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SHRUB INVASION OF A SOUTHERN NEW MEXICO DESERT GRASSLAND RANGE

INTRODUCTION

The Problem

Millions of acres of desert grassland in southwestern United 
States have been invaded by noodous shrubs* This has been pointed 

out repeatedly in reports of studies and scientific investigations 
carried on in the Southwest during the past $0 years. A compari

son of historical records and present plant cover leads to the con

clusion that vast acreages, once dominated by grass, have now been 

reduced to subaarginal status by the encroachment and dominance of 

undesirable shrubs.

Much of the present desert grassland area is now at least light

ly infested by shrubs; infestation does not have to be particular
ly heavy before the productivity of the range is seriously impaired.

As shrub encroachment increases markedly, many of the valuable grasses 

are driven completely and permanently out (Valentine 195$) •
One or more varieties of mesquite now occupy some seventy million 

acres in Texas, New Mexico, and Arizona (Parker and Martin 1952). 

Tarbush (Floursnsia cernua (DC.) Prod.), creosote bush (Larrea tri

de ntata (DC.) Coville), snakeweed (Outierrezia sarothrae (Pursh) 

Britt.), and other woody species are invading the grasslands, or 

occur in pure stands across vast areas within those states where 
grasses once flourished.
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The economic welfare of the Southwest depends, in a large 

measure, upon its grazing and soil resources; therefore, investiga

tions to determine the extent of shrub invasion, rate of range de
terioration and reasons underlying this retrogression in plant cover 

are of prime importance.

Norris (1951) has shown a loss of approximately 380 pounds of 
forage per acre when a light infestation of honey mesquite (Proso- 

pis juliflora (Swartz) DC. var. glandulosa (Torr.) Cockerell) is 

allowed to develop and approaches a heavy stand. Other studies in

dicate that brush invasion on semi-arid grasslands is a problem of 

ever increasing importance (Paulsen 1955)•

Studies by Brown (1950) and Mehrhoff (1955) have yielded valuable 
information pertaining to this problem as it applies to the desert 

grasslands of southern Arizona. Campbell (1929, 1931, 193U) and 

Gardner (1950, 1951) have contributed greatly to a solution of the 

problem in New Mexico. Other recent investigations have been carried 
out by Glendening (1952), Parker and Martin (1952), and Bogusch (1952).

In this study records of vegetational changes, environmental fact

ors, and range utilization have been compiled, analyzed and evaluated 

in an attempt to determine the1 reasons for the encroachment of shrubs 

on a New Mexico semi-desert grassland range. The principal factors 

evaluated are grazing pressure, climate, fire, and the effect of man.

Description of Study Area

The Jornada Experimental Range, where data analyzed in this study 

were collected, lies in the Rio Grande Valley, Dona Ana County, in 

south-central New Mexico. It is bounded on the west by the Rio Grande



River and on the east by the San Andres Mountains, Headquarters 

are located twenty-three miles north of the city of Las Cruces.

The experimental range encompasses approximately l i t 000 acres of 

essentially flat mesa-land ranging in elevation from 3>900 to U>700 

feet. At the time of establishment as an experimental range under 

U. S. Forest Service management in 191$> the Jornada area included a 
portion of the San Andres Mountains. This mountain area of approxi

mately U5,000 acres is known as the mountain pasture of the experimen

tal range. The remaining lU5>000 acres adjoining the mountain pasture 

on the west, composed of broad, flat, slightly undulating terrain, is 

known as the mesa. In this report only the latter is considered, and 

the terms mesa, and mesa portion, are used herein to delineate the 

area studied.

The area is typical of much of the semi-desert grassland of the 

southwest. Twenty—six million acres so classified in southern Arizona, 

New Mexico, and Texas are sufficiently similar in climate, soils, and 

vegetation that the results of studies carried out on the Jornada 

Experimental Range can be directly applied to these desert grassland 

areas (U.S.D.A. Forest Service Mimeo. 195l).

Much of the vegetation consists of species occurring in no other 

plant formation. Black grama (Bouteloua eriopoda Torr.) coamunities 

occur on the upland sites and tdbosa grass (Hi lari a mutica (Buck!.) 

Benth.) in the lowlands. Other grasses occurring in association with 

these two dominant species, but less abundant, are Aristida spp., 
Bouteloua spp., Hilaria spp., Muhlenbergia spp,, and Sporobolus spp. 

Encroaching mesquite, tarbush, creosote-hush, and snakeweed associations

3
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cover extensive areas. Noxious species other than the above include 

soapweed (Yucca elata Engelm.), Atriplex spp., Acacia spp., and 

Opuntia spp.

The soils are mostly quarternary alluvium with older sands and 

gravels (Barton 1922), often underlain at shallow depths with caliche. 

The topsoil over much of the range is sandy and subject to severe wind 

erosion; the diy lake beds and toboea grass flats are of heavy, highly 

impervious clay soils*
The climate is arid; wind movement and evaporation rates are high, 

measuring approximately 35#000 miles and 100 inches per annum, respect

ively (Ares 1952)* Rainfall, which may be extremely variable from 

year to year, averages nine inches per annum over the 90-year period 

of record. Precipitation has the winter-summer pattern typical of the 

Southwest, with summer storms characteristically local and violent.
More than $0 percent of the total annual rainfall occurs during the 

summer months of July, August and September.

At the time of establishment as an experimental range in 1915# 
shrubby vegetation was well established in the area and was encroach

ing upon the grassland sites. Because of this, in part, studies were 

Initiated to determine the most efficient systems of range management 
applicable to this and similar desert grassland sites.

Description of Principal Invaders

MESQUITE. Western honey mesqulte, a member of the mimosa family, 

is a shrub growing in many-stemmed clumps 3 to 5 feet in diameter.

The plants are normally 5 to 10 feet in height, but in some habitats 

may be only one or two feet high. They have extensive root systems.
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the taproot often extending to a depth of 20 to 60 feet and the 
laterals reaching as far as U0 to $0 feet from the root-crown.

Honey mesquite Inhabits dry, sandy, or gravelly plains, mesas, 

canyons, and hillsides at elevations between 2,$00 and $,000 feet.
It is frequently characteristic of sand dunes, often dominating ex

tensive areas in pure stands.

The species is exceptionally drought-enduring and aggressive.
It is resistant to grazing and invades grasslands readily when the 

grass cover is broken. The plants have some value as browse, and 

serve as emergency feed for cattle during drought.

TAHBUSH. Tarbush, also known as blackbush, is a resinous, 

thick-leaved shrub of the composite family. It usually grows to a 

height of from 3 to 6 feet. Tarbush inhabits dry, sandy, or adobe 

plains, mesas and low foothills in the desert grassland at elevations 

from 3,$00 to $,000 feet. It often occupies large areas and forms a 

rather distinctive vegetation type. Tarbush will invade grassland 

sites when the sod is broken. The shrub is unpalatable to livestock, 
and serious losses of sheep have been reported when the animals graze 

the ripe fruits of this plant. No cattle losses have been reported. 

The fruit pods and leaves are sold as a drug in Mexico under the name 

of Hojase, and are used as a remedy for indigestion. (Dayton, 1931; 

Kearney and Peebles, 1952; Muenscher, 195l)«
CREOSOTE BUSH. Creosote bush is a much-branched, evergreen shrub, 

3 to 11 feet high, belonging to the caltrop family. It occurs rather 

indiscriminately within its range on plains and slopes from sea level 

to U,000 feet elevation. The most common and widely distributed shrub
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in the desert, creosote bush was found originally in the driest and 

hottest portions of North America, but has invaded the lower portions 

of the desert grassland in many areas of New Mexico and Arizona (Gard

ner, 19$l). It forms pure stands over much of its range particularly 

on sandy or gravelly mesas.

The species has a capacity for withstanding excessive drought, 
and occurs in association with other xeric shrubs over thousands of 

acres in the lower Sonoran Desert. Creosote bush, although not a 

good soil builder, does stabilize and protect the soil on sites where 

it occurs. The plant is worthless as forage, and the growth of better 

forage plants is restricted where it is abundant (U.S.D.A. Forest 

Serv. Hdbk., 1937)•
SNAKEWEED. Snakeweed is a woody perennial of the composite 

family. It has numerous erect stems 6 to 36 inches high, growing 

from a woody base. The seedling establishes a deep taproot during 

the first season, developing abundant lateral roots as it matures. 

Branches of the more mature plants often produce adventitious roots 

when partially covered by drift sand (Campbell and Bomberger, 193k). 

It occurs on plains and slopes in the upper creosote-bush desert at 
elevations from U,000 to 8,000 feet.

Snakeweed is found on a wide range of soils but most commonly 

inhabits dry, well-drained, sandy, gravelly or clayey loams. It is 

a very aggressive plant which rapidly invades areas where the grass 

cover has been depleted.

This plant is poisonous to cattle when eaten in quantity, and 

its presence in dense stands is taken to be an indicator of overuse



of the more palatable forage. It does have some stabilizing effect 
on the soils in Prosopis sand-dune areas; however, surface runoff 

and soil loss are much greater on snakeweed infested grasslands than 

on those where the grass cover has not been broken by this encroach

ment (USDA. Forest Serv. Hdbk., 1937)• j
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STUDY METHODS

Vegetation maps and field write-up sheets of the experimental 

range, derived from data compiled during range reconnaisance sur

veys in 191$ and 1928 were compared. Mosaics made from 19b6 aerial 
photographs were also analyzed. Vegetation type lines were delineated 

on the mosaics and these types were ground-checked to determine vege

tation dominants. Vegetation types shown on the maps were planimeter- 

ed to determine acreage of each in 191$, 1928 and 19U6. From these 

data the percentage of shrub cover on the experimental range at three 

different periods of time, separated by thirteen-year and eighteen- 

year intervals, was calculated and analyzed. As a further check on 

the rate of invasion, records from a permanent belt transect main

tained since 1936 were compiled graphically and evaluated.
Records of management practices, operating procedures, stocking 

rates, and improvement practices were analyzed. Climatic data cover

ing the past 90 years were obtained and analyzed in detail. Results 
of previous studies and conclusions drawn by other investigators con

certing invasion of the desert grassland by noxious plants were thor

oughly reviewed.

An extensive search of historical and scientific literature per

taining to the Southwest was made to determine the conditions that 

have existed throughout the desert grassland region since early Span

ish explorations. Factors contributing to possible shrub encroach

ment were considered in the light of these records.
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Table 1. Percent change in -vegetation dominants on Jornada 
Experimental Range for the years 1915 to 1928; 1928 to 19U6; 
and 1915 to 1916.

VEGETATICN
DOMINANTS PERCENT CHANGE

1915 - 1928 1928 - 19L 6 1915 - 19U6

GRASSLAND -17 -lit -28

MESQUITE 7U 20 107

TARBUSH-CREOSOTE —8 0 -8

SNAKEWEED

J_______________________

-L2 -25 -56
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VEGETATION*CHANGES ON THE JORNADA 

AND AN ANALYSIS OF CONTRIBUTING FACTORS

Grassland

The grassland vegetation on the experimental range consists of 

two major associations; black grama on the upland sites and tobosa 

grass in the swales. Tito 1915 vegetation map (Fig. 1) shows 62,189 

acres or 1*3 percent of the total mesa acreage classified as grassland 

dominant at that time (Table 2).

By 1928, 10,731 acres or 17 percent of the original grassland 

area was dominated by mesquite and snakeweed (Fig.2, Table 1). Only 

5l,8l8 acres or 30 percent was still classed as grassland. By 19U6 
the grassland had been reduced an additional 7*152 acres; only UU,666 

acres, or 31 percent of the mesa, remained as grassland dominant (Fig. 

3). This represents a thirty-year shift from grass to brush of 

17,523 acres. While this loss of grassland acreage is equal to only 

12 percent of the total mesa area (Table 2), it represents a 28 percent 

loss of the acreage originally dominated by grass (Table l).
Mesquite

In 1915 mesquite was dominant on 27,5h5 acres, 19 percent of the 

total mesa area (Table 2). By 1928 this shrub had become dominant on 

U7*75U acres, or 33 percent of the mesa, an encroachment upon 20,209 

acres of grassland and lower growing brush types. This represented 

a 7U percent increase in the acreage originally classed as mesquite 

dominant (Table 1). The invaded area extended across the northern 

portion and surrounded the mesquite-dominated portion in the western 
half of the experimental range (Fig. 2).
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TEAR : VEGETATION DOMINANTS

Mesquite Tarbush-
creosote

Snakeweed
i

All Shrubs Grass spp. TOTALS

acres £ acres % acres £ acres % acres % acres £. .

1915 275U5 19 1*0108 27 151*88 11 8311a 57 62189 1*3 11*5330 100

1928 1*7751* 33 36730 25 9028 6 93512 61* 51818 36 11*5330 100

191*6 57133 39 36771* 25 6757 5 100661* 69 10*666 31 11*5330 100

Net
Change 29588

gain
20 3331* 2

loss
8731
loss

6 17523 12 
gain

17523 12
loss

0

Table 2. ACREAGE AND PERCENT CF TOTAL AREA OCCUPIED BY VEGETATION DOMINANTS ON JORNADA EXPERIMENTAL RANGE by 

years 1915# 1928, and 19U6*
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A total of 57,133 acres or 39 percent of the mesa was classed as 

mesquite dominant in 19U6; this was a 20 percent gain since 1928 in 

total mesa acreage dominated (Table 2). The encroachment took place 

mainly at the expense of the lower-growing shrubs 5 however, extensive 

areas that were formerly grassland had also been invaded (Fig, 3) •

The area dominated by mesquite in 19U6 represented an increase of 

10? percent in the acreage dominated by this shrub in 1915 (Table l) • 

Tarbush-creosote

Approximately 1*0,100 acres, or 27 percent of the mesa, was dom
inated by tarbush-creosote vegetation in 1915 (Table 2), The type 

predominated in the southeastern fourth of the mesa (Fig. 1). Dur

ing the thirteen-year period between 1915 and 1926 the tarbush- 
creosote acreage was reduced by 8 percent (Table l). This 3,378- 

acre reduction was accounted for mainly by mesquite sand-dune en

croachment in the east-central portion of the mesa (Fig. 2). Dur

ing the next eighteen years there was no significant change, and in 

191*6 the area dominated by this association was essentially the same 

as in 1928 (Fig. 3).
Snakeweed

Snakeweed was dominant on 15,1*88 acres or 11 percent of the 

mesa in 1915 (Table 2). The snakeweed areas were mainly in the west- 

central and northwest portions of the experimental range between the 

grassland and mesquite types (Fig. l). By 1928 only 9,028 acres of 

the mesa were classified as snakeweed dominant. This represented a 

1*2 percent reduction of snakeweed acreage in thirteen years (Table l).
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a change due mostly to encroaching mesquite. At the same time, how
ever, snakeweed also invaded a large area previously classed as grass

land (Fig. 2). A further reduction in snakeweed dominated area, amount

ing to $ percent of the mesa acreage, took place during the next eight

een-year interval. This was an overall loss of 8,731 acres since 1915 

(Table 2), which is a 56 percent reduction in the original snakeweed- 

type acreage (Table l).

Climate as a Factor in Shrub Encroachment

Records of precipitation in southern New Mexico have been kept 

since 1853• These data were recorded by frontier army posts until 
the State College climatic stations were established in 1892. The 

102-year span of record is broken by missing or incomplete data for 

thirteen years, leaving only 89 years of record# However, this 89- 

year span does seem to indicate the presence of a definite cyclic 

pattern of precipitation. This pattern can be seen in Figure U, as 

compiled and graphed by the U. S. Forest Service at the Jornada Ex

perimental Range. Five cycles, oscillating from periods of above- 

average to below-average precipitation, are evident. During the first 

cycle of 21-years, annual precipitation averaged 8 percent below the 
89-year mean; during the second cycle of 21-years, mean annual pre

cipitation was above the average; the 19-year period comprising the 

third cycle was one of drought; the fourth cycle, an 18-year time 

interval, shows precipitation again averaging above the mean; the 

last eleven years were 20 percent below the average.

Rainfall on the experimental range has not differed appreciably

16
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from the older, long-term precipitation pattern of the area.

Climatic data recorded on the Jornada during the Ul-year period 

since 1915, indicate the same cyclic pattern. The period 1915 to 

1926, an 11-year span of below average rainfall on the experimental 

range, falls within the latter part of the third dry cycle of the 

longer record. For the next nineteen years, precipitation on the 

Jornada averaged 15 percent above the mean. The present dry cycle 

which began in 19U5 has averaged some 26 percent below the mean (Ares 

1952). This same cyclic pattern was noted by Mehrhoff (1955) in his 

analysis of tree-ring data as an indicator of past climatic conditions 

in the Southwest.
During these periods of extended drought, grasses make little 

or no growth, and in many instances grassland areas are killed com
pletely - literally "droughted out." Because of their relatively 

shallow roots, desert grassland grasses depend upon surface moisture 

for their water requirements; the lack of sufficient surface moist

ure is a major factor in their death. Shrubs, on the other hand, by 

virtue of their deeper and more extensive root systems, are able to 

sustain life by drawing moisture from deeper levels. Frequently, 
these shrubs continue growing, extending their coverage into the 

adjacent grasslands. The ability of shrubby species to withstand 

drought has been discussed by several investigators. Paulsen (1950) 

commented as follows on mesquite seedling development*

After two growing seasons, taproots had developed 

to approximately 2? inches and it is believed that 

those seedlings remaining alive at this time are



capable of surviving subsequent droughts and 

developing into mature trees.

Byyan (1928) reporting on changes in vegetation due to changes in 

ground-water level noted that mesquite was essentially dependent on 

ground water and relied to only a limited extent upon surface moisture.

When the drought cycle is broken and precipitation is adequate for 

normal grass growth, the grasses must begin growing from dormancy or 
seed. Those shrubs that have been actively growing are in a posi

tion to utilise more of the immediately available moisture than the 
grasses.

Campbell (1929) studied vegetations! composition in the mesquite 

sand-dune areas on the Jornada, and commented as follows on the shrub- 

infested areas.

Mesquite begins growth in late spring when other per

ennials are practically dormant, and continues until 

autumn. Only in a period of favorable years are other 

plants able to survive in sand-dune areas whereas be

cause of the deep taproot of mesquite, it draws up 

water from lower depths.

Parker and Martin (1952) observed the encroachment of shrubby vege

tation on desert grasslands in southern Arizona. The following is 
taken from their report.

Southern Arizona is characterized by intermittent 

droughts which often result in marked death loss of 

the perennial forage grass. As stated earlier, drought 

seldom causes the death of whole mesquite plants.....

19
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"When drought occurs on mesquite-infested areas, 

the grass is reduced and the cover opened up for 

establishment of more mesquite seedlings. Also, 

during drought the forage grasses are grazed more 

closely and mesquite seed pods probably are eaten 

more freely. Finally, with mesquite robbing the 

soil of moisture, recovery of grass after a drought 
is more difficult. . • • The aggressive nature of 

mesquite, together with its low requirements with 

respect to sites in which it will grow, encourages 

its increase. Once seedlings of taprooted drought- 

enduring mesquite are able to reach underground 

moisture they attain a most favorable position for 

meeting grass competition.

This replacement of grass by shrubs appears to be one of the direct 

means by which extensive areas of grassland are being invaded and taken 

over during cycles of more favorable growing conditions,

Bogusch (1952) in commenting on climatic changes as a factor in 

brush invasion, observed*

It is our studied opinion that the effect of climatic 

oscillations and cycles has far less effect upon 

initiating brush invasion than it does in perpetuat

ing it. During the early ecesic development of seed

lings, those of the woody plants require favorable 
moisture conditions. These seedlings are no less vul

nerable to drought than are those of the grasses. Once
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the woody plants are established, however, their 

roots possess phenomenal penetrating powers and can 

reach sources of water which are often unavailable 

to other plants*
The encroachment of shrubs upon grassland areas is illustrated in 

reviewing the vegetational changes along a li>00 foot belt transect est

ablished on the experimental range during the latter part of the fourth 
wet cycle* This transect extends over a short transition zone between 

typical black grama grassland and a mesquite sand-dune area. It has 

been charted twice since its establishment in 19355 the first rechart

ing being done in 1950, the middle of the present drougit period. The 

last charting was completed in 1956. As can be seen in Figure 5* mes

quite has progressively encroached upon the grassland site during these 

twenty years, the past 10 of which have been a period of prolonged drought. 

Glendening (1952), reporting on this particular transect study, states 

that the action of wind on a sandy soil, and in the presence of an in

vading plant such as mesquite, results in dune formation. He goes on to 

say:

During the past 15 years the microclimate at the soil 

level in the black grama type has been altered enough 

to allow the removal of the sandy soil from that site 

at an accelerated rate*..The presence of mesquite, with 

its layering habit of growth, furnishes a mechanism for 

the deposition and accumulation of wind-born sand par

ticles in the form of dunes, and ... .prompt elimination 

of mesquite in the black grama type, and maintenance of
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maximum grass cover appears essential if further dime 

formation is to be prevented.

Unless shrub growth is curtailed either during or between droughts, 

it is reasonable to assume that shrubs will continue to encroach upon 

and eventually dominate the grasslands under the climatic conditions 

which prevail in the Southwest.

Grazing Pressure as a Factor in Shrub Encroachment

Early Spanish explorations, pushing northward from Mexico into the 

area now occupied by Texas, New Mexico, and Arizona, brought horses, 

cattle, and sheep into the Southwest as early as the year 15U0 (Haskett 

1935). As a result of these explorations numerous missions and ranches 

were established in the newly claimed territory. livestock husbandry 

soon became an integral part of the life in these settlements, and this 

led to an expanding cattle population throughout the desert grassland. 

During the eighteenth century the increase in cattle numbers was very 

rapid. One ranch alone is estimated to have had 100,000 cattle, 10,000 

horses and 5,000 mules (ibid). In 1822, following Mexico’s independence 

from Spain, the military protection which had been furnished these 

missions arid ranches was withdrawn, leaving hostile Indian tribes free 

to raid and pillage the settlements. Due to constant Indian depredations 

these establishments gradually were abandoned and their herds reverted 

to the wild state, roaming the grasslands at will. Records of early 

American expeditions into the Southwest are filled with accounts of the 

large herds of wild horses and cattle which were encountered. Cooke, 
in his Journal of the March of the Mormon Battalion, 18U6-U7, refers
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to these animals when he writess

Fourteen miles brought me to a very large spring, 

which, as usual, loses itself after running a hun

dred yards. . . the wild cattle are very numerous.

Three were killed today on the road and several 

others by officers. Around this spring is a perfect 

cattle yard in appearance, and I suppose, I myself 

have seen fifty. . . . it is thought that as many 

as five thousand cattle water at this spring. They 

are much like the buffalo in their habits, etc. Are 

rather wilder and are more apt to attach individuals.

Many references to the abundance of wild grazing animals are to be 

found in the accounts of American explorations into the Southwest dur
ing the period I8I4O to i860. These animals were remants of the vast 

herds which had been established by the earlier Spanish settlers; how

ever, the consensus is that these animals did not survive to increase 
in sufficient numbers to seriously overgraze the area.

It was not until the late l860*s that commercial stock raising be- 

gan to attain prominence as a major industry in the desert grassland.

Up to this time constant raids by hostile Indians had made ranching 

in the Southwest quite hazardous. As more and more white settlers 

migrated into the area, U. S. A m y  Posts were established for their 

protection and cattle ranching flourished. Articles such as the follcw- 

■ ing acted as incentives to comercial stock-raisers and drew them into 

the Southwest in large nmbers. Brevoort (1868) says of New Mexico;
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Grass abounds in every portion of this territory, 

and even in the forests grows luxuriantly the en

tire year. At great altitudes this grass is in the 

winter-time covered with snow, though not deadened 

to the ground, for as soon as the snow melts it af
fords excellent grazing upon the mesas (table lands), 

and through the valleys grows the justly celebrated 

grama grass, which cures as it stands affording 

abundant food for flocks and herds throughout the 

winter. From the mountains to the Texas border there 

is one continuous and magnificent range in any portion 

of which may be found water, shelter and grass.

In August, 1872 Brevoort made this entry in his Journal:

Today I have passed most of the time over plains of 

the black grama, one of the most nutritious of the 

perennial grasses of this region. It is now growing 

rapidly under the influence of late rains, and millions 
of cattle could be pastured here throughout the year.

Professor Maury, who travelled over the territory in 1858, says: 

The sun never shone upon a finer grazing country than 

upon the three hundred miles west of the Rio Grande.

The traveller has before him, throughout the entire 

distance, a sea of grass, whose nutritious qualities 

have no equal, and the stock-raiser in January sees 

his cattle in better condition than our eastern farmer

his stall-fed ox.
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With stockmen lured by such glowing inducements, it is no wonder 

that by 1890 the Southwest was so overpopulated with grazing animals 

that hundreds of thousands of cattle perished from starvation between 

1891 and 189U (Thornber 1910).
Ranges, severely depleted of grass cover, and subjected to ex

tended periods of drought, were open for invasion by shrubby plants. 

Without the competition of dense grass stands for space and moisture 
and with little fuel to carry fire, shrubs rapidly encroached upon 

and obtained dominance over,large areas in the desert grassland.

Bray (1906) recognized the effects of excessively grazing the 

desert grassland when he wrote:
Grazing interests have caused profound changes in the 

native vegetation; in density and vigor of prairie 

grass formations and in the species comprising them.

Ranges have been denuded which were formerly covered 

by a luxuriant grass formation.

In addition to depleting the grass cover, grazing animals are in

strumental in dissemination of noxious plant seed. Experiments have 

shown that the viability of mesquite and other noxious plant seed is 

not adversely affected when the seed passes through the digestive tract 

of animals (Glendening and Paulsen, 1990). The shrub seeds which are 

eaten by grazing animals are transported to uninfested areas, and de

posited in the feces which provide an ideal medium for gemination.

Studies conducted on the Santa Rita Experimental Range in southern 

Arizona have shown that, once established, mesquite will increase in
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density and extent under all systems of grazing management.

Brown (1950) noted a 30 percent increase in mesquite on a totally 
protected range over an eighteen-year period. On the other hand, 

the theory that grazing has been primarily responsible for shrub 

invasion is upheld by several other investigators (Allred, 19U8,
Upson, et al. 1937, Young, et al. 19U8).

Correlating degree of utilization with rate of shrub invasion on 

the Jornada Experimental Range seems to indicate that grazing pres

sure may have been a factor in shrub encroachment in that area. By 

referring to Table 1, it is seen that the thirteen-year interval from 

1915 to 1928 was one of more rapid shrub encroachment than the next 

eighteen-year period from 1928 to 19k6. The grassland dominated area 

decreased by 17 percent during the earlier period and by only II4 per

cent during the later, longer interval.

The average stocking rate from 1915 to 192k, which was also a period 

of drought, was 2,72k head. In 192$, animal numbers were considerably 

reduced. During the next eighteen-year interval, which was one of above- 

average precipitation, the stocking rate averaged 1,170 head. Although 

shrub encroachment did not stop with this lighter use and above-average 

precipitation, the invasion was slower than it had been under the reverse 

conditions of heavy grazing and drought. Perhaps the change from drought 

to more favorable precipitation is responsible for the retarded invasion 

and the lighter degree of utilization was merely concincidental; how

ever, the theory that grazing pressure is partially responsible for 

shrub encroachment is further supported by Brown* s study referred to 

earlier in this paper. He noted a 30-percent shrub increase under total 
protection, and $$ percent under open grazing.
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These investigations combined with historical records would seem 

to support the contention that grazing pressure has contributed to 

the encroachment of shrubby species upon semi-arid grassland ranges 

in the Southwest.

Fire as a Factor in Shrub Encroachment

Before the heavy influx of livestock into the Southwest, the 
luxuriant grasslands grew unhampered in dense stands over millions of 

acres. With no stock to harvest each season’s growth, the grasses 

matured, dried and covered the ground with a thick carpet of dry litter 

year after year. Shrub seedlings idiich did become established in these 
areas were subjected to fierce competition for space and moisture by 

these dense stands of grass, and consequently made slow progress in 

their growth. The annual accumulation of litter, added to those of 

previous years, furnished hundreds of pounds of tinder-dry fuel per 

acre, and conditions were ideal, every three or four years, for fires 

to become started. These fires would often consume thousands of 

acres of grassland. For the most part, the periodic recurrence of wild 

fires was commonplace throughout the Southwest before the region was 

settled and developed by the white man. Kendall (18UU), in his "Nar

rative of the Texas Sante Fe Expedition" repeatedly comments on the 

frequent prairie fires he observed.

Abert (18U8), who travelled with a government expedition through 

the western states more than 100 years ago, draws attention to the burn

ed-over grasslands he encountered.

The greatest inconvenience that we have suffered for
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this march has been caused by the negligence of 

others with regard to their campfires; which neg

ligence having caused the destruction of the pas

ture grounds, our mules would wander off and we 

frequently lost much of the day in catching them.
Gray (1856), commenting on the grassland prairies of West Texas where 

he was exploring possible rail routes for the Southern Pacific Rail

road, has this to say regarding fire*

I question if the grass set on fire annually by the 

Indians, on their return from marauding expeditions 

into Mexico, together with the "Northers" whidh sweep 

with such violence over this plain, are not to a great 

degree causes of the total absence of timber. In burn

ing the grass behind them, the object of the Indians 

is to accelerate the spring growth, and prevent im

mediate pursuers having forage for their animals. A 
War-Party, had a few days previously, passed along, and 

for many miles the fire was raging around us. As far as 

the eye could witness, all was ablaze, and at night appeared 

like a vast amphitheatre of illuminated cities.

The effect exerted by these periodic fires in stopping shrubby vege

tation from attaining dominance on the grasslands is noted in historical 

reports. Pancoast (1930), discussing his adventures on the American 

frontier, makes the following statement regarding the Indian practice 

of firing the prairie in order to trap wild game*

This habit of the Indian has, to ay mind, much to do with



the existence of the vast plains and prairies, "which 

would never have remained devoid of woodland but for 

the annual fires that visited them.
Froebel (18$?), reporting on seven-years travel through the South

west, comments on fire in relation to encroaching shrubs. In describ

ing the route he had travelled westward from the Pecos River in west 
Texas, he writes*

One peculiarity is the repeated occurrence of dead mesquite 

trees of considerable size, with the growth of young ones - 

there being no intermediate stage of size or age. This 

probably has been caused by repeated prairie fires, which 

destroyed the old trees and prevented the growth of 

fresh ones. If this is the cade, it must stand in con

nexion with a periodical peopling of the country. At 

Chihuahua a man who had been a great deal in this local

ity told me that for a long period no Indians had lived 

there, during which it was covered by a thick mesquite 

wood. Subsequently certain hordes came here, and with 

them, the prairie fires began. In later times the ad

vance of the whites into Texas has driven back the savages, 

and restrained their visits; and the prairie fires ceasing, 

trees and shrubs have again appeared.

Fire, which was started either by accident, by carelessness, or 

intent!onally by Indians, acted as a prime factor in restricting shrub 

invasion on the desert grassland. Many scientific investigators have

30
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at one time or another, in their writings, recognized the dominance 

of fire as a shrub inhibitor, Bray (190b) noted the effect of fire 

on the establishment of shrubby species in grassland areas, for he 

wrote$

Frequent fires, though without marked effect on old 

long-leafed trees, are fatal to the growth of seed

lings, In consequence a condition is developed very 

like that which existed on the Texas prairies when the 

fires were free to sweep over them annually. These 

plains were kept pure grasslands; there was no evidence 

of the thickets of chaparral which now cover them.

Johnson (1931)# discussed the desert grassland as a natural region of 

Texas noting:

The original extent of grasslands in the grazing 

sections of Texas was greater than at present. With 

the coining of ranching into various portions of the 
state, and the subsequent fencing of the range, fires 

which previously swept the plains and prairies aimaully 

were gradually reduced in extent and number. Consequent
ly woody vegetation was no longer killed regularly by 

these fires and was free to develop in areas where it 

could compete with the grasses.

Because of their growth habits the grasses suffered very little from 

these fires. They sent up new shoots from blackened root stalks as soon 

as growing conditions became favorable. However, the shrub seedlings 

which had become established in these grasslands did not fare as well.
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Most of them were probably killed outright. Those that survived 

were weakened considerably, and were in poor condition to with

stand the competition afforded by the more fire-resistant grasses.

Contemporary investigations into the effects of burning shrub- 

infested grassland have yielded valuable information on the subject 

of noxious plant mortality. Humphrey (I9k9, 1951) noted significant 

decreases in semi-desert woody plants with corresponding increases in 

perennial grasses on burned test areas. Bohning (1955), in reporting 

the results of a similar study observed*

Two growing seasons later the b u m  was checked to 

determine the effects of the fire on the undesirable 

species. The time lapse was used to allow plants that 

appear to be dead to sprout. A count showed 88 per

cent of the barrel cactus, UU percent of the jumping 

cholla and U2 percent of the cane cholla were killed.

. . . .  No me s quite trees larger than 6 inches in dia

meter were killed. . . seme trees 6 inches or less in 

stem diameter were killed by the fire. All trees under 

2 inches in diameter were damaged by the fire.

No reference to fires in the Jornada area has been found in the 

extensive review of historical literature connected with this particular 

study. This might lead to the conclusion that fire, or the lack of fire 

has not been a factor in the encroachment of shrubby species upon grass

lands in this area. On the other hand, it has been established that the 

periodic recurrence of wild fire was commonplace throughout the desert 
grasslands of the Southwest before white settlement.
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The Jornada area was an extensive grassland plain relatively 

free of the shrubby invaders that dominate vast areas there today. 

This is substantiated by Beale (1858) "who travelled the Jornada 

approximately 100 years ago and reported:

Here vre leave the water and take the much dreaded 

"Jornada del Muerto" • • • Nothing could exceed the 
beauty of the country we traveled over this morn

ing. The whole extent, as far as vision reached 

ahead, was a level plain covered thickly with the 

most luxurious grass. . • .Hundreds and hundreds 

of thousands of acres, containing the greatest 

abundance of the finest grass in the world and the 

richest soil are here lying vacant, • • The road is 

excellent and the grass very abundant, wanting only 

trees and water to make the country perfect. • • • •

Thus we have passed the terrible "journey of death"

• . • the grass, as I have before remarked, every

where excellent and abundant.

Although no early travellers on the Jornada reported evidence of 

fire, the fact that fires were prevalent throughout the desert grass

land and the area in question was being somehow maintained as desert 

grassland dominant, might well lead one to conclude that periodic 

fires, although not reported, did sweep the area and were a factor in 

restricting or preventing the spread of shrubs.
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Man as a Factor in Shrub Encroachment
It is estimated that half of the desert grassland noir occupied

by noxious plants has been invaded since 18$0, a date which marks
’ !

the advent of white settlers into the Southwest. As White population 
increased rapidly in the area particularly from 1870 on, his customs, 

policies, and propensity to exploit for profit triggered a combination 

of factors that led to an accelerated decrease in grassland coverage 
and to encroachment of shrubby, noxious plants. Lack of sound land 

management policies by the Government facilitated abuse and misuse of

the public domain. Excessive numbers of livestock utilized the "free
' :

grass" in the Southwest. The Indian was subdued and placed on reser

vations, hence his practice of "firing" the plains was curtailed.

Homesteads were filed on the grasslands, and thousands of acres 

unsuited to cultivation were hopefully plowed up and planted to crops. 

These ill-fated farms were fenced, which resulted in halting the free 

movement of grazing animals through many areas. Subsequently the 

majority of these sub-marginal farms were abandoned and the plowed
t

land they occupied was virtually destroyed for grazing purposes. In 

some instances several adjoining homesteads in an area were sold to 

large cattle corporations, and tremendous herds were concentrated on 

the lands until the ground was completely barren of vegetation.

By the time government policy makers became aware of this 

depletion of our grassland resources, the damage was already done. 

Foster (1917) > writing about the timbered areas in Texas shortly 

after the beginning of this century, presented arguments that attri

bute the spread of these timbered areas directly to the interferences



of man. Bogusch (1952) reported his Investigation of brush Invas

ion in southwest Texas, and noted that land management policies of 

white men were apparently a strong factor in this shrub encroachment.

Eight years prior to Beale’s observations of 1858, Marcy travelled 

the Jornada del Muerto on a government exploratory mission, and although 
reporting the grass to be abundant, made no mention of shrubs covering 

the area to any appreciable extent.

As the encroachment has taken place concurrently with white settle

ment of the area, it seems reasonable to conclude that the influence of 

man has contributed to shrub Invasion on the Jornada.

The Desert Grassland as Climax
There is diversity of opinion regarding the serai status of the 

desert grassland. Clements (1920), Whitfield and Beutner (1938), and 

others consider this grassland area to represent a true climax. Others, 

while willing to accord it status as a fire climax, regard woody plants 

as the true climatic climax.

Campbell (1929) presented arguments that he felt indicated desert 

grassland to be the true climax vegetation in mesquite sand dunes of 

southern New Mexico. He proposed that black grama, if given the benefit 

of more favorable growing conditions, would eventually replace honey 

mesquite as the dominant vegetation in these areas. Gardner (1951), 

who also classed southern New Mexico as desert plains grassland climax, 

observed that much of the area was dominated by desert-shrub type, but 

concluded this was a disclimax due to grazing.

Brown (1950), noted vegetational changes from grassland to shrub 

type in southern Arizona, and concluded that the desert grassland in
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southern Arizona was subclimax to a desert shrub climax# Humphrey 

(1953) regarded the desert grassland region as a fire subclimax to 

a desert shrub climax# In support of his argument he called attention 

to the earlier works of Griffiths (1910), Thoraber (1910), Gleason 

(1913), Wooten (1915) and others in the Southwest’s desert grassland, 
citing also the work of Phillips (1935) in South Africa. He concluded 

from his study of historical and vegetational data*

The desert grassland of southwestern United States and 

northern Mexico is not a true Climax. Rather, it is a 

subclimax maintained by fire. Today, with fires largely 

a thing of the past, the true climax of low trees, brush 

and cacti, with an understory of grasses and low-growing 

shrubs is developing extensively on areas that were once 

grassed.
Tito.scope and nature of this paper are too limited to allow one to 

draw from it any definite conclusions about true climax vegetation in 

the area studied. However, the historical records describing the area 
as extensive grassland plains, relatively free of shrubs 100 years ago, 

and the extent of present-day shrub encroachment, appear to indicate a 

vegetation of shrubs as the climatic climax.
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