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ABSTRACT

Livestock production on rangelands in the central and western United States can result in pathogen,
sediment, and nutrient problems for water. A variety of range management practices can be effective in
helping to reduce these problems. Information on the efficacy of these practices is sufficient to form the
basis for water quality trading among rangelands, but quantitative models for estimating the cumulative
water quality benefits of management for sediment, pathogens, and nutrients do not yet yield credible
results.
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INTRODUCTION

This supplemental paper focuses on management of rangeland in the central and western regions of the
United States, where the major activity is extensive cattle and sheep grazing at low stocking rates (i.e., >
10 acres per animal unit per year) (Valentine 2000). There is little use of fertilizer, irrigation, or imported
feedstuffs. Figure 1 conceptualizes the management activities that increase the risk of surface water
pollution from rangeland as well as practices to mitigate that risk.

Figure 1. Rangeland Livestock Management Activities That Increase Risk of Surface Water Pollution,
and Management Principles and Practices to Mitigate That Risk
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Common Management Practices to Reduce Risk

Prescribed grazing, cross-fencing, off-stream drinking water development, targeted supplemental feeding,
riparian pastures and exclusions, vegetative buffer strips, herding

RANGE LIVESTOCK PRODUCTION AND WATER QUALITY PARAMETERS OF CONCERN

Rangeland watersheds supply water for human recreation and consumption and irrigation of crops as well
as support critical aquatic habitat and dependent species. Concerns have been raised that sediment,
pathogen, and nutrient pollution by livestock grazing on rangelands can degrade water quality (Belsky,
Matzke, and Uselman 1999; Derlet and Carlson 2006; Myers and Whited 2012). Pollutants of concern
include sediment, fecal coliform and E. coli, and N and P (Field and Samadpour 2007; Hubbard, Newton,
and Hill 2004).

Research confirms that livestock grazing, particularly intensive grazing with high animal densities, can
degrade water quality (Hubbard, Newton, and Hill 2004; Agouridis, Workman, Warner, and Jennings
2005; Bilotta, Brazier, and Haygarth 2007; Fleischner 1994; Trimble and Mendel 1995; Belsky, Matzke,
and Uselman 1999; George, Jackson, Boyd, and Tate 2011). However, extensive range livestock
production does not necessarily degrade water quality (Gary, Johnson, and Ponce 1983; O’Reagain et al.
2005; Lewis, Singer, Dahlgren, and Tate 2006; Adams et al. 2009; Roche, Allen-Diaz, Eastburn, and Tate
2012; Roche et al. 2013; Tiedemann et al. 1987; Holloway, Dahlgren, Hansen, and Casey 1998; Atwill et



al. 2002; Lewis, Tate, Harper, and Price 2001; Ahearn et al. 2005; Meays et al. 2006; Nader, Tate, Atwill,
and Drake 1998; Jackson, Allen-Diaz, Oates, and Tate 2006; Lewis, Singer, Dahlgren, and Tate 2006;
Knox, Dahlgren, Tate, and Atwill 2008; Roche, Allen-Diaz, Eastburn, and Tate 2012; Roche et al. 2013).
Thus, livestock production and water quality goals can be achieved on rangelands by applying sound
management principles and practices (Figure 1).

DRIVERS OF RISK TO WATER QUALITY
The primary drivers of water quality degradation by range livestock include excessive livestock numbers
relative to site resiliency and livestock’s preference to inhabit critical hydrologic zones. These phenomena
disproportionately concentrate the negative effects of grazing and waste loads in sensitive areas.
Documenting the principles and practices that mitigate pollution risk from range livestock starts with
identification of specific rangeland activities and their potential to degrade water quality:
* Excessive grazing can reduce vegetation and increase soil exposure to rain, which degrades soil
structure, reduces infiltration, and increases runoff and erosion (Bilotta, Brazier, and Haygarth
2007; Gifford and Hawkins 1978; Blackburn 1984; Gifford 1985).
* Compacting the soil by overgrazing or wet season grazing decreases infiltration and increases
runoff and erosion (Greenwood and McKenzie 2001; Bilotta, Brazier, and Haygarth 2007).
* Excessive grazing and waste deposition in streams and near-stream runoff zones increases
pollutant transport. Poor livestock management can increase animal time in streams and near-
stream runoff zones (Kauffman and Krueger 1985; Armour et al. 1994 Trimble and Mendel 1995;
Sheffield et al. 1997; Belsky, Matzke, and Uselman 1999; Tate, Atwill, McDougald, and George
2003; Roche et al. 2013; Stephenson and Street 1978).

Range management practices and strategies that directly and indirectly act to mitigate these drivers will
lead to water quality improvements, a conclusion that is well supported by the research literature and in
practice by ranchers and range managers.

EFFECTIVENESS OF RANGE MANAGEMENT PRACTICES TO IMPROVE WATER QUALITY

Research Support

Briske (2011b) recently led a comprehensive scientific review of the conservation effectiveness of all
range management practices funded through USDA conservation initiative programs (e.g., Environmental
Quality Incentive Program, EQIP). In this review, Briske, Derner, Milchunas, and Tate (2011a) and
George, Jackson, Boyd, and Tate (2011) conducted a research synthesis to address specific hypotheses
about the effectiveness of stocking rate moderation, grazing system selection, and management of timing
of grazing and rest from grazing as well as a suite of riparian management practices to improve
hydrologic function and water quality. The authors determined that

* Setting moderate stocking rates is essential to minimize erosion runoff;

* Seasonal rotation grazing at moderate stocking rates improves upland soil hydrology compared
with intensive rotational grazing systems at higher stocking rates;

* Management of timing and intensity of grazing and rest can improve vegetation, hydrologic
function, and water quality;

* Livestock distribution practices, such as drinking water developments, supplemental feed
placement, and herding (i.e., using a horse or other means to move livestock into uplands away
from surface waters) can reduce livestock residence time and impact in riparian zones;

* Vegetated filter areas can substantially reduce runoff pollutants, but implementation must
consider site-specific biophysical factors.



In a recent feasibility assessment for rangeland water quality markets in California’s Central Valley,
Musengezi et al. (2012) concluded that

* Science supports the effectiveness of range management practices to improve water quality;

* The effectiveness of these practices depends on site-specific conditions;

* California ranchers are interested in providing and marketing ecosystem services such as clean
water;

* Documentation of the effectiveness of range management practices is sufficient to form the basis
for a rangeland water quality market.

Demonstrated Viability

The research-based review by Musengezi and colleagues identifies a range of management practices
available to improve hydrologic functions (in upland and critical hydrologic zones) and water quality
(reduction of sediment, nutrients, and microbial pollutants) with appropriate site-specific implementation.
A clear indication of the practicality of these practices is their adoption by on-the-ground, for-profit ranch
managers. On rangelands in the central and western United States, prescribed (managed) grazing (USDA
Practice Code 528) occurs on more than 31 million hectares and is the most extensively implemented
conservation incentive practice (Briske 2011b). In a survey of 777 California ranchers who participated in
a water quality short course—a survey with a 52% response rate—Larson et al. (2005) found that more
than 67% had implemented new water quality management practices. Based on self-assessments of
nonpoint source pollution on their ranches, 70% had focused on erosion and sediment control practices
and 32% on practices to mitigate riparian and stream degradation. The most widely reported motivations
were “to control nonpoint source pollution” (68%), “to support livestock industry water quality initiative”
(63%), and “to avoid regulation” (50%).

In a survey of 614 Wyoming ranchers about their natural resources goals and associated management
practices—a survey with a 50% response rate—Kachergis et al. (2013) found that water quality was an
important secondary goal (ranked 5.0 out of 9). Livestock and forage production were ranked as primary
goals (1.8 and 2.0 out of 9, respectively). Management practices considered “key” to achieving these
management goals were drinking water development and cross fencing (68% and 35% of respondents,
respectively). Livestock exclosures and riparian buffers were not widely considered to be key
management practices (6% and 9% of respondents, respectively). However, livestock exclosures and
riparian buffers were considered “helpful” practices (28% and 23% of respondents, respectively).

These results indicate that ranchers recognize the effectiveness of these practices and will make use of
them within the economic and social context of operating a profitable ranching enterprise. Management
practices perceived to be beneficial for livestock production, forage production, and water quality
improvement (i.e., moderate stocking rates as well as off-stream drinking water development and cross-
fencing to increase flexibility in managing grazing) will be the most readily adopted. Additional research
is needed to determine the economic tradeoffs and synergies of managing for both water quality
protection and livestock production at the ranch level.

QUANTIFYING BENEFITS OF WATER QUALITY PRACTICES

Managers do not implement management practices in the singular, rather they implement an array of
practices based on each manager’s prioritization of goals, and their place-based, generational learning
about what does or does not work under site-specific conditions. From the management practice toolkit, a
manager can develop site-specific pasture or exclosure fencing (fixed or temporary) and livestock
drinking water infrastructure that will allow flexibility in the intensity, timing, and location of livestock



grazing across a ranch or management units. The manager can innovate and implement localized grazing
strategies that integrate water quality protection with core livestock production and economic goals.

The research literature cannot predict the cumulative water quality improvement from implementing a
suite of management practices under spatially and temporally variable site-specific conditions. To date
there are no adequate, coupled management-hydrologic-pollutant fate and transport-water quality
simulation models for rangeland ecosystems to accurately predict cumulative water quality benefits for
sediment, microbes and nutrients. George, Jackson, Boyd, and Tate (2011) conclude that riparian health
(and thus water quality) is directly related to the time invested in managed grazing to control the season,
intensity, and duration of livestock use—indicating that variation in management effort and/or capacity
could result in substantial variation in individual practice effectiveness and resulting water quality
improvement. Finally, managers regularly adapt their management strategies and practice implementation
based on observed progress towards goals and in response to variable temporal and spatial conditions—a
dynamic process that is difficult to replicate in a controlled research setting, but which likely enhances
site-specific practice effectiveness (Briske 2011b).

While there is sufficient information on the effectiveness of rangeland management practices to form the
basis for water quality trading, we do not have credible quantitative rangeland models for estimating site-
specific cumulative water quality benefits of the diverse management strategies typically applied. Other
less specific, practice-based methods may be the only option for quantification at this time.

CONCLUSION

Primary water quality pollutants of concern on rangelands in the central and western United States
include sediment and fecal pathogens, and to a substantially lesser extent, N and P. There is strong
evidence that commonly used range management practices are effective in improving water quality. There
are appreciable cumulative benefits from implementing multiple practices in a comprehensive water
quality protection strategy. Practice effectiveness varies based on site-specific factors such as soils,
weather, and manager investment of time and effort. Ranchers and rangeland managers are willing to
adopt range management practices and develop strategies to improve water quality for multiple reasons—
indicating there are potential sellers in a rangeland water quality market based on effective practice
implementation. Additional research, and assessment, is needed to determine the ranch enterprise level
economic tradeoffs or synergies of managing for water quality protection and livestock production.
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