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Abstract

In spite of overwhelming experimental evidence to the contrary, rotational grazing continues to be promoted and implemented
as the only viable grazing strategy. The goals of this synthesis are to 1) reevaluate the complexity, underlying assumptions, and
ecological processes of grazed ecosystems, 2) summarize plant and animal production responses to rotational and continuous
grazing, 3) characterize the prevailing perceptions influencing the assessment of rotational and continuous grazing, and 4)
attempt to direct the profession toward a reconciliation of perceptions advocating support for rotational grazing systems with
that of the experimental evidence. The ecological relationships of grazing systems have been reasonably well resolved, at the
scales investigated, and a continuation of costly grazing experiments adhering to conventional research protocols will yield little
additional information. Plant production was equal or greater in continuous compared to rotational grazing in 87% (20 of 23)
of the experiments. Similarly, animal production per head and per area were equal or greater in continuous compared to
rotational grazing in 92% (35 of 38) and 84% (27 of 32) of the experiments, respectively. These experimental data demonstrate
that a set of potentially effective grazing strategies exist, none of which have unique properties that set one apart from the other
in terms of ecological effectiveness. The performance of rangeland grazing strategies are similarly constrained by several
ecological variables establishing that differences among them are dependent on the effectiveness of management models, rather
than the occurrence of unique ecological phenomena. Continued advocacy for rotational grazing as a superior strategy of
grazing on rangelands is founded on perception and anecdotal interpretations, rather than an objective assessment of the vast
experimental evidence. We recommend that these evidence-based conclusions be explicitly incorporated into management and
policy decisions addressing this predominant land use on rangelands.

Resumen

A pesar de la abrumadora evidencia experimental en contra, el apacentamiento rotacional continua siendo promovido e
implementado como la unica estrategia viable de apacentamiento. Las metas de esta sintesis son para: 1) reevaluar la
complejidad, los supuestos fundamentales, y los procesos ecoldgicos de los ecosistemas apacentados, 2) resumir las respuestas
de produccion vegetal y animal al apacentamiento rotacional y continuo, 3) caracterizar las percepciones prevalecientes que
influyen en la evaluacion del apacentamiento rotacional y continuo, 4) intentar dirigir la profesion hacia una reconciliacion
de las percepciones que abogan por apoyo para los sistemas rotacionales de apacentamiento con las de la evidencia
experimental. Las relaciones ecoldgicas de los sistemas de apacentamiento han sido razonablemente bien resueltas, a las
escalas investigadas, y una continuacion de experimentos costosos de apacentamientos, adheridos a los protocolos
convencionales, producirdn poca informacién adicional. La produccion vegetal fue igual o mayor en el apacentamiento
continuo en comparacion con el rotacional en 87% (20 de 23) de los experimentos. Similarmente, la produccién animal por
cabeza y por area fueron iguales o mayores en el apacentamiento continuo en comparacion con el rotacional en el 92% (35
de 38) y 84% (27 de 32) de los experimentos, respectivamente. Estos datos experimentales demuestran que existe un grupo
de estrategias de apacentamiento potencialmente efectivas, ninguna de las cuales tiene propiedades tinicas que separen una de
las otras en términos de efectividad ecoldgica. El comportamiento de las estrategias de apacentamiento del pastizal estin
limitadas en forma similar por varias variables ecoldgicas, que establecen que las diferencias entre ellas son dependientes de la
efectividad de los modelos de manejo, mas que de la ocurrencia de un fenémeno ecoldgico tnico. El continuo abogar por el
apacentamiento rotacional como estrategia superior de apacentamiento de los pastizales esta fundado en la percepciéon de
interpretaciones anecddticas mas que en una evaluacion objetiva de la vasta evidencia experimental. Recomendamos que estas
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conclusiones basadas en evidencia sean incorporadas explicitamente en el manejo y las politicas de decisién que abordan este

uso predominante de los pastizales.
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INTRODUCTION: THE DILEMMA OF
GRAZING SYSTEMS

The principle of rotational grazing was described by James
Anderson near the end of the 18th century in Scotland (Voisin
1959), but implementation of rotational grazing systems on
rangelands is a relatively recent phenomenon. Grazing systems
progressed during the 20th century from simple deferred
systems (Sampson 1913), to more sophisticated rotational
systems (Merrill 1954; Hormay and Evanko 1958; Vallentine
1967; Tainton et al. 1999), and most recently to intensive short
duration systems (Savory 1978, 1983, 1988; Savory and
Parsons 1980). The general goal of grazing systems was to
increase production by ensuring that key plant species captured
sufficient resources (e.g., light, water, nutrients) to enhance
growth and by enabling livestock to harvest available forage
more efficiently. The specific objectives by which grazing
systems were purported to increase production were to 1)
improve species composition or productivity by ensuring key
plant species a rest period during the growing season, 2) reduce
animal selectivity by increasing stock density (i.e., animals per
land unit) to overcome small-scale heterogeneity (i.e., patch
grazing), and 3) ensure more uniform animal distribution
within large heterogeneous management units by improving
water distribution and/or cross-fencing. We subscribe to
a broad definition of grazing systems as a specialization of
grazing management that defines reoccurring periods of
grazing, rest, and deferment for two or more pastures
(Heitschmidt and Taylor 1991). The basic types of rotational
grazing systems are described in Table 1.

The preponderance of evidence generated from grazing
experiments over the past 60 years has consistently indicated
that rotational grazing is not superior to continuous grazing on
rangelands (Table 2). This was true for the initial grazing
experiments (Sampson 1951; Heady 1961), numerous investi-
gations conducted throughout the 1970-1980s (O’Reagain and
Turner 1992; Holechek et al. 2001; Norton 2003), and several
rigorously designed recent investigations (Hart et al. 1993a,
1993b; Manley et al. 1997; Gillen et al. 1998; McCollum et al.
1999; Derner and Hart 2007). Yet, in spite of clear and
consistent experimental evidence demonstrating that rotational
grazing and continuous grazing have similar effectiveness on
rangelands, rotational grazing continues to be promoted and
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implemented as a superior grazing system (Norton 1998, 2003;
Tainton et al. 1999; Teague et al. 2004). Strong perceptions
must exist to maintain advocacy for rotational grazing systems
over continuous grazing in the presence of overwhelming
experimental evidence to the contrary. Heady (1961) observed
that the perceived benefits of rotational grazing developed early
in the profession when researchers offered explanations as to
why their results failed to support rotational grazing systems,
rather than directly concluding that there were no differences
between rotational and continuous grazing.

The specific objectives of this synthesis are to 1) reevaluate
the complexity, underlying assumptions, and ecological pro-
cesses governing the response of grazed ecosystems, 2)
summarize plant and animal production responses to rotational
and continuous grazing, 3) characterize the prevailing percep-
tions influencing the assessment of rotational and continuous
grazing, and 4) attempt to direct the profession toward
a reconciliation of perceptions advocating support for rota-
tional grazing systems with that of the experimental evidence.
This assessment is specific to the application of commercial
grazing operations, and it does not explicitly consider grazing
dynamics associated with herding, migratory grazing, or
transhumance.

PRIMARY SOURCES OF COMPLEXITY
AND CONFUSION

The absence of consistent management and policy recommen-
dations concerning the adoption of grazing systems after
several decades of experimental research and commercial
application is a testament to the complexity of this task. The
complexity resides in the broad array of confounding variables
that make a direct, valid comparison between grazing systems
and continuous grazing all but impossible (Heady 1961).
Consider the wide range of ecological variation associated with
rainfall regime (i.e., amount, seasonality, and intra- and
interannual variability), vegetation structure, composition,
productivity, prior land use, and livestock characteristics (i.e.,
breeds, prior conditioning, care, and handling). This tremen-
dous ecological variability is paralleled by variability associated
with the commitment, ability, goals (i.e., production vs.
conservation), and opportunities (i.e., land ownership, alterna-

Table 1. Characteristics of basic rotational grazing systems implemented on rangelands.

Grazing system Stock density No. of herds Length of grazing Length of rest Tactic
Deferred rotation Moderate Single Long Moderate HPG'
Rest rotation Moderate Multiple Long Short HUG?
Rest rotation High Single Short Long HPG
High intensity—low frequency High Single Moderate Long HUG
Short duration High Single Short Moderate HPG

"High-performance grazing strategy that enables selective grazing of preferred plants.

2High-utilization grazing strategy that affects heavy utilization of both preferred and nonpreferred plants (adapted from Heitschmidt and Taylor 1991).
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Table 2. Conclusions from major reviews of grazing systems research spanning the last 50 years of the rangeland profession. Experimental data
have consistently indicated that rotational grazing is not superior to continuous grazing on rangelands.

Review citation

Quotation of conclusions

Sampson (1951, p. 21)
deferred-rotation grazing.”
Heady (1961, p. 191)

“two fairly distinct viewpoints [exist] among range conservationists and operators regarding the merits of rotation or

“specialized grazing system has no advantage in livestock production over continuous grazing, at least with good or excellent

ranges under comparable stocking rates and degree of care in other management practices; ... other management factors
are more important in the production of livestock than system of grazing.”

Van Poollen and Lacey (1979, p. 253)
O’Reagain and Turner (1992, p. 43)

“land mangers should place more emphasis on proper stocking intensity, and less on grazing system implementation.”
“stocking rate is a major determinant of both range condition and animal production, and is possibly the most important

management variable under the direct control of the grazer. Relative to this variable, the grazing system employed is of
minor importance, with there being little apparent difference between continuous and rotational grazing systems.”

tive revenue sources) of managers operating these systems.
Managerial variability poses a unique problem because, unlike
ecological variability, it is seldom recognized and documented,
which makes it especially difficult to disentangle from the
ecological component of grazing systems. In spite of this
tremendous variability, stocking rate has emerged as the most
consistent management variable influencing both plant and
animal responses to grazing (e.g., Heady 1961; O’Reagain and
Turner 1992; Ash and Stafford Smith 1996; Holechek et al.
2001).

To emphasize the importance of management as a confound-
ing variable, consider that a well-managed rotational system
will very likely achieve desired production goals more
effectively than poorly managed continuous grazing. A visual
inspection could lead to the conclusion that rotational grazing
is more beneficial than continuous grazing, but this is not
a legitimate comparison of these two grazing regimes because it
is confounded by tremendous managerial variability. In other
words, the reverse is also true that well-managed continuous
grazing would be more effective than poorly managed
rotational grazing. It has often been suggested, but not
documented, that intensive grazing systems require more
sophisticated management than do more simple systems. This
intuitively leads us to conclude that management commitment
and ability are the most pivotal components of grazing system
effectiveness and that grazing systems do not possess unique
properties that enable them to compensate for ineffective
management (i.e., grazing systems do not provide a “silver
bullet” to ensure attainment of desired goals).

UNIFIED VEGETATION RESPONSES
TO GRAZING

Several unifying principles of vegetation response to grazing have
emerged from the rangeland literature during the past century.
These principles constitute well-recognized and widely applied
management rules of thumb that are founded on well-sub-
stantiated ecological mechanisms. These principles are briefly
summarized here because they shape our perception of the
purported benefits of grazing systems. These principles include
the following;:

1) Chronic, intensive grazing is detrimental to plant growth
and survival;

61(1) January 2008

2) Primary productivity can be increased by lenient grazing
and decreased by severe grazing;

3) Forage quality is often improved by frequent grazing; and

4) Species composition of plant communities can be
modified in response to the frequency, intensity, and
seasonality of grazing.

Chronic, Intensive Grazing

Chronic, intensive grazing is detrimental to plants because it
removes leaf area that is necessary to absorb photosynthetically
active radiation and convert it to chemical energy (Caldwell et
al. 1981; Briske and Richards 1995). This reduction in energy
harvest is manifest in all aspects of plant growth and function
because photosynthesis provides the total energy and carbon
source for growth. A chronic, intensive reduction in photosyn-
thetic leaf area negatively impacts root systems by reducing
energy available to support existing root biomass and new root
production. Root mass, branch number, vertical and horizontal
root distribution, and root longevity all may be reduced by
chronic, intensive defoliation (Hodgkinson and Bass Becking
1977). This reduces the ability of severely grazed plants to
effectively access soil water and nutrients that often limit plant
growth on rangelands.

Rest and deferment is the antithesis of this principle, which
indicates that periodic cessation of grazing, especially during
periods of rapid growth, will enhance both shoot and root
growth by promoting the recovery and maintenance of greater
leaf area (Holechek et al. 2001). Rest and deferment to
promote plant growth is the most fundamental and long-
standing corollary of the unifying principles and it represents
a central assumption of all grazing systems.

Primary Productivity

Grazing was assumed to have a negative effect on primary
production throughout much of the history of the rangeland
profession for reasons described in the previous section.
Therefore, an important goal of early range management was
to implement grazing in a way that would minimize negative
effects on both plant production and species composition. The
potential for grazing to increase plant production was not
considered a viable option (Ellison 1960) until the 1970s when
ecologists introduced the grazing optimization hypothesis. This
hypothesis indicates that primary production increases above
that of ungrazed vegetation as grazing intensity increases to an



optimal level followed by a decrease at greater grazing
intensities (McNaughton 1979). Evidence exists to support
the occurrence of the grazing optimization hypothesis at both
the plant and community levels (Belsky 1986; Milchunas and
Lauenroth 1993), and several potential mechanisms have been
hypothesized and tested (McNaughton 1983).

However, grazing increased primary production in only
approximately 20% of the comparisons evaluated (Belsky
1986; Milchunas and Lauenroth 1993). Presumably grazing
was too intensive to promote compensatory growth, and this is
often the case in commercial grazing systems (McNaughton
1993). The grazing pattern required to increase primary
production has been compared to that of migratory herbivores
because it is associated with a period of intensive grazing, often
early in the season, followed by a long period of little or no
grazing (Frank and McNaughton 1993). As a result, an
absolute increase in plant growth is seldom documented in
grazing ecosystems because plants do not have a sufficient
opportunity for recovery following defoliation, and primary
production generally decreases with increasing grazing severity
compared to that of ungrazed communities (Milchunas and
Lauenroth 1993).

Forage Quality

Forage quality determines the amount of energy and nutrients
that herbivores can acquire from ingested forage, and it varies
with several well-recognized plant characteristics. Tissue age,
tissue type, functional plant group, and anti-quality agents
(e.g., lignin, cellulose, secondary compounds) represent several
of the more widely recognized characteristics (Van Soest 1982;
Huston and Pinchak 1991). These characteristics primarily
affect forage quality by influencing the ratio of cell soluble
(e.g., amino acids, proteins, lipids, starch) to cell structural
(e.g., hemicellulose, cellulose, lignin, silica) components within
plant tissues. Tissues with the highest soluble to structural
ratio typically possess the highest forage quality and are often
the most preferred by grazing animals. Secondary compounds
function as anti-quality agents to reduce forage quality of both
herbaceous and woody dicots, but are generally less important
in deterring herbivory in monocots (McNaughton 1983;
Vicari and Bazely 1993). The ratio of soluble to structural
cellular components decreases as mean tissue age increases
throughout the growing season. Frequent grazing reduces this
tendency by increasing the proportion of younger plant tissues
with higher soluble to structural ratios (Walker et al. 1989;
Georgiadis and McNaughton 1990). This explains the
frequent occurrence of patch grazing where animals repeatedly
graze the same area to optimize energy and nutrient intake per
unit plant biomass even though total biomass may be
substantially lower than in less frequently grazed patches
(McNaughton 1984).

Forage quality is an important consideration in the design
and implementation of grazing systems, and it is influenced by
the length of both the grazing and the rest periods between
subsequent grazing events. Animal performance declined
linearly with increasing length of grazing period and length of
rest period in a rotational grazing study in South African
rangeland (Denny and Barnes 1977). A long rest period or a low
grazing pressure allows plant tissues to mature and forage

quality to decrease compared to more frequent grazing
intervals.

Community Composition

Grazing induced modification of species composition origi-
nates from the species-specific reduction of leaf area and
whole plant photosynthesis previously discussed (Briske and
Richards 1995; Illius and O’Connor 1999). Selective grazing
of individual species or species groups places them at
a competitive disadvantage with less severely grazed species
or species groups and alters competitive interactions and
species composition within communities (Anderson and Briske
1995). The first quantitative procedure to evaluate the effect
of grazing on community composition was based on recogni-
tion that selective grazing disproportionately affects some
plant groups more than others. Dyksterhuis (1949) formally
introduced the concept of increaser, decreaser, and invader
plant response groups, but specific patterns of vegetation
response to grazing had been recognized by many of his
predecessors, including Arthur Sampson (Sampson 1919).
These response groups are a function of a plant’s ability to
avoid or tolerate grazing. These plant response groups are
based on the expression of numerous plant traits, but plant
height and meristem location and number appear to be among
the most important. For example, plant height during various
stages of phenological development influences both the
frequency and intensity of defoliation, and the corresponding
location and number of remaining meristems determine the
rate at which leaf area is replaced (Briske and Richards 1995;
Diaz et al. 2001).

Community composition is further modified by the occur-
rence of heterogeneous grazing patterns through time and space
(Willms et al. 1988; O’Connor 1992; Bailey et al. 1996; Mclvor
et al. 2005), and heterogeneity often increases with increasing
size of management units (Senft et al. 1985; Stuth 1991; Bailey
et al. 1996). Preferential use of specific patches results in
uneven animal distribution, which increases the stocking rate
on preferred patches compared to the entire management unit
(Fuhlendorf and Engle 2001, 2004). Animal selection is
minimally affected by small-scale heterogeneity at the feeding
station level, but it is profoundly affected by large-scale
heterogeneity at the landscape level; therefore, both the size
and spatial arrangement of grazed patches are major compo-
nents of selective grazing (Wallis de Vries and Schippers 1994;
Wallis de Vries et al. 1999). Grazing patterns within landscapes
are strongly influenced by the spatial distribution of topogra-
phy, water, cover, minerals, and inter- and intraspecific animal
interactions (Coughenour 1991). In time, heterogeneous use of
rangelands may alter the spatial and temporal variability of
primary production, and it may intensify localized herbivore
impacts (Fuls 1992; Kellner and Bosch 1992; Illius and
O’Connor 1999). A shifting mosaic of intensively grazed and
underutilized patches may be critical to the maintenance of
structural heterogeneity and biological diversity of rangeland
ecosystems (Fuhlendorf et al. 2006).

The fundamental question is this: Do these unified principles
of vegetation response to grazing determine that rotational
grazing is superior to continuous grazing? If not, why not?
Answers to these questions will provide a greater understanding
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of the perceptions and assumptions underlying continued
support for rotational grazing.

RESULTS OF EXPERIMENTAL
GRAZING RESEARCH

Comparisons of continuous, season-long grazing and rota-
tional grazing have been conducted in numerous rangeland
ecosystems worldwide, but the vast majority have originated
in the United States and South Africa. Sampson (1951) and
Heady (1961) provided evaluations of the initial grazing
experiments and reported little or no advantage of rotational
over continuous grazing for either vegetation or animal
response variables (Table 2). We have undertaken a compre-
hensive assessment of the two most frequently quantified
variables, plant production or standing crop biomass and
animal production, expressed on both a per head and per unit
area basis. Comparisons of published reports among grazing
systems must be done with caution because stocking rates
were often confounded by the unwarranted recommendation
that rotational grazing could sustainably increase stocking
rate by 1.5-2 times compared to continuous grazing (Savory
and Parsons 1980; Savory 1988). These variables were
evaluated from published investigations comparing continuous
and rotational grazing derived from the AGRICOLA database
(http://agricola.nal.usda.gov), the grazing systems information
in Holechek et al. (2001, Tables 9.1 and 9.2), and the
archived articles of the Journal of Range Management (http://
uvalde.tamu.edu/jrm/jrmhome.htm; Appendix I). Information
was also reported for geographic location, ecosystem type,
relative stocking rate, and number and size of pastures for
each of the respective investigations. Only those investigations
published in the peer-reviewed literature were utilized to
ensure data quality and to enhance transparency of the data
set. Variables were indicated to differ between continuous and
rotational grazing only when they were reported as being
statistically significant by the authors. For each experiment,
plant and/or animal production was characterized as 1)
greater for continuous grazing (CG>RG), 2) greater for
rotational grazing (RG> CG), or 3) equal if differences did
not exist between continuous and rotational grazing
(CG=RG). These comparative responses were summarized
and presented as separate histograms for those investigations
that used similar stocking rates between grazing treatments
(Fig. 1A), those that used greater stocking rates for rotational
than continuous grazing (Fig. 1B), and for all stocking rates
combined (Fig. 1C).

Eighty-nine percent of the experiments (17 of 19) reported
no differences for plant production/standing crop between
rotational and continuous grazing with similar stocking rates
(Fig. 1A). When stocking rate was less for continuous than
rotational grazing, 75% of the experiments (3 of 4) reported
either no differences or greater plant production for continuous
grazing (Fig. 1B). Across all stocking rates, 83% of the
experiments (19 of 23) reported no differences for plant
production between rotational and continuous grazing, 13%
(3) reported greater plant production for rotational compared
to continuous grazing, and one experiment (4%) reported
greater production for continuous grazing (Fig. 1C).
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Figure 1. Number of published grazing experiments that reported
significantly higher, equal, or lower plant and animal production
responses for continuous compared to rotational grazing at (A) similar
stocking rates, (B) higher stocking rates for rotational grazing, and (C)
across stocking rates for all experiments. Animal production is
presented as both a per head and per land area response. Citations
and other relevant information for the experiments comprising these
data are presented in Appendix I.

Fifty-seven percent of the experiments (16 of 28) reported no
differences for animal production per head between rotational
and continuous grazing with similar stocking rates, and 36%
(10) reported greater per head production for continuous
grazing (Fig. 1A). When stocking rate was less for continuous
than rotational grazing, 90% of the experiments (9 of 10)
reported either similar or greater per head animal production
for continuous grazing (Fig. 1B). Across all stocking rates, 50%
(19 of 38) of the experiments reported no differences for animal
production per head between rotational and continuous
grazing, 8% (3) reported greater production for rotational
grazing, and 42% (16) reported greater production for
continuous grazing (Fig. 1C).

Fifty-seven percent of the experiments (16 of 28) reported no
differences for animal production per unit land area between
rotational and continuous grazing with similar stocking rates,
and 36% (10) reported advantages for continuous grazing



(Fig. 1A). When stocking rate was less for continuous than
rotational grazing, 75% (3 of 4) of the experiments reported
greater animal production per area for rotational grazing
(Fig. 1B). Across all stocking rates, 50% (16 of 32) of the
experiments reported no differences for animal production per
land area between rotational and continuous grazing, 16% (5)
reported greater production for rotational grazing, and 34%
(11) reported greater production for continuous grazing
(Fig. 1C).

These experimental results conclusively demonstrate that
rotational grazing is not superior to continuous grazing across
numerous rangeland ecosystems (Appendix I), and they are
consistent with those of previous reviews (Table 2). These
results further corroborate the long-standing conclusions that
stocking rate and weather variation account for the majority of
variability associated with plant and animal production on
rangelands (Van Poollen and Lacey 1979; Heitschmidt and
Taylor 1991; Gillen et al. 1998; Holechek et al. 2001; Derner
and Hart 2007).

WHY IS ROTATIONAL GRAZING NOT SUP-
PORTED BY EXPERIMENTAL DATA?

Rotational grazing systems are specifically designed to re-
distribute grazing pressure (i.e., forage availability/forage
demand) in time and space for any given stocking rate (i.e.,
animal number/land area/time; Heitschmidt and Taylor 1991)
to provide greater managerial control over the frequency,
intensity, and uniformity of plant defoliation by modifying the
length of grazing period (e.g., Gillen et al. 1990; Derner et al.
1994). Why does the redistribution of grazing pressure, which
translates to periodic rest or deferment among pastures, not
have a more beneficial effect on plant production? Two broad
responses to this question are summarized below. These
responses are not mutually exclusive, and no single response
is anticipated to provide a complete explanation.

Presumed Benefits of Rotational Grazing Were Overextended
The absence of observed benefits of rotational over continuous
grazing in experimental research indicates that many of the
anticipated benefits of rotational systems have not been
realized (O’Reagain and Turner 1992). For example, experi-
mental evidence indicates that defoliation is not always
controlled more effectively in rotational grazing systems than
in continuous grazing (Gammon and Roberts 1978a, 1978b,
1978c; Hart et al. 1993b) and that forage quality and quantity
are not consistently and substantially increased in intensive
systems compared to continuous grazing (Denny and Barnes
1977; Walker et al. 1989; Holechek et al. 2000). This further
substantiates the notion that rotational grazing may have been
introduced with heightened and unrealistic expectations that
were not founded on evidence-based recommendations (e.g.,
Heady 1961).

Expectations of grazing systems may have been inadvertently
heightened by the critical need to promote the sustainable use
and recovery of rangelands damaged by excessive grazing early
in the 20th century (Smith 1896; Sampson 1951; Hart and
Norton 1988). The critical interpretation of continuous
grazing, prompted by excessive stocking rates that were
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Figure 2. lllustration of the consequences of (A) low and (B) high
stocking rate on energy partitioning (kg C-ha*‘-d*1) between plant
production and forage utilization by livestock in grazed ecosystems. Leaf
area index (LAI) and forage utilization are interrelated so that neither can
be optimized independently; rather, both must be simultaneously
optimized to sustain plant and animal production. This fundamental
requirement to balance plant growth and forage consumption by
livestock partially explains why grazing research has found stocking rate
to affect plant and animal response variables to a greater extent than
grazing system on rangelands (redrawn from Parsons et al. 1983).

common prior to the implementation of proper grazing
management, may still be promulgated today. The high
stocking rates common to the late 19th and early 20th
centuries were unsustainable, and the negative consequences
of those high stocking rates should not be interpreted as
a condemnation of continuous grazing at appropriate stocking
rates (e.g., Ash and Stafford Smith 1996; Gillen and Sims 2006;
Jacobo et al. 2006).

Ecological Constraints Occur in All Grazed Ecosystems

A fundamental ecological explanation for why the unifying
principles of vegetation responses to grazing do not support
greater effectiveness of rotational grazing is that grazing
management must optimize several competing ecological pro-
cesses to attain production goals sustainably. Grazing manage-
ment must optimize both residual leaf area to maintain plant
productivity and forage utilization to yield sufficient animal
nutrition and production on an area basis (Parsons et al. 1983;
Briske and Heitschmidt 1991). This fundamental management
dilemma places similar constraints on all grazed ecosystems
and limits the potential benefits derived from the spatial and
temporal redistribution of grazing pressure for any given
stocking rate.

Low stocking rates or grazing pressures promote plant
production by maintaining high leaf area per unit land area.
However, a relatively small proportion of this production is
harvested by livestock, and the majority senesces and decom-
poses without being consumed (Fig. 2). This will effectively
promote conservation goals over short-term economic profit-
ability, which may be a viable management alternative on some
rangelands. Higher stocking rates reduce plant production by
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Figure 3. Depiction of how infrequent and unpredictable rainfall and
corresponding periods of plant growth can minimize the benefits of rest
on vegetation responses in rotational grazing systems. Rest periods that
coincide with limited plant growth convey minimal benefit to plants so
that the impacts of increased grazing pressure during short grazing
periods may not be offset during subsequent rest periods. This
represents the most plausible ecological explanation for why grazing
research has found the redistribution of grazing pressure to be of
minimal benefit to vegetation compared to continuous grazing
on rangelands.
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decreasing leaf area per unit ground area, but both the
percentage and absolute amount of plant production harvested
by livestock increases. Extremely high stocking rates are
associated with very high forage utilization, but plant pro-
duction is reduced so severely that even these high rates of
utilization do not provide sufficient forage and animal pro-
duction declines. In addition to suppressed plant and animal
production, excessive stocking rates are often unsustainable
from the perspective of desired plant species composition, soil
stability, and hydrological function (Thurow 1991; Milton et
al. 1994).

The ability to optimize plant production and forage harvest
takes on even greater complexity on rangelands because the
periodicity and predictability of plant growth are constrained
by limited and erratic precipitation. As aridity increases and the
duration and predictability of plant growth decreases, the
potential benefit derived from the redistribution of grazing
pressure in space and time becomes less important (Taylor et al.
1993; Holechek et al. 2001; Ward et al. 2004). Consider
a situation in which the grazing season is 200 days, but the
cumulative period of plant growth, scattered over several
periods of various duration (i.e., primarily early and late in the
season), is only 65 days (Fig. 3). Stocking rate must be
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adjusted, regardless of grazing system, to maintain sufficient
forage to carry livestock through periods of minimal plant
growth. In addition, rest and deferment during periods of
minimal plant growth, associated with low soil water
availability or temperature extremes, limit the potential for
positive vegetation responses (Heitschmidt et al. 2005; Gillen
and Sims 2006). Conditions of limited and erratic precipitation
and productivity are the rule, rather than the exception, on
most rangelands throughout the world. This interpretation
indicates why the redistribution of grazing pressure conveys
only a minor contribution to plant and animal production in
grazed ecosystems compared to the variables of weather and
stocking rate (e.g., O’Reagain and Turner 1992; Ash and
Stafford Smith 1996; Gillen and Sims 2006).

The ecological dynamics and managerial challenges charac-
teristic of most rangelands are very different from those
associated with high and consistent plant production of mesic
pasture systems, in which the principles of rotational grazing
were initially devised (e.g., Voisin 1959; Heady 1970; Robson
1973; Woledge 1978). An overestimation of the presumed
benefits of rest from grazing, within the framework of
rotational grazing systems (e.g., several weeks rest between
brief and often intensive grazing periods), may represent the
primary misconception underlying continued advocacy for
rotational grazing on rangelands (e.g., Taylor et al. 1993;
Holechek et al. 2001; Gillen and Sims 2006). We fully
appreciate that longer-term rest and reduced stocking, espe-
cially during conditions favorable to plant growth, contribute
to the sustainability and recovery of grazed ecosystems (e.g.,
Holechek et al. 1999; Miiller et al. 2007).

PERCEPTIONS FOR CONTINUED ADVOCACY
OF ROTATIONAL GRAZING

In spite of the experimental evidence documenting that
rotational grazing is not superior to continuous grazing on
rangelands, rotational grazing continues to be promoted and
implemented (Norton 1998, 2003; Tainton et al. 1999; Teague
et al. 2004). However, it is uncertain where the purported
benefits of rotational grazing arise because vegetation moni-
toring is seldom done, and records of animal performance, cash
flow, and capital inputs are seldom reported for ranch
enterprises (Heady 1961, 1970). Three broad arguments
frequently invoked to support advocacy for rotational grazing
are evaluated below.

Context of Experimental Research

Grazing research has not adequately assessed the effects of
grazing at large scales (Fuls 1992; O’Connor 1992; Bailey et al.
1996; Archibald et al. 2005), which often demonstrates the
occurrence of patch- and area-specific grazing. Smaller
experimental pastures usually result in more uniform distribu-
tion of grazing pressure, which may not appropriately describe
how domestic grazing animals utilize large landscapes or, in the
case of native ungulates, how they migrate regionally. Teague
and others (Teague and Dowhower 2003; Teague et al. 2004)
demonstrated that rest periods associated with rotational
grazing facilitated an improvement in plant species composi-
tion of frequently grazed patches relative to continuously



grazed areas at the same stocking rate in large management
units (1500-2 000 ha). The direct application of research
results obtained in small-scale experiments (<200 ha; Appen-
dix I) to large ranch enterprises may not be entirely appropriate
because the ecological processes of interest often do not scale in
a linear fashion (Fuhlendorf and Smeins 1999). Evidence
documenting the occurrence of beneficial grazing system effects
at large scales, in the absence of comparable responses at
smaller scales, has not been rigorously evaluated.

Failure to consider the time required for ecosystems to adjust
to changes in management regimes may potentially mask
ecosystem responses to the implementation of grazing systems.
Several years may be required for some variables to adjust and
show a response to the new management regime (Provenza
2003). Research experiments that operate for short periods
following treatment imposition may largely capture the period
of system adaptation and underestimate the long-term potential
of grazing systems. However, several well-designed compar-
isons of rotational and continuous grazing have been conducted
for 8-25 years without documenting a substantial change in the
trajectory of plant and animal response variables (Hart et al.
1993a, 1993b; Derner et al. 1994; Manley et al. 1997; Gillen et
al. 1998; McCollum and Gillen 1998; Derner and Hart 2007).

Experimental grazing research embodies a fundamental
tradeoff between a robust assessment of ecological processes
and the ability to mimic the responses associated with adaptive
management. Research protocol requires that grazing experi-
ments be structured in a manner that minimizes both ecological
and managerial variability to effectively test hypotheses that
enhance our understanding of critical ecological processes
operating in grazed ecosystems. These research requirements do
not allow grazing experiments to necessarily mimic manage-
ment activities targeting production or conservation goals at
the ranch enterprise (Heady 1970). Grazing treatments are
often applied on a more rigid schedule to ensure experimental
integrity and repeatability compared to commercial systems
that are adaptively managed. Jacobo and others (2006) have
partially documented the importance of adaptive management
to grazing system effectiveness in ranch-scale comparisons of
rotational and continuous grazing in the flooding pampas of
Argentina.

Conservation Goals

Rangeland ecosystems are capturing greater public attention
with growing recognition of the variety of products and
services they provide (Havstad et al. 2007). These ecosystems
are increasingly recognized as sources of water, biodiversity,
recreation, aesthetics, wildlife habitat, carbon sequestration,
and residential sites, in addition to livestock products.
Conservation goals often emerge at large scales, and even
though the flexibility associated with rotational grazing
systems can provide managers with opportunities to manipu-
late grazing frequency, intensity, and seasonality to pursue
specific conservation goals (e.g., bird nesting success, periodic
plant establishment or reproduction, fuel accumulation or
suppression), there has not yet been a comprehensive account-
ing of the conservation effects associated with the large-scale
adoption of grazing systems. The majority of grazing experi-
ments have not collected the appropriate variables, at the
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appropriate scale, to evaluate environmental quality and
conservation issues (but see Hickman et al. 2004).

The response of soil hydrological characteristics represents
an important exception to this generalization based on a sub-
stantial number of experimental investigations conducted in the
1970s and 1980s. The response of soil hydrological character-
istics to grazing largely parallels those of other ecological
variables in that stocking rate is the most important driver,
irrespective of grazing system (Wood and Blackburn 1981;
Thurow 1991). This occurs because the removal of large
amounts of plant cover and biomass by intensive grazing
reduces the potential to dissipate the energy of raindrop impact
and overland flow. The erosive energy of water and the long-
term reduction of organic matter additions to the soil
detrimentally affect numerous soil properties, including in-
creased bulk density, disruption of biotic crusts, reduced
aggregate stability, and organic matter content, to reduce
infiltration rate and increase sediment yield and runoff. Animal
trampling is another source of mechanical energy that breaks
soil aggregates and is therefore negatively correlated with
maintenance of soil structure necessary for high infiltration
rates (Warren et al. 1986; Thurow 1991; Holechek et al. 2000).
These results refute prior claims that animal trampling
associated with high stocking rates or grazing pressures in
rotational grazing systems enhance soil properties and promote
hydrological function (Savory and Parsons 1980; Savory 1988).
However, soil properties and hydrological processes do appear
to recover with prolonged grazing deferment following in-
tensive grazing, and rotational grazing may maintain higher
infiltration rates than continuous grazing at high stocking rates
(Thurow et al. 1988; Thurow 1991). These hydrological
responses to grazing are strongly contingent on community
composition, with communities that provide greater cover and
obstruction to overland flow such as midgrass-dominated
communities having greater hydrological function, including
infiltration rate, than short grass-dominated communities
(Wood and Blackburn 1981; Thurow 1991). Grazing manage-
ment appears to have the greatest potential to enhance
hydrological function by facilitating improvement in herba-
ceous species composition of grazed ecosystems.

Involvement of Human Dimensions

This synthesis poses the hypothesis that the interface between
human dimensions and grazing systems represents a major
source of inconsistent interpretations regarding the potential
benefits of grazing systems. This long-standing controversy
very likely originates from managerial emphasis on the
socioeconomic benefits of the ranch enterprise while research
scientists focus on ecological processes associated with vegeta-
tion-soil-herbivore interactions of individual management
units. It is not unexpected that inconsistent interpretations
would result from the assessment of distinct goals, with
different procedures, by groups with divergent perspectives.
Management goals, abilities, and opportunities as well as
personal goals and values (e.g., human dimensions) are
inextricably integrated within grazing systems, and they are
likely to interact with the adoption and operation of grazing
systems to an equal or greater extent than the underlying
ecological processes.
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Although circumstantial evidence from successful grazing
managers cannot be elevated to the status of experimental data,
valuable insight can be gained by comparing the experiences of
successful managers with relevant research results regardless of
grazing system. Research is required to document these
“success stories” and to direct the development of a more
robust approach to understanding and implementing successful
grazing management. A novel case study approach was adopted
by Jacobo et al. (2006), who compared adjacent ranches that
had employed either continuous or rotational grazing to
achieve the optimal production outcome. The strength of this
approach is that it enables researchers to evaluate the entire
ranch enterprise, including the capacity to manage adaptively
for the best possible outcomes, within the constraints of the
respective grazing regime. This approach simultaneously evalu-
ates ecological and managerial responses, but it has yet to be
determined whether or not it will be possible to distinguish
between them. Simulation modeling represents an additional
and complementary research approach where cost and logistics
preclude field experimentation over large spatial and temporal
scales (e.g., Hahn et al. 1999; Beukes et al. 2002; Diaz-Solis et al.
2003; Teague and Foy 2004). This approach is well suited to
evaluate the managerial and ecological components of grazing
management, both independently and in combination. The
potential synergistic effects of well-managed rotational grazing
systems have not been examined experimentally at the level of
the ranch enterprise (but see Jacobo et al. 2006).

It is disconcerting to realize that little progress has been made
in our understanding of management contributions to the
performance of grazing systems since Heady (1961) made this
insightful observation nearly a half-century ago. Advocates of
rotational grazing often support their perceptions by indicating
the experimental grazing research is incorrect, rather than by
evaluating and quantifying the potential merits of effective
management and planning decisions. A quantitative accounting
of the potential managerial contributions to the success of
rotational grazing systems is a prerequisite for complete
resolution of this controversy.

IMPLICATIONS AND
PERCEPTION RECONCILIATION

The rangeland profession has become mired in confusion,
misinterpretation, and uncertainty with respect to the evalua-
tion of grazing systems and the development of grazing
recommendations and policy decisions. We contend that this
has occurred because recommendations have traditionally been
based on perception, personal experience, and anecdotal
interpretations of management practices, rather than evi-
dence-based assessments of ecosystem responses, which is
a common phenomenon in ecosystem management (Pullin et
al. 2003; Sutherland et al. 2004). This has seriously impeded
the development of more robust, consistent, and unified grazing
management recommendations and policy decisions to govern
this predominant land use on rangelands.

This synthesis demonstrates that continued advocacy for
rotational grazing as a superior system of grazing is founded on
perception and anecdotal interpretations, rather than on the
preponderance of experimental evidence. Rotational grazing as
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a means to increase vegetation and animal production has been
subjected to as rigorous a testing regime as any hypothesis in
the rangeland profession, and it has been found to convey few,
if any, consistent benefits over continuous grazing. It is unlikely
that researcher oversight or bias has contributed to this
conclusion given the large number of grazing experiments,
investigators, and geographic locations involved over a span of
six decades. This synthesis establishes that the ecological
relationships of grazing systems have been reasonably well
resolved, at the scales investigated, and that a continuation of
costly grazing experiments adhering to conventional research
protocols will yield little additional information. Grazing
research has demonstrated that a set of potentially effective
grazing strategies exist, none of which have unique properties
that set one apart from the other in terms of ecological
effectiveness. This very likely occurs because the performance
of all grazed ecosystems is constrained by similar sets of
ecological variables, indicating that differences among them are
dependent on the effectiveness of management models, rather
than the occurrence of unique ecological phenomena.

The experimental evidence indicates that rotational grazing is
a viable grazing strategy on rangelands, but the perception that it
is superior to continuous grazing is not supported by the vast
majority of experimental investigations. There is no consistent or
overwhelming evidence demonstrating that rotational grazing
simulates ecological processes to enhance plant and animal
production compared to that of continuous grazing on range-
lands. We recommend that these evidence-based conclusions be
explicitly incorporated into management and policy decisions
addressing the predominant land use on rangelands.
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