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This 1579 account is among the first ecologically meaning-
ful written records of grassland wildlife in California. Sir
Francis Drake was a British sea captain, explorer, and pirate,
not a naturalist, and the unusual rabbit-like creatures
(“conies”) that he described were most likely ground squir-
rels (Spermophilus beecheyi), pocket gophers (Thomomys bottae),
and kangaroo rats (Dipodomys spp.). It is clear that he was
impressed by the large, widespread populations of these ani-
mals, their capacity for burrowing, and, in the case of
gophers and kangaroo rats, their ability to transport har-
vested plant foods within cheek pouches. Although brief and
somewhat imprecise, Drake’s observations identified several
processes that are central to animal ecology in California
grasslands: soil disturbance, seed dispersal, granivory, and
herbivory.

This chapter addresses these ecological processes from a
historical perspective as well as within the context of our
modern-day understanding of grasslands in California.
Emphasis is given to the ecological relations of small mam-
mals, particularly burrowing rodents, because a large amount
of natural history information on them exists and they have
been studied rather intensively by scientists for several
decades. Other types of native organisms, including some
insects, are also discussed. In addition, special attention is
paid to interactions between native animals and invasive
non-native plants, because these plants dominate today’s
grassland vegetation and are, therefore, habitat components
that influence many aspects of animal ecology. Moreover,
interactions with animals appear to have been, at least in
part, responsible for producing and then maintaining some
non-native plants in California’s grassland ecosystems.

Finally, with the hope of stimulating future research efforts,
attempts have been made throughout this review to direct
attention to ecological topics that are currently inadequately
understood but could be rewarding to study.

Soil Disturbance

Burrowing Rodents

Animal burrowing is one of the most common forms of nat-
ural disturbance in grasslands and other ecosystems worldwide
(Hole 1981; Tilman 1983; Loucks et al. 1985; Hobbs and
Huenneke 1992; Hansell 1993; Huntly and Reichman 1994;
Butler 1995; Cox et al. 1995; Whitford and Kay 1999; Reichman
and Seabloom 2002). In California, pioneering anthropologist
Stephen Powers reported in 1877 that the community of
Native People located in the southern San Joaquin Valley near
Kern Lake had called themselves “Po-hal’-lin-Tin’leh”—a
name that translated to “squirrel holes” and referred to the
great number of ground squirrel excavations in that region
(Powers 1976). Burrowing rodents, particularly pocket
gophers and ground squirrels, were also the grassland ani-
mals most frequently commented upon by early European
and American explorers, settlers, and naturalists. These
observers wrote vivid accounts of enormous rodents popula-
tions and described how entire landscapes were riddled with
their excavations (Table 15.1). Although the biological accu-
racy of these reports varied, it is clear that small mammals
were important historical constituents of California’s grass-
lands and that the tremendous amount of soil disturbance
that they produced had to have been of considerable ecolog-
ical importance.
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We found a whole country to bee a warren of a strange kinde of

Conies . . .

And besides the multitude of a strange kinde of Conies by farre

exceeding them (the deer) in number; their heads and bodies in

which they resemble other Conies; are but small; his tayle like

the tayle of a Rat, exceedingly long; and his feet like the pawes

of a Want or Moale; under his chinne, on either side he hath a

bagge, into which he gathereth his meate when he hath filled

his belly abroade that he may with it either feed his young or

feed himselfe when he lists not to travaile from his burrough.

SIR FRANCIS DRAKE (IN JACOBSEN 1918: 130)



Recently, however, archeologists have suggested that the
remarkable abundance of wildlife reported in California’s
early history was not the typical, long-term ecological con-
dition (Broughton 1994, 2002; Preston 2002a; Raab and
Jones 2004). They discuss evidence indicating that, begin-
ning in the late Holocene, the hunting pressure exerted by
the growing population of Native People significantly lim-
ited populations of wildlife species. This suppression per-
sisted until fast-spreading disease epidemics associated with
European contact devastated the Native People (Preston
2002b). It is proposed that the high level of disease-caused
human mortality released native wildlife populations from
top-down control and allowed them to expand to the
extraordinary sizes described in early historical writings
(Preston 2002a). This assertion reflects a record of archeo-
logical evidence of large game animals (e.g., pronghorn
antelope, Antilocapra ameriana; elk, Cervus elaphus; mule
deer, Odocoileus hemionus) and predators (e.g., coyote, Canis
latrans; gray fox, Urocyon cinereoargenteus; badger, Taxidea
taxus). Although bones of small mammals, including
gophers and ground squirrels, have been found in large
numbers at Sacramento Valley archeological sites, these
remains have not been included in analyses (Broughton
1994, 2002), because fossorial animals can disrupt chrono-
logical strata of archeological materials and make it difficult
to determine when they were deposited (Erlandson 1984).
Therefore, it is uncertain whether pre-European contact
population patterns of small grassland mammals corre-
sponded with those of larger species (Broughton 1994).
However, early records indicate that, by the 1770s, bur-
rowing rodents were extremely abundant in the central
coast range and San Joaquin Valley (Coues 1900; Bolton
1926, 1930).

Whether the presence of large numbers of burrowing
rodents was a natural, long-term ecological condition in
California or a side effect of European colonization, it is quite
evident that these species have been important grassland
constituents in recent centuries. Grinnell (1923) estimated

that 1 billion burrowing rodents lived within California’s
borders, and Clements and Shelford (1939: 290) referred to
ground squirrels as “the most characteristic species” of
California’s grasslands. More recently, Lidicker (1989)
explained that ground squirrels and pocket gophers continue
to be two of the most ecologically important vertebrates in
California grasslands and that their capacities to disturb soils
are considerable. His review of the literature indicated that
ground squirrels occur in grasslands in densities of 4.2–45.2
individuals per hectare and gophers in densities of
26.6–100.8 individuals per hectare. Families of ground squir-
rels usually occupy large burrow systems with multiple
entrances that are surrounded by piles of excavated soil
extracted from tunnels that are mostly of 1–2 meters depth
(Lidicker 1989). Individual gophers produce systems of tunnels
at depths of 15.3–55.9 centimeters and averaging 5 meters in
length (Lidicker 1989) with surface heaps of disturbed soil
deposited at entrances (Figure 15.1). Although the amount of
excavation is greatest when soils are relatively moist, these
animals dig year-round (Romañach et al. 2005). It has been
estimated that gophers in California grasslands turn over
most of the surface soil in their habitat areas every 3–15 years
(Hobbs and Mooney 1995; Kneitel 1997).

A detailed catalog of California’s grassland vertebrates
(Lidicker 1989) included, in addition to ground squirrels and
gophers, many other species that are soil disturbers. For
example, excavations by kangaroo rats (Dipodomys spp.) are
extensive in some grasslands (Grinnell 1932). At Carrizo Plain
National Monument, giant kangaroo rat (D. ingens) burrow
“precincts” (Grinnell 1932) polka-dot vast tracts of land
(Figure 15.2). This species, which is endemic to the western
San Joaquin Valley region and is an endangered species, pro-
duces burrow systems that are relatively static fixtures in the
landscape and can be occupied by succeeding generations of
individuals. Although other burrowing rodent species, such as
gophers, produce spatially shifting mosaics of soil distur-
bance over time, Seabloom and Richards (2003) showed
that ecological feedbacks between vegetation and burrowing,

F IG U R E 15.1. (a) Slope riddled with pocket gopher mounds (Thomomys bottae). The grassland biomass was recently burned away, making the
mounds readily visible. (b) Close-up view of pocket gopher burrow mounds with a 1-meter stick. Photographs by P. Schiffman.
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TABLE 15.1
Historical Accounts of the Abundance and Effects of Burrowing Rodents in California

Grasslands

Pedro Fages (1769, SW California; Priestley 1937: 12)

“In this territory there are to be seen, besides a number of other land animals, deer,
antelope, conies, hares without number, wildcats, wolves, some bears, coyotes, and
squirrels of three kinds.”

Francisco Palóu (1773, Valley in Central Coast Range; Bolton 1926: 226)

“They [a group of Native People] also practice hunting rabbits and squirrels, in which
the valley abounds.”

Pedro Font (1776, NW San Joaquin Valley; Bolton 1966: 410)

“[W]e came to some bare hills which, because they were mined by ground squirrels we
called the Lomas de las Tuzas.”

Francisco Garcés (1776, S San Joaquin Valley; Coues 1900: 301)

“[A] level plain much undermined by the tusas of which there are infinite numbers in
all the plains . . . ; we fell down, the mule and myself, and several times I was in danger
of the same, because of the insecurity of the ground. In the fall I lost the compass
needle, and did not think of returning to search for it, because it made me afraid to see
a land so dry and dangerous to travel.”

Hugo Reid (1832, Los Angeles Plain; Dakin 1939: 4)

“Squirrels, rabbits, and gophers were continually scurrying down into their holes, out of
harm’s way. Indeed, these tiny animals had so honeycombed the surface of the ground
as to make it dangerous to ride anywhere off the roadway faster than at a walk.”

George H. Derby (1850, S San Joaquin Valley; Browning 1991: 85, 86)

“The soil was not only of the most wretched description, dry, powdery and
decomposed, but was everywhere burrowed by gophers, a small animal resembling a
common house-rat, which I had never seen before of whitish grey color, short round
body, and very strong bony head. These animals are innumerable; though what they
subsist upon I cannot conceive, for there was little or no vegetation. There holes and
burrows, into which a horse sink to his knees at almost every step, render their
travelling difficult and dangerous”; “reptiles . . . and which with the gophers and
ground rats are the only denizens of this unpleasant and uninhabited spot.”

Andrew J. Grayson (1853, S San Joaquin Valley; Grayson 1920: 106)

“These lands were literally perforated by gophers, moles and other underground
inhabitants.”



TABLE 15.1 (CONTINUED)
Historical Accounts of the Abundance and Effects of Burrowing Rodents in California

Grasslands

Harris Newmark (1853, Los Angeles Plain; Newmark and Newmark 1916: 24)

“Soon after leaving San Pedro, we passed thousands of ground squirrels, and never
having seen anything of the kind before, I took them for ordinary rats.”

Harris Newmark (1857, Los Angeles Plain; Newmark and Newmark 1916: 215–216)

“[T]here were millions of ground-squirrels all over this country that shared with other
animals the ups and downs of the season. When there was plenty of rain, these
squirrels fattened and multiplied.”

William H. Brewer (1862, NW San Joaquin Valley; Brewer 1966: 283)

“[O]ften for miles we see nothing living but ourselves, except birds, reptiles, and ground
squirrels.”

Titus Fey Cronise (1868, many valleys; Cronise 1868: 443)

“The Grey Ground Squirrels (Spermophilus Beecheyi . . .) are so numerous and destructive
in all parts of the valleys that are not annually inundated, as to be one of the most
serious pests. . . . They are the size of a half-grown cat, and have a long, bushy tail, like
the tree squirrel; but do not ascend trees, except occassionally for food, making their
dwelling in the ground, which in many places is full of their burrows for miles
together.”

John Muir (1869, NE San Joaquin Valley; Wolfe 1938: 27)

“The ground squirrels having found easy tunneling in a soft stratum of one of the hills
of Twenty-Hill Hollow, have bored it round and round.”

John Muir (1869, San Joaquin Valley; Muir 1894: 342)

“Hares and spermophiles showed themselves in considerable numbers.”

Alice Eastwood (1902, Carrizo Plain; Wilson 1955: 81)

“Their chief concern was to be on the alert for squirrel holes that might trip 
the horses.”

Joseph Grinnell (1923, San Joaquin Valley; Grinnell 1923: 142, 149)

“There are pocket gophers in abundance. . . at Fresno”; “On wild land and elsewhere the
burrowing rodent is one of the necessary factors in the system of natural well-being.”

Harold Child Bryant (1929, many valleys; Bryant 1929: 61–62)

“Two mammals are typical of open stretches, the jack-rabbit and the ground squirrel. . . .
Ground squirrels usually live in colonies, their burrows often being connected for a
considerable distance. . . . Burrowing rodents are the original cultivators and aerators of
the soil.”



densities of these rodents exceeded 203,300 individuals per
hectare [82,280 individuals per acre] and suggested that they
were the direct consequence of habitat loss and regional
efforts to eradicate native predators.

Other Animal Excavators and Affiliated Species

The California grassland fauna is characterized by mam-
malian predators that rely heavily on burrowing rodents,
and several of these predators, including badgers, coyotes,
and San Joaquin kit foxes (Vulpes macrotis mutica) and gray
foxes (Urocyon cineroargenteus) also produce significant soil
excavations of their own (Platt 1975; Lidicker 1989; Briden
et al. 1992; Cypher et al. 1996). In addition, many raptors
prey upon burrowing rodents. In fact, Cronise (1868) referred
to the ferruginous hawk (Buteo regalis), a quintessential grass-
land raptor (Zeiner et al. 1990), as the “California squirrel
hawk” in his encyclopedic description of California’s natural
features. The burrowing owl (Athene cunicularia), white-tailed
kite (Elanus leucurus), rough-legged hawk (Buteo lagopus),
northern harrier (Circus cyaneus), and golden eagle (Aquila
chrysaetos) are among the birds of prey that frequently con-
sume grassland rodents (Ehrlich et al. 1988; Lidicker 1989;
Conroy and Chesemore 1992). Snakes are also common
sightings in or near rodent holes, and one of the most common
grassland species, the gopher snake (Pituophis melanoleucus),
is itself capable of excavating soil (Carpenter 1982). The
marked dependency of so many important California grass-
land predators upon burrowing rodents reflects the founda-
tional role that burrowers play in the grassland food web
(Schiffman 2000).

A discussion of soil disturbance in California grasslands
would not be complete without mention of grizzly bears
(Ursus arctos). In some ways, their ecological effects were like
those of much smaller burrowing animals. Grizzlies used
their enormous claws to dig up very large areas of soil in
search of buried foods such as rodents, roots, bulbs, fungi,
and insect grubs. Burrowing rodents, in particular, were
important prey for grizzlies. Storer and Tevis (1996: 56–57)
noted that in California “the land was well stocked with
rodents” and “only the badger could vie with the bear in dig-
ging rodents from the soil.” Historically, grizzly bears had been
extremely common in California’s grasslands until eradica-
tion efforts forced them into the relative, though short-lived,
safety of dense chaparral cover on steep slopes (Grinnell
1938). In 1841, an observer noted that grizzlies were “an
almost hourly sight” in the Sacramento Valley and that “it
was not uncommon to see 30 or 40 a day” (Storer and Tevis
1996: 24). Many other early observers recorded similarly
remarkable descriptions of grizzly bear abundances.

Unfortunately, the predator suppression movement of the
nineteenth and twentieth centuries decimated the grizzly
population before the species’s ecological role in California’s
ecosystems could be studied (Storer and Tevis 1996; Mattson
and Merrill 2002). So, although grizzlies do still exist else-
where in North America, the climatic and floristic differences
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herbivory, and territoriality can produce similar patchy spatial
patterns.

The microtopographic relief of California grasslands
reflects animal excavation (Black and Montgomery 1991;
Seabloom et al. 2000; Gabet 2000; Reichman and Seabloom
2002) and indicates that prolonged periods of fossorial
activity can have very dramatic effects. It has been pro-
posed that the contours and spacing of the “hog-wallow”
or “mima mound” terrain that sometimes characterizes
grasslands with vernal pools is a consequence of the terri-
toriality and tunneling behaviors of burrowing animals
(Cox 1984, 1990; Cox and Allen 1987, Cox and Scheffer
1991). Over time in some edaphic conditions, burrowing
redistributes soil in centripetal patterns such that fields of
dome-shaped hummocks surrounded by shallow depres-
sions develop. Although this sort of mounding has also
been attributed to pluvial and seismic processes (Preston
1981; Berg 1990a, b), the high densities of burrowing ani-
mals in California grasslands and their capacity for habitat
engineering (Reichman and Seabloom 2002) suggest that
they are, at least in part, responsible for shaping this
unusual terrain.

Other soil disturbing rodent species, including meadow
voles (Microtus californicus) and moles (Scapanus latimanus),
also occur in California grasslands. Although they may be
capable of significant levels of disturbance (Rice 1987), the
ecological impacts of ground squirrels, gophers, and kanga-
roo rats are usually much greater. Still, vole populations, in
particular, can grow to large size, and when this happens,
their ecological effects can be significant (Batzli and Pitelka
1970; Cockburn and Lidicker 1983; Rice 1987; Noy-Meir
1988; Howe and Brown 2000, 2001). In a very extreme case,
Hall (1927) documented meadow vole and non-native
house mouse (Mus musculus) population explosions near
Buena Vista Lake in the San Joaquin Valley. He estimated that

F IG U R E 15.2. Thousands of circular giant kangaroo rat (Dipodomys
ingens) burrow “precincts” scattered across the grassland landscape at
Carrizo Plain National Monument. In the spring, vegetation on
mounds tends to be taller, greener, and different in composition
compared to the surrounding grassland matrix. The line at the
bottom is a dirt road. Photograph by P. Schiffman.



between California’s grasslands and other North American
ecosystems are considerable. It is difficult to identify mean-
ingful functional similarities between the grizzly’s ecology in
other regions and its former ecology in California. Nonethe-
less its multifaceted role as a generalist carnivore, herbivore,
and soil disturber strongly suggests that the grizzly was a
keystone species (Tardiff and Stanford 1998; Krebs 2001). The
extirpation of an animal of such extraordinary ecological
importance means that now we can never truly understand
historical grassland ecosystem dynamics in California. It also
means that genuine restoration of the vegetation to pre-
European contact conditions is now impossible.

It has been suggested that the disturbances of feral pigs
(Sus scrofa) may, in some ways, substitute for those of
California’s extirpated grizzly bears (Kotanen 1995; Cushman
et al. 2004). In 1860 zoologist Janos Xántus observed that
the California grizzly “sometimes amuses himself digging,
like pigs, and sometimes during a moon-light night, he will
dig up many acres of lands [so] that not one [blade of] grass
is to be found on it” (Storer and Tevis 1996: 61). Although
feral pigs disturb large patches of ground and consume a
broad diversity of foods, including some of the same things
eaten by grizzlies (see Cushman, Chapter 12), pigs and griz-
zly bears are still very different kinds of animals. Therefore,
it is probable that only in a very general sense do these two
species function as ecological equivalents in California
grasslands.

Secondary Burrow Users

A broad diversity of mostly nonburrowing grassland animals
use the holes and/or bare soil produced by rodent excavators.
These secondary burrow users range from the burrowing
owl (Athene cunicularia), San Joaquin antelope ground
squirrel (Ammospermophilus nelsoni), and rabbits to the tiger
salamander (Ambystoma californiense) and many reptiles (Orr
1940; Zeiner et al. 1988; Lidicker 1989; Nicolai 1992; Knopf
1996). Among invertebrate burrow users, tarantulas
(Aphonopelma spp.) frequently occupy grassland rodent holes
(Gabel 1972), and some beetles (e.g., Geomysaprinus and Ere-
mosaprinus spp.) are burrow habitat specialists. In addition,
on cool mornings Kern primrose sphinx moths (Euproserpinus
euterpe) have been known to bask on mounds of rodent-exca-
vated soil (Tuskes and Emmel 1981). Grasshoppers
(Melanoplus spp.) also seek out bare gopher mound soils as
oviposition sites. Nymphs of these grasshoppers survive best
in open microsites, and the presence of gopher mounds in an
ecosystem probably results in larger populations of grasshop-
pers than would otherwise exist (Huntly and Inouye 1988).
Some secondary burrow users (e.g., San Joaquin antelope
squirrel; tiger salamander; blunt-nosed leopard lizard, Gam-
belia silus; Kern primrose sphinx moth) are officially pro-
tected as threatened or endangered species. Understanding
the ecological relationships between the burrowers, the
microsites they produce, and these burrow-using species may
be of critical conservation importance.

Burrowing Effects on Vegetation

Disturbed microsites produced by burrowing mammals differ
physically from less recently disturbed microsites located just
meters away (Grinnell 1923). Excavation disrupts soil structure,
and hence these patches of less consolidated soil have lower
bulk densities (Canals et al. 2003). In addition, soil tempera-
tures are typically several degrees warmer than the surround-
ing areas because they are less shaded or otherwise insulated
(Kotanen 1997a; Canals et al. 2003). Nutrient levels of
recently excavated soils are sometimes markedly different
(Koide et al. 1987; Kotanen 1997a; Hoopes and Hall 2002;
Canals et al. 2003) and often, but not always, have higher lev-
els of NH4

� and NO3
�. These patterns are reflected by greater

amounts of plant growth and reproduction on burrow
mounds than in less disturbed areas (Hobbs and Mooney
1985; Canals et al. 2003). Over time, burrowing animals main-
tain spatially complex grassland soil and plant landscapes as
new disturbances are continually created and vegetation
develops on old excavations (Cox et al. 1995).

Interesting vegetation composition patterns are observ-
able at the microsite scale when burrow mounds are com-
pared to adjacent, less disturbed areas (Hobbs and Mooney
1985; Koide et al. 1987; Peart 1989c; D’Antonio 1993;
Schiffman 1994; Hobbs and Mooney 1995; Hoopes and Hall
2002; Canals et al. 2003). Frequently, burrow mounds sup-
port greater abundances and diversities of non-native plants,
especially ruderal annuals, than less disturbed microsites
(Hobbs and Mooney 1985, 1995; Schiffman 1994; Cox et al.
1995). Grinnell (1932) described how areas disturbed by giant
kangaroo rats had tremendous covers of tall non-native
Erodium while native Lepidium and Lasthenia plants dominated
the less disturbed intervening areas (Figure 15.3). Still, some
native annual forbs, including Hesperevax [Evax] sparsiflora,
Lotus subpinnatus, Amsinckia tessellata, and Tropidocarpum
gracile, do actually occur in large amounts on burrows
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FIGURE 15.3. A giant kangaroo rat (Dipodomys ingens) burrow precinct
covered with disturbance adapted non-native Erodium cicutarium and
native Amsinckia tessellata (foliage green in color). The less disturbed
intervening area is dominated by native Lasthenia californica (flowers
yellow in color). Photograph by P. Schiffman.



preferentially collected the seeds of the annual grassland forb
Microseris douglasii and limited that species’ abundance. In
addition, ant nest sites supported more Calycadenia multiglan-
dulosa and Layia platyglossa as well as less Lasthenia californica,
Plantago erecta, and Castilleja [Orthocarpus] densiflora than the
surrounding adjacent vegetation (Hobbs 1985). However,
harvester ants are especially vulnerable to the negative
effects of habitat fragmentation and invasive Argentine ants
(Linepithema humile), and this means that their control of
species distributions is tenuous in grassland fragments, par-
ticularly those in close proximity to human development
(Suarez et al. 1998).

Despite the abundance of potential seed dispersers, the
patchiness of grassland plants suggests that the vast major-
ity of native seeds disperse only relatively short distances.
Moreover, animals sometimes indirectly influence seed dis-
persal and seedling establishment by creating mosaics of het-
erogeneous microsites. Hobbs and Mooney (1985) found that
seed rain from grassland species onto gopher mounds was
generally lower than in undisturbed areas. This was espe-
cially the case for Lasthenia californica. Seed rain of taller
species, however, was greatest on burrow mounds because
seeds released from inflorescences of greater heights dispersed
beyond the dense canopy of undisturbed vegetation.

Non-native Plant Seed

Native seed-eating animals are opportunistic, and their diets
have expanded to include the invasive non-native species,
particularly the annual grasses, that now dominate California’s
grasslands (Shaw 1934; Hawbecker 1951; Batzli and Pitelka
1970; Borchert and Jain 1978; Hobbs 1985; Schiffman 1994).
Native animals may have been responsible for dispersing the
seeds of some of the first invasive plants into California’s
grasslands (Mensing and Byrne 1999). The presence of seeds
of invasive plants, including Erodium cicutarium, Avena,
Rumex crispus, and Medicago polymorpha, in the mud used to
make early adobe bricks (Hendry 1931; Spira and Wagner
1983; Mensing and Byrne 1998, 1999) indicates that these
species dispersed to California and became established dur-
ing the period of exploration prior to the 1769 founding of
the first European settlement in Alta California. Mensing and
Byrne (1999) suggest that dispersal by native animals from
Baja California, where European plants had previously
become entrenched, to Alta California is one of the ways in
which the invasions could have been initiated.

In California’s grasslands, the patches of disturbed soil pro-
duced by burrowing animals probably acted as “nascent foci”
(Moody and Mack 1988) for invasive non-native plant
species. Moody and Mack (1988) showed that large numbers
of relatively small, circular foci can promote the very efficient
spread of invasive plant propagules across landscapes. Rodent
burrows have been demonstrated to promote grassland
invasibility (Robinson et al. 1995), and studies indicate that
disturbed soil microsites allow for the establishment of weedy
non-native plants (Smith 1970; Hobbs and Mooney 1985;
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(Schiffman 1994; Hobbs and Mooney 1995). It seems probable
that these native disturbance-adapted plants were much
more common before California’s grasslands were invaded by
competitive non-native ruderal annuals. Interestingly, Hoopes
and Hall (2002) suggest that gopher mounds serve as refugia
on which the native perennial grass Sporobolis airoides can
escape competition from non-native annual grasses. Somewhat
similarly, two non-native perennials, Anthoxanthum odoratum
and Carprobrotus edulis, also do best on gopher mounds (Peart
1989c; D’Antonio 1993). In fact, much like S. airoides, C. edulis
would not be able to occupy grasslands without gopher dis-
turbances (D’Antonio 1993).

The effects of burrowing are also observable at much larger
spatial scales. Studies have shown that the vegetations of
California grassland sites with gophers, ground squirrels, or
other burrowing animals are compositionally distinct (Hobbs
et al. 1988; Hobbs and Mooney 1991, 1995; Knops et al.
1995; Robinson et al. 1995; Stromberg and Griffin 1996).
Two general features, in particular, tend to characterize these
grasslands. First, they have reduced abundances of perenni-
als such as bunchgrasses and geophytes (Hobbs and Mooney
1995; Stromberg and Griffin 1996); second, they have ele-
vated levels of invasive non-native species, particularly
annual grasses (Knops et al. 1995; Stromberg and Griffin
1996). Small burrowing rodents’ control of so many impor-
tant aspects of grassland ecology make them ecosystem engi-
neers (Reichman and Seabloom 2002).

Granivory and Seed Dispersal

Native Plant Seed

Granivory and seed dispersal have not yet been extensively
studied in California grasslands (Kotanen 1996). Seed-eating
mammals (e.g., kangaroo rats, pocket mice, meadow voles),
birds (e.g., many sparrows; horned lark, Eremophila alpestris;
mourning dove, Zenaida macroura), and harvester ants (e.g.,
Messor and Pogonomyrmex spp.) are abundant in this ecosys-
tem and are capable of both consuming and dispersing many
seeds (Batzli and Pitelka 1970; Beattie 1989; Lidicker 1989;
Schiffman 1994; Boulton et al. 2005; Espeland et al. 2005).
In years of average or above-average rainfall, grassland plants
can produce enormous volumes of seed. Yet some native
species are strongly seed-limited (Seabloom et al. 2003a), and
granivores are likely, in part, responsible for this. They are also
often vectors, if only inadvertently, for numerous seeds (Price
and Jenkins 1986). Many native seeds have morphological
features, particularly barbs and awns, that would be expected
to promote dispersal by adhering to animal fur, feathers, or
skin. Other plant species have adaptations for wind dispersal
(wings, pappus, or plumes) or lack obvious morphological
features for animal dispersal, but they may also collectively
serve as a significant food source for granivores.

Spatial patterns of plants frequently reflect the choices and
behaviors of seed-eating animals. For example, Hobbs (1985)
found that foraging harvester ants (Messor [Vermessor] andrei)
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Peart 1989c; D’Antonio 1993; Schiffman 1994; Cox et al.
1995; Knops et al. 1995; Stromberg and Griffin 1996). This is
particularly true for invasive annual plants, both grasses and
forbs, derived from domesticated crops (e.g., Avena fatua) or
with recent evolutionary histories that included prolonged
exposure to agricultural soil cultivation (Hobbs and Huen-
neke 1992; Seligman 1996; Zohary and Hopf 2000). It is not
difficult to imagine that, early in California’s history, the
enormous numbers of rodent burrows (see Table 15.1)
enabled some opportunist ruderal plant invaders to hop-
scotch rapidly across broad expanses of grassland terrain
(Hobbs and Hobbs 1987; Wu and Levin 1994). In addition,
the chronic nature of these disturbances meant that newly
disturbed microsites were continually made available. This
may have been enough to promote the rapid spread of many
invasive non-native species.

The fact that California’s grasslands were invaded rapidly
and that the process apparently happened in a manner that
escaped notice of early residents (see Chapter 4), suggest that
the mechanisms that facilitated this invasion did not involve
factors that would have been perceived as extraordinary. Soil
disturbances produced by burrowing mammals were com-
mon and widespread grassland elements, and their ability to
promote the invasion process would not have attracted the
attention of early observers, who were, if anything, attuned
to the tremendous scale of disturbance rather than changing
abundances of small plants. In addition, invasions are often
characterized by lag periods during which time non-native
populations spread surreptitiously across regions. In the lag
phase, invasive populations are still of relatively small size,
and their spread is often undetected or simply viewed as eco-
logically insignificant (Kowarik 1995). It seems likely that in
California grasslands, animals facilitated the invisible lag
phase spread of some invasive ruderal plant species by creating

microsites for establishment and physically dispersing seeds
(Figure 15.4).

The propagules of many invasive, non-native plant
species, including common annual grasses and Erodium
spp., also have barbs, awns, and other morphological fea-
tures that readily make them adhere readily. These struc-
tures likely facilitated their dispersal by native animals and
livestock (Manzano and Malo 2006). In addition, grassland
animals purposely transport seeds. Kangaroo rats harvest
and cache enormous numbers of seeds (Figure 15.5), and
Cox et al. (1995) reported that pocket gophers produce
surface-access caches of large numbers of Erodium seeds.
Giant kangaroo rats apparently preferentially select non-
native seeds because they are, on average, larger than seeds
produced by native grassland species (Schiffman 1994).
Some of these non-native seeds escape predation and sub-
sequently germinate and grow in the disturbed soils where
they were temporarily cached. These behaviors are, at least
in part, responsible for the high levels of non-native species
richness and cover that are sometimes found on rodent-dis-
turbed soils (Schiffman 1994).

Herbivorous animals also often inadvertently consume
and disperse viable seeds. Zedler and Black (1992) showed
that rabbits (Sylvilagus audubonii and S. bachmani) and hares
(Lepus californicus) disperse many grassland seeds, including
non-native species, after consuming them while feeding on
foliage. Similarly, grazing animals also disperse seeds. Malo
and Suárez (1995) estimated that a single grazing cow is
capable of consuming and transporting 300,000 viable
Mediterranean seeds per day. The establishment of wide-
spread livestock grazing was coincident with the spread
of invasive non-native plants in California’s grassland land-
scapes. It seems likely that both native animals and livestock
were very effective dispersers of non-native ruderal plant

F IG U R E 15.4. Soon after European contact, widespread soil
disturbances and seed dispersal by burrowing grassland mammals
may have facilitated the rapid spread and establishment of some
invasive, non-native, ruderal plant species. During the invisible lag
phase, small, localized populations expanded into large widespread
populations. Model adapted from Kowarik (1995).

FIGURE 15.5. Non-native annual grass, red brome (Bromus madritensis),
seed heads piled in a temporary “haystack” cache on a giant kangaroo
rat (Dipodomys ingens) burrow “precinct.” A few days after making a
haystack, the kangaroo rat transfers most of the seeds into the burrow
for longer-term underground storage. Length of tape is 1 meter.
Photograph by P. Schiffman.
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seeds in California’s burrow-riddled grasslands (Figures 15.1
and 15.2).

Herbivory

Small Mammals

In addition to being disturbers of soil and consumers and/or
dispersers of seeds, many small grassland mammals are also
herbivores (Orr 1940; Fitch and Bentley 1949; Hawbecker
1951; Huntly and Reichman 1994; Olff and Ritchie 1998). In
Mediterranean-climate ecosystems, fossorial rodents are the
major herbivores (Cox et al. 1995). Fitch and Bentley (1949)
estimated that each year ground squirrels, gophers, and kan-
garoo rats collectively reduced the grassland biomass (dry
weight) at the San Joaquin Experimental Range by an aver-
age of 512 kilograms per hectare (457 pounds per acre) and
that this quantity was equivalent to at least one-third of a
typical year’s total production. This was almost certainly an
underestimate because it did not include the potentially sig-
nificant effects of rabbits, mice, and other small herbivores
(Fitch and Bentley 1949). In addition, grasslands in more
mesic locations, with greater annual productivities and larger
populations of small mammals, would be expected to expe-
rience greater biomass losses than those documented by Fitch
and Bentley (1949).

Precipitation and soil fertility are often good predictors of
the effects of herbivory on grassland diversity at regional as
well as local scales (Olff and Ritchie 1998). Species diversities
of dry or infertile grasslands are generally more negatively
impacted by herbivory than more mesic and fertile grass-
lands (Olff and Ritchie 1998). In California, this means that
plant diversity in coastal prairies would be expected to be
much more positively affected by herbivory than would the
diversities of serpentine grasslands of the Coast Ranges and
the arid inland grasslands of the Central Valley.

Herbivory and its ecological implications have not yet
been adequately studied in California grasslands, and there-
fore there are many uncertainties. However, given that pop-
ulations of rodents were historically very large, it is likely that
the ecological effects of their herbivory were far-reaching
(Cockburn and Lidicker 1983; Noy-Meir 1988; Olff and
Ritchie 1998; Seabloom and Reichman 2001; Howe et al.
2002). A simulation model constructed by Seabloom and
Richards (2003) indicated that gopher territoriality and
preferences for feeding on annual plants can result in the
development of multiple stable equilibria—compositionally
different small plant communities that persist for prolonged
periods of time. In addition, fluctuations in herbivorous
rodent population sizes have been observed to affect the
structure and composition of coastal prairie and inland val-
ley grassland vegetations (Batzli and Pitelka 1970), and the
effects of grassland herbivores can extend into nongrassland
ecosystems. For example, in the late 1800s and early 1900s,
predator suppression caused native rodent populations to
boom, and their habitat usage expanded into agricultural
fields. As a result, state and federal government agencies and

civic organizations encouraged the mass slaughter of California
ground squirrels and other rodent species because they
were destroying economically valuable crops. Antiherbivore
activities became common and included an 1877 “killing
bee” in Los Angeles County and a women’s “squirrel associ-
ation” in Manteca that gave prizes and monetary awards to
children who turned in the tails of dead ground squirrels in
1903 (Jacobsen 1918).

Although grassland herbivores can be opportunistic, they
do have preferences for particular plant foods (Fitch and
Bentley 1949). Gophers, for instance, generally prefer to eat
annuals, forbs, and geophytes (Huntly and Inouye 1988;
Hunt 1992; Huntly and Reichman 1994; Seabloom and
Richards 2003). However, the California grassland environ-
ments that gophers occupy today are dominated by invasive,
non-native plants. Non-native taxa such as Bromus, Avena,
Erodium, and Hypochaeris now constitute most of the typical
gopher’s diet (Hobbs and Mooney 1995; Hunt 1992). Non-
native plants, particularly annuals, have also become signif-
icant components of the diets of other small mammalian
herbivores including meadow voles, ground squirrels, rabbits,
and hares (Orr 1940; Fitch and Bentley 1949; Batzli and
Pitelka 1970; Cockburn and Lidicker 1983; Zedler and Black
1992). Even kangaroo rats, which are primarily granivores,
sometimes eat the foliage of both native and non-native
grassland plants (Grinnell 1932). Fitch and Bentley (1949:
311) noted that kangaroo rats (Dipodomys heermannii) seem
“rather indiscriminate in use of green vegetation in winter”
and that much of this plant material was the common non-
native, Erodium botrys.

Kangaroo rats also often clip down plants growing on their
burrow mounds (Williams and Kilburn 1991). In fact, much
of the total amount of the biomass removed by small grass-
land herbivores is actually associated with behaviors that are
not directly connected to feeding (Fitch and Bentley 1949).
These activities, which include trampling of vegetation in
runways and near burrows, clipping nesting materials, cut-
ting and discarding herbage, and covering-up of plants with
excavated soil, can considerably reduce a grassland’s total
biomass. In the case of Dipodomys ingens, clipped areas can
constitute up to 32% of the terrain (Schiffman 1994) in the
dry season. At Carrizo Plain National Monument, such rela-
tively cleared areas can be important habitat for mountain
plovers (Charadrius montanus), blunt-nosed leopard lizards,
and other grassland species that are apparently not well
adapted to environments with heavy accumulations of non-
native grass biomass (Knowles et al. 1982; Williams et al.
1992; Knopf 1998).

Grasshoppers

Crawley (1989) has suggested that mammalian herbivores
generally have greater impacts on plants than do insect her-
bivores. However, he refers to grasshoppers as “honorary ver-
tebrates,” because, as relatively large, mobile, polyphagous
insects, they are capable of significantly reducing plant



densities. In California grasslands, grasshoppers and other
insects are a particularly important class of herbivores. Nearly
200 grasshopper species occur in California (Joern 1989), and
more than 50% of them are endemics. In addition, almost
half of California’s grasshoppers are in the subfamily
Melanoplinae (Joern 1989). Among these, Melanoplus devas-
tator is a massing species that can be especially damaging to
vegetation (Strohecker et al. 1968). It feeds on forbs as well as
grasses and the effects of a population boom in 1957 and 1958
were reported to have been quite spectacular (Strohecker
et al. 1968).

Despite their considerable biological diversity, almost
nothing is known about the population dynamics, preferred
plant food species, and other ecological relationships of
California’s grasshoppers and other herbivorous grassland
insects (Joern 1989). Insects in other North American grass-
lands have been studied, however, and it should be possible
to extend some of these findings to California. Joern (1989)
used this sort of extrapolation to propose that, historically,
reciprocal effects between California grasshoppers and the
plants they eat may have helped to propel invasive non-
native plants to successfully displace native plants and come
to dominate California’s grasslands—an event that punster
Joern called the “coup de grass.” Very large grasshopper pop-
ulations would have been necessary for such a massive
ecosystem change.

Grasshopper population sizes have been indirectly linked
to weather conditions (Strohecker et al. 1968; Rodell 1977;
Belkovsky and Joern 1995; Belkovsky and Slade 1995).
In years when the temperature and moisture regime pro-
motes abundant plant growth, populations of grasshoppers
can become quite large. In California grasslands, where rain-
fall amounts can vary considerably from year to year and
from place to place, grasshopper population sizes would also
be expected to vary greatly. Differing historical observations
about grasshoppers and their effects in California probably
reflect such weather-driven population variations. For exam-
ple, according to Jacobsen (1918: 133), “in 1829, it was found
that throughout California where missions had been estab-
lished both squirrels and grasshoppers caused considerable
damage.” In contrast, Cronise (1868) noted that grasshoppers
and crickets had at times been destructive but that their
effects were not extensive.

Belkovsky and Joern (1995) indicated that grasshopper
populations can be strongly influenced by predators in habi-
tats with good-quality plant food resources. In a study of
grasshopper ecology conducted in the palouse prairie of
Montana, predation on grasshoppers by birds, including
some species that also occur in California grasslands (western
meadowlarks, Sturnella neglecta; grasshopper sparrows,
Ammodrammus savannarum; and western kingbirds, Tyrannus
verticalis), was observed to reduce the abundances of large-
and small-bodied grasshopper taxa more so than medium
sized ones (Belkovsky and Slade 1993). This, in turn, might
affect the populations of food plants fed upon by grasshop-
pers of different sizes. Although the species-level details may

differ, it is to be expected that bird predation also differen-
tially affects California grasshopper species and possibly the
grassland plant populations that they eat.

In another Montana study, grasshopper herbivory levels
were found to influence rates of nitrogen cycling by chang-
ing the quality of leaf litter and rates of decomposition. Ulti-
mately, this impacted plant production and grassland species
composition (Belkovsky and Slade 2000). It is likely that, in
California, grasshoppers also affect decomposition and nutri-
ent cycling rates. However, these relationships may not be as
strong in arid California grasslands, where leaf litter (mulch)
from non-native grasses accumulates and can cover the
ground, undecomposed, for years.

Other Insects

California grasslands are also habitat for a wide diversity of
additional herbivorous insect taxa. However, as with grasshop-
pers, the life histories of these insects are very poorly docu-
mented. The non-native beet leafhopper (Circulifer tenellus
[Eutettix tenellus]) is one species that was studied in some
depth in the 1930s and 1940s because, as the vector of curly
top disease, it was a costly agricultural pest in the San Joaquin
Valley. Detailed studies showed that several annual grassland
forbs are important hosts for this herbivorous insect
(Piemeisel and Lawson 1937, Lawson and Piemeisel 1943). As
with grasshoppers, beet leafhopper populations respond to
how moisture availability affects plants. In the rainy season,
they feed on winter annuals in grasslands and other native
vegetations. However, when summer drying begins, they
migrate to agricultural crops (especially beets, tomatoes,
spinach, and cucurbits) and weedy summer annuals that
tend to be common in grasslands that are heavily grazed by
livestock (e.g., Atriplex, Amaranthus, Chenopodium, Salsola,
and Malva). When crops are harvested and summer annuals
are dry, they shift back to grasslands, where they eat what-
ever is green until winter annuals reappear (Piemeisel and
Lawson 1937, Lawson and Piemeisel 1943).

Complicated interactions with annual grassland plants are
also important for the Kern primrose sphinx moth. Its cater-
pillars are apparently specialists that feed on the native
annual forb Cammisonia campestris (Tuskes and Emmel 1981).
Historically, this moth occurred in much of southern
California, but in 1980 it was known from just one popula-
tion in the Walker Basin of Kern County. Between 1982 and
2002 no individuals had been seen anywhere, and then in
2002 a population was discovered at Carrizo Plain National
Monument. The rarity of the Kern primrose sphinx moth
appears to be linked to the abundance of non-native species
in California grasslands, and a common non-native plant
species may act as a reproductive trap. Tuskes and Emmel
(1981) report repeatedly observing females ovipositing on
the extremely common non-native annual Erodium cicutarium
instead of the much less common native Camissonia plants.
However, larvae reared on E. cicutarium did not feed and died
after three days.
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If beet leafhoppers and Kern primrose sphinx moths are in
any way typical of California’s herbivorous grassland insects, a
large proportion of the other species should be expected to
also have complex ecological relationships with native and
non-native grassland plants as well as other organisms.
Research into this large and desperately understudied general
topic would almost certainly yield fascinating results with
value for the conservation and management of California
grassland ecosystems.

Summary

As Sir Francis Drake so aptly noted over 400 years ago,
California’s native grassland animals are involved in a vari-
ety of interesting ecological processes. Small burrowing
mammals, in particular, are very abundant and have a
tremendous array of important interspecific relationships.

The ecological relations of California’s burrowing rodents
have been studied rather intensively in recent decades, and
we now know a great deal about how their disturbances
affect grassland vegetation. Their roles as seed predators,
seed dispersers, and herbivores are less well understood.
Still, it is clear that the capacity of these animals to accom-
modate non-native plants (and vice versa) is truly remark-
able. Because of this, it is likely that, beginning soon after
California’s first European contact, soil-disturbing rodents
played instrumental roles in promoting the invasion and
maintenance of some of the non-native plants that domi-
nate grasslands. Because a good-sized body of ecological
knowledge now exists for California’s small grassland mam-
mals, perhaps it is time to broaden the focus of scientific
inquiry to explicitly address the ecological roles of grasshop-
pers and other common, but possibly less charismatic, grass-
land organisms.


