livestock. Stocking rate determines
animal performance, profitability under grazing, and rangeland condition
(Hart 1986b).
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Utilization of Forage

UTILIZATION DEFINED

The chapters on Defoliation concentrated on experimental treatment
effects on plants such as those due to clipping. The responses were
largely from plots, potted plants, single plants, and single culms or parts
of culms (phytomers). The results were expressed in weight per unit and
chemical composition. This chapter emphasizes the effects of grazing on
rangeland vegetation.

The amount of plant material consumed and otherwise caused to
disappear by herbivores, expressed as a percentage of the current herbage
crop, has been known as range utilization, degree of use, percentage
use, actual use, herbage use, and range use. These terms apply to single
species as well as to the pasture as a whole. Actual use may be an
expression of the AUMs obtained in a grazing season and thereby may
be confused with stocking rate.

In this book, utilization as the noun form of utilize, a specific concept
in the dictionary, refers to disappearance of herbage. Use will refer to a
product or service derived from rangeland, as in multiple-use. In the
range profession these words are often synonyms, but they need to be
specifically defined and applied.

A distinction is made here between stocking, which is a daily
phenomenon; range forage utilization, which is seasonal; and grazing,
which has a longer time reference. Thus, overstocking can be corrected
in a day and overutilization in a growing season, but the results of
overgrazing may take several years to eliminate with proper utilization
each year.

Many comparative terms result from combining the prefixes under,
proper, and over with stocking, utilization, and grazing. Definitions of
these terms may be self-evident, but several are given here as follows:
Overstocking, if continued, results in overutilization, and if continued
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for years, will result in overgrazed or deteriorated range. In
comparison, proper stocking results in proper utilization at the end of
the grazing period and promotes maintenance or improvement in range
condition. Other terms modifying utilization and suggesting different
but seldom specifically defined conditions include close, destructive,
extreme, full, light, local, moderate, slight, and severe.

DETERMINATION OF FORAGE UTILIZATION

Managers and range technicians estimate and measure forage
utilization to determine when the correct degree of grazing has occurred,
to indicate the amount of forage that remains to be harvested, and to
ascertain the extent of livestock distribution problems. Utilization may
be expressed in percentages of the herbage weight removed, of the
number of plants grazed, and of the height removed. Tables of ungrazed
height/weight relationships have been developed for this procedure
(Heady 1949, McDougald and Platt 1976, Harshman and Forsman 1978).

Paired plots, one caged to protect it from grazing, give estimates of
forage weight removed by herbivores and herbage remaining on the
ground. The most accurate method compares the weight of herbage
before and after short periods of grazing. Ocular estimates before
clipping and weighing helps to standardize one's estimates of forage
utilization. When extensive herbage growth occurs during the grazing
period, the estimates of forage utilization are inaccurate. Before and after
measurements of utilization may be made without cages with short
rotation grazing periods and on both browse and grass types.

Another relatively accurate method but one that is time consuming to
apply depends upon the relation of weight to height of grasses. It
requires construction of standard tables or graphs (Heady 1950). Field
application requires comparison of average ungrazed height and stubble
height with the standards. Figure 12-1 illustrates the variation in height
and growth form for Agropyron spicatum and Koeleria cristata for 1946 and
1947 in Montana.

If grazing is light or moderate, many individual plants or plant parts
are ungrazed, and a random sample of the number of ungrazed and
grazed plants and the weight of each permits measurement of utilization
without protection of plots. Usually the key species are measured
separately.

The percentage of ungrazed stems has been used to indicate utilization
of rhizomatous species such as Agropyron smithii, The United States
Department of Agriculture-Forest Service Range Analysis Field Guide for
Region 5 of the national forests suggests that, for bunchgrasses, fewer
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than 53 percent grazed plants indicates less than 35 percent utilization
and fewer than 5 percent ungrazed indicates more than 75 percent
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Figure 12-1 Percentage of weights according to height of Agropyron
spicatum at four locations (12-1a) and Koeleria cristata (12-1b). Data
collected in 1946 and 1947 in Montana (Heady 1950).

The methods available for measuring utilization of browse are mostly
indirect and depend upon regression models. Tagged twigs may be
measured for length before and after grazing and samples of grazed and
ungrazed twigs of current growth may be taken for weighing. More
commonly, utilization of browse is described in qualitative terms, which
include percentage of plants browsed; hedging of key species ranked

35
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severe, moderate, or not evident; and categories that describe the browse
line.

A review of the methods for determining rangeland forage utilization
described numerous methods (Heady 1949). Each method gives a
different answer, sometimes quite different with large Standard Errors,
and all should be considered as indices to be tempered by reasonable
management. Annual utilization inventory is a tool. It cannot be either
the sole basis or objective for land management decisions.

Proper Utilization

Utilization measurements can indicate effects of different intensities of
grazing. Plants have a tolerance to grazing, and many are stimulated by
low levels of defoliation. Dyer et al (1982) called this reaction of grasses
to grazing as the "Grazing Optimization Hypothesis." The relationship
is best associated with the tallgrass areas, but there is little evidence to
support it for arid and semiarid areas (Heitschmidt 1990). If herbage
removal exceeds a certain critical point, however, most plants will lose
vigor, produce less herbage, and eventually die. Proper utilization is
that maximum point of defoliation which continues to maintain
desirable range productivity or to improve poor range. Efficient
utilization of range forages requires the right kind and class of animals,
the best stocking rate, and the proper season of grazing. Any expression
of proper utilization must be considered as a guide to be applied with
care.

Many animals on rangeland, in addition to livestock, remove forage
and all do mechanical damage to the standing crop. Pearson (1975)
reported that 17 to 21 kilograms of herbage disappeared per animal unit
day on southern pine range but cattle intake accounted for less than half
of that amount. Estimates of production and utilization of actually
grazed plants which are based on measurement of plants not grazed at
all may be inaccurate. For example, expressions of forage removed by
clipping of Agropyron desertorum varied from 54 to 82 percent depending
upon the method of calculation (Cook and Stoddart 1953). Spring
clipping resulted in 82 percent removal of mature herbage weight
produced by the plant itself, but this amount was equivalent to only 54
percent removal from mature plants that were not spring-clipped.

In field studies, when the desert termite was controlled, the standing
crop of grass increased by 22 percent and litter by 50 percent at the end
of the second year. These results from Texas (Bodine and Ueckert 1975)
are similar to those found in other termite studies throughout the tropical
and subtropical world.
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Hewitt et al (1976) reported that one grasshopper (Aulocara elliotti) per
square meter near Three Forks, Montana removed 10.5 kilograms of
forage per acre if it lived for 75 days. In a study of 26 grasshopper
species, Hewitt and Onsager (1982) found an average disappearance of
herbage amounting to 43 mg per grasshopper day. They have been
estimated to destroy more than 20 percent of the annual herbage crop on
rangelands in the United States (Hewitt and Onsager 1983). Often, more
grasshoppers occur on heavily grazed areas than on lightly or moderately
grazed ranges (Holmes et al 1979). The most harmful grasshopper
species increase or are favored if the range is overgrazed (Hardman and
Smoliak 1982). In epidemic numbers, they are known to have eaten all
herbage in their path. It is accurate to say that extensive defoliation takes
place without domestic animals and that all herbivores, large and small,
cause herbage losses in addition to that eaten.

No two plant species in a vegetational type will be grazed to the same
degree, and the degree of utilization will not be the same for a single
species in different parts of a vegetational mosaic (Table 12-1). On a
summer cattle range in the mountains of eastern Oregon, the grassland
portion was 23 percent grazed when 60 percent of the herbage produced
by Agropyron spicatum and 55 percent of the herbage produced by Koeleria
cristata had been removed (Pickford and Reid 1948). Cattle in the Oregon
study foraged on open grassland sites to a greater degree than they did
on timbered range, although several of the major forage species occurred
in both areas (Harris 1954, Johnson 1956, 1966, Smith 1967). Other factors
such as botanical composition of the vegetation, season of grazing, kind
of animal, and distribution of animals contribute to variation in range
utilization., These factors are discussed in other chapters.

Although stocking rate may remain approximately the same from year
to year, variation in forage production in response to climatic variations
will cause large yearly differences in degree of forage utilization (Table
12-1). In only one year of ten was utilization considered proper by Harris
(1954); and the variations in utilization were too great to justify yearly
changes in stocking. As summarized by Hedrick (1958), an average
utilization of the key species over a number of years which approximates
50 percent removal is a reasonable expression of proper utilization for
most grassland ranges. Valentine (1970) agreed with the 50 percent guide
for good condition Bouteloua eriopoda ranges but recommended 32 percent
removal on ranges in poor condition.
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Table 12-1  Ten-year fluctuations of actual forage utilization, in
percentage of growth removed by cattle on mixed
grassland and timbered range, Starkey Experimental
Range in eastern Oregon (Harris 1954)

% Timbered %
Grassland removed range removed
Mean Extremes Mean Extremes
!

Agropyron spicatum 52 38-69 41 30-60

Festuca idahoensis 41 26-67 32 15-48

Koeleria cristata 38 16-35 22 18-38

Danthonia unispicata 43 18-76

Poa secunda 15 4-34

Carex geyeri 28 18-40

Calamagrostis rubescens 10 4-12

What constitutes proper degree of herbage removal for most species
at different times along the growth curve remains unclear. Here are
examples: A 5-year simulation study indicated that a threshold of 2700
kilograms of above-ground biomass per hectare was needed to maintain
Sparting alterniflora marsh on the Cumberland Island National Seashore.
Grazing by the horse herd should leave that amount of biomass to
prevent degradation (Turner 1988). Bothriochloa caucasica had greater loss
of leaf mass than root mass under heavy relative to light grazing. This
resulted in a better root surface to leaf surface ratio, thus the plant's high
tolerance of heavy grazing (Svejcar and Christiansen 1987). Sauer (1978)
reported that standing dead material had an apparently beneficial effect
on Agropyron spicatum.  As stocking rate was increased, animal
production per hectare increased except at 4 times the moderate stocking
rate. Weight gains per animal decreased in a 35-year study of Festuca
scabrella grassland in Canada (Willms et al 1986). Underutilization may
be as damaging as overutilization in Lolium perenne/Trifolium subterraneum
pastures (Motazedian and Sharrow 1987).
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Variability in Proper Utilization

Several types of grassland appear difficult to damage permanently by
overgrazing. Among these are the shortgrass plains of central North
America and the Mitchell grass downs in Australia. Severe droughts in
these types cause extensive reduction of ground cover and herbage
production irrespective of grazing pressure. As has been shown in the
shortgrass plains, heavy grazing retards recovery in years of good
rainfall. Stocking rate in these situations appears to be more important
to the immediate welfare of the animals than to the health of the range
vegetation. The northwestern bunchgrass type in the United States can
be easily damaged by grazing. However the California annual type was
grazed for 4 years at a stocking rate of 2.5 times moderate but after one
year of no grazing little residual impact was found (Pitt and Heady 1979).

Variation over time, space, and method with respect to the
determination and use of utilization in decision making casts doubt on
the reliability of published "specifications and guidelines." The numbers
in these specifications tend to become fixed. If used in that way,
management is "cookbooked” and often fails.

Forage Taken or Residue Left?

Most forage utilization data emphasize the proportion of material that
has been removed. Sixty percent utilization means that 40 percent of the
herbage crop remains on the ground. The 60 percent that disappeared is
only measurable by indirect methods because that part was eaten,
scattered, decomposed, and trampled to the ground. The portions eaten
by the different herbivores and destroyed by them are difficult to
separate by cause. Sucking insects reduce plant vigor but reduction of
biomass by them may not occur. The black grassbug lays its eggs in the
stems of grasses and the larvae feed there which reduced the vigor of
Agropyron cristatum (Ansley and McKell 1982).

Continuing the above example, the 40 percent that remains as organic
residue can be measured directly. It is this portion that initiates future
growth, protects the soil, and indicates the health of the range. Quantity
of material rather than proportion of the crop is the better indicator of
grazing effects. Standards of range utilization based on those amounts
can indicate range condition and eliminate the inaccuracies of estimating
the proportion of the herbage crop that has disappeared.

The physiological dependence of each plant on the ungrazed or
remaining regenerative tissue makes reconstruction of the total crop of
doubtful value in evaluating range responses. Therefore, amount of
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ungrazed herbage should be increasingly used to express proper
utilization. A number of scientists have suggested that measurements of
utilization and establishment of proper utilization standards should be
based on herbage residue rather than on herbage removed.

Among the first to use this concept were those concerned with
Mediterranean annual-type grassland in California (Hormay and Fausett
1942, Bentley and Talbot 1951). Their method required matching range
appearance with a set of standard photographs. Under moderate
utilization, the residue is patchy, reflecting a mosaic of lightly and
heavily used areas. Vegetation in swales is used to an even stubble
height of approximately 2.5 centimeters. Small objects on the ground are
masked from view by plant residue at 6 to 9 meters from the viewer.
The landscape has a yellowish cast of varying amounts of vegetation
rather than a uniform gray or brown soil color. Both under- and
overutilization give more uniform appearances than does moderate
utilization.

In the southwestern United States comparison of the grazed perennial
plants on the ground against photographic standards of key species
(Schmutz et al 1963, Schmutz 1971) indicate utilization in one of five
categories; slight, light, moderate, heavy, or severe.

Heady (1956, 1965) and Hooper and Heady (1970) showed that
productivity and species composition in the California annual type are
directly related to herbage residue on the ground at the beginning of the
growing season. They recommended 560 kilograms of mulch per hectare
for their study site when utilization was proper (Fig. 12-2). Later
research showed that the amount would vary by site and rainfall
(Bartolome et al 1980). Management based on residue is practiced in the
California annual grassland.

In a summary of data from grazing trials over a 19-year period on the
Central Plains Experimental Range in Colorado, Bement (1969)
emphasized that the most satisfactory way to assess forage utilization on
shortgrass rangeland was in kilograms of ungrazed herbage per hectare
(Table 12-2). Analysis showed the greatest animal gains per hectare when
the herbage residue was 280 kilograms per hectare, a plateau of greatest
gains per animal when the residue was 390 kilograms and the highest net
profit when the residue was 335 kilograms, equivalent to an average
stocking rate of 1.06 hectares per heifer month. The net return column
(Table 12-2), although calculated on the basis of 1964 to 1966 prices,
recommended that proper use was achieved at 335 kilograms of plant
residue per hectare (Bement 1971). This study indicated that shortgrass
range is ready for grazing when the herbage supply reaches 335
kilograms per hectare. Animals should be removed from a pasture
anytime during the grazing season when the residue becomes less than
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that amount. This amount is an optimum standard for livestock
production because the vegetation will withstand heavier use (Hyder et
al 1966).

12-2a

12-2b

Figure 12-2 Photo 12-2a shows mulch removal in the late summer and
photo 12-2b the response the following spring in the California annual
type. Absence of mulch promoted small broad-leaved plants (photo 12-
2b right) while abundant mulch favored grasses (photo 12-2b left).
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Table 12-2

Relation of animal gains to the amount of herbage
residue at the end of summer grazing on Bouteloua
gracilis [based on 19 years of grazing trials at the

Central Plains Experimental Range (Bement 1969)]

e |

Animal gains for 6
months Hectares
Net return per heifer
Ungrazed herbage, kg/ha kg/ha kg per per kg month
animal
e s
168 14.67 57.2 $0.48 0.65
224 16.34 73.5 0.75 0.75
280 16.89 89.8 0.78 0.89
336 16.61 106.1 0.88 1.06
392 15.28 116.1 0.85 1.26
448 14.15 118.4 0.80 1.40
504 13.16 1184 0.74 1.50
560 12.85 118.4 0.71 1.54
Remimm——

In Israel, Gutman and Seligman (1979) found that cattle began to lose
weight when the plant biomass dropped below 700 kilograms per hectare.
Hyder (1953) developed the residue approach for sa@,cbmsh/ grass range
in eastern Oregon and suggested that the proper amount is 270 kilograms
per hectare. Bison feeding rates declined by 50 percent due to smaller
bite size as forage biomass was reduced to 780 kilograms per hectare.
Both number of bites per minute and hours of grazing increased (Hudson
and Frank 1987).

Considerable information on proper use factors has accumulated
through experience as part of range reconnaissance surveys and other
types of range inventories. Some of the plant lists that are associated
with those surveys mention stubble heights of individual species when
they are properly utilized.

In general, these heights are estimates of the residue after grazing.
The selected group of species and stubble heights for proper utilization
in Table 12-3 has resulted from grazing trials and clipping studies. The
stubble heights indicate that 40 to 60 percent of herbage crop remains.
Utilization of browse usually is given in percent of current crop
remaining.
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The concept of proper range ufilization on a residue basis applies
to grazing in any rotation pasture during the growing season as well
as all pastures at the end of the grazing season. At any time when the
forage on-offer falls below certain critical points animal production
also falls.

Consequences of Ouverutilization

The degree of herbage removal by the grazing animal has more
influence on range vegetation than does any other grazing factor.
Reduction in plant vigor results when too high a proportion of the
photosynthetic tissue is removed. Experiments in which the treatments
included a series of stocking rates, some too high and some too low, have
characterized many pasture and range studies. Vegetational changes that
resulted from the different stocking rates have permitted range managers
to describe lightly-, moderately-, and overgrazed ranges for many
different vegetational types.

Based on a summary of 14 research studies in 9 geographic areas, Van
Poollen and Lacey (1979) found that herbage production under
continuous grazing was increased by 35 percent when utilization was
reduced from heavy to moderate. Herbage increased only 13 percent
when moderate continuous grazing was changed to a grazing system.
These same authors (Lacey and Van Poollen 1981) found 20 comparisons
where annual herbage production averaged 68 to 46 percent higher when
plots were protected from moderate livestock grazing. Likewise
production of individual plants in 8 comparisons averaged 59 to 50
percent higher when protected. Data presented by Leege et al (1981)
agree that no grazing resulted in more production than grazing. A
stocking rate trial in Festuca scabrella grassland (Willms et al 1985) showed
that very heavy stocking caused the replacement of Festuca with
Danthonia parryi. Recovery of the grassland took more than 20 years.

Plant cover increased in all classes of vegetation in the Quercus gambelii
type in Utah due to decreased grazing from 1935 to 1956 and no grazing
1957 to 1983. Grazing exclosures that began in 1905 showed little change
in cover (Austin et al 1986). Moderate grazing in southwestern Utah for
29 years resulted in more desirable species (Ceratoides lanata, Artemisia
nova, Alriplex canescens) and fewer Chrysothamnus viscidiflorus. It was just
the reverse under heavy grazing (Blaisdell and Holmgren 1984).
Defoliation by goats of the small tree, Acacia karroo, in South Africa
resulted in stimulation of new branches. Branching was least in the
spring flush and did not occur in the dormant season (Teague and
Walker 1988).
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Table 12-3  Proper utilization of selected grass and browse
species expressed as stubble hieght or percent of
current growth remaining on the plant,

Species Stubble Location Authority
height
el
e e e e e e

Agropyron 5 | Central Colorado Johnson (1959)

desertorum

Agrapyron 10 | Central Colorado Johnson (1959)

intermedium

Agropyron smithii 8.5 | Arizona-New Mexico | Parker and Glendening (1942)

Agropyron smithii 7.5-10 | Eastern Montana Holscher and Woolfolk (1953)

Bouteloua 7.5-10 | Arizona-New Mexico | Parker and Glendening (1942)

eriopoda

Bouteloua gracilis 5-7.5 | Arizona-New Mexico | Parker and Glendening (1942)

Bouteloua gracilis 2.5-5 | Eastern Montana Holscher and Woolfolk (1953)

Bromus inermis 10 | Central Colorado Johnson (1959)

Buchloe 3 | Central Colorado Costello and Turner (1944)

dactyloides

Carex filifolia 2.5-5 | Eastern Montana Holscher and Woolfolk (1953)

Deschampsia 7.5 | Oregon-Washington Reid and Pickford (1946)

caespitosa

Elymus junceus 7.5 | Central Colorado Currie and Smith (1970)

Festuca viridula 7.5 | Eastern Oregon Pickford and Reid (1942)

Hilaria belangeri 4 | Arizona-New Mexico | Parker and Glendening (1942}

Koeleria cristata 5 | Arizona-New Mexico | Parker and Glendening (1942)

Stipa comata 5 | Eastern Moniana Holscher and Woolfolk (1953)

Amelanchier 35% | Northern Idaho Young and Payne (1948)

alnifolia

Ceanothus 40% | Northern Idaho Young and Payne (1948)

sanguineus

Fraxinus 75*% | Southeast Texas Lay (1965)

americana

Hex vomitoria 50* | Southeast Texas Lay (1965)

Purshia tridentata 40* | California Hormay (1943)
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After 19 years of heavy, medium, and light stocking, Smoliak (1974)
found that Agropyron smithii and Stipa comata had decreased and Boutelous
gracilis had increased in southern Canada. Under yearlong grazing on
slash pine ranges in the southern United States Andropogon divergens
decreases and Axonopus affinis increases (Pearson and Whitaker 1974).
Browse was not greatly affected by intensity of grazing.

A common fallacy is that plants most palatable to animals on
rangeland arc selected for the first bite and perhaps selected again and
again as grazing continues; preferred species, especially where they exist
in preferred grazing areas, receive repeated defoliations, even if only one
animal grazes. The individual plant responds with fewer and smaller
leaves, stems, seed stalks, and roots. A gradual demise of plants and a
gradual deterioration of the vegetation result. Energy capture and flow
are interrupted, as is the accumulation of carbohydrates. Destruction of
vegetation continues. For two reasons this line of argument is false. (1)
Many examples of reduced, but not eliminated, grazing have resulted in
increased vegetation and succession toward climax. (2) The vegetation
and plants that compose it have coevolved with grazing animals through
geologic time.

During the process of vegetational destruction, the soil surface
becomes exposed to the beating action of raindrops and the scouring
action of running water because its protection by mulch and live plants
is reduced. The environment at the soil surface increases in variability,
and extremes increase in severity. The soil may be puddled by rain and
by stirring as animals walk over it. Infiltration is reduced, runoff
increased, and the available water for plant growth diminished. A bare
and eroded landscape ultimately occurs. Desert-like vegetation appears
in regions where the amount of rainfall supports less xeric species. Many
of the concepts regarding vegetational changes and plant succession have
resulted from concern with destruction of vegetation by yearly
overutilization (Fig. 12-3). However, rangeland vegetation in the United
States as a whole is more complete and there is less erosion than any
time in this century.

Techniques of evaluating rangeland forage utilization, finding
standards for proper rangeland forage use, and techniques for obtaining
proper grazing management constitute a large part of Range
Management. Understanding the effects of space variables including
topography, soil, and vegetation combined with weather changes over
time require intelligent interpretation of facts and data on forage
utilization that is unincumbered by regulation too broadly stipulated.
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ADJUSTMENT OF ANIMAL NUMBERS TO FORAGE SUPPLY

Forage supply on all ranges varies from year to year in response to
changes in weather (Table 12-4). A manager may use a number of
procedures to adjust stocking rate to that wide variation and continue to
maintain range condition. One procedure stipulates stocking rates that
result in proper utilization of the average crop, or more conservatively,
that result in proper utilization when only 65 to 80 percent of the average
crop is produced. With this procedure stocking rates may remain about
the same from year to year, as for example, permitted numbers on federal
lands. Unless the grazing period is adjusted, the result can be one year
in four when the range is overgrazed and another when it is
undergrazed. The objective is to balance range improvement in the years
of high production against damage during the years of low production.
Any strategy that maintains constant livestock numbers on rangeland
results in widely varying grazing pressure and large changes in gains per
animal and per hectare from one year to the next. It is an easy plan to
follow for a pasture but a difficult one for a ranch. On the other hand,
changes in stocking rates also are difficult in practice because they often
require sale or purchase of animals in unfavorable markets.

Table 12-4 A few examples that illustrate the magnitude of
fluctuations in forage supply
Variation
Type of
herbage Location kg/ha yr Source
Short grass Southen Alberta Canada 100-925 1930-1953 | Smoliak (1956)
Short grass Eastern Montana 250-1,780 1927-1934 | Campbell (1936)
Short grass West Central Kansas 150-2,818 1940-1942 | Weaver and
Albertson (1944)
Bouteloua Southern New Mexico 0-990 1926-1934 | Campbell (1936}
eriopoda
Mixed Central Utah 505-1,425 1924-1935 | Campbell (1936)
Perennial
Annual California 1,345-2,380 1935-1948 | Bentley and
Talbot (1951)
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Figure 12-3 Annual broad-leaved plants within the fence on the left, a
strip of short grasses where animals can reach through the fence, and tall
grasses on the right constitute three successional stages due to degree of
grazing in this true prairie type in Texas.

Secondly and as a managerial expediency, it probably is best to
combine fixed stocking of a base herd of mother cows with flexible
stocking of other animals to obtain the most rapid improvement possible
during the favorable years and least damage in the poor years. The base
herd including replacements should be approximately 75 percent of the
average grazing capacity. Calves may be held over, stocker animals
purchased, and grazing rights leased in the good years. In very bad
years severe culling of the herd may be necessary. In this plan, a certain
amount of organic residue would remain on the soil surface after
grazing each year, regardless of the amount of herbage grown. In the
good years, the amount would be more than in poor years, but at no
time would herbage utilization be excessive.
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Both plans require flexibility. As a strategist, the manager knows the
important decision making factors available for manipulation. As a
tactician, the need is to be certain that sufficient feed is available every
day of the year. That requires skillfully adjusting when animals are put
into pastures, the time when they are moved, and the place where they
go next. A key to these animal movements is the degree of forage
utilization; another is accurate prediction of feed supplies in the future.

Predicting Range Forage Production

A successful method for predicting range forage production could
result in near-perfect forage utilization each year. However, success has
escaped those searching for techniques that predict weather and forage
in a manner useful for day-to-day management decisions. Clawson
(1947) showed that consecutive years tend to be either below or above
normal in precipitation in the northern Great Plains and Rocky
Mountains. In the southwestern United States, the distribution is more
random. Even at best, the prediction of forage production based on
prediction of weather has no better chance than three years in four of
being correct. Based upon 10 years of research in mountain grasslands
Mueggler (1983) was able to predict that forage production was within
85 percent of the mean two-thirds of the years. Stocking adjustments can
be accomplished by varying the grazing season to meet unexpected
forage-growing situations,

Sneva and Hyder (1962) reviewed and agreed with a common belief
that winter-spring precipitation correlates closely with subsequent
herbage yields of bunchgrass in the intermountain region. By the time
spring rainfall is known, the time to make effective changes in animal
numbers is past. A decision on the number of animals to winter often
determines the number of animals on spring range. An attempt at
determining number of cattle to winter by applying Sneva and Hyder's
procedures shows that half the calves should be sold in late fall if
below-normal July through October precipitation occurs and all the calves
should be kept until they are yearlings if rainfall is above normal (Rogers
and Peacock 1968). This procedure needs more testing before it can be
recommended. All methods that use weather records for predicting and
adjusting stocking rates have shown only marginal success
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Animal Distribution

The ideal distribution of any use on rangeland reduces number and
area of places damaged by congestion of animals and people, and
extends the area of proper use as widely as possible. The objective of
distribution management is uniform and moderate or maximum use
that does not damage soil and vegetation.

Faulty livestock distribution caused widespread western rangeland
degradation during the latter half of the 1800s and the early part of the
1900s. Early recommendations and requirements for improved range
management on national forests included many suggestions for
improving livestock distribution (Jardine and Anderson 1919). These
recommendations need to be continuously updated and applied to all
rangelands (Williams 1954).

Failure to correct uneven distribution of grazing pressure results in
considerable damage to vegetation and soil. Livestock and wild animals
cause damage for several reasons. They may be territorial, have memory
for certain places, and prefer certain habitats; and they naturally
congregate near water or in favorite resting places. Correction of
distribution problems is often the first applied rangeland management
practice.

In the initial steps of establishing a range program, livestock watering
facilities usually receive first attention. During the free-range era in the
western United States, control of water signified control of the land.
Available water determined grazing capacity as well as animal
distribution.

Fencing allowed control of land and water. At first, the purpose of
fences was to prohibit abusive trespass and later to attain even forage
utilization. Other grazing management practices, such as specialized
grazing systems, facilitation of prescribed bumning, fertilization, and
seeding, required additional fencing and more water to be effective.
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Division of large range units into small ones increases grazing capacity,
often without other range management practices.

FACTORS INFLUENCING ANIMAL DISTRIBUTION

Geographical locations of vegetational types, soils, slopes, and weather
influence animal distributions and management. Animal species have
certain inherent reactions to these habitat characteristics. Informed
management requires knowledge of the location of resources and the
degree of utilization made of them. Grazing animals distribute
themselves unevenly over the land. Irregular patterns of utilization result
from the interaction of physical impacts, food selection, and intensity of
eating.

Vegetational Types

All animal species prefer certain vegetational types to others. For
example, domestic animals normally stay away from dense timber, except
at the edge where they find shade. Regrowth of trees in a mosaic with
grassland after logging and fire reduces the area available for grazing.
Patches of thick trees restrict livestock movement, making uniform
grazing difficult to achieve. Although forage quantities within a timber
stand may be small, proper use of it takes special effort.

Mule deer in northern Montana consistently used the bunchgrass type
more than any other in spring, willow/meadows in the summer, and
alfalfa in the winter. Whitetailed deer in the same area used woody
deciduous vegetation and alfalfa more than did mule deer (Martinka
1968). In another study in Utah, cattle, deer, and elk on summer range
all used aspen and mixed shrub types. However, cattle grazed the
grass/forb types continuously, elk used them in midsummer, and deer
hardly used them (Julander and Jeffery 1964). Clearly, the distribution
of animals correlates with vegetational type, because there they find food
and cover.

The vegetational types of major concern include the mesic
willow/shrubs, sedges, and moisture-loving grasslands commonly
referred to as riparian. They furnish green feed and water at a time
when they are not available on the uplands. The result has been
congregation of animals and extensive degradation of riparian habitats.
Fortunately, the accumulated water that makes an attractive riparian
habitat also fosters quick repair under proper management.



190 Animal Distribution

Topography

The steepness and length of slope influence the use of forage by
domestic and wild animals. In 1944, Glendening reported forage
utilization of 80 percent on Muhlenbergia montana at the bottom of 20
percent slopes and zero use 1.6 kilometers higher on the same degree of
slope. Those slopes greater than 40 percent had little value for cattle
grazing. Mueggler (1965) found that as an average on 38 bunchgrass
areas in southern Idaho, 75 percent utilization was attained for 32 meters
above the foot of 60 percent slopes, while the same utilization occurred
for 740 meters above the foot of 10 percent slopes (Fig. 13-1).
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Figure 13-1 Influence of slope steepness and distance upslope on use of
range by cattle (Mueggler 1965).



Animal Distribution 191

Steepness of slope significantly influences distribution of cattle, but
this factor does not operate alone. Water usually occurs at the bottom of
slopes, causing animals to congregate there. Plants near the streams stay
green and palatable for a longer time than do those on slopes, especially
those facing the sun. Cook (1966) in studying 21 factors, found
significant correlations between herbage utilization and percentage of
slope, distance to water, percentage of palatable plants, thickness of
brush, and posmun of salt. Others (McDamci and Tiedeman 1981, Gillen
et al 1984) give data to show that slope gradient was the only physical
factor consistently associated with cattle and sheep distribution.

Different species of animals prefer different positions on the
topography. In Utah the greatest summer use by deer occurred on slopes
between 30 and 40 percent and on major ridgetops; elk selected slopes
less than 30 percent and cattle mostly used slopes of less than 10 percent
(Julander and Jeffery 1964). Bighorn sheep were not impaired by slopes
up to 80 percent. Cattle, feral horses, and deer began avoiding slopes in
excess of 20 percent, 30 percent, and 40 percent respectively. If large
areas of near-level topography were available, cattle and horses made still
less use of moderately steep slopes (Ganskopp and Vavra 1986).

These variable data should not be generalized into statements that
cattle, sheep, or any kind of animal be limited to certain slope
percentages. In some areas sheep will use steeper slopes than cattle, but
percentages attached to that statement and applied broadly are
misleading,.

Animal Behavior, Intelligence, and Memory

Animal behavior, inherent and learned, influences distribution patterns
and forage preferences. Sheep graze into the wind, causing concentration
and overuse in the southeastern corners of pastures near Broken Hill,
Australia, where wind prevails from the southeast. When disturbed, as
when being corralled, blesbok in South Africa run uphill, so the
mustering point of their pastures should be at the highest place.
Rambouillet traveled farther than did Targhee sheep when unherded on
mountainous summer range (Bowns 1971). Santa Gertrudis cattle walk
farther than Herefords, resulting in even use of a larger area (Herbel et
al 1967). Many studies have shown that animals travel farther on poor
than on good range and as percentage of forage utilization increases.

Seasonal grazing distribution of cattle on shortgrass ranges in
Colorado correlated with proximity of water, nearness to fences, and
measures of forage quality (crude protein) and quantity (Senft ct al
1985a). Favored resting sites in summer were low-lying areas, fencelines,
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and near water, but in winter south facing slopes were favored (Senft et
al 1985b).

A study in Norway of unherded sheep with radio collars found
activity patterns similar to other studies of domestic and wild sheep. As
the season progressed, use of meadows decreased in favor of more forest
use and their selected night camp was always uphill from day use areas.
Cold and wet weather reduced activity (Warren and Mysterud 1991).

After several generations, hill sheep in Scotland were found to gather
in subflocks or family groups that restricted themselves to certain parts
of the pasture. This segregation resulted in some groups being heavier
than others and furnishing most of the replacement ewe lambs (Hunter
1964). The home ranges seemed to be related to soil and vegetational
types, but crowding intensified peck-orders that forced some animals to
establish new groups.

It is well known that the vegetational mosaic, physical improvements
such as fences and water points, improvement of range condition, and
changing livestock numbers in a pasture alter distribution of animals and
their behavior (Hart et al 1991). Failure by the manager to consider
animal habits reduces the effectiveness of other rangeland practices and
may result in local overuse.

Animals may not travel significantly different distances in
experimental pastures used to compare stocking rates and grazing
systems (Hepworth et al 1991). Division of large pastures often increases
the evenness of animal distribution and forage utilization. However, a
pasture size exists whereby animals graze them evenly and further
reduction in size is of no advantage. The smallness of separate pastures
in experimental studies may or may not have confounded animal
behavior, distribution, and travel relationships with treatment effects.
Pasture size is an important consideration in rangeland management.

Apparently, cattle learn and can remember where they have foraged
and if the forage resources warrant a return visit (Provenza and Balph
1988, Bailey et al 1989). Cattle and sheep learn to come when a vehicle
with feed approaches. Animals learn to avoid places and feeds as well.
Lane et al (1990) conditioned heifers to avoid the highly poisonous
Delphinium barbeyi by intraruminal infusion of lithium chloride whenever
they consumed the Delphinium. The chemical caused an illness. The
animals evidently remembered the association and avoided the plant a
year later.

Young animals learn locations and appropriate food items from their
mothers and others in the herd. This leads to the belief that selection of
replacement females from within the herd will result in fewer deaths
from poisonous plants and more uniform forage utilization. Home
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grown means that the animals "know” the range. Feeds learned during
preweaning commonly are preferred after weaning, at least for awhile.
This can be used to reduce the transition time for weaned calves to full
growth rate in the feedlot. In another example, lambs were fed two
palatable shrubs and a bit of lithium chloride that made them ill. Later
these lambs grazed the grass and avoided the shrubs, which could be a
boost to shrub establishment (Burritt and Provenza 1990).

Another form of learning is bonding, as attachment of mother and
newly born. Bonds have been developed between sheep and other
animals including cattle, donkeys, llamas, and dogs for reduction of
predation. Positive results in the training of domestic grazing animals as
illustrated above is a new field of activity that warrants increasing effort,

CONSEQUENCES OF FAULTY ANIMAL DISTRIBUTION

Animal concentrations near water, shade, salt, and on relatively level
areas within steep topography destroy vegetation. A permanent water
source, such as a spring or well, serves as a focal point for grazing
animals. They trail to and from water and repeatedly graze along the
way. Lange (1969) showed that the concentration of their grazing varied
as the square of the distance from water. Sheep trails radiated from
water in the center of 260-hectare areas. Populations of Atriplex increased
in density as distance increased from water (Barker and Lange 1970).

Measurements of forage utilization in several vegetational types
illustrate the effects of animal concentrations. In eastern Montana,
percentage utilization of Agropyron smithii on cattle winter range was 100
percent at water, 54 percent 180 meters away, and 28 percent 1,460 meters
away. In the same study at the same distances from water, cattle used
Bouteloua gracilis 100, 38, and 19 percent, respectively (Holscher and
Woolfolk 1953). Cattle used 100 percent of the bunchgrasses at water, 78
percent 180 meters away and 32 percent 900 meters away in a southern
Idaho study (Mueggler 1965). Semidesert grassland in southern New
Mexico showed an average of 50 percent use within 0.8 kilometer of
water but only 12 percent use between 3.2 and 4 kilometers distant
(Valentine 1947). Use of Festuca arizonica and Muhlenbergia montana in
Arizona decreased to zero at 5.6 to § kilometers from water and 0.4 to 0.8
kilometer from established trails (Glendening 1944). With heavy camel
grazing in Saudi Arabia, no perennial vegetation occurred within 15 to
20 kilometers of water and occasionally the distance was over 50
kilometers (Heady 1963). Agnew (1966) suggested that the proportion of
land in animal trails indicates the degree of overgrazing.
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Degree of forage utilization and the composition of the vegetation can
be the basis for mapping zones of deterioration or areas of differing
condition class around a watering point. Five such rings or zones as
defined by key species are sufficient for planning purposes. They define
the distribution problem and indicate the locations needing corrective
measures (Anderson and Currier 1973).

When development of water, fencing, prescribed burning, and other
rangeland practices do not cover the whole pasture or grazing unit, they
tend to concentrate animals. For example, the rangeland around a new
watering point soon can become overgrazed and lose condition unless
intensity and season of grazing are controlled. The improvements can be
advantageous only in conjunction with careful management of animal
numbers, seasonal grazing, and other aspects of a total range program.

PRACTICES TO LESSEN ANIMAL CONCENTRATIONS

Range management includes many practices to spread animals in
accord with the herbage resources. Several such as development of
water; construction of fences; and building of roads, trails, and
windbreaks; and vegetational manipulations are applied to the rangeland.
Other practices, including herding and spreading of salt, directly
influence animal distribution. Each technique will be discussed as to its
location and effectiveness, but for construction specifications refer to field
manuals such as handbooks on fences, watering facilities, and livestock
handling facilities by the United States Forest Service and available from
the Society for Range Management. Another is Sanderson et al (1990),
They have many tables of materials, specifications, and construction
diagrams.

Development of Water

Development of water, especially new water, on rangeland has several
purposes. For livestock, the aim may be better utilization of little-grazed
land, or increased length of the grazing season through greater supply.
For wildlife, the aim is essentially the same, uniform use and more
available land for the ungulates. Birds and smaller animals use the water
for drinking, and some for habitat. Riparian problems may be relieved
if livestock are drawn elsewhere. Fundamentally the purpose is to
improve rangeland condition for all the users.

Water for livestock and game has been developed with ditches, dams,
earthen ponds or tanks, vertical wells, horizontal wells that open springs,
pipelines, troughs, metal tanks, and guzzlers with sealed runoff aprons.
The water has to be found, stored, and delivered in adequate amounts at
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the right times and places (Fig. 13-2). The problems of discovery, storage,
and delivery of range water have been present since Bedouins started
crossing the desert. Techniques using artesian water, wind turbines,
gravity distribution, solar energy for pumping, solar units to prevent
freezing, and submersed pumps are of recent application.

Considerations to enhance stock water for waterfowl habitat during
the nesting and rearing of broods have added several specifications for
construction. Mallard ducks and blue-winged teal prefer ponds larger
than 0.6 hectare with shallow water areas that support submerged
vegetation composed of Polygonum spp. and Eleocharis spp. and tall
growing shoreline vegetation. Grazing should be restricted until after
nesting and the broods are well along (Rumble and Flake 1983).

Wherever practical, new water facilities should be located where
grazing has been lightest and where grazing capacities are high. Barnes
(1914) recommended that cattle not be forced to go more than 32
kilometers to water in relatively flat country and 1.6 kilometers in rough
topography. A better rule is to have livestock water no farther apart than
2 kilometers (1.3 miles) even on the driest of rangelands.

From work on the Starkey Experimental Range in eastern Oregon,
Goebel (1956) claimed that 0.8 to 1.2 kilometers is an ideal distance.
Between 1949 and 1953, the number of watering places on the Range was
increased from 9 to 52. In planning for that development, it took several
years to coordinate water with cattle behavior. Water was used to attract
cattle to little used forage resources, to divide large herds into smaller
ones, and to reduce trailing. No more than 50 animal units per watering
facility is a commonly used rule of thumb. Matching requirements with
site feasibility for reservoir development takes close study of animal
movements, soil, topography, and geology.

Herded sheep can make even use of rangeland with water at greater
distances than the maximum distance for cattle. They can obtain needed
water from snow in winter while cattle do poorly using snow. Thus, cold
desert areas are wintering pastures for sheep.

Where sheep are pastured without herding, as in Australia and parts
of the United States, they need water as close as cattle do if efficient
range use is to be attained. Lange (1969) claimed that number of animals
on a watering point has more importance in proper management than
does number of points per pasture. Longer distances between water
means less live weight gains and less uniform utilization.
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13-2a

Figure 13-2 Photo 13-2a: The large windmill pumps water from a deep
well and the smaller one lifts it to a storage tank from which gravity flow
supplies watering points. Photo 13-2b: A guzzler for quail is shown with
its protective fence and brush covering the water.
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Discovery of water depends on interpretation of the geology. Dug
wells in sandy stream bottoms have served the Bedouins of Arabia for
many centuries and were an early form of water development on
rangeland. These wells are limited to relatively shallow water tables.
Drilled wells and windmills facilitated livestock expansion into the
American West and many semiarid and arid parts of the world. Welchert
and Freeman (1973) reported the use of horizontal wells to tap seepages
and small flows of water on the San Carlos Apache Indian Reservation.
A liter per minute was enough flow for a single water point, and 20 to
25 liters per minute supported storage and pipeline development for
several troughs. The wells were cased and capped for water control
because most flowed by gravity. Advantages of horizontal wells include
storage of water in the soil with a minimum of loss, sanitary water,
usually low-cost development since the wells are shallow, and high
success rate in construction. Larger, naturally flowing springs have
similar advantages when they are boxed and fenced and the water is
piped to troughs (Hendricks 1938).

Storage of water in open dirt tanks has developed into a pond
hydrology with specifications for construction under varying situations
of runoff, soil, geology, vegetation, land use, size, sedimentation, water
quality, evaporation, and seepage; and use for fisheries, waterfowl, and
recreational purposes. These small stockwater structures duplicate in
miniature many values, such as gully control, recreation, and garden
irrigation; and problems such as control of streamflow, water right
regulations, downstream values, and environmental regulations for clean
water.

Much water is lost by evaporation from dirt tanks, 3 meters or more
a year in hot, dry climates. Deep reservoirs with little surface area in
relation to depth reduce but do not eliminate evaporation losses. A rule
of thumb on depth is to have storage for 2 meters of water plus the
annual losses. A desilting basin above the water storage traps the silt.
Covering the water surface with a monomolecular film of alcohol reduces
evaporation, but wind, which breaks the film and piles the material to the
lee side of the ponds, makes it of questionable value. Foam rubber 2
centimeters thick may be floated on water in metal tanks.

Water harvesting is the gathering of runoff water from aprons that
have been treated to reduce water infiltration into the soil. Runoff of
10 centimeters from an apron 10 x 10 meters provides enough water for
100 cows for three weeks and minor losses. There are five basic methods
of increasing runoff: reduction of vegetation; use of naturally impervious
surfaces such as roads and rock; land alteration; chemical soil treatment
such as with salt and wax; and ground covers with concrete, fiberglass,
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plastics, and asphalt roofing. The ground covers with membranes
commonly yield over 90 percent of the precipitation (Frasier et al 1979).

A common formula is to make the apron a size that half the average
rainfall fills the storage tank. Efficient use of water requires covered
storage, a trough, and float valve to conirol the flow. The seal on the
drainage apron and the water trap may last only a few years. Water
harvesting may be as small as a meter square basin to provide extra
water for establishing a planted shrub.

Any facility must provide sufficient water for animals after losses.
Louw (1970) summarized information on minimum water requirements
(in liters per 100 kilograms of body weight) of several animal species
when they were subjected to temperatures of 40 degrees centigrade
during the day and 22 degrees at night. These following data do not
cover variations due to feeding habit, use of water in the feed, and
species differences in extracting water from the feed. They do show that
the domestic cow of the European type requires more water than other
ungulates and that wild animals need to be taken into account when
planning water developments:

: Animal Species liters /100 kilograms/day
Hereford | 6.42
Eland 549
Cape buffalo 4.58
Zebu cattle 3.22
Thomson's gazelle 2.74

Varying with rangeland location, season, and breed, a reasonable rule
is to supply 10-12 gallons per day (38-46 liters) for a cow and calf, 12-15
gallons per day (46-57 liters) for a horse, and 1-1.5 gallons per day
(3.8-5.7 liters} for a ewe and lamb. Most of the animals in a pasture will
seck water at the same time; therefore, the water delivering device should
be large enough to supply the daily needs of the herd in an hour or two.

Sand trapped above a dam holds water in the voids among the sand
grains. In coarse sand, water space amounts to 25 to 30 percent of the
volume. Evaporation proceeds at a slow rate after the top 2 or 3
decimeters of sand have become dry. No plants of any kind should be
allowed to grow on the sand because transpiration uses water. Water in
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the sand tank may be obtained from a well on the upstream side of the
dam or from a pipe through the dam. Sand tanks have been developed
and used for a century or more in the southwestern United States,
Mexico, and longer in desert areas.
Plastic pipe has facilitated extensive range pipeline systems for
watering livestock. Commonly, the system begins with a well and pump
to lift the water into a storage tank located on a high point where gravity
flow may be utilized. For safety, the storage capacity should be at least
a 7-day supply for motor-driven systems or a 14-day supply for wind
systems (Patterson 1967).

Pipeline routing and placement of drinking facilities depend upon
number of animals and topography. Troughs placed at 800- meter
intervals along the line tend to spread cattle into small bunches. Troughs
may be opened or closed to attain rotational grazing and to relieve heavy
utilization near water. Martin and Ward (1970) claimed that water points
must be separated by the maximum daily cattle travel distance for water
to serve as a device to keep them away from certain areas.

The hauling of water for livestock on rangeland began with the wagon
trains across the plains. The practice has continued as need has arisen
and changed as the hauling equipment has improved. The necessity of
hauling water follows the drought and the wet weather patterns.

Fencing

Efficient use of fences requires an initial concept of the different uses
of the landscape on either side of the proposed boundary. Well-defined
property boundaries make good neighbors and their purpose hardly
needs describing. Internal division fences having different purposes than
the boundary fences are discussed here.

Obviously, cropland and hayland must be separated from grazing
resources. Different classes of livestock sometimes may require separate
pastures for animal management. Fences confine animals to certain areas
and exclude them from others. However, the number of pastures and
location of fences often depend upon availability of water and other
facilities. Regulation of access to areas by animals and people requires
fencing,

Fences should be located on ridges, perpendicular to the contours,
angling across steep slopes where animals naturally avoid the steepness,
and should be placed where they serve their purposes with the least
upkeep. Fences will aid management if they can be placed between
different range condition classes and where high- and low-value
vegetational types can be separated. Before any fence is constructed, the
need for that fence, in terms of conscrving soil and added use of forage
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to repay the cost of the fence, should be determined. Roughly, 1.6
kilometers of new fence should add the equivalent of 1 AU in grazing
capacity or like value in reducing management costs.

Fences that cross drainages often cause concentration of animals on
one side and damage to riparian resources. If fences must be located
near reservoirs on rough cattle range, they should cross below the water
because cattle usually graze outward and upward. Narrow corners tend
to create ungrazed areas on cattle range, but on sheep range they may be
overgrazed if they point toward the prevailing wind.

Permanent fence varies in design as much as the builders. Designs are
available from the dealers of fencing materials and most range
management manuals in the federal agencies also show fencing
specifications.

Electric fences have many advantages on rangeland. Capture of solar
energy, plastic posts and special conducting wire makes possible their use
almost anywhere. They can be used as temporary barriers to eroded
places, new seedings, stands of poisonous plants, newly burned areas,
fertilized areas, riparian zones, and new water facilities. A single wire
about 1 meter above the ground helds mature cattle and permits calves
to cross underneath to better feed. Electric fences cost relatively little,
since posts are widely spaced and one wire strings easily. Juniper or
local woods may be used for fence posts. The lay-down fences, put on
the ground before winter, avoid damage by snow and reduce problems
with game. White posts and glitter strips on the wire help animals see
the single~-wire fence.

Fencing where wild animals need to be permitted full movement or
prevented from entering presents special problems. Deer control requires
straight, vertical fences about 2.5 to 3 meters in height. Slanting,
overhanging, and outrigger types of construction, which prevent deer
from approaching the fence base, discourage them from jumping.
Pronghorn will not jump a fence much over 80 centimeters in height
unless they are pursued or stressed. They tend to go under rather than
over most fences so the lowest wire should be smooth and at least 41
centimeters (16 inches) above the soil. Short cattle-guards may be used
as pass structures for pronghom. One-way off-ramps over highway
game fences permit deer, elk, and antelope a one-way passage away from
auto traffic.

Fencing for seasonal grazing plans on relatively level country with
high grazing capacity presents special problems because the pastures may
need to be divided a second time as the plans develop. Water courses
can be blocked into small pastures on each side and larger units located
toward the hills. Triangular shapes that extend from a central watering
point divide efficiently.
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Roads and Trails

Construction of livestock trails and roads over rough, rocky areas,
through dense timber, and across other barriers increases efficiency in use
of rangeland. Grazing ceases away from trails in dense timber and shrub
stands. Livestock distribution in large areas of marsh and overflow land,
as near the Gulf of Mexico, improves with the construction of earthen
dikes for walkways and windbreaks. When water covers the land, cattle
graze near firm ground. The dike should be at least 2 meters above high
water at settled heights, 2 meters across the top, and should have slopes
of 1.5:1. The paths may be graveled to reduce trampling damage and to
serve foot travel by hunters and birders. The barrow pit furnishes a
permanent aquatic habitat for waterfow! and stock water through the dry
season. Rather than always being on one side of the dike, the barrow pit
should be staggered on alternate sides at about 100-meter intervals.

Range roads have many values for the landowner, livestock,
recreationists, and wildlife. Pioneer plants and insects along the track
furnish food, and the culverts become warrens for wild species. Roads,
as open strips through the vegetation, are lines of sight for predators and
people, fuel breaks, and escape routes.

The trailing of large herds has largely disappeared, except for the
Bedouin movements in some parts of the world. Stock routes still exist
in Australia, but their use has decreased as trucking has increased (Fig.
13-3). Trailing reduces weight gains in livestock, increases death loss,
and causes considerable damage to vegetation and soil. However, within
management units trails are opened through timber, over cliff barriers,
etc. to permit even utilization of range forage.

Herding

Herding of cattle is necessary in large unfenced pastures in order that
they use the forage evenly. One rider or a person on a wheeled vehicle
can take care of approximately 500 head or 125 square kilometers of land,
in favorable topography. The rider needs to know range condition,
effects of grazing, and animal habits. Cattle can be trained to use certain
areas and will repeat that use year after year. Duties of the range rider
include repairing fences, maintaining adequate water and salt, caring for
sick animals, preventing death losses, keeping bulls distributed, and
assuring proper forage utilization.

Herding sheep in bands of 1,000 ewes plus lambs in the summer and
roughly double that number of ewes in winter remains a common
practice in the western United States. Even use of a range by sheep
depends almost wholly upon the herder and the routes that are followed.
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13-3a

13-3b

Figure 13-3 Photo 13-3a shows a stock route between a highway and
private land in Australia badly abused by trailing sheep. Photo 13-3b
shows damage by motorcycles in California.
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Such practices as open herding, one-night bedgrounds, planned routes,
and proper use of mixed timber and grass types are at the option of the
herder. The sheep should be allowed to graze in open formation, with
only their direction determined. This type of grazing means little use of
dogs and quiet handling so that the band will spread over the area to be
grazed. Herding in this manner increases weight gains over those
attained with close herding.

Bedding bands of sheep on national forests in a new place each night
increased weight gains, decreased damage to bedgrounds, wasted little
forage, and resulted in uniform forage use. During the free-range era,
bands of sheep stayed in the same location every night for three or four
weeks. The new practice of moving, every day became regulation in the
use of national forests by sheep and were shown to be a means of range
improvement (Heady et al 1947). Herding of sheep offers closer control
of forage use than does herding of cattle.

On ranges where tree and meadow types of vegetation exist in a
mosaic, each type of vegetation should be used by sheep in proportion
to the forage produced. Usually the open areas are grazed early and late
in the day and the forested areas in late morning and again in early
afternoon after the midday resting period. Thus the sheep are kept in
open country during the times of greatest danger from predators and in
shade during the hottest part of the day.

In Australia, where sheep are pastured within fences and not herded,
distribution problems become similar to those of cattle. Large pastures
with few watering points leave many parts of the pastures essentially
unused. In much of Africa and the Middle East, small groups of
domestic animals are herded into the bush each morning and returned
to a central corral at night. Using wide-spaced corrals for a day or so at
a time in rotation reduces trailing of animals and permits range
improvement.

Light aircraft, aerial photos, and helicopters are aids to checking water
supplies and the welfare of domestic animals. Counting, capturing, and
gathering many wild animal species depends upon aircraft. Australian
sheep ranchers use light fixed-wing aircraft to find sheep in bushy areas
and in large pastures and to herd them toward the ground crew.

Salting

Salting is the planned distribution of the amount of salt required by
livestock for the grazing period. Cattle movement can be altered
effectively by proper placement of salt grounds. Locations should be
selected so that animals will move to them and are drawn away from
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overgrazed or heavily trampled areas. Likely, these salt grounds will be
on flat places, near shade, on accessible ridges, on level spots on slopes,
in lightly used openings in forests, in patches of vegetation with low
palatability, and in accessible corners of ranges where animals seldom
graze. In forested areas, salt should be placed so as to attract cattle away
from the meadows and onto the dry slopes. As slope and distance from
water increase, more salting locations should be used.

Where abundant dissolved salts exist in soil, water, and vegetation,
free salt may have little attractive value for animals. Ordinarily one salt
ground should be established for each 30 to 40 head of cattle in flat
country and for each 25 head on rough range. Enough salt should be
placed in each bunker to last until proper forage utilization is attained or
until ten days before animals are moved. Salt-hungry cattle readily will
accept new locations at moving time if shown the locations. Common
mistakes in salting include placing too much salt in one place, locating
salt grounds over 1.6 kilometers apart, salting in the same location year
after year, placing salt closer than 400 meters from water, and not
showing animals salt at new locations. The necessity for placing salt near
water has not been demonstrated.

Herded sheep in bands on open rangeland should be salted at or near
their bed-grounds in the evening, away from overused sites near water.
If this is done, the band will settle for the night and stay on the
bed-ground, with less tendency to leave than when salting occurs in the
morning,.

Salt (20 percent) and cottonseed meal (80 percent) distributed on
rangeland in self-feeders serve to maintain livestock condition as well as
to improve the utilization of forage. If needed, minerals such as
phosphorus in the form of dicalcium phosphate may be added to the
mixture. Movable self-feeders, bunkers and troughs, permit flexibility in
attaining an effective proper-use plan for the entire range. Ares (1953)
after several years of study of forage use attained with different
distribution patterns of a 4:1 meal-salt mixture, reported that the area of
proper use increased from 32 to 59 percent of the pasture when no
feeding site was closer than 800 meters from water. Feeding near water
resulted in more supplement and less grass consumption than feeding
away from water (Martin and Ward 1973).

Elk in northern Idaho consumed salt distributed for cattle, especially
after two to three weeks on succulent spring feed. However, elk did not
change their movements from winter range to summer range in response
to salting that aimed to retard their trek to high elevations (Dalke et al
1965).
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Vegetation Practices

Seeding highly palatable species away from water and less palatable
ones near water has been suggested as a means of improving animal
distribution.  Suitable species and sites limit the usefulness of this
scheme. However, seeding of plants with low palatability or high
resilience to defoliation near areas of livestock concentration has value in
soil conservation and range rehabilitation.

Fertilization and prescribed burning away from water may serve the
same purpose as seeding. Livestock are known to be attracted to both
treatments. Smith and Lang (1958) fertilized a strip 100 meters wide and
1.6 kilometers long going outward from a watering point. Forage
utilization adjacent to the strip increased from 15 percent before
fertilization to 55 percent afterward. Hooper et al (1969) claimed that
increased utilization and better livestock distribution are as valuable as
the added forage from fertilization and that profitability cores from the
combined results.

Fires in the California chaparral, dense sagebrush, slash after logging,
and in cacti increase forage supplies and facilitate use of the land by
livestock and game animals. Fires in dry grasslands and marshlands
make available new green growth, which soon attracts both livestock and
game.

Combination of Practices

Fencing requires assurance of adequate water. Conversely, water
developments can improve the uniformity of forage use without fencing.
Half a dozen or more practices give numerous alternative combinations,
The amount of money that can be expended for range improvements to
increase livestock distribution depends upon increased production from
the land. Increased grazing capacity stems from newly available range,
even use, and a longer grazing season. They are expressed through
increased weight of animal products, reduced labor and machinery, and
a decrease of the nonrange feed requirements (Roberts and Wennergren
1965). Economic evaluation of cattle distribution on mountain rangelands
for one location suggested that water development, trail construction,
salting, and herding were more profitable than was fencing (Workman
and Hooper 1968). It is well to keep in mind that increased livestock
production ascribed to seasonal grazing may be in part due to decreased
pasture size and even distribution of animals.
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