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To assess sustainability of privately owned rangeland, a questionnaire was used to
gathered data from ranches in Cooke, Montague, Clay, Wise, Parker, and Jack counties in North
Central Texas. Information evaluated included: management philosophy, economics, grazing
practices, environmental condition, quality of life, and demographics. Sustainability indices
were created based on economic and land health indicator variables meeting a minimum
Cronbach‘s alpha coefficient (o = 0.7). Hierarchical regression analysis was used to create
models explaining variance in respondents’ indices scores. Five predictors explained 36% of the
variance in rangeland economic sustainability index when respondents: 1) recognized
management inaction has opportunity costs affecting economic viability; 2) considered forbs a
valuable source of forage for wildlife or livestock; 3) believed governmental assistance with
brush control was beneficial; 4) were not absentee landowners and did not live in an urban area
in Texas, and; 5) valued profit, productivity, tax issues, family issues, neighbor issues or weather
issues above that of land health. Additionally, a model identified 5 predictors which explained
30% of the variance for respondents with index scores aligning with greater land health
sustainability. Predictors indicated: 1) fencing cost was not an obstacle for increasing livestock
distribution; 2) land rest was a component of grazing plans; 3) the Natural Resource
Conservation Service was used for management information; 4) fewer acres were covered by

dense brush or woodlands, and; 5) management decisions were not influenced by friends.



Finally, attempts to create an index and regression analysis explaining social sustainability was
abandoned, due to the likely-hood of type one errors.

These findings provide a new line of evidence in assessing rangeland sustainability,
supporting scientific literature concerning rangeland sustainability based on ranch level
indicators. Compared to measuring parameters on small plots, the use of indices allows for
studying replicated whole- ranch units using rancher insight. Use of sustainability indices may

prove useful in future rangeland research activities.
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CHAPTER I

INTRODUCTION

Background

The present state of health of U.S. rangelands is a matter of sharp debate, even for
government agencies working with rangeland assessments. Valuable products are associated
with these grasslands, including forage for domestic and wild animals, species habitat, water
storage and filtration, carbon sequestration, recreation, open space, and a way of life for
rangeland-dependent rural communities. These products are aligned with economic, ecological.
and social parameters (Maczko et al., 2004).

Lands designated as “grazing land” encompass 25.9% of all land in the U.S. (Lubowiski
etal., 2006). These grazing lands are a result of the anthropocentric shift of free-range wild
herbivores to a system which is sometimes characterized by overgrazing and loss of ecological
function caused by domesticated livestock. The relationship between the ecosystem and
livestock grazing is often the primary reason for the concern about rangeland health (Belsky et
al., 1999; Centeri et al., 2009). The concern over animal impact on the environment is one of the
major reasons for the debate concerning rangeland. The opposite belief is that grazing by
ungulates was instrumental in the evolutionary history of grassland ecosystems (Michunas et al.,
1988; Knapp et al., 1999) and grazing of indigenous rangeland is one of the most sustainable
forms of agriculture known (Frank and McNaughton , 2002; Heitschmidt et al., 2004).

The interaction of livestock with the environment is very complex. Different scientists
looking at the same data have come to different conclusions. Additional problems are incurred

when reconciling grazing land management results from experimental studies, with commonly



held beliefs and perceptions. This is especially true regarding outcomes derived from
implementation of various grazing strategies (Briske et al., 2008).

A primary issue with reconciliation of experimental evidence and perceived rangeland
management outcomes has been the scale of field experiments. Generally, scientific studies have
not conformed to the scale of grazing operations because of the importance of replicating
treatments in experimental research and the limited availability of land and other resources for
conducting such research. It is impossible to capture, in small-scale research trials, the
complexity of rangeland resources in operational scale grazing systems (Teague et al., 2008;
Laca, 2009).

Furthermore, managers must adapt to changing biophysical and socio-economic
conditions. These include variables that are extremely difficult or impossible to address in short-
term and small scale grazing experiments, such as, changing weather conditions and variations in
grazing behavior of animals. As a result, the high number of variables affecting ranch-scale
management makes it virtually impossible to use traditional experimental protocols to compare
alternative management schemes at real-world operational scales. Even though pastoralist
knowledge is more focused on productivity than on maintaining ecosystem processes (Bollig and
Schulte, 1999), Knapp and Fernandez-Gimenez (2009) concluded that ranchers in the West have
gained insight about natural systems through daily interaction and management of landscapes.
Through interviews, they found that ranch managers’ knowledge complemented scientific
knowledge, especially concerning active knowledge applied to management decisions,
embedded knowledge from living in place, and integrative knowledge that links ecological,
economic, and social aspects of rangeland systems.

As Maczko et al. (2004) indicated economic, ecologic, and social elements may be
visualized as one leg of a 3-legged stool, with each aspect of sustainability representing a leg.
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Understanding the complex interactions that occur between grazing management and each of
these three elements will ultimately lead to conclusions concerning the sustainability of
rangelands.

Perception is the process of attaining an understanding of information and is a result of
interplays between past experiences and personal interpretation (Pomerantz, 2003). While
experimental studies are vital, management’s perception of benefits associated with grazing
systems are even more crucial for successful implementation of sustainable ranch management
practices; only ranch-level, adaptable grazing system management is capable of addressing all of
the variables associated with sustainability of mid to tall-grass prairie ecosystems.

Overgrazing, drought, erosion, and other human and naturally induced stressors have
caused severe degradation in the past. In many areas, rangeland remnants are all that remain of
vast sections of mid to tall-grass prairies. These remnants are very much at risk of damage due to
the mismanagement of livestock and increasing human population. Costa and Reham (2005)
have shown that the traditional decisions to retain livestock, even at the expense of the
environment, may be as philosophic as they are economic. Deliberate, high-stocking rate
decisions appear paradoxical, even irrational given the state of knowledge regarding the
consequences of overgrazing. The phenomenon appears to be linked with objectives of livestock
managers. Indications are that producers view cattle ownership as a means to ensure they are
able to continue land ownership, as a source of security and liquidity, and as a way of life worthy
of passing to the next generation.

Sustainable resource management has evolved as the logical extension of the application
of sustainable development principles to land management (Shields and Bartlett, 2002).
Implementation of sustainable grazing practices is of value to protect vital natural resources such
as rivers, streams and aquifers as well as to increase productivity of agricultural practices without
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increasing use of non-renewable resources. The application of appropriate grazing management
systems has been widely found to be critical for the continued ecological health and agricultural
sustainability of rangelands around the world (Klipple & Costello, 1960; Holechek, 1994; Ward,
1999).

Theoretical Premise

The theoretic premise put forward by this study is a direct response to the issues
described in the background. The specific premise is that a method which investigates each
aspect of rangeland sustainability separately (economic, land health, and social) is necessary.
Doing so will be useful when land owners and agency personnel are assessing different
perspectives known to be factors affecting the ability of mankind to utilize this natural resource
sustainably; benefitting from its goods and services today, while preserving these goods and
services so that future generations can benefit also. Additionally, when investigating aspects of
rangeland sustainability, a study must be conducted on the whole-ranch level; whereas, small
scale studies have proven to further divide the opinions within the scientific community.

The difficult task of assessing rangeland sustainability can be addressed by questioning
ranch managers about their economic situation, rangeland physical properties, social satisfaction,
management philosophy, grazing practices and personal characteristics. The economic
information, rangeland physical properties, and social satisfaction could be the basis for
indicators of sustainability. The questions concerning philosophy, grazing management and

personal characteristics could be used to assess impact on sustainability.

Study Objectives
Range professionals have assigned various degrees of importance to different processes

in nature (Naeem, 2002). “Applied management sciences bridge the gap between ecological



information and the achievement of desired management goals by integrating knowledge from
diverse disciplines. They evaluate management consequences within a research-based theoretical
framework of ecological processes and how they affect ecological, economic, and social factors
important to management” (Teague et al,. 2008). This analogy links closely with Sydorovych
and Wossink (2008) and Calker (2005), who identified sustainability for agricultural systems in
terms of economics, internal social, external social and ecological parameters. “As competing
demands contend for increasingly limited rangeland resources, consistent, comparable economic,
social and ecological data is necessary for informed decision-making regarding tradeoffs among
goods and services derived from rangelands” (Maczko et al., 2004). The research reported here
contributes new data that should be useful in this decision-making arena.

The specific objectives of the study were to contribute to the knowledge and
understanding of some of the key grazing management elements essential to sustainable
rangeland management as described by the 2003 SRR Executive Summary (West and Herrick,
2003), specifically:

1. Contribute to the knowledge base for research by agencies, universities, and
organizations focused on developing methods to address data gaps and research
needs associated with criteria and indicators,

2. Aid in improved accountability for rangelands stakeholders through multi-scale,
coordinated data reporting.

3. Provide a basis for stakeholder dialogue at local, regional, and national scales and
expanded understanding of rangeland sustainability.

4. Gain an understanding of range management philosophy, practices, and personal
characteristics that are indicators of sustainable management at the whole-ranch
scale.

Scope of Study

This study sought to understand the relationship between grazing management decisions

and perception regarding long-term rangeland sustainability in whole-ranch enterprises.



Information was gathered, via a formal survey instrument, on a large number of variables related

to perceptions of land health, rangeland productivity, economic viability, quality of life, and

cultural experiences from the study group, which was comprised from rangeland scientists in the

north Texas area. The variables were reduced to a set of factors that aid in understanding

motivation concerning implementation of rangeland sustainability practices. The results of these

surveys should be useful for the following reasons:

1. Important indices of critical factors affecting perceptions have been developed
and could be used to develop further models that explain variations in grazing
system perceptions.

2. Results can be utilized to develop effective marketing tools to promote the
adoption of grazing management systems that enhance ecosystem sustainability.

3. The results comprehensively inform conflicting viewpoints regarding the benefits
of planned, rotational grazing practices.

Questions

Specifically the study attempted to answer the following questions:

1.

What are land managers perceptions of sustainable grazing strategies based on whole-
ranch observations?

What management practices are ranch managers implementing?

What are the obstacles for land managers to implement perceived sustainable range
management practices?

How do management practices relate to sustainability measures? 1. Economic; 2.
Social and; 3. Ecological?

What is the relationship between rangeland management practices that are perceived
as sustainable and rangeland management practices that are being implemented?

Do managers using any particular grazing strategy, identified as contributing to the
sustainability of rangeland, have any identifying characteristics? (e.g. live on their
land, are long term residents, depend on their land for a significant amount of their
total household income, operate livestock enterprises with multiple classes of animals
(e.g. breeding cows, heifers, stokers, small stock, etc) or, operate both livestock and
wildlife enterprises more likely to use rotational grazing systems?)

Resulting Hypotheses

The questions above have led to the following hypotheses:



1. Land manager perceptions of sustainability, based on whole-ranch observations will
center on productivity and profit.

2. Management practices being implemented will vary widely.

3. Land managers will limit implementation of grazing strategies perceived as sustainable
based on labor and cash flow.

4. Rangeland Sustainability will be predicted by grazing management practices, philosophy,
and land owner characteristics.

5. Findings concerning landowner grazing management, via the survey instrument, will
compliment physical, experimental studies, solidifying whole-ranch assessment of
ecological sustainability.

Data

A survey of livestock managers, operating an enterprise consisting of 500 acres or more
of native rangeland, was conducted. Managers in Cooke, Montague, Clay, Jack, Wise, and
Parker Counties in north central Texas were the targeted population. Data collected included:
Demographic data; Personal philosophy on sustainability; Management practices being
implemented; Personal perception of identified components of ecosystem functionality for
respondent ranch; personal perception of economic viability for respondent ranch; Personal
perception of social issues for the respondent ranch.

These data were organized into questionnaires based on a series of strategic processes.
Initially a preliminary study was conducted, especially designed around the livestock managers’
survey. The questionnaire was developed based on information reported in current grazing
management literature and range management text books. Conducting the preliminary study was
beneficial for several reasons. It helped to evaluate the survey instrument for comprehension by
the reader, response rate, duplication, and usefulness of answers. Also, the application of
statistical methods helped to identify interrelationships among the large number of variables.

A focus group was conducted in an effort to fully understand predominant whole-ranch
grazing management perceptions pertaining to economic, social, and ecological outcomes. As
suggested by Briske et al. (2008), this circumstantial evidence, derived from successful grazing
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manager experiences, may be compared with experimental research to gain valuable insight and
develop a more robust approach to understanding and implementing successful grazing
management. Qualitative data collected from our focus group were documented and used to
develop the questionnaire for thorough assessment of whole-ranch management.

A formal survey was conducted to identify grazing management strategies that are
perceived by ranchers to best achieve whole-ranch business objectives and ecosystem enhancing
practices for mid to tall-grass rangelands in the USA. Data collected were used to evaluate
perceptions regarding the effect of planned grazing systems on sustainable agricultural
production in mid to tall-grass rangelands. Surveys addressed issues of sustainability questions
concerning land health; rangeland productivity and economic viability; and quality of life and
cultural experiences.

Finally, there was a test for non-response bias. This was conducted by sending a second,
but short non-response survey. Especially, of interest was demographic data, to test if non-
respondents were a representative section of the population, or if non-respondents were biased in
one direction or another.

Data were collected and evaluated for statistical methodology. SPSS and R-2.13.0
computer software were used to perform multivariate analysis. Information was reduced to
create indices from perception data. These data was compared with management practice and
with respondent characteristics. Statistical analysis served to identify key variables that are

indicators of perceived sustainable rangeland livestock management.

Project Overview
The overall goal of this research was to identify grazing management strategies that

promote the long-term productivity and ecological health of grazing land as identified from the



whole-ranch perspective. Technical information obtained can be used to improve awareness by
the ranch manager and the public concerning grazing management strategies that best correlate
with enhanced rangeland sustainability.

The study was submitted for approval to UNT"s Institutional Review Board (IRB) for
approval (Human Subjects Application No.10-235). It was determined to qualify for an
exemption from further review.

The remainder of this document is divided into four main sections. The first is an in depth
look at the scientific literature available concerning rangeland grazing management strategies
and rangeland sustainability principles especially within the context of private land management
in the United States. Second there is an overview of the materials and methods involved in
developing and implementing this study. The third section is a presentation of the results and an
analysis of the data collected. Finally, the findings of the study are summarized in accordance

with the stated objectives which are listed above; future study needs are suggested.



CHAPTER II

LITERATURE REVIEW

Introduction

Forty to fifty percent of the terrain in the United States is rangeland. More than half is
privately owned (Buckhouse et al., 1994; Lubowski et al., 2006). A large percentage of
rangelands consist primarily of native plant communities managed, typically for livestock
production, with 587 million acres, 25.9% of the land in the U.S. being implicated as “grazing
land” (Lubowiski et al., 2006).

It is easy to see that private management of such a large portion of land in the U.S. has a
very significant impact on many environmental concerns. Grazing of livestock is extremely
important to the majority of the land management issues concerning rangeland. This literature
review will attempt to explore the issues related to managing livestock on rangeland in the U.S.

To explore this topic thoroughly, one must investigate the ecological and philosophic
literature that contributes to an understanding of livestock management. The major sections of
this review are as follows:

Introduction

Rangeland Ecological Function

Grazing Effects on Ecosystem Function

Livestock Management Strategies

Negative Ecological Impacts of Livestock Management
U.S. Policy: Impact on Rangeland

Land Ethics

Social and Economic Considerations for Private Rangeland
Holistic Management Principles

10. Sustainable Range Management

11. Conclusion

A AP SN ol i e

10



Select literature that is sited helps the reader gain an understanding of range management in
the U.S. It will investigate issues and impacts associated with private land management that are
necessary to fully understand the concepts related to ongoing debate concerning preferable
grazing strategies. Finally, it will review concepts that go beyond the debate, reviewing
literature that is trying to put the pieces of land management concepts together: ecological,

social, and economic.

Rangeland Ecological Function
Rangeland “health” is a term that is used by range managers to assess the environmental
integrity of the land. The Natural Resource Conservation Service (NRCS) (2000) states there are
three main attributes of rangeland that collectively define rangeland health. They are closely
related, yet separate. These are biological and physical attributes which are often used as
indicators of functional status of ecological processes and site integrity:

. Integrity of the biotic community — The capacity of the site to support
characteristic functional and structural communities in the context of normal
variability; to resist loss of this function and structure due to disturbance; and to
recover following disturbance.

- Soil/site stability — The capacity of the site to limit redistribution and loss of soil
resources (including nutrients and organic matter) by wind and water.

. Hydrologic function - The capacity of the site to capture, store, and safely release

water from rainfall, run-on, and snow melt, to resist a reduction in this capacity,
and to recover this capacity following degradation.

The attributes are susceptible to changes caused by disturbance in climate and

precipitation patterns, or disturbance caused associated with land use.
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Integrity of the Biotic Community

The central assertion of a relationship between biodiversity and ecosystem function is
that greater diversity is associated with higher ecosystem stability. Heterogeneity is the
precursor to biological diversity at most levels of ecological organization and should serve as the
foundation for conservation and ecosystem management (Christensen, 2003). Rangelands have
been described as inherently heterogeneous because composition, productivity, and diversity are
highly variable across multiple scales (Ludwig and Tongway, 1995; Fuhlendorf and Smeins,
1998). Mac Arthur (1972) suggested that with increases of alternative pathways for energy flow
within an ecosystem, the less likely that pathway destruction or disruption would unsettle the
system. Supporting these claims McCann (2000), notes that decreasing biodiversity will be
accompanied by less but stronger interactions within ecosystems and a decrease in ecosystem
stability (Deregibus et al., 2001).

A heterogeneous patchwork on rangelands can result from differential timing of
disturbances and corresponding out-of-phase succession among patches, spatial variability of
resources associated with topographic and edaphic patterns, or competitive interactions among
plant species (Fuhlendorf and Smeins, 1998; Fuhlendorf and Engle, 2001). Further, plant species
diversity and richness are affected by grazing management. Grazing enhances diversity at low
rates but reduces it at high rates (Mariott et al., 2009). The duration of agricultural intensification
appears to set the rate of recovery, with high variability between situations (Bakker and
Berendse, 1999).

It is also important to consider observations of the impacts of grazing on species diversity
associated with non-plant species. Sward structure usually changes rapidly after a reduction in
management intensity. Reduction of agriculture-use intensity generally results in more dead
material and more height heterogeneity (Vickery et al., 2001). Reduction in sward height caused
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by intensive grazing negatively affects some insects and arachnids, especially the smaller and
more sedentary species, however, abundance of arthropods increased more substantially in
relation to tussocks than swards (Dennis et al., 1998). Vegetation structure is also important to
birds. It has been shown that shorter swards favor birds foraging on soil invertebrates, but taller

swards favor those feeding on seeds or foliage (Atkinson et al., 2005; Buckingham et al., 2006).

Soil/Site Stability

Grass steppe represented the most desirable state in term of livestock production and soil
stability, while shrub steppe represented the most degraded and least productive state (Beeskow
etal., 1995). According to Wilson and Tupper (1982), range condition should be based
primarily on soil stability as soil degradation is the most serious manifestation of a decline in
range condition. Wind erosion of soils is likely to play an important role in the desert grasslands
of the southwestern United States, which have experienced dramatic vegetation changes
including extensive encroachment by shrublands over the past 150 years (Buffington and Herbel,
1965; Allred, 1996; Gibbens et al., 2005). Li et al. (2007) suggests that shrubs are relatively
ineffective at reducing wind erosion and nutrient loss compared to grasses. Vegetation changes
and soil degradation processes are closely related and may be site specific. Bosch and Kellner
(1991) emphasized the importance of understanding the process of rangeland degradation before
assessing the range condition of any area.

Soil erosion and sediment delivery from agricultural areas are responsible for the supply
of sediment-associated nutrients, pesticides and heavy-metal contaminants in many rivers and
streams (Steegen et al., 2001; Verstaeten and Poesen, 2002; and Lal., 2003). Sediment transport
capacity is 10 times greater for degraded pasture than pasture in that is not degraded (Verstraeten

et al., 2007).
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Hydrological Function

Scientific studies documenting hydrologic changes in rangelands are most often
associated with heavy grazing intensities, although these changes do not increase linearly with
grazing intensity (Naeth and Chanasyk, 1995). Increased stocking rates negatively affected
water infiltration into the soil (Abdel-Magid et al., 1987) and increased stream sedimentation
(Knight and Heightschmidt, 1987). The cause of the negative hydrological effect, as described
by Knight and Heightschmidt (1987), is changing surface factors such as aggregate stability,
surface roughness, litter cover, total grass and standing crop, combined with soil properties.
Likewise, Warren et al. (1986), found that increased stocking rates have negative effects on soil
properties (increased bulk density, disruption of biotic crust, reduced aggregate stability and
aggregate size distribution) due to physical effects on the soil and changes in the vegetation
towards dominance by lower seral plants. These effects are positively correlated with the
distribution and frequency of animal trampling. The same study indicated that managing for
grassland dominated by high seral plants improves hydrological function. Similarly, Pluhar et al.
(1987) found that infiltration increased and sediment production declined as vegetation standing
crop and cover increased.

Rest appears to be the key to soil hydrologic stability. In order to avoid long-term
progressive degradation, rest periods must be of sufficient length to allow full recovery of the
soil hydrologic condition prior to the reoccurrence of livestock impact. It seems logical that any
increase in stocking rate must, therefore, be accompanied by an increase in the length of the rest

period in order to compensate for the greater impact (Warren et al., 1986).
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Grazing Effects on Ecosystem Processes

The relationship between the ecosystem and the anthropogenic practice of livestock
grazing is very complex. In addition to affecting the three ecological functions of rangeland,
defoliation, trampling, and mineral deposition have varied affects on rangeland health and
rangeland processes. Grazing affects multiple rangeland characteristics including biomass, soil
nutrients, soil carbon, plant species composition, and forage quality (Teague et al., 2004).
Grazing alters plant physiological processes and nutrient cycling (Booth et al., 2003).

Rangeland ecologists generally accept that grazing by ungulates was instrumental in the
evolutionary history of grassland ecosystems (Milchunas et al., 1988, Knapp et al., 1999, Frank
and McNaughton, 2002). Because of this belief and other factors, to be discussed later, several
scientists have proposed that grazing of indigenous rangeland is one of the most sustainable
forms of agriculture known (Heitschmidt et al., 2004, Frank and McNaughton, 2002). At the
same time, there are many studies that implicate grazing as a very detrimental factor affecting
rangeland (Centeri et al., 2009; Belsky et al., 1999). Another controversial hypothesis is that
herbivory may, in some situations, increase range productivity (Belsky, 1986; McNaughton,
1989; Verkaar, 1986; Crawley, 1987; Hobbs and Swift, 1988; Westoby, 1989).

Natural rangeland communities are constantly responding to the effects of the most recent
disturbance, in most cases, never achieving a steady-state or climax stage. The absence of these
disturbances in grassland ecosystems results in a decline in species diversity and deterioration of
physical structure (Picket and White, 1985). Once disturbances cause damage beyond threshold
levels, it may never be possible to restore ecosystem functionality. Thresholds represent a
transition boundary which, when crossed, results in a new, degraded, stable state that is not

easily reversed without significant inputs of resources (NRCS, 2000). Severely degraded
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rangelands have the propensity to shift to a stable, shrub-dominated state that will not return their
original composition even with elimination of further grazing (Christensen et al., 2003).

Due to the complexity of ecological processes and their interrelationships, it is usually
difficult and/or expensive to directly measure site integrity and the status of ecological processes.
Therefore, biological and physical attributes are often used to indicate the functional status of
ecological processes and site integrity (USGS, 2002). Complicating the relationship between
grazing and the ecosystem still further is the variability between sites in relation to disturbance
response levels. This indicates that rangeland management will necessarily vary from one
location to the next.

Grazing management is the manipulation of grazing and browsing animals to accomplish
desired results, which generally include both plant and animal performance. Critical factors with
grazing management include the amount of plant material remaining after defoliation and the
timing interval between defoliations. The most basic analysis of grazing management
acknowledges management decisions are contingent on stocking rates and rotation timing
(Hanselka et al., 2009). Additionally, grazing science and management need to incorporate
heterogeneity and nonlinear scaling of spatially and temporally distributed ecological
interactions such as diet selection, defoliation, and plant growth (Laca, 2009).

Defoliation by grazers significantly affects individual plants morphologically and
physiologically. This in turn affects their vigor and productivity, as well as recruitment and
survival through the indirect effects on competitive relationships among plants (Briske and
anderson, 1990). The detrimental effects of defoliation are increased with greater intensity or
frequency of defoliation (Briske and anderson, 1990) and can lead to mortality of plants,
particularly if environmental conditions deteriorate. Seedlings and juveniles of palatable species
are particularly vulnerable. In an early and classic study, Crider (1955) found that a single
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defoliation removing 50% or more of the shoot volume retarded root growth in 7 of 8 perennial
species examined. This observation, among others, prompted the often used term, “take half -
leave half,” as a saying for grazing management that emphasizes stocking rate. However,
Hormay (1956) observed that preferred plants in preferred sites are utilized closely and
repeatedly even when the entire management unit is lightly or moderately stocked on average.

Other study results refute the notion that grassland herbivory leads to a reduction in root
productivity, and a decline in soil carbon content. Frank et al. (2002) insists that grazers
stimulated aboveground, belowground and whole-grassland productivity. They found the major
effect of herbivory was a positive feedback on root growth. It is reported that grazers are
important regulators of carbon and nitrogen ecosystem processes (Frank and Groffman, 1998).
Grazers can increase forage nutrient concentrations and aboveground plant production (Frank
and McNaughton, 2002). Grazers also enhance mineral availability for soil microbial and
rhizospheric processes that ultimately feedback positively to plant nutrition and photosynthesis
(Hamilton and Frank, 2001), in addition to increasing nutrient cycling within patches of their
urine and excrement (Holland et al., 1992). However, the positive feedbacks from grazers on the
ecosystem are contingent on suitable climatic conditions. During drought, these feedbacks are
diminished (Wallace et al., 1984; Coughenour et al., 1985; Louda, 1990).

A plant can produce leaves only at an intact growing point. The lower that point is to the
ground, the more grazing tolerant the plant. Destruction of that point will prevent the production
of seeds and new seedlings. Thus grasses need to be rested periodically to allow for production
of leaf material to feed the plant and produce seeds (Hanselka et al., 2009).

Livestock prefer to consume certain plants compared to others. In the context of
rangeland evolution and ungulate migration, these preferred plants have probably always been
severely grazed when encountered. It is suggested that the intermittent nature of the severe
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grazing prevented chronic defoliation (McNaughton et al., 1989). Overgrazing occurs on
individual plants as a result of multiple, severe defoliations without sufficient physiological
recovery between defoliations. Variables including site location, stock density, time-specificity,
and diet selection of grazing animals which can put palatable and actively growing plants in
preferred areas at a disadvantage (Earl and Jones, 1996). Stocking rate affects only the
proportion of plants likely to be used heavily. Therefore, while conservative stocking is an
important first step in sustainable management, it must be applied in conjunction with other
management practices like short grazing periods at high stock density (O’Connor, 1992) and
periodic deferment to mitigate the effects of selective grazing (O’Reagain et al., 2003).
Increasing differences in palatability and abundance among different plants in a pasture,
decreasing stock density, or increasing the graze period will tend to increase the likelihood of
overgrazing the more palatable plants (Earl and Jones, 1996). Supplemental feeding, and other
management practices that artificially sustain herbivores, break the negative feedback that
promotes good range productivity and maintains long-term system stability. In general, strategies
to increase cattle production in semi-arid rangelands should be based on the improvement of
natural forage production (Diaz-Solis et al., 2006).

Vegetation dynamics on a landscape emerge from interactions among plant autecology,
community processes, climate, and disturbance, as modified by grazing animal preferences and
distribution in response to plant species, topographic and ecological site diversity (Walker,

1988).

Livestock Management Strategies
Grazing management systems were developed in an attempt to manage grazers and

grazing lands in a manner that maintains or improves ecosystem structure and function while
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achieving social and economic goals (Heitschmidt and Taylor, 1991). In the recent past we have
largely restrained the movements of domestic animals and in the process inadvertently trained
herbivores to become sedentary, largely with the use of fences in continuous and conventional
rotational grazing systems, and with the suppression of fire and large predators (Provenza,
2003a). Responsible rangeland stocking rate should match forage availability in both wet and
dry years by allowing for adequate plant residual biomass to enable rapid regrowth following
grazing, and by having buffer areas available (Teague et al., 2004). “Since the range has been
domesticated, forage availability and thus production, has become dependent on stocking rates,
rest, and rainfall” (Texas Parks and Wildlife, 2007).

Grazing management is defined as the manipulation of livestock to accomplish a desired
result. Watson et al. (1996) claim that effective vegetation management will enable managers to
“condition the resource”. This will allow for maximum advantage to be made of favorable
rangeland events, possibly even increasing the frequency at which favorable events occur, by
lowering response thresholds of the system. In Rangeland ecosystems, vegetation management
will typically involve grazing. Hormay (1956) asserted that there are only four factors that can
be manipulated to influence desired management goals on rangelands with grazing: stocking
rate, season of grazing, livestock distribution, and frequency of grazing. These factors are
generally acknowledged by many range managers and scientists alike (Briske et al., 2008; Laca,
2009).

There are many types of grazing systems which utilize some component of the four
grazing management factors listed above. However all grazing systems involve continuous use
of a pasture or rotation of livestock. There are multiple strategies, with the use of rotational
grazing, one of the most notable being intensive grazing (Holechek et al., 1989; Hanselka et al.,
2009). When discussing specialized grazing systems it is important to understand the terms
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deferment, rest and rotation. Deferment is delaying grazing until seed maturity of key forage
species. Rest is deferment of a pasture for a full year, rather than just part of the growing season.
Rotation is the movement of livestock from one pasture to another on a scheduled basis

(Holechek et al., 1989).

Continuous Grazing System

Continuous grazing is the use of livestock on a pasture, leaving the herd in the pasture
permanently. The basic concept is one herd, one pasture, let the animals migrate and consume
forage at will, within a given area, throughout the year (Holechek et al., 1989). It is the simplest
form of grazing management.

This type of grazing system has some distinct advantages. It requires less labor and time,
requires minimal capital. and allows animals to select the best plants (if not overstocked)
(Hanselka et al., 2009). Numerous studies indicate that rangeland productivity and condition can
be maintained under moderate stocking rates and continuous grazing (Klipple and Costello,
1960; Kothmann et al., 1971; Pieper et al., 1978). Holechek et al. (1989) suggests a grazing
pressure of only 10-20% to allow adequate forage to sustain livestock during the dormant season.

Continuously grazed rangelands in poor condition lack the plant community to reproduce
because of the pressure applied by livestock, less production per acre, and uneven or patchy
pasture use (Hanselka et al., 2009). Areas near water and cover will often receive excessive e
use (Holechek et al., 1989). In ecosystems with a short evolutionary history of grazing,
repeatedly grazed patches represent the initial stages of rangeland deterioration and
desertification as a result of decreased water infiltration and increased runoff (Buckhouse et al.,
1994). Grazing management strategies that facilitate patch degradation increase pressure on

desirable plants already weakened by heavy use (Norton, 1998).
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Under continuous, moderately-stocked, grazing livestock tend to select local areas that
lack accumulations of biomass from previous years. This behavior produces small, heavily
grazed patches interspersed within avoided or lightly grazed patches. In effect, this creates a
pattern of small-scale structural heterogeneity (Bailey et al., 1996). At a larger scale, livestock
concentrate near water, thus increasing grazing pressure on vegetation near water and reducing
grazing pressure on vegetation distant from water. The result is larger-scale heterogeneity. This
gradient of grazing pressure associated with distance to water masks the small-scale
heterogeneity both close to and distant from watering points.

This heterogeneity has some advantages and disadvantages. Failure to consider the
spatial components of herbivory in carrying capacity calculations and assessments of ecosystem
persistence can contribute to overgrazing, failed economic development efforts, and declines of
wildlife populations (Coughenour, 1994). Grazing under enclosed conditions does not occur
uniformly over time or over a landscape (Ash and Stafford-Smith, 1996; Bailey et al., 1996;
Witten et al., 2005) and selective use of plants and landscape components under continuous
grazing can cause a gradually widening area of degradation under, even at light to moderate
stocking rates (Ash and Stafford-Smith, 1996).

Livestock grazing large paddocks exhibit spatial patterns of repetitive use, heavily using
preferred patches and avoiding or lightly using others. The process of patch-selective grazing
results in the effective stocking rate on heavily used patches being much higher than that
intended for the area as a whole. Alternatively, the intended goal of the manager may alter the
desirability for rangeland patch dynamics. Greater spatial heterogeneity in vegetation provided
greater variability in the grassland bird community. Fuhlendorf et al. (2006) demonstrated that
increasing spatial and temporal heterogeneity of disturbance in grasslands increases variability in
vegetation structure that results in greater variability at higher trophic levels. Thus, management
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that creates a shifting mosaic using spatially and temporally discrete disturbances in grasslands

can be a useful tool in conservation.

Rotational Grazing Systems

Rotational grazing is pasture management in which animals are rotated through a series
of paddocks, generally on some flexible basis (Butterfield et al., 2006). Rotational grazing is
more complex than continuous to understand. In fact, there are many specialized rotational
grazing strategies. Land rest is the critical feature of any specialize grazing system. Some
examples of specific systems are: Deferred Rotation, Merril Three-herd/Four Pasture, Season-
Suitability, The Best Pasture, High Intensity-Low Frequency, and Short Duration (Holechek et
al., 1989). This literature review will not address each system, but mentioning them is necessary
to understand the complicated nature of rotational grazing.

Native grazing ecosystems evolved while being dominated by large, migratory ungulate
herbivores. These ungulates would often graze selected sites very intensely. But the duration of
the intense grazing was short and defoliated plants were afforded time and usually suitable
conditions for re-growth (McNaughton et al., 1989). Nomadic pastoral systems that mimic these
grazing patterns of wild ungulates seem to have less detrimental effects on vegetation than more
sedentary grazing management (Danckwerts et al., 1993). However, with rotational systems, the
grazing load on other pastures must be increased during the critical growing period (Holecheck
et al., 1989).

Teague et al. (2008) explains that significant range improvement can occur by providing
periodic, adequate growing season deferment. Around the world, observations have noted an
increasing proportion of desired plant species and increased plant vigor following growing

season deferment. Growing season rest improved range conditions when stocking rates were
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similar or higher to comparisons of season long grazing or rotational grazing with shorter
recovery periods. (Smith 1895; Sampson, 1913; Rogler, 1951; Scott, 1953; Matthews, 1954;
Merrill, 1954; Hormay, 1956; Hormay and Evanko, 1958; Hormay and Talbot, 1961; Hormay,
1970; Reardon and Merrill, 1976; Booysen and Tainton, 1978; Taylor et al., 1980; Thurow et al.,
1988; Taylor et al., 1993; Tainton et al., 1999; Snyman, 1998; Teague et al., 2004; Miiller et al.,
2007). This is possible if adequate water and nutrients are available (Lee and Bazzaz, 1980;
Wallace et al., 1984; Coughenour et al., 1985; Polley and Detling, 1989). More arid rangelands
require longer recovery periods (Heitschmidt and Taylor, 1991). Additionally, Warren et al.
(1986) noted at a heavy stocking rate, water infiltration into the soil was much higher in an
intensively run, multi-paddock rotational grazing system than in a continuously grazed treatment
at the same stocking rate.

Rangeland provided with a long rest period or low grazing pressure decreases in forage
quality because of increased plant maturity. McNaughton (1979) compared grazed to non-
grazed rangeland. When adequate nutrients and moisture are available, multi-paddock grazing
managed at optimal grazing intensity, increased primary production. Grazing intensities greater
than optimal will decrease primary productivity. Evidence supports the grazing optimization
hypothesis at both the plant and community level (Belsky1986; Milchunas and Lauenroth,,
1993). The grazing pattern required to increase primary production mimics migratory herbivores
because there is a period of intensive grazing, followed by a long period of little or no grazing
(Frank and McNaughton, 1993). To maximize plant regrowth with intensive grazing systems,
plants must have access to adequate moisture, nutrients, and recovery time. Continuous grazing
does not allow for recovery on heavily grazed patches (Teague and Dowhower, 2003).

Grazing distribution is more even under intensive than extensive management. This depends on
how well the aspects of timing and frequency of grazing are managed. (Barnes et al., 2008),
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Derner et al. (1994) noted that: 1) Rotational grazing provided greater managerial control over
the frequency and uniformity of tiller defoliation and ; 2)intensity of tiller defoliation was similar
between the rotational and continuous grazing systems. Thus higher range condition will be
maintained over the long-term in rotational system pastures; /ittle bluestem will remain more
competitive and productive resulting from fewer defoliation events throughout the grazing
season (Derner et al., 1994). Also, rotational resting and rotational grazing should ensure
improved forage plant composition and productive potential so the effects of drought are
decreased and there is speedy recovery after drought (Teague et al., 2004).

Herbivores still express diet selectivity and thus patchy grazing to greater or lesser
degrees when managed under rotational grazing (Hunt et al., 2007). There is often a period of
time when rotational grazing performance lags behind that of continuously grazed animals as
herbivores better learn which plants to consume (Provenza, 2003a). Therefore, grazing periods
should be kept short enough so that the animals can maintain sufficient diet quality to meet
performance goals (Teague et al., 2008).

Successful grazing managers must optimize several ecological goals to attain sustainable
production goals (Heitschmidt and Taylor, 1991; Briske et al., 2008). Teague et al. (2008) argue
that these goals cannot be accomplished with continuous, season-long grazing in environments
that receive enough moisture to have growing periods of more than a few days. They further
suggest these goals should include: (1) Planned grazing and financial planning to reduce costs,
improve work efficiency, enhance profitability, and achieve environmental goals; (2) Providing
sufficient growing season deferment to maintain or improve range condition; (3) Grazing grasses
and forbs moderately during the growing season for a short period to allow adequate recovery;
(4) Timing grazing to mitigate detrimental effects of defoliation at critical points in the life cycle
of preferred species inter- and intra-annually; (5) Where significant regrowth is likely, grazing
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the area again before the forage has matured too much; (6) Flexible stocking to match forage
availability and animal numbers in wet and dry years or having a buffer areas that can be grazed;
(7) Using fire and other tools to manage livestock distribution and increase the total plants
harvested; and (8) Using multiple livestock species.

Specialized grazing systems usually lead to improved livestock management. With these
systems, concentration and handling of animals by the manager is increased. The results can be
better health, better breeding and better supplemental feeding programs and notably tamer
animals. Pastures receiving rest are available for burning, seeding and other management
practices (Holechek, 1989).

Livestock Management Strategies: Summary

Grazing systems are management tools designed to balance the conflicting relationships
between energy capture, harvest, and conversion efficiencies. They are designed firstly to
enhance livestock production over time by either improving and/or stabilizing the quantity and/or
quality of forage produced and/or consumed. Production improves if the benefits of rest or
deferment exceed the detrimental impacts of grazing. Stabilization results if the benefits of rest
exactly equal the detrimental impacts of grazing. Degradation results when the benefits of rest
are less than the detrimental impacts of grazing (Heidschmidt and Taylor, 1991).

For communities to move from one stable state to another, some external force is
required. Management should be aware of which stable state or states have the greatest chance
of fulfilling objectives and what combination of events is required to cause or prevent success
(Westoby et al., 1989; Danckwerts et al., 1993). Forage type and climate appear to be factors
that determine system productivity advantages. Especially in more humid areas (> 500mm
precipitation), and on seeded rangelands, short duration grazing appears to have a productivity
advantage (Daugherty et al., 1982; Heitschmidt et al., 1982; Sharrow, 1983; Jung et al., 1985).
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In areas of lower rainfall, and with annual grasses, studies have shown advantages for better
animal performance with continuous grazing systems (Mcllvain and Savage, 1951; Hoelechek et
al., 1987; Reece, 1986).

Negative Ecological Impacts of Livestock Management

Taking a look inward, at a targeted portion of American agriculture practices, it is not
hard to find instances of overlooking our environmental impact. When examining management
on U.S. grazingland which is a use that encompasses nearly 587 million acres or 25.9% of land
in the United States (Lubowiski et al., 2006), we find flawed policy, philosophy and
management. These flaws all have helped to increase the instance of overgrazing, which can
cause a profound change to the ecological function and productivity of rangeland. This is
especially true for native flora and fauna, as Samson et al. (2004) suggest that few grassland
landscapes remain adequate in area and distribution to sustain diversity sufficient to include biota
and ecological drivers native to the landscape.

Historically, profits were realized by depleting the range. Today, the range must be
sustained at a healthy level for ranching to be profitable. Rangeland degradation reduces the
diversity and amount of the values and commodities that rangelands provide, and severe
rangeland degradation can be irreversible. Overgrazing, drought, erosion, and other human and
naturally induced stresses have caused severe degradation in the past. (NRCS, 2000)
Overgrazing is not caused simply because livestock are present. Instead, it is a problem caused
by having too many herbivores grazing on a particular area, given the climatic, soil and
vegetative conditions, in a given timeframe. Or it may be caused because extensive grazing or
poorly managed rotational grazing of domestic animals by humans does not emulate the
movements of wild ungulates, whereby managed herds during dry seasons are held at stocking
rates higher than the land can support (Teague et al., 2008). Feeding and compaction by
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herbivores can cause a change in vegetative structure of an area. This action causes a
detrimental effect to land. Some associated negative effects are loss of plant and animal species,
invasion of exotic plants, erosion, desertification, loss of hydrologic function, and spread of
disease (Fleischner, 1994). For rangeland managers, this can mean a decrease in productivity
and health of livestock, as well as the loss of land available for future practices (Mowry, 2007).
Overstocking with livestock and drought has caused great ecological harm on the
rangeland. This, of course, is not sustainability; it is also in contrast to native grazing
ecosystems (Provenza, 2003b). Conditions that caused this problem include ignorance, apathy,
policy and desperation. “Ranching can be sustainable if it can convert to a self reproducing
resource into a profitable commodity without undermining the long-term viability of the
resource” (Sayre, 2001). Generally, the more sedentary and concentrated animal use of the
vegetation under human management removes the key revitalizing element of periodic dererment
and natural response to climate variation (Teague et al., 2008). The rangeland must renew itself
every year, and be harvested by livestock in an economical fashion. The common practice of
maintenance of artificially high animal numbers with supplementary feed during less productive

periods promotes degradation (Oesterheld et al., 1992; Milchunas and Lauenroth,, 1993).

U.S. Policy: Impact on Rangeland
A close look the cattle boom years of American history (70 years between the Civil War
and the Dust Bowl) indicates that rangeland deterioration began to occur because of personal
philosophy and government policy surrounding cattle and land. These seven decades saw land
use change from Spanish/Mexican pastoralism to modern ranching, with a hybrid (open range)

period in between. Combinations of factors were necessary to have caused the devastation
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experienced in that time frame. These factors were the cattle themselves, the railroad, and the
culture — all driven by outside capital investment (Sayre, 2002).

The origins of range management in the United States are usually traced to a critical
situation in the late 1880s and 1890s, when severe drought and harsh winters led to heavy cattle
losses, thereby forcing livestock producers to respond to problems of uncontrolled overgrazing
(Brunson, 2003). This educational era, which was aided by the passage of the Morrill Act in
1862 and the formation of the land-grant colleges (Holechek, 1989; Sayre, 2002), led to several
management practices that helped to promote overall land health. This era also produced a sense
of “man can do better than nature”, an attitude leading to the planting of “improved” grasses and
other management practices that may not have been in the ecological best interest of certain
regions. Most importantly, this era was unable to solve all of the problems caused by past land-
management practices (Sayre, 2002).

The passage of the Homestead Act in 1862 paved the way for the settlement of the west,
and thus the beginning of managed livestock grazing over most of the United States. This act
allowed anyone who had not taken up arms against the U.S. to lay claim to government land if
they filed an application, improved the land, and filed for deed of title.

Initially this caused a cattle boom in the west in the 1870’s and 80’s. Men wanted to
make the most of the situation while it lasted. They held the belief that there was more grass
than his cows could eat. They bought cattle in a time of rising cattle prices and high interest.
Soon drought and economic down-turn resulted in range degradation, cattle death and economic
loss. Responding to pressure by special interests and to developing circumstances a series of
congressional acts aimed at expanding the economic contributions of the west were passed.
Each helped to promote some aspect of the livestock industry and came with its own unintended
side effect. Some of the important congressional acts prior to the dust bowl years include: The
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Transcontinental Railroad Act of 1862; the Forest Reserves Act of 1891; the Enlarged
Homestead Act of 1909; the Stockraising Homestead Act of 1916 (Holechek et al., 1989).

Because of governmental policy, individuals settled on the productive land and used the
surrounding government land (open range) freely. In 1934 came the Taylor Grazing Act, which
ended open range. This act was a result of a realization that private lands in the West were
typically too small to support a household. This led to private lands near natural waters and
floodplains, where homesteaders managed to carve out a living long enough to perfect the title;
with