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Grazing for Fuel Reduction and Resilience in Forested 
Ecosystems 
 
This synthesis summarizes the relevance of targeted 
grazing for fuel reduction and ecosystem resilience 
and discusses some of its primary applications and 
limitations. 

Targeted Grazing 

Principles of targeted grazing are based upon 
controlled application of livestock to achieve 
specific ecological and vegetation management 
goals or outcomes. An important distinction in 
targeted grazing, compared to production-focused 
grazing, is that desired outcomes include both 
livestock and landscape-scale ecological 
objectives (Bailey at el. 2019). In addition to fuel 
reduction for wildfire mitigation, targeted grazing 
has shown effectiveness in reducing noxious 
weeds and wildlife habitat improvement (Green 
et al. 1982, Marchetto et al. 2021), although 
outcomes vary with location and factors involved 
in the grazing strategy (James et al. 2022). 

Management factors in the practice of targeted 
grazing include species and livestock type, 
seasonality, frequency and duration, and stocking 
rate and density. Different species and livestock 
types (e.g., stocker vs. bull vs. cow) result in 
different impacts from herbivory and plant 
selection due to varying mouth size and design, 
past grazing experience, nutritional needs, and 
dietary preferences (Nader et al. 2007). 
Seasonality determines when target plant species 
are most susceptible to sustained damage from 

 
1 Defined as when plants are defoliated (grazed) prior 
to sufficient recovery of root systems and foliage from 
an initial grazing.  

grazing (Launchbaugh et al. 2007). Duration and 
frequency of grazing can impact forage 
productivity and weed populations differently 
along natural climatic and productivity gradients, 
with increased duration and frequency of grazing 
often contributing to decreased productivity and 
desirable plant abundance, cover, and species 
richness (Bailey and Brown 2011). Stocking rate 
and density influence plant utilization, and if 
misapplied, can result in overgrazing,1 
particularly if duration and frequency are applied 

Management Implications 
 

• Targeted grazing is an effective tool for 
manipulating vegetation and fuel structure 
and composition with four main control 
points: species, season, duration, and 
stocking rate. 

• As a fuel treatment, grazing is most 
effective at removing 1- and 10- hour fuels 
and controlling understory vegetation 
composition. 

• Grazing is especially useful following or 
between treatments of larger fuels.  

• Grazing in the context of fuel treatment and 
resilience frameworks is underutilized and 
frequently underexamined in research and 
publications. 

• Grazing practitioners support quantitative 
research on targeted grazing to test 
anecdotal knowledge. 
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at inappropriate rates (Ralphs et al. 1990, 
Cipriotti et al. 2019). Moreover, these 
management factors may interact with abiotic 
environmental factors to produce variable or 
unpredictable outcomes. Thus, addressing critical 
management factors and achievement of targeted 
grazing goals is reliant on grazing practitioners 
with extensive ecological and management 
experience relevant within local socio-biological 
contexts. 

Increasing Resistance and Resilience 

Western North American forests and woodlands 
are increasingly prone to disturbance due to 
climate change, drought, wildfire, insects, and 
disease. Improved resistance and resilience to 
disturbance are frequently cited as restoration 
and management goals in California. Resistance 
refers to the capacity of an ecosystem to retain its 
fundamental structure, processes and functioning 
despite stresses, disturbances, or invasive species, 
while resilience is the ability to recover from 
stresses and disturbances (Walker and Salt 2006). 
The primarily arid and semi-arid ecosystems in 
California are especially susceptible to drought 

and wildfire. “Fuel treatments” are the most 
prevalent mechanisms discussed for increasing 
resistance and resilience (Stephens et al. 2009, 
Stevens et al. 2014, Moghaddas et al. 2018). North 
et al. (2022) theorize that in the case of Sierra 
Nevada mixed-conifer forests, reduction of stand 
density to  historic levels (pre-European 
colonization) for the purposes of reducing 
competition and improving tree vigor may also 
improve ecosystem resilience. 

The most common forest fuel treatments 
discussed in the context of resistance and 
resilience are mastication, mechanical thinning, 
hand thinning, and prescribed fire. These 
treatments manipulate living and dead vegetation 
to target surface fuel, ladder fuels, and canopy 
continuity for the purposes of managing fire 
severity and spread (Agee and Skinner 2005, 
Winford et al. 2015). In grazed ecosystems, 
grazing has the potential to address some of the 
same fuel treatment goals and contribute 
additional benefits to woodland and forest 
ecosystems if managed correctly (Figure 1) 
(Launchbaugh and Walker 2006).  

 
Grazing for Fuel Reduction 

Targeted grazing is becoming increasingly 
common as a management tool in recreation 
areas and the wildland-urban interface (WUI) to 
reduce fuel load and shrub density (Taylor 2006). 
In practice, grazing reduces surface fuels (1- and 
10- hour fuels) and may break up dense stands of 
brush. Fine fuels can be trampled and mixed into 
soil in the grazing process, reducing ignition risk 
(Nader et al. 2007). Grazing with browsing 
species can trim ladder fuels, mimicking the fire 

pruning effect of low-severity fires and increasing 
the height to live crown. These outcomes make 
targeted grazing an effective strategy for 
managing fuel breaks, the WUI, and escape zones 
after initial treatment of larger fuels and 
disrupting the continuity of fuel loads by 
preventing excessive grass and brush regrowth 
and disrupting the continuity of fuel loads (Taylor 
2006). However, much of the current information 
on grazing for fuel reduction is qualitative or 
anecdotal (Nader et al. 2007). 
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Grazing to Alter Structure and Composition 

Grazing is the most widespread tool utilized in 
California for vegetation management across a 
variety of ecosystems (Huntsinger and Barry 
2021). In plantation settings, grazing can be used 
to manage understory vegetation to the benefit of 
conifer species, primarily through more rapid 
nutrient cycling, increased soil moisture, and 
reduced competition for water and nutrients with 
brush and herbaceous vegetation (Grelman 1988, 
Kosco and Bartolome 1983). Sharrow (2006) 
compiled a series of case studies in which—when 
compared to ungrazed sites—Douglas fir 
(Pseudotsuga menziesii) plantings increased from 
8–22% in diameter and 10–27% in height with 
targeted grazing by sheep, and 26–31% in 
diameter and 7–18% in height with targeted 
grazing by cattle. Similar results were observed in 
ponderosa pine (Pinus ponderosa), with increases 
of 13–15 % in diameter and 9–27% in height 
when grazed by cattle (Doescher et al. 1989).  

Younger trees can be susceptible to damage or 
mortality due to browsing or trampling; however, 
this is dependent on the species of tree, 
seasonality of grazing, grazing pressure, and 
grazing species. In mixed conifer clear-cut 
regeneration, cattle did not significantly damage 
regenerating trees more than deer alone (Kosco 
and Bartolome 1983), and grazing brush to 
release post-burn plantings of conifer seedlings in 
the Tahoe National Forest resulted in damage of 
only 1–2% of tree seedlings and produced 
successful reduction of palatable brush species 
(Grelman 1988).  

Several case studies in Monterey Pine (Pinus 
radiata) forests and California chaparral 
investigated goat herbivory on fuel reduction and 
plant composition. Tsiouvaras et al. (1989) 
assessed grazing of fuel breaks in mixed pine 
(Pinus spp.) and Eucalyptus spp. forest and found 
brush understory reduced by 46% and 82% at 20 
and 59 inches in height, respectively. Species such 
as coyote brush (Baccharis pilularis) and toyon 
(Heteromeles arbutifolia) experienced large 
decreases in cover, while others, such as poison 
oak (Toxicodendron diversilobum) and Eucalyptus 
exhibited little change. In chaparral, Green et al. 
(1982) found high rates (80–95%) of herbivory 
by goats for all mountain mahogany (Cercocarpus 
betuloides) and scrub oak (Quercus dumosa) 

plants, but low selection rates for desert 
ceanothus (Ceanothus greggii).  

Grazing in Combination with Other 
Treatments 

Integrating grazing as one tool in combination 
with other treatment types may provide the best 
overall outcome for fuels reduction, particularly 
in landscapes with variable topography and 
sensitive resources (e.g., riparian areas, steep 
slopes, rocky soils). Grazing after mechanical 
treatment, such as mastication or hand-cutting, 
can reduce fuels of varying diameters and 
densities (Nader et al. 2007). Targeted grazing 
offers a key opportunity in the annual 
maintenance of fuel break treatments, a strategy 
employed in both oak woodland and chaparral 
ecosystems. Grazing can be applied to maintain 
fuel breaks after initial prescribed fire or fuel 
break clearing (Green et al. 1982, Tsiouvaras et al. 
1989, Rouet-Leduc et al. 2021). In Southern 
California chaparral, grazing following a 
combination of cutting, pile burning, and 
herbicide application resulted in an 87% and 92% 
reduction in herbaceous cover and height, 
respectively (Grupenhoff and Molinari 2021). 
Combinations of targeted grazing and prescribed 
burning are complementary tools that can 
effectively reduce fuels (Huntsinger and Barry 
2021).  

Limitations 

Labor and Legislation 
California Assembly Bill 1066 (Phase-In Overtime 
for Agricultural Workers Act of 2016) requires 
goat and sheep herders to receive compensation 
for on-call hours. Herders live with the herd and 
are considered “on call” 24 hours a day, resulting 
in a calculated 168-hour work week, and 
employee costs that are prohibitive for most 
grazing operations (Ingram et al. 2022). Grazing 
practitioners are primarily limited due to 
obstacles associated with a small domestic labor 
pool. Opportunities to hire knowledgeable and 
experienced herders are rare. Additional logistical 
obstacles include procurement of driver’s licenses 
and visas, and associated recruitment of 
international, primarily Peruvian, herders on 2-
HA Temporary Agricultural visas (Soares 2022). 
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Ecological Concerns 
The primary ecological concerns raised around 
grazing treatments are water pollution (Belsky et 
al. 1999, Agourdis et al. 2007), disease transfer 
(Schieltz and Rubenstein 2016), spread of 
invasive species (HilleRisLambers et al. 2010), 
habitat degradation (see Seligman and 
Perevolotsky 1994), erosion (George et al. 2004), 
and impacts to wildlife (Schieltz and Rubenstein 
2016). However, reported negative outcomes of 
livestock grazing may be highly dependent on 
abiotic factors and local conditions, and grazing 
management may counter potentially detrimental 
effects, even producing positive results for a 
variety of these elements (see also Seligman and 
Perevolotsky 1994, Frost and Launchbaugh 2003, 
Jackson et al. 2006, Krausman et al. 2009, Lai and 
Kumar 2020, Voeller et al. 2021). These elements 
should be considered in the development of a 
targeted grazing plan.  

Research and Literature 
Literature on grazing for fuel reduction in 
California’s forest systems is limited. Poor grazing 
management is regularly cited along with fire 
suppression and climate conditions as a 
contributor to forest fuels accumulations 
responsible for catastrophic wildfires in the West 
(Borman 2005). Many published works discuss 
grazing impacts on structure and fuels in terms of 
“grazed” or “ungrazed” without citing stocking 
rates or livestock species and may overgeneralize 
findings (Donovan et al. 2022). These studies lack 
adequate information to draw such conclusions in 
the context of modern grazing science and 
contribute negatively to perceptions of grazing in 
forests (Belsky and Blumenthal 1997). Research 
at the intersection of modern grazing science and 
forestry management is required to clarify and 
update knowledge in this field (Borman 2005, 
Huntsinger and Barry 2021).  

Looking Forward 

Recent publications have indicated that decreased 
forest stocking may be key to improving forest 
resilience in the face of changing climate 
conditions and fire regimes (Bernal et al. 2022, 
North et al. 2022). While reductions in forest 
stocking will initially require treatments that can 
remove large fuels, such as mechanical thinning, 
prescribed burning, and managed wildfire, 

grazing may become an important cost-effective 
tool for co-managing areas where understory 
conditions are dominated by herbaceous 
vegetation and shrubs. However, the benefits to 
tree growth and health conferred by grazing in 
the understory of plantations have not been 
adequately investigated in wildland settings. With 
tree health identified as a factor in Sierra Nevada 
mixed-conifer forest resilience (North et al. 2022), 
this may be a beneficial research direction for 
some of our most fire vulnerable systems. 
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