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ABSTRACT

While herbivory probably is a natural part of all terrestrial ecosystems, livestock
herbivory is not a natural part of California’s natural ecosystems. In California,
mammalian herbivores can range in size from small rodents to large ungulates. How-
ever, the potential of threats is greater from ungulates, which include native taxa (e.g.,
tule, Roosevelt, and Rocky Mountain elk, mule deer, pronghorn antelope) and alien
livestock (e.g., cattle, horses, burros, sheep, goats). Impacts of the native ungulates
are not well studied. There are few, if any, types of plant communities in California
that are unimpacted by livestock. Livestock herbivory is a threat to some rare plant
taxa. Livestock impacts can include alterations in species composition of plant com-
munities, in ecosystem function, and in ecosystem structure. Although the impacts
can be severe, in terms of negative impacts on native plants, carefully managed
livestock herbivory may not be the most destructive land use practice.

Herbivory is a natural part of most (if not all) ecosystems. How-
ever, not all herbivory is equivalent and activities of different species
of herbivores produce very different effects. Few people would expect
the effects of grazing activities of grasshoppers and bison to be sim-
ilar, but it is less obvious that even two superficially similar grass
specialists, such as bison and cattle, use the landscape differently,
feed on different plant species, have different digestive efficiencies,
etc. There are no simple substitutions among taxa.

In California, mammalian herbivores can range in size from small
rodents to large ungulates. Although small mammals do impact and
sometimes significantly alter their environment (e.g., Cox 1984, 1986,
1990, Hobbs and Hobbs 1987, Hobbs and Mooney 1985, Koide
and Mooney 1987), the potential of threats is greater from larger
animals.

There is limited consensus as to the effects of ungulate herbivory.
There is not even agreement on definitions of terms. As one scans
the “grazing” literature, one finds “to graze” is used to mean (1) any
type of consumption of aboveground production of both woody and
herbaceous plants (not just fruits or seeds), (2) to feed primarily on
herbaceous plants, or (3) to feed primarily on grasses or graminoids
(Poaceae, Cyperaceae, Juncaceae). ““To browse” is used to mean to
feed primarily on (1) woody plants or (2) nongrasses or nongrami-
noids. A statement such as “‘grazing is a natural process on all plant
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communities” (Box and Malechek 1987) takes on different mean-
ings, depending upon the definition used. Both “browse’ and ‘‘graze”
may be used only for defoliation or may include some or all ancillary
impacts (e.g., trampling, excrement, pull-up and breakage). In this
paper, I am using definition 2 of ‘“‘graze” (to feed primarily on
herbaceous plants), definition 1 of ‘browse’ (to feed primarily on
woody plants), and ‘herbivory’ for a combination of the two. I am
including ancillary impacts with all three terms. These categories
are generalizations; ‘‘animals are neither plant taxonomists nor com-
munity ecologists and consume plants according to [plant] avail-
ability and [the animal’s] preference” (Huston and Pinchak 1991).

Large ungulates in California include native taxa (e.g., tule, Roo-
sevelt, and Rocky Mountain elk, mule deer, pronghorn antelope)
and aliens (e.g., cattle, horses, burros, sheep, goats)—a mixture of
grazers, browsers, and facultative browser/grazers. The native un-
gulates are facultative browser/grazers or browsers, rather than graz-
ing specialists like cattle (Murie 1951, Vallentine 1990).

There have never been modern plains bison (a grazer) in what is
now California (McDonald 1981, D. Van Vuren, personal com-
munication). The extinct prehistoric bison were quite different in
morphology, habitat preference, and probably in herding behavior,
since (like the modern European bison and the Canadian wood
bison) they were browsers or browser/grazers, and probably did not
congregate in large herds (McDonald 1981).

Before European settlement, there were three elk taxa (tule, Roo-
sevelt, Rocky Mountain), with different ranges and habitat prefer-
ences, although their ranges apparently did overlap slightly in north-
ern California and there apparently was some hybridization (C.
Schonwald-Cox, personal communication). Roosevelt elk lived along
the north coast, in places similar to Prairie Creek Redwoods State
Park. Tule elk were found in drier areas than Roosevelt elk, inhab-
iting much of the oak woodland and savanna, primarily in and
around the Central Valley. Tule elk are not native to some areas
where they live in reserves today, (e.g., Point Reyes National Sea-
shore). Rocky Mountain elk were found only in extreme northeastern
California. Elk are highly versatile and opportunistic in diet choice,
utilizing a broad range of herbaceous and woody vegetation (Murie
1951, Jenkins and Starkey 1991). Grasses can be an important com-
ponent. Mule deer were found in woodlands, savannas, riparian
zones, and post-burn chaparral. They are seasonally facultative
browser/grazers, utilizing more herbaceous plants during the growing
season and more woody plants during the rest of the year (Vallentine
1990). Pronghorn were found in drier, more open habitats, including
desert habitats. They are browers, and grass is only a minimal part
of their diets (Vallentine 1990).

In California, there are quite a few alien ungulates, both domestic
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livestock and feral animals descended from livestock. Domestic live-
stock include sheep, goats, horses, burros, and cattle. Occasionally
they also include ungulates native to California but not to the local
area (e.g., elk and deer on Santa Rosa Island). Feral ungulates include
burros, horses, sheep, and goats. Management regimes designed to
remove feral animals or to minimize their impacts vary with species
and location, and success has also varied. Feral horses and burros
are protected by law, so only live removal is permitted. Because live
removal is difficult, sheep and goats are usually killed. However,
killing has upset animal-rights groups and has been stopped in some
areas. Burros, horses, and sheep are grazers or browser/grazers (de-
pending on habitat), and goats are browsers or browser/grazers (Val-
lentine 1990). Cattle are grazers and, whenever possible, cattle feed
primarily on grasses (Vallentine 1990).

In North America, the effects of native ungulates on plants in their
native habitats have not been well studied, except for a few areas in
the Great Plains (e.g., Wind Cave National Park, see Holland et al.
1992, Painter et al. 1993, Whicker and Detling 1988, and literature
therein). There have been no such intensive studies in California.

Recently, both the scientific and popular literature have published
debates about benefits and costs of alien ungulate (livestock) grazing
in western North America (see Belsky 1986, 1987, Painter and Bel-
sky 1993 for bibliography). Fremontia (California Native Plant So-
ciety) has published a number of articles and letters (Baker 1992,
Barrett 1992, Belsky 1992, Blumler 1992, Edwards 1992a, b, 1993,
Keeley 1993, Menke 1992, Stebbins 1992). There are those who
strongly believe that plants and ecosystems of western North Amer-
ica benefit from livestock herbivory, that herbivory may be necessary
to sustain the system, and that livestock are just tools (e.g., Goetz
1994, Hill 1991). Others strongly oppose these ideas (e.g., Jacobs
1991, Wuerthner 1994a, b). While there is an enormous body of
literature on livestock herbivory in western North America, most
of it concerns increasing livestock production or increasing forage
production to feed livestock. Comparatively little research has been
designed to examine what happens when livestock are removed.
Nongrazed land is relatively rare, and most areas that are livestock-
free are too small for valid comparisons (Bock et al. 1993). Effects
of livestock may be greater west of the Rocky Mountains than on
the Great Plains (Mack and Thompson 1982). Ecological costs of
livestock in western North America can be dramatic (Fleischner
1994).

The impacts of livestock on plants vary, depending on animal
species, numbers, and management. Both feral and domestic live-
stock can have significant negative impacts on plant taxa, plant
communities, and ecosystems.

Individual plants can be impacted directly, by defoliation, pull-
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up, breakage and trampling, or indirectly, by animal-induced changes
in habitat, changes in competitive relationships among plants, de-
struction of seedlings, or changes in conditions so that seeds don’t
germinate, etc. Impacts on juveniles may be greater than on adults,
greatly reducing or eliminating reproductive success. Long-lived taxa
whose reproduction has been impacted by herbivores may now per-
sist primarily through inertia (sensu Cole 1985). While nondefoliated
plants may benefit from reduced competition from defoliated plants,
there is no compelling evidence that individual plants benefit from
being defoliated (Belsky 1986, Painter and Belsky 1993). Among the
1742 plant taxa listed by the California Native Plant Society as rare,
threatened, or endangered, at least 225 taxa to some degree are
“threatened by grazing’ (Skinner and Pavlik 1994).

Livestock herbivory does not have equally negative effects on all
native plants. Some plants apparently can tolerate a certain amount
of herbivory; others have avoidance mechanisms. This resistance
(avoidance/tolerance) to herbivory has been interpreted by some
(e.g., Edwards 1992) as an adaptation to grazing. It is more probable
that the resistance is a strategy to reduce the negative impacts of all
types of damage (Belsky et al. 1993). Plants experience injury from
a wide variety of sources besides herbivory, including fire, wind,
and freezing. Plants often have similar responses to damage from
several different sources. This is not the same as being ‘adapted’ to
ungulate herbivory. Resistance to damage is not necessarily pre-
dictable. It can vary among closely related species, and even between
populations of the same species (e.g., Painter et al. 1989, 1993).
Some native California plant species appear to have limited toler-
ance of livestock grazing. However, if they are preferred foods, the
resulting stress may put them at a competitive disadvantage with
unpalatable plant species and with more grazing tolerant species,
leading to a decline in number or even a loss from the community.
However, in many areas, they appear to have been able to persist,
in reduced numbers and sizes of plants, although often with little
reproduction from seed. Since there is very little information avail-
able about the lifespan of these taxa, it is not known how long inertia
will be enough to maintain their presence.

There are few, if any, types of plant communities in California
that are unimpacted by livestock. Impacts of livestock can be found
even on beaches and dunes (e.g., on Santa Rosa Island, personal
observation). Intensive use by livestock (feral or domestic) has had
adverse effects on many pine and cypress communities (Vogl et al.
1990). Effects of livestock on oak woodlands and savannas are equiv-
ocal (Griffin 1990). Although climate and native herbivores are often
important, livestock can have a role in reducing oak regeneration.
The invasion of oak communities by alien plants also appears to be
related to the introduction of livestock. Oaks were more plentiful
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before European-American settlement. Habitat was lost to culti-
vation, and many oak stands were eliminated or thinned to increase
forage for livestock. Areas that are open woodlands were once more
closed, savannas were woodlands, and grasslands were savannas.
Communities now dominated by alien annual grass taxa probably
owe their origin to livestock (Baker 1978, Heady 1990). Wetlands
are especially attractive to livestock and therefore often are more
heavily impacted than other nearby communities (Heady and Child
1994, Vallentine 1990). Livestock concentrate their activities in ri-
parian areas, around margins of permanent lakes and ponds, and in
and around vernal wetlands. Impacts on mountain meadows can
remain visible for decades after livestock use has been terminated
(Rundel et al. 1990). Livestock can affect the balance between com-
munity types along ecotones, e.g., coastal-prairie/coastal-scrub, sage-
brush-steppe/conifer-woodland, and sagebrush-steppe/grassland
(Heady et al. 1990, Young et al. 1990). Pinyon-juniper woodlands
have been treated (trees poisoned or mechanically removed) to en-
hance forage for livestock (Evans and Young 1987), a process that
does not necessarily enhance the habitat for other native plant taxa.
Heavy livestock use has changed community composition and struc-
ture in some desert communities (Fleischner 1994, Vasek and Bar-
bour 1990).

Livestock herbivory can lead to alterations in species composition
of plant communities, ecosystem function, and ecosystem structure
(reviewed in Fleischner 1994). Altered species composition can in-
clude decreases in densities and diversity of native plant taxa, chang-
ing a shrub-dominated community into a grass-dominated one or
vice versa. Livestock can destabilize plant communities by aiding
the spread and establishment of alien plant taxa, both by transporting
seeds and by creating habitat for disturbance-loving alien ruderals.
Changes in a plant community affect the animal community (e.g.,
lack of food and/or cover changes the rodent community, which
impacts the predators, etc.). Ecosystem function may be altered
through changes in nutrient cycles, water cycles, etc. Livestock graz-
ing always results in a net loss of nutrients, since livestock are ex-
ported rather than decomposing in place. In addition, at least some
areas in California, like many areas west of the Rocky Mountains,
lack organisms necessary for decomposition and recycling of nutri-
ents tied up in cattle and horse feces (see Mack and Thompson 1982).
Dried, apparently intact feces can be found several years after re-
moval of livestock (personal observation). Alteration in ecosystem
structure can include changes in vegetation stratification, increases
in soil compaction, and loss of soil stability (Fleischner 1994). Loss
of plant cover, soil crusts, and litter can increase loss of soil to
erosion. Loss of plant cover, together with decreased water infiltra-
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tion (related to soil compaction) can contribute to flooding and
gullying. Cryptobiotic soil crusts are essential to ecosystem function
and structure in semi-arid and arid ecosystems (Fleischner 1994).
These crusts are composed of cyanobacteria, lichens, and mosses,
and are associated with increased organic matter, available phos-
phorus, increased soil stability, increased soil moisture, and en-
hanced seedling establishment. Cyanobacteria (both free-living and
in lichens) fix nitrogen, and can be the dominant source of this
limiting nutrient in arid systems. Livestock trampling can greatly
damage or destroy these crusts.

Livestock are allowed on public lands in California, on federal,
state, regional, county, municipal properties, from national parks to
municipal watersheds. Nearly 45% of California is federal land (Ja-
cobs 1991). Environmental Assessments and/or Environmental Im-
pact Studies are often required before grazing can be initiated on
public lands and before expired leases can be renegotiated. Such
documents need to be carefully reviewed by an informed public.
While many are well written, well researched documents, others base
management plans on popular (but scientifically unsubstantiated)
concepts (e.g., Savory 1988).

In terms of negative impacts on native plants, livestock herbivory
may not be the most destructive land use practice. There are a lot
fewer native plants in cultivated fields and manicured lawns than
in grazed savannas. Although it is not true for most of the western
United States, in the more desirable parts of California much of
what is now used for livestock might be lost to subdivisions and
development—sometimes the choice is cows or condos (see Wuer-
thner 1994c).

Careful consideration of alternative land uses needs to be made
before an end to grazing is called for. Many of the negative impacts
of grazing can be mitigated with careful, well planned management.
In areas where livestock herbivory is going to continue, selection
for damage tolerance might allow for increased success in revege-
tation with natives. All management decisions have consequences.
Abrupt changes in livestock herbivory can bring new problems, e.g.,
a major increase in Foeniculum vulgare on Santa Cruz Island when
cattle were removed (Junak et al. 1995).

While herbivory probably is a natural part of all terrestrial eco-
systems, livestock herbivory is not a natural part of California nat-
ural ecosystems. Livestock behavior does not mimic that of either
Pleistocene or modern native California herbivores (Baker 1992). It
must be viewed as a human-imposed alien disturbance and be care-
fully managed to minimize negative impacts. That said, there is a
place for carefully managed livestock in California, particularly on
private land. The livestock industry is significant both economically
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and culturally, and, if carefully managed, it can help maintain open
space and a place for much of the native flora that would be lost
with other land uses.
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