Pl: FMW
June 12, 2000 19:32 Annual Reviews AR113-09

- N

Annu. Rev. Ecol. Syst. 2000. 31:197-216
Copyright © 2000 by Annual Reviews. All rights reserved —

SHRUB INvVASIONS OF NORTH AMERICAN
SEMIARID (GRASSLANDS

O. W. Van Auken !

Division of Life Sciences, University of Texas at San Antonio, San Antonio, |
Texas 78249-0662; e-mail: ovanauken@utsa.edu |

Key Words brush encroachment, desert grassland, desertification, zncroachment,
woody plant invasion

B Abstract The composition and structure of the semiarid or desert grasslands
of southwestern North America have changed over the past 150 y. Brushy or woody
species in these communities have increased in density and cover. This increase in den-
sity of woody species is called brush encroachment because most of these species have
been presentin these communities at lower densities for thousands of years. The brushy
or woody species were not introduced from other continents or from great distances.
They are indigenous species that have increased in density or cover because of changes
in Iocal abiotic or biotic conditions. The brushy and woody plants are not the cause of
these changes, but their increase is the result of other factors. The causes of changes
that have led to the present woody-brushy composition of these semiarid grasslands has
beendifficultto determine. Warming of the climate seems to be a background condition,
but the driving force seems to be chronic, high levels of herbivory by domestic animals.
This herbivory has reduced the aboveground grass biomass, leading to the reduction of
fine fuel and a concomitant reduction or complete elimination of grassland fires. This
combination of factors favors the encroachment, establishment, survival and growth of
woody plants. Less competition from grasses, dispersal of seeds of woody plants by
domestic animals, and changes in rodent, lagomorph, and insect populations seem to
modify the rate of change. Elevated levels of atmospheric CO, are not necessary to ex- !
plain shrub encroachment in these semiarid grasslands. The direction of future change

is difficult to predict. The density of brushy and woody plants will probably increase

as will the stature and number of species. However, if soil nutrients increase, woody

legumes may be replaced by other brushy or woody species. Reversing the changes that

have been going on for ISOAwill be a difficult, long-term, and perhaps impossible, task. %

( L —

INTRODUCTION | )% [Le / 2

Deglaciation has caused major fluctuations in plant populations throughout the
world over the past 11,000-12,500 y. Woodlands with spruce, fir, and pine cov-
ered much of what is now mixed deciduous forest in the eastern United States
(51-53). Subalpine woodlands were found in areas now covered with pifion-juniper
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woodlands in the Great Basin (20, 120). Spruce forests or open spruce, pine, birch
parkland occurred in areas of tall grass prairie in Kansas and in areas of juniper
grassland or savanna in west central New Mexico. Pine parkland was found in
what is now short-grass prairie in western Texas and in areas of desert grassland

in southeastern Arizona (78,79, 85, 147, 166).

In the past 150 y, changes and rates of change of plant populations and commu-

nities have been unparalleled (42, 56, 132). Most g

f the recent changes in woody

plant populations associated with grasslands or savannas do not appear to have been

caused directly by deglaciation nor are they to be co

sidered invasions as suggested

by many authors; rather, these phenomena are asso¢iated with adjacent communi-

ties that have existed for a considerable time (32, 1
not the establishment and growth of newly introduct
the increase in density or cover of local shrubs and
present in the semiarid grasslands of southwestern

20). In this chapter I examine,
td species of woody plants, but
woody species that have been
North America for thousands

of years (86,93, 167, 169). I favor the word encroa
At lower elevations, brushy or woody speci
Chihuahuan or Sonoran Deserts have increased i

hment for this phenomenon.
usually associated with the
density in areas previously

covered by semiarid grassiand (29, 82). At higher|elevations, various species of

juniper, previously restricted to rocky outcrops, s
have spread downslope into grassiands throughout
(21,59,90, 115, 120, 170, 174). Not all species have

ecp slopes, and shallow soils
southwestern North America
moved, however; for example,

populations of Quercus emoryi that form woodlands above the semiarid grasslands

in Arizona and Northern Mexico apparently have n
vation for many years (173). However, seedling es
area below the adult tree canopy (69, 173).

ot migrated up or down in ele-
tablishment is restricted to the

Alterations in density of woody plants had been attributed to climate change
(29, 82), but in the semiarid grasslands of the southwestern United States, warm-

ing would presumably cause juniper to move north

ard and up in elevation (120),

but the changes in juniper populations seems to pbe down in elevation and af-
fected by reduced grass biomass and a concomitant reduction in fire frequency
(21, 32,90, 118). Recent climatic or precipitation changes do not seem connected
to these vegetation alterations in the semiarid grasslands (8). Anthropogenic forces
have apparently caused most of the recent changes in semiarid grasslands either
directly or indirectly. The process is known by a|number of names, including
desertification, shrub invasion, woody plant invasion, and bush or brush encroach-
ment (2,4,5,109, 115, 136, 141, 142, 144), and has pccurred throughout the world
(1,2,4,7,21,29,34,77,81, 82,120, 141, 142, 144, 150, 164, 168).

Semiarid grasslands or desert grasslands are foupd in the basins and valleys
of southwestern North America as well as on outwash plains (bajadas) and on
the lower foothills (24, 25, 30, 55, 98, 109, 142). Similar vegetation regions occur
throughout the world; among them are the Espinal and some parts of the Chaco
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in Argentina (151), the veld and some savanna types in southern Africa (30, 44),
arid-parts of northwestern India (44, 122), the acacia shrublands and semiarid low
woodlands between the forests of the southeastern part of Australia, and the interior
continental deserts of Australia (13, 63, 124, 130). "

The semiarid grasslands of southwestern North America are extensive but dis-
continuous (24, 25, 30, 55, 98, 109, 142). In the north, they extended from north-
west of Dallas in northern Texas, across southern New Mexico, to northwest of
Phoenix and west of Tucson in southern Arizona (approximately 35° N 98° W to
31° N 111° W). In the south, they extended from west of Veracruz to northeast of
Colima, Mexico (approximately 18° N 96° W to 19° N 104° W). These semiarid re-
gions usually occur at elevations between 1100 and 2500 m. Rainfall may average
230 mm per year in the north to as much as 600 mm per year at higher elevations in
the south. Approximately 50% of the rain falls between May and October in west-
ern Arizona, 75% during this time period in western Texas, and as much as 90%
during this time pericd in central Mexico (109). Mean annual temperature ranges
from 13°C to 16°C with fewer than 75 with freezing temperatures (149); evapo-

ration rates are high (142). Plant productivity in semiarid grasslands is the lowest
of all North American grasslands, probably because of low and variable rainfall,
high evapotranspiration, and shallow soil (109, 119, 142, 149). Aboveground net
primary production values as low as 43 g m~2 yr~! have been reported, but total
plant production is thought to be about 250~350 g m™2 yr~* (109).

Soils are mostly Aridisols, Mollisols, or Entisols (9, 105). Most are usually
shallow, but they may be deep in places. They include sandy outwash material
with little horizon development to very old, deep soils with well-developed pro-
files. Deeper soils may have clay-loam to clay subsoils and well-developed calcic
horizons. Most of these semiarid grassland soils have less organic material than
other grassland soils (142). The surface and subsurface properties of the soils,
especially the distribution of water and the capacity to hold water, determine to a
large extent the kind of plants found on the surface (107, 108).

Many different names have been used to describe the semiarid grasslands
of the southwestern United States and central and northern Mexico, including,
Desert grassland (55, 110), semidesert grassland (25), Chihuahuan desert grass-
land, Sonoran desert grassland, high desert bunchgrass, and high desert sod grass
(142), and others (30). In Mexico, the names of the communities include pasti-
zal, mesquital, matorral crasicaule, matorral desértico rosetéfilo, and the matorral
desértico micréfilo (138, 142).

Much of the area listed above as semiarid grassland has also been described
as savanna, including various types of pifion-juniper savanna, southwestern oak
savanna, and mesquite savanna (115), or as an ecotone (55, 142). Much of the bi-
ology and ecology of savanna species interactions have been recently considered
(144). In the east, the semiarid grasslands merge with or interdigitate with the
Chihuahuan Desert shrublands at elevations of about 1000 m and where precipita-
tion falls to about 250 mm per year. In the northeast, the semiarid grassland blends
into the short grass prairie, but the boundaries are vague. In the west, the semiarid
grasslands merge with or interdigitate with the Sonoran Desert shrublands at low
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HISTORICAL BACKGROUND

ENCROACHING SPECIES

elevations and where precipitation is reduced; wherpas at elevations of more than
approximately 1750 m in the United States and mor!t;l;an 2500 m in Mexico, they
merge with or interdigitate with evergreen-oak savanna, woodland, or chaparral
(107, 142).

Reports of increased density of brushy or woody plants in the semiarid grasslands
of southwestern North America are not new. The timing of encroachment of woody
plants in Arizona has been well documented and seems to be associated with large-
scale cattle ranching in the 1870s and fire exclusior (6, 7). The documentation is
also fairly good for New Mexico and Texas, although the process may have started
sooner (2, 55, 86). However, all of these changes have occurred with a backdrop
of climate change, which makes sorting out causal forces very difficult.

Some woody plants that were introduced into southwestern North America and
are now apparently well established nay be found in widespread areas whereas

others are quite localized. Euryops multifidus (resin bush), a South African shrub
that was introduced into southern Arizona in 1938 (107), is not eaten by domestic
or native herbivores and continues to spread. It grows on hillsides and mesas in
the semiarid grasslands, and native grasses and woody plants have disappeared
from areas where it is found. Several species of Tamarix (salt cedar or Tamarisk)
have been introduced into southwestern North America from the Mediterranean
region, the Middle East or Africa (49). The two most widespread species, Tamarix
chinensis and T. gallica, which seem to have the gredtest densities (86, 152), occur
in riparian zones and in sait flats and other salinized, wet soils associated with the
semiarid grasslands but not in the grasslands themselves. Elaeagnus angustifolia
(Russian olive) is also a widely distributed, introdu¢ced small tree that is found in
riparian habitats associated with semiarid grasslands.

A number of herbaceous invaders from the Middle East and Africa have also
been introduced into the southwestern semiarid grasslands (12,23, 123). These
heavily grazed, disturbed habitats are more likely to be invaded than similar non-
disturbed habitats (10) and the invaders are usually introduced annuals from the
families Poaceae, Asteraceae, and Brassicaceae (6, 30, 31, 100, 112, 131, 137, 152).
In southwestern North America, approximately 10% of the local floras are estab-
lished, non-native species, but it is unknown how mapny seeds of non-native species
arrive, germinate, grow, die and never establish a viable population (60, 95, 103).

It is difficult to estimate the area that has changed from semiarid grassland to
shrubland in southwestern North America and thel area occupied by the major
encroaching species. Approximately 60 million ha 3re estimated (77, 86), but this
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area is larger than that estimated for the semiarid grasslands of southwestern North
America (98). One cause of this apparent paradox is that more than one species
of woody plant is found in the same area (77), and another is that some species
of encroaching woody plants are found outside the semiarid grasslands but these
areas have not been differentiated. The third cause is that some areas have a high
density or cover of the woody plant, others are moderate, and some are light.
Nonetheless, it seems that the composition and structure of most, if not all, semiarid
southwestern grasslands has been changed by the encroachment of one or more
shrubby or woody species.

Prosopis (mesquite, possibly P. glandulosa, P. velutina, P. torreyana or P.
Jjuliflora, depending on the systematics and location) is the dominant woody plant
on more than 38 million ha of what has been considered semiarid southwestern
grasslands. Larrea tridentata (creosotebush) is the dominant shrub on more than
19 million ha of similar grassiands. Other shrubs, small trees, or succulents that
have increased in density and area can be locally important, but individually do
not cover nearly the same area as do Prosopis and Larrea. They include var-
ious species of Acacia, Yucca, Flourensia, Haplopappus, Opuntia, Gutierrezia,
Juniperus, and Quercus (55,77, 86, 142).

CAUSES OF ENCROACHMENT

The causes of shrub or woody plant encroachment in semiarid grasslands through-
out the world have been much debated. Most often cited as reasons are climate
change, chronic high levels of herbivory, change in fire frequency, changes in
grass competitive ability, spread of seed by livestock, small mammal popula-
tions, elevated levels of CO,, and combinations of these factors (24, 6,7, 18,37
64,86, 121, 125, 134, 142,158, 166, 171). Most of the changes in woody plant den-
sity have been associated with the introduction of cattle into these grasslands
(3,6,7,11,127,129).
Some small amount of herbivory is tolerated by plants without noticeable
changes in productivity, biomass, growth, or reproduction, but higher levels result
in depression or reduction of these factors (2, 14, 68, 80, 84,99). The stimulation
of plant growth directly by herbivory and benefits of herbivory to plants seems
) minimal and probably rarely occur, but these topics have received considerable
’ attention in the literature (16, 17,22, 58, 113, 128). Rather, chronic high levels of
s / herbivory E@O negatively affect plants and are the dominant reason, for the .S
encroachment of shrubs and other woody plants into the semiarid grassla‘n'a's"m
for changes in woody plant density (3, 6,7, 11, 127, 129). The introduction of cat-
tle seems to be the pﬁm@actor in the conversion of semiarid grasslands into
5 / P

shrublands or woodlands, but the mechanisms involved are still not well under-

stood and the rates, dynamics, patterns and successional processes are not well
defined.

_ |
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GLOBAL CHANGE

COMPETITION

We are currently in an interglacial period that started about 12,500 y ago. The
climate has been warming since the most recent glacial period ended (88, 111).
Apparently plant communities migrate as the climate warms or cools. During the
current warming trend, in what are now the semiarid grasslands or desert grass-
lands of southwestern North America, pine parkldnd and juniper woodland or
savanna moved mostly in a northern direction or up in elevation to their approx-
imate current location. Changes in the populations of plants and animals of the
communities of the American southwest have been pieced together from pollen
records and fossil packrat middens (20, 104, 120, 166). There does not seem to be
conclusive evidence that changes in precipitation pafterns or temperature in south-
western North America since the 1870s are linked tp recent shrub or woody plant
encroachment in the semiarid grasslands. The uneyenness of this encroachment,
especially for Prosopis, and dramatic differences in density in adjacent fenced,
edaphically similar areas would seem to rule out large scale climatic influences as
the major cause of woody plant increases (8). It has also been proposed that the ris-
ing level of atmospheric CO, is the cause of shrub encroachment (87,92, 106, 133).
This hypothesis could account for the synchronous, widespread encroachment of
shrubs and other woody plants into semiarid grasslands and savannas through-
out the world. It is based on observations that mqst woody plants have the C,
photosynthetic pathway and in the semiarid grasslands, the grasses that are being
replaced have the C, photosynthetic pathway.

Plants with the C; photosynthetic pathway have a growth advantage at higher
levels of CO, compared to plants with the C, photosynthetic pathway. However,
there are some difficulties with this hypothesis (3). Quantum yields, photosynthesis
rates, and water-use efficiencies are comparable for ajvariety of C, and C, species at
current levels of CO,. Many C, grasses are more responsive to increased levels of
CO, than previously supposed. The replacement of C, grasses by encroaching C;
woody shrubs in the cold deserts is not explained by the hypothesis of elevated CO,.
Fences reduce the encroachment of C; woody shrubs in edaphically similar areas
with C, grasses. Shifts in populations of C, grasses to/C, grasses in these same areas
have not occurred. There is a temporal disparity between the time of the greatest
increase in CO, which occurred after approximately 1910 and the encroachment
of woody plants that had by this time in many areas already started or occurred
(3). Many shifts in dominance of woody plants and| grasses during the Holocene
do not appear to be related to elevated levels of CO,. Finally, not all studies have
shown a CO, fertilizer effect, suggesting other limitations or constraints.

The importance of competition between grasses Jnd woody species has been
demonstrated in many arid and semiarid communities (41,65). In addition,
interactions between and among species are known to be important in determining
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community structure and function. Competition between species is considered one
of the major factors determining community characteristics (75,76, 80), but it is
one of several factors (39,40, 135, 173) and is continually debated (72-74, 155).
Competition has been reported in many studies (143), but intraspecific competition
was as strong as interspecific competition in 75% of the examples (48). However,
the growth of plants in arid and semiarid communities is at least partially controlled
by interference from neighbors (41,63, 101, 102) and this growth can be modified
by herbivory (37, 141, 158).

Changes in competition between grasses and woody plants are implicated in the
encroachment of woody plants into semiarid grasslands (176), where competition
is primarily belowground (36, 158, 176). Because of the low stature of the plants,
relatively low plant density, high belowground biomass, and high root:shoot ra-
tios (36, 158, 176) competitive ability of plants in these communities may depend
on root biomass, root density, root branching, root radius, root hair character-
istics, mycorrhizae, timing of growth, or interactions with other soil organisms
(41, 163, 165). Competition in these semiarid grasslands seems to change depend-
ing on the species and environmental conditions. Grasses inhibit the woody species
most during the germination, establishment, and early growth of the woody plants
(37,158, 163). However, the interaction seems to be reversed once the woody plant
roots are below the root zone of the grasses and the woody plant shoot is above
the shoot zone of the grasses (19, 28, 35, 97).

Probably the best-studied woody species in these semiarid grasslands are
Prosopis (mesquite, Prosopis glandulosa and other species) and Acacia (Acacia
smallii and other species). Aboveground, belowground, and total dry mass of
Prosopis glandulosa was reduced or suppressed when it was grown in the green-
house with some C, grasses (36, 157, 159, 160, 163) or when it was grown in the
field with C, grasses (37,62,71, 158). However, several studies did not show
growth inhibition (27, 28), probably because of lower levels of herbaceous biomass
or site-specific factors. Similar trends have been shown for Acacia smallii in
greenhouse competition studies with C; and C, grasses and in the field (43,
161, 162).

Although high density or biomass of grass reduces germination, survival, and
growth of woody seedlings, some seedlings survive (27,28, 158, 163; cf 37). De-
spite suppressed growth, some of these seedlings would finally escape the grass
zone of suppression and ultimately convert the grassland into shrubland or wood-
land. If, for example, one woody plant ha~! produced ten survivors ha=! y~!, in
100 y the density of that species of woody plant would be 1000 plants ha™!, the
grassland would have become a shrubland or woodland.

FIRE

L

Periodic burning is required to control or reduce the establishment and growth of
woody plants in most if not all grasslands (47, 177). Fire interacts with other factors
such as topography, soil, herbivores, and amount of herbaceous fuel to determine
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the nature, density, and location of woody plants in 2
The occurrence and frequency of fires is linked tq
forests communities of the southwestern United St
mined by climatic patterns associated with Southe:

landscape (77, 86, 117, 177).
climate. In higher elevation
tes, fire occurrence is deter-
Oscillations (high phase-La

Nifia, low phase-El Nifio) (154). Large fires usually occur after dry springs (La
Nifia) and smaller fires follow wet springs (El Nifio). The same is probably true

for the lower elevation semiarid grasslands in the

erican southwest.

Fire frequency in the semiarid grasslands has decreased in the past 150 y, as has

fire size, while the size and density of the woody pla
of grass has decreased (6). There is historical evide
grasslands from the carliest travelers and European:
some authors do not think there was ever enough
lands to carry an extensive fire or do not agree with th
changes in the composition of the semiarid grasslands
probably in New Mexico and western Texas as well,
of large-scale cattle ranching and fire exclusion in the
fires are rare. High densities of woody plants, low
grassland fragmentation seem to be the cause.

The seedlings of many shrubs and other woody pl
are sensitive to fire (117). Some will not resprout if

ts has increased and biomass
nce of fires in these semiarid
3 settlers (6, 86, 89), although
fuel in these semiarid grass-
e evidence (29, 55, 82). Most
 in southeastern Arizona, and
occurred after the beginning
1870s (6, 7, 86). Today, wild-
ounts of fuel, and extensive

ts of the semiarid grassiands
their tops are killed (32), and

others are susceptible to fire mortality until reaching an appreciable size (71). If

these plant do not produce seeds before they are 10 y
of 10 y or less would keep these semiarid grasslands r
(117). Fire-tolerant species would be suppressed by

of age, then a fire return time
elatively free of woody plants
recurring fires and remain in

the grassland at a small size (2). However, with a reduction of the fine fuel load by
heavy and constant herbivory, fire frequencies would decrease. Further increases

in woody plant cover and density would follow.

HERBIVORY

Herbivores may reduce the growth of individual plants by damaging the leaves,

stems, or roots (14, 80,99). Damage to plants by
the timing of the encounter, location of the tissue
and frequency of attack (50). By damaging plant
plant’s ability to obtain resources or selectively eli

herbivores is determined by
ten, amount of tissue eaten,
arts, herbivores may alter a
inate a plant as a competi-

tor, and thereby influence the outcome of species interactions (50, 65, 99). Fur-
thermore, herbivory can increase the number of gaps present in the cover of
these semiarid grassland communities, reduce the aboveground and belowground
grass biomass, modify the pattern of resource availability, and alter biomass
allocation (37,38, 45,46, 54, 146, 158). Therefore, at the population level, dam-
age to individual plants by removal of biomass may lead to changes in plant
abundance and distribution through alteration in fecundity or ability to regrow

—
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or through changes in mortality (50,80). The ability of a plant to regrow af-
ter encounters with herbivores is usually reduced, and re-growth of grasses fol-
lowing removal of aboveground parts is usually associated with reductions in
belowground growth and biomass (54, 145, 163; see however, 18,22,58,113,
114,128).

In the semiarid grasslands of the American southwest, brush encroachment has
been coincident with or been preceded by development of the livestock industry
(2,3,6,7). Alterations in the grass species composition as well as reductions in
herbaceous plant basal area, density, and aboveground and belowground biomass
accompany chronic high levels of livestock grazing (84). Herbivory at low density
and frequency may cause little change in a grassiand community, but at high density
and frequency, it can alter grassland composition, changing it to a shrubland or
woodland (2).

If only grasses are consumed by herbivores, they may be at a disadvantage in
their ability to interact with other plant species. If, on the other hand, browsers
consume the shrubs or woody plants, the woody plants will be at a disadvantage
(156). In systems in which woody plants are browsed, woody plant stature re-
mains small and density remains static, but if the browsers are removed, woody
plant size and density increase (66). Grazers and browsers in African grass-
lands and savannas exert a major influence on distribution and abundance of
woody plants (15,57,153,178). In the grasslands of central and southwestern
North America, defoliation of woody seedlings by rodents, lagomorphs, and in-
sects is an important source of mortality, particularly for Prosopis glandulosa
(26,70,71, 83,116, 126, 148). The black-tailed prairie dog, Cynomys ludovicianus
consumes seeds, pods, and seedlings of Prosopis glandulosa and maintains its
colony’s surface clear of seedlings and saplings (171, 172). Extensive anthro-
pogenic eradication of prairie dogs and reduction of colonies by 98% in the early
1900s may have removed an important constraint to establishment of woody plants
over a large area of the American southwest. However, this eradication apparently
occurred after extensive encroachment of Prosopis glandulosa into many semiarid
grasslands (6, 29, 55, 82).

SPREAD OF SEED

One of the theories concerning the maintenance of grasslands free of shrubs or
woody plants during most of the Holocene was that dispersal of seeds of woody
plants into grasslands was low because of a limited number seed dispersers. Some
large and small mammals, including domestic livestock, feed on the fruit of woody
plants and act as seed dispersal agents (27,28,96, 175). Prosopis glandulosa, a
native legume, has a thick seed coat that requires scarification, which occurs during
mastication; the seed survives passage through the gut of cattle and various native
species (28, 96). The introduction of domestic herbivores may have increased the
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dispersal of P. glandulosa and other woody plant se:
could and probably still do the same thing (28,9

woody plants were present in many semiarid grass
mestic herbivores, although plant density and probd
These increases in woody plant density would not
seed dispersal by domestic herbivores and could

native species.

MECHANISMS OF SHRUB OR WOODY PLA
ENCROACHMENT

The first and possibly the most critical factor causi
is chronic high levels of herbivory by domestic ani
of the aboveground grass biomass and of the light
land fires, thereby reducing fire frequency. With 4

, but many native herbivores
). In fact, Prosopis and other
lands prior to increases in do-
1bly stature have increased (8).
seem to require long-distance
have been dispersed as far by

NT

ng woody plant encroachment
mals. This causes a reduction
, fluffy fuel needed for grass-
lack of periodic fires, shrubs

—

and other woody plants have a growth advantage over the grasses. Reducing ”—9’"
aboveground and belowground biomass of grass by chronic high levels of her-
bivory by domestic ungulates would decrease the dompetitive ability of the grass

(35,37, 145, 158). At the same time, decreased
runoff and erosion leading to increases in tempor:

s cover would cause increased
and spatial heterogeneity for

soil resources, especially water, nitrogen, and probably phosphate (139-141).

Low soil-nitrogen levels would favor establishme:
nitrogen requirements, such as Larrea tridentate

t of species that have low soil
d many leguminous shrubs

including acacias, paloverdes, and mesquite (61,9]1). With the growth of woody

plants, resources are partitioned differently. Cl
concentrate soil resources in many arid and semis

ps of shrubs or woody plants
arid communities; these areas

are termed resource islands (4,33, 34,67,94, 1411)& Soil resources are recycled in

these resource islands, making them favored si

reestablishment. Cyclic droughts would seem to favor the deeper-rooted woody
plants, but recent changes in the rainfall regime do not seem to be a cause,. Past
changes in temperature and atmospheric CO, do r“x)PtSappear to be the main cause

of the rapid, recent shift in woody plant populati
temperature and atmospheric CO, concentration

, but continued increases in
ill probably play some future

role. It is difficult to evaluate the past role of smajl native mammals and insects
in reducing the survival and growth of brushy and woody plant seedlings thereby

maintain the grassland habitat. It would seem that

their effects would not be uni-

form, but important in some areas. Shifts in plant populations and soil resources
would reduce some populations .of animals that feed on the seedlings of woody
plants that could change woody seedling survival and further alter community

structure.

for germination and growthey” O F
)ﬁoody plants that may establish readily, thereby making it more difficult for grass
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CONCLUSIONS

The semiarid grasslands of southwestern North America have changed dramati-
cally over the last 150 y. These grassland communities have not been invaded by
non-native bushy, shrubby, or woody species. The process is encroachment and
the species are native. Encroachment of native woody species has changed the ap-
pearance and structure of many of these former semiarid grasslands to shrublands,
brushlands, or woodlands. Prosopis (mesquite) has probably increased in density
and cover over a larger area than any other species. Although some authors have
attributed the encroachment of shrubs or woody plants into the semiarid grasslands
to one factor, often climate change, most recent studies have suggested an inter-
action of several factors. The major cause of the encroachment of these woody
species seems to be the reduction of grass biomass (fine fuel) by chronic high levels
of domestic herbivory coupled to a reduction of grassiand fires, which would have
killed or suppressed the woody plants to the advantage of the grasses. The role
of plant competition and the spread of seeds by introduced domestic herbivores
seem to be secondary and probably modified the rate of change. The role of many
small native mammals and insects that consume woody plant seedlings seems to
be secondary and possibly localized. Secondary factors probably modified the rate
of change, rather than causing the change. Thus, the brushy and woody piants are
not the cause of the changes in these semiarid grasslands as is so often presumed,
but they are the result of the effect of changes of other factors on the species in
these grassland communities.

The stature and composition of these communities has changed dramatically
over the past 150 y and will continue to change in the future. Although chronic
high levels of herbivory by domestic animals seems to have been the driving
force behind the changes in stature and composition of these semiarid grasslands,
the direction of future change or trends is difficult to predict. All of the above
factors will probably continue to interact to regulate community composition and
structure. The density of shrubby and woody plants will probably increase with
some increase in stature and number of species. However, if soil nutrients increase,
the woody legumes may be replaced by other shrubby or woody species. Reversing
the trend or changes that have been going on for 150 y will be a difficult, probably
long-term process, and possibly impossible task.
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