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ECOLOGICAL IMPACTS OF
CHEATGRASS AND RESULTANT
FIRE ON ECOSYSTEMS IN THE
WESTERN GREAT BASIN

W. D. Billings

ABSTRACT

Al catastrophic ecosystemic change is not due to physi-
cal environmental forces, climatic change, or urban devel-
opment. Certain plants can trigger drastic changes in an
ecosystem. Cheatgrass (Bromus tectorum) in the Great
Basin area has become abundant enough to provide fuel
for extensive and disastrous range fires.

THE ORIGINAL VEGETATION OF
THE WESTERN GREAT BASIN

No written historical records exist of the appearance
and floristic composition of the semi-arid vegetation east
of the Sierra Nevada in the 18th century. A knowledge of
the plant life there at that time must be derived from a
few scattered observations. For example, the first crossing
of the Sierra, except for those by the native Paiutes, did
not come until 1827 when the American trapper Jedediah
Smith crossed from west to east in May of that year.
Smith continued across what is now central Nevada to
the Great Salt Lake (Morgan 1953); his vegetational de-
scriptions are scanty and generalized.

The first expedition with scientific observers was that
of John C. Fremont in January 1844 (Fremont 1845). He
came into what is now western Nevada from the north by
way of the Hot Springs near the present little town of
Gerlach, NV, at the junction of the Smoke Creek and Black
Rock Deserts. Proceeding southwest, Fremont and
Fitzpatrick found “excellent grass in the hills” for the
expedition’s horses. Such grass had to be native bunch-
grasses such as Agropyron, Festuca, and Elymus. The
next day, January 10, he found “an abundance of good
bunchgrass in a hollow several miles long.” That same
day, the expedition discovered Pyramid Lake which
Fremont named for the high conical island near the east-
ern shore. Fremont had thought that he was approaching
San Francisco Bay but realized that with a river flowing
into the lake from the southwest that the Sierra Nevada
blocked his way and that the expedition was still in an
interior drainage. On his 1845 map, Fremont designated
this large Intermountain region as the “Great Basin” and
“almost unknown.” To get to California, Fremont, aided
by one of his scouts, Kit (Christopher) Carson, led his ex-
pedition in deep midwinter snows across the Sierra

Paper presented at the Symposium on Ecology, Management, and Res-
toration of Intermountain Annual Rangelands, Boise, ID, May 18-22, 1992.
W. D. Billings is with Duke University, Durham, NC.

22

through Carson Pass south of Lake Tahoe. In so doing,
they discovered both the pass and the lake.

In Fremont’s path came the great migrations to
California from the Midwest and the East. Beckwith,
after the death of Gunnison, lead the remnants of that
expedition across the northern Great Basin down the
Humboldt River and thence across by way of the Smoke
Creek Desert to California. He reported an abundance of
nutritious grasses in the hills above the California Trail
along the lower Humboldt River that supported the horses
of his Army detachment. This grass was also being used
by the bands of livestock being driven to California. In
Beckwith’s report, there is no mention of wildfires in this
sagebrush-bunchgrass ecosystem during those middle
years of the 19th century.

After the Civil War, the large and diverse King Expedi-
tion explored the Great Basin from California to Utah.
The botanical part was led and reported by Sereno
Watson (1871), a trained botanist. He listed the principal
bunchgrasses (primarily tussocks) in the sagebrush eco-
system: Festuca idahoensis, Poa canbyi, Poa sandbergii,
Leucopoa kingii, Agropyron spicatum, Elymus cinereus,
Sitanion hystrix, Oryzopsis hymenoides, Stipa comata,
and Stipa occidentalis. These were the grass dominants
before the advent of heavy grazing.

To integrate knowledge of the zonal distribution of
vegetation in the western Great Basin both latitudinally
and vertically, Billings (1951) described three latitudinal
zones from south to north; A. the Creosote Bush Zone,

B. the Shadscale Zone, and C. the Sagebrush-Grass Zone.
Superimposed on these were three montane zonal series:
A, the Sierran Series, B. the Basin Range Series, and C.
the Wasatch Series. Only the first two of the montane
series—the Sierran and the Great Basin—are pertinent
to this paper (fig. 1). The area of vegetation concerned

in the present paper lies between latitudes 38 and 41
degrees north and longitudes 117 and 120 degrees west.
The total area is 29,766 square miles or 77,392 square
km. The vegetation zones of this large region were mapped
by Billings (1954) and their respective areas determined
(table 1).

About 34 percent of this land area was originally char-
acterized by a cold desert of relatively barren land with
scattered dwarf shrubs of Atriplex confertifolia (shadscale),
Sarcobatus baileyi (little greasewood), Artemisia spinescens
(bud sage), Lycium cooperi, and a few perennial herba-
ceous plants occupying dry hillsides both above and below
the highest water line (about 1,341 m elevation above sea
level) of Pleistocene Lake Lahontan. Embedded in this
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Flgure 1—Cross-section diagram of vegetational zonation on the mountains along the parallel of
39° 20' N latitude. The diagram shows the sharp boundary between the Sierran vegetation and
that of the Great Basin across Washoe Valley about 15 miles south of Reno, Nevada. Vertical
scale is exaggerated.

dwarf shrub matrix are extensive wet, saline playas with Table 1—Areas and percentages of the principal ecosystems in
widely separated large shrubs of Sarcobatus vermiculatus. Western Nevada between latitudes 38° and 41° N and
Here and there are shelves of wind-blown sands occupied longitudes 117° and 120° W
by deep-rooted shrubs of Tetradymia comosa, Atriplex Ecosystem type Area Area  Total area
canescens, and Psorothamnus polydenius, and the peren- Milos? e Percent
nial Oryzopsis hymenoides (Indian rice grass), and numer- Alpine foll-fields 9.7 25.2 0.03
ous small annual Dicot herbs. Galeria riverine woodlands Cottonwood forest 101.6 264.2 0.34
of cottonwoods (Populus fremontii) exist within these Greasewood salt desert 1,403.6 3,649.4 4.72
deserts along the principal rivers (Truckee, Carson, and Jeffrey pine-white fir forest 2226 578.8 0.75
Walker) that originate on the eastern escarpment of the Juniper-sagebrush 701.8 1,824.7 2.36
Sierra Nevada. For details of the above ecosystems, see Limber pine forest 135.5 3523 0.46
Billings (1945, 1949, 1980). Open water 4114 1,069.6 1.38
Before settlement, another third of the land area (over 38 Pinyon-juniper woodland 3,605.8 9,375.1 12.11
percent) was sagebrush (Artemisia tridentata-bitterbrush; Red fir forest 96.8 251.7 0.33
Purshia tridentata-Ephedra viridis) and bu.nchgrass steppe Sagebrush. lower 10,890.0 28,314.0 36.59
forming a vegetational zone above the cold desert in eleva- g:'gebrush, upper 532.4 13842 179
. b . ine playas (bare) 1,069.6 2,781.0 3.59
tion. The principal perennial bunchgrasses are the same Shadscale desert! 102511  26,652.9 34.44
ones noted by Watson (1871) and listed above. Sierran subalpine forest "104 50.4 0.07
South of the Humboldt and Truckee Rivers a wide band Tule marsh 203.3 528.6 0.68
of conifer woodland on the sides of the mountains divides Willow meadow 111.3 289.4 0.37
the sagebrush-bunchgrass ecosystem into a large lower Total 29,7659 77,3915  100.01
zone and a smaller upper zone of sagebrush-bunchgrass. ‘Including dune vegetation and unstabilized dunes.
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The upper subzone is floristically richer and more produc-
tive of forage than the lower drier subzone. This upper
subzone is colder and snowier, and in places resembles a
montane chaparral with Ceanothus velutinus, Amelanchier,
and Arctostaphylos. When one combines the area of the
sagebrush-bunchgrass ecosystem with that of the conifer
woodland of pinyon and juniper (Pinus monophylla and
Juniperus osteosperma), the total area of this sagebrush-
conifer woodland complex occupied about 50 percent of
the land in the western Great Basin two centuries ago.

At that time, fires were rare in these ecosystems and
there was little dry herbaceous vegetation to carry fire
any distance (Billings 1990). Lightning strikes could start
small fires in dense stands of pinyon-juniper (as reported
by Tausch and West 1988, in southwestern Utah). Such
fires were probably rare in western Nevada during the
19th century due partly to a lower incidence of lightning
storms in the lee of the Sierra than in southern Utah.

EFFECTS OF 19TH CENTURY
LIVESTOCK GRAZING

The best measure of the effects of grazing during the
19th century in the sagebrush-bunchgrass ecosystem is
that of P. B. Kennedy’s pioneer study done in 1902 along
a 56-mile survey transect across the Tuscarora Mountains
in Elko County, NV (Kennedy 1903). In this early work
in range ecology, Kennedy mapped the state of vegetation
and soil conditions at the turn of the century. In the years
prior to his study, it had been heavily grazed by sheep and
cattle. At that time, Kennedy did note perennial grasses
and some range deterioration, but no fire scars, and no
Bromus tectorum. It was 7 years before Mrs. J. S. Thompson
would find and collect this Bromus near the village of
Tuscarora northwest of Kennedy's transect, and 4 years
before Kennedy himself would note its presence along the
railroad at Reno more than 250 miles to the west.

In 1952, Robertson (1954) re-surveyed Kennedy’s same
route exactly 50 years later. Robertson found five princi-
pal changes to this rangeland since Kennedy’s time:

1. Desirable shrub livestock browse had decreased.

2. Agropyron spicatum described as “abundant” by
Kennedy had decreased to “generally absent” or “less than
5 percent density” the time of Robertson’s re-survey.

3. Annuals had “increased to an extreme degree”; much
of this was Bromus tectorum.

4, Burn scars, absent in 1902, now covered much of the
route and were covered with cheatgrass everywhere along
the way.

5. The stream channels had eroded deeper and wider.

CHEATGRASS AND FIRE

Cheatgrass (Bromus tectorum L.)—bromegrass of the
thatched roofs"—is an annual grass native to western
Europe whose natural range extends eastward to the
TransCaspian cold deserts, and thence southward into
Asia Minor. It was adventive into the cooler regions of
eastern North America from ships bringing the early
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settlers of the 17th and 18th centuries. It has not as-
sumed dominance in the native vegetation of the eastern
states and provinces. Most likely this is because of shad-
ing, abundant moisture, and competition from taller
plants and trees. The warmer winter climates of the
southeastern states have made it rare or even absent
south of Tennessee or North Carolina.

Mack (1981) has documented the history of the intro-
duction of cheatgrass into western North America. He re-
ports that plants of this species were collected by J. Macoun
in 1890 at Spence’s Bridge, interior British Columbia,
where it was present “in meadows and cultivated fields.”
It was not present there when Macoun made his earlier
collections in 1877 in the same region. In 1893, near
Ritzville, WA, this grass was collected along the Great
Northern Railroad by Sandburg and Leiburg. A year
later, it was collected near Provo, UT, by M. E. Jones.

All these places were interior wheat-growing areas. Mack
(1981) suggests that the Bromus seeds entered the the
drier regions east of the Cascades and Sierra Nevada as

a contaminant in grain seed.

The first collection of this species in western Nevada
was by A. A. Heller, #10488 in 1912 from Reno. This
specimen is in the Herbarium of the University of Nevada
Reno. However, Bromus tectorum was present in Reno
as early as 1906. P. B. Kennedy had reported it, with B.
rubens and other Bromus species, as occupying “consider-
able areas along embankments, but always near the rail-
road or highways” (Kennedy 1907). No voucher specimen
is known to exist of this observation, but Kennedy did
know the species. From the railroad and Reno, this cheat-
grass species spread rapidly and widely into the overgrazed
sagebrush rangeland during the first three decades of this
century.

The spread of Bromus tectorum, which dries out in late
May and June in this summer-dry region, brought a new
and explosive factor to the summer environment of the
sagebrush zone: fire. When the herbaceous stratum in
the sagebrush-bitterbrush ecosystem was occupied mainly
by widely scattered bunchgrasses, there was little tinder
to carry fire through the community. Cheatgrass invaded
this overgrazed ecosystem easily and filled an open envi-
ronmental niche due to available soil moisture and low
temperatures favorable to this winter annual. Once
present, it readily occupied much of the open space be-
tween the shrubs.

During those spring seasons following wet, snowy win-
ters, this grass grows rapidly in April and May reaching
heights of 20 to 30 cm. It dries rapidly in late May and
early June. From then to October, it provides abundant
fuel for the start and spread of extensive range fires, often
in terrain where such fires are difficult to control.

I do not know exactly when cheatgrass in the sagebrush
ecosystem became abundant enough to provide fuel for ex-
tensive and disastrous range fires in the western Great
Basin. But such fires were common in the mid-1930's.
Pickford (1932) reported that on burned areas in the
Great Salt Lake District, UT, Bromus tectorum had
replaced sagebrush as a dominant, and often covered
burned sites in dense stands. It was still spreading into
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Figure 2—Quantitative relationship betwesn winter precipitation at Reno, Nevada, and wildfire
acreage in the Reno Region of the Bureau of Land Management during the following summer.

new areas of the sagebrush biome. As Aldo Leopold (1941)
expressed it: “One simply woke up one fine spring to find
the range dominated by a new weed...cheat grass (Bromus
tectorum)”. Fires accelerated during the 1940’s and much
acreage was devastated in western Nevada.

In an effort to quantify the relationship between wet
winters and subsequent cheatgrass-caused fires, I used
BLM Reno Region fire data and winter precipitation
(October through March) totals from the Reno National
Weather Service Station for the 6 years from 1980 to 1985.
The results shown in graphic form appear in figure 2. An
apparent positive relationship exists between precipitation
for the preceding winter months and the total fire acreage
of those fires larger than 100 acres during the following
summers. Other factors aside from winter precipitation
also govern fire acreage during the following summer, so
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this relationship is only approximate but suggests that
further research might be helpful.

The effects of higher winter precipitation appear to be
cumulative through time since fire acreage also tends to
increase. In part, this may be due to increasing seed pro-
duction of cheatgrass as a result of soil moisture during
the subsequent spring seasons. The seeds of this species
remain alive in the upper soil for some time, especially
under dry, cold seasons and can germinate as wet winters
re-occur. Hulbert (1955) found that 1-year-old seeds of
Bromus tectorum stored in the laboratory germinated at
96 percent within 34 days. In another experiment, Hulbert
found that seeds of the same species that had been stored
for 7.5 years germinated at about 96 percent also, after
18 days in moist petri dishes. In field tests, in moist soil,
Bromus seeds buried in small cloth sacks at depths to



100 cm for 9 months germinated less well. This appar-
ently was due to the seeds taking up some moisture fol-
lowed by periods of dry soil after roots had developed—
and subsequent death of the roots and young seedlings.
Hulbert also used germination tests in the laboratory on
cheatgrass seeds collected in western Montana by Joseph
Kramer and stored in paper sacks in the laboratory for
5.5, 7.5, 10.5, and 11.5 years. These all germinated at

95 to 100 percent in petri dish tests. Soil drought in mid-
germination appears to be lethal to seeds of cheatgrass.

In September 1985, I collected a large quantity of top
soil to a depth of 15 cm from an unburned sagebrush eco-
system on the southeast slopes of Peavine Mt., at an el-
evation of 1,740 m, about 10 km northwest of Reno, NV.
The parent material at the site is unaltered andesite of
the Alta Formation (Gianella 1936). These brownish
semidesert soils have been described and designated as
Xerollic Haplargids by DeLucia and others (1989). The
collected soils were allowed to air-dry until March 1986.
At that time, we set up an experiment under greenhouse
conditions at 20 to 25 °C. By watering 291 pots of the
sagebrush 8oil, each containing 237 cc of soil with a sur-
face area of 38.5 cm square, the experiment was designed
to determine the seed bank of viable seeds of cheatgrass
in the upper 15 cm of soil in this unburned sagebrush eco-
system. The pots were watered daily for 3 weeks and the
resulting seedlings of Bromus were counted. At the same
time, 216 pots were filled with the acid soil from a nearby
outcrop of hydrothermally altered andesitic rock from the
same geologic Alta Formation (Billings 1950, 1992). This
outcrop is occupied by a very open stand of Pinus ponde-
rosa with no shrubs and very few small herbaceous
plants.

The total number of cheatgrass seedlings produced in
the 291 pots of sagebrush brown soil was 1,318. The
mean number of seedlings per pot was 4.53. Therefore,
the seed bank of Bromus tectorum in the upper 15 cm of
soil of the sagebrush ecosystem at this site in the early
autumn of 1985 was about 1,177 seeds per meter square
as a minimum. Due to the possibility of viable ungerminat-
ed seeds, it could have been a bit more. In contrast to the
seed bank of Bromus in the sagebrush community, that
of the same species in the 216 pots of soil from the hydro-
thermally altered rock soil totaled only 5 seedlings for a
mean of 0.023 per pot or about 6 seeds per meter square.
Bromus tectorum is not tolerant of the acid, nutrient-poor
soils over the hydrothermally altered andesites and can-
not invade such ecosystems. What is indicated here is
that after a winter of very heavy precipitation and result-
ant high soil moisture during the following spring, there
could be a large standing crop of dry cheatgrass in the
as-yet-unburned sagebrush community ready to burn and
carry a fire. In contrast, a ground fire in the open ponde-
rosa pine groves on hydrothermally altered rock would be
impossible because there are so few dry herbaceous plants,
including cheatgrass, to carry the fire. Actually, these pine
stands seldom burn except by crown fires on very steep
slopes where the trees are close together.
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VEGETATIONAL SUCCESSION
FOLLOWING FIRE

In 1941, I established permanent plots in unburned
north-facing and south-facing sagebrush vegetation at an
elevation of about 1,525 m approxiately 5 km northwest
of Reno. These were re-sampled and re-photographed
from time to time for the next 47 years. In 1941, Bromus
tectorum had already invaded these unburned communi-
ties but was much more abundant on the south-facing
slope in which shrub cover was more open. The principal
shrubs were Artemisia tridentata, Purshia tridentata,
Ephedra viridis, and Tetradymia glabrata.

On July 15, 1947, a large wildfire of some 360 ha swept
across the plots and the surrounding, previously unburned
shrubland. The vegetation of the plots was completely
burned and little aboveground vegetation remained. Re-
peat photographs, from the same spot as those of 1941,
were made in 1953 (6 years after the fire) and in 1988
(41 years after the fire). The 1941, 1953, and 1988 pho-
tographs showing both slopes appear in figure 3. Shrub
succession has been slow, and Artemisia tridentata scarcely
returned at all even after 45 years. However, the sprout-
ing shrubs (Ephedra viridis, Prunus andersonii, Tetradymia
glabrata, and Tetradymia canescens) have been aided in
their return by their sprouting ability as well as seed pro-
duction. The nonsprouting Purshia tridentata, which re-
lies only on seeds for re-establishment in western Nevada,
surprisingly came back fairly well compared to Artemisia,
which also reproduces only by seeds. Purshia came back
in greater abundance on the north-facing slope. But none
of the shrub species had the speed of return in reproduc-
tion that was shown by Bromus tectorum. This annual
cheatgrass was the most abundant plant species in 1948,
the year following the fire. Forty years later, in 1988,
Bromus tectorum had increased its density per meter
square on both south-facing and north-facing plots by
an order of magnitude. After wet winters, the cheatgrass
fuel value per unit area is great indeed, as can be seen in
a photograph of the south-facing slope in the summer of
1986 (fig. 4).

Young and his co-workers (1972, 1976, 1978, 1985,
1987, and this volume) have carried on intensive research
throughout Nevada in regard to succession and competi-
tion between species following wildfires in which Bromus
tectorum has been involved. Their work has been specific
and definitive with data from a number of sites. Neil
West and his co-authors (for example, West and Hassan
1985) have followed succession after similar fires in the
sagebrush communities of central Utah.

Also, in the Reno region, the laboratory of Nowak and
Tausch at the University of Nevada has done excellent
pioneer research on the physiological ecology of Bromus
tectorum in competition with a native shrub species,
Chrysothamnus viscidiflorus, and a native perennial
grass, Stipa comata, after fires in the sagebrush ecosys-
tem (Melgoza and others 1990). It is not my purpose to
review the above-mentioned research here since all of
these authors are well-represented in this volume with
more recent research.



Figure 3—(A) The original unburned sage-
brush vegetation at Ecology Canyon northwest
of Reno, NV, in summer 1941, The north-fac-
ing slope is on the left; the south-facing slope
is on right. The light color on the South-facing
slope is a complete cover of Bromus tectorum.
(B) The same view photographed in 1953,

6 years after the wildfire of July 15, 1947. The
south-facing slope is covered almost entiraly
with Bromus tectorum. There are a few small
sprouting shrubs. (C) The same view in 1988,
41 years after the fire. Bromus tectorum still is
abundant on the south-facing slope. The
darker shrubs are mostly bitterbrush, Purshia
tridentata.
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Figure 4—The south-facing slope and plot in
1986, 39 years after the wildfire burn. The
slope is covered with tall, light-colored dry
Bromus tectorum. Purshia tridentata and Ephe-
dra viridis are the principal shrubs. There has
been little recruitment of shrubs since 1953,

and there is still little if any Artemisia tridentata.

Figure 5—Large area where pinyon-juniper
woodland has been burned and destroyed
by a wildfire of the late 1970's in the Vir-
ginia Range between Reno and Virginia
City. A few remnants of the original wood-
land are on the distant ridge. The original
unburned pinyon-juniper was a dense
stand. The light-colored vegetation is
Bromus tectorum; it is not snow. Elevation
is about 1,900 m.

EFFECTS OF CHEATGRASS ON THE
PINYON-JUNIPER WOODLAND

Billings (1951) described the elevational mountain veg-
etation zones of the Great Basin as a distinct series from
the Sierran series. The boundary between these two
series is quite sharp and lies in the valleys of western
Nevada and eastern California in a line running approxi-
mately northwest to southeast between Reno and Bishop.



The boundary and the vertical zonation of these two se-
ries can be seen in figure 1.

Lying just above the lower sagebrush zone in the Great
Basin series is the pinyon-juniper woodland zone charac-
terized by Pinus monophylla and Juniperus osteosperma.
Tueller and others (1979) have mapped the areal distribu-
tion of this Great Basin pinyon-juniper vegetation zone,
its flora, and vegetational cover in detail. In the strictest
sense, the pinyon-juniper woodland in the western Great
Basin is a mountainside zone lying almost entirely south
of the Truckee and Humboldt Rivers from northeastern
Elko County to Winnemucca to Reno (also, see the Billings
1954 map). There are a few outlier populations of pinyon
in the Pah-Rah Mountains south of Pyramid Lake and on
the sides of the Eugene Mts. southwest of Winnemucca
but north of the Humboldt River.

Until about the 1950’s, Bromus tectorum had not in-
vaded the pinyon-juniper woodland to any serious extent.
Since then, it has invaded upward into this coniferous
zone. In the last 30 years, fires have become much more
common in this woodland ecosystem fueled not only by
the dry cheatgrass but, once started, by the resins of the
trees themselves. This is particularly true in the Virginia
Range between the Truckee and Carson Rivers, and also

pinyon-juniper
woodland ecosystem

(few or no fires) 2

INCREASING ELEVATION

sagebrush-bunchgrass domestic livestock
steppe ecosystem

in the Pine Nut Range south of the Carson River. The re-
sult is the destruction of thousands of acres of this unique
woodland ecosystem with its characteristic conifers, its
birds, and mammals. This woodland is being replaced af-
ter fire by great expanses of annual grassland dominated
by even more Bromus tectorum as shown in figure 5 of
the destruction of pinyon-juniper woodland in the Virginia
Range and its replacement by the light-colored, dry
cheatgrass.

Koniak (1985) studied succession following such fires
of the last 30 to 40 years in central and western Nevada.
She also found that cheatgrass returns early in succes-
sion. In some of the older burns, the two tree species be-
gan to re-establish in 20 to 30 years but the tree cover
was minimal even 60 years after the fire. I would suggest
that return of the tree species would be much slower on
those burns of greater extent where the seed source and
the animal and bird vectors are far away. The oldest burn
in pinyon-juniper that has been studied (Tausch and West
1988) dates from the mid-19th century in southwestern
Utah long before the advent of Bromus tectorum. It is
notable that this was a small fire (only 3 ha) compared
to the large areas now being burned. Tausch and West
found that pinyon density exceeded that of juniper for the
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Figure 6—A flow diagram of changes in the sagebrush-bunchgrass and the pinyon-juniper ecosystems

through the 19th and 20th centuries as postulated by the author.



first 60 years after the fire. And, pinyon had nearly six
times the density of juniper 145 years after the fire. In
contrast, the surrounding unburned woodland consists
only of about 50 percent pinyon (Pinus monophylla), about
the same as the juniper (Juniperus osteosperma).

LONG-TERM IMPLICATIONS

The invasion of cheatgrass into the vegetation of the
Great Basin and its effects in relation to fires with their
cumulative and repetitive impacts on the native ecosys-
tems are products of the 20th century. As we approach
the 21st century, what can we do in attempting to predict
the structure and operation of semi-arid ecosystems in the
Intermountain region during the next 100 years? Our
crystal ball is somewhat clouded and filled with surprises.

I shall let the flow diagram in figure 6 speak for my
best guesses, which are:

1. Some of the native plant and animal species in those
ecosystems that are now prone to widespread wildfires
are at considerable risk of going extinct at the population
level locally or even regionally. The result will be loss of
biological and genetic diversity, and also operational effi-
ciency of the ecosystem.

2. There could be a genuine threat to the existence of
large integrated ecosystems that have existed since the
Pleistocene in the relatively arid lands between the Rocky
Mountains and Sierra Nevada. These operational eco-
systems could disappear over large areas of thousands
of square kilometers. This is primarily because of one
innocuous-appearing annual species of grass, Bromus
tectorum, an invader, and probably other invaders of the
same life form such as Taeniatherum asperum, medusa-
head, another non-native from the Old World. The results
could be conversion of these native ecosystems to unpro-
ductive and simplistic annual grasslands lacking not only
the native vertebrates but also those invertebrates and
cryptogams that are involved in the operation of the sys-
tem including energy flow, water cycling, and nutrient
balance. This kind of ecosystemic conversion has taken
place before, with different species, on the barren hills
surrounding the Central Valleys of California that were
once covered with complex native bunchgrass ecosystems
supporting unique floras and animal life.

3. The cheatgrass-fire situation demonstrates that not
all global ecosystemic change is due to climatic change in
which prediction is somewhat easier. Ecological surprises
can come quickly and often with such speed that there is
always the possibility that ecosystemic destruction could
be irreversible.
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