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UNTIL CIVILIZED MAN entered the PiC

ture, fires were probably a periodically recurring phenomenon on the 
rangelands of the Southwest wherever there was enough fuel to 
carry fire. In the drier desert areas growth was probably too sparse at 
all times to permit fires to run. And, in most of the vegetation types 
there must have been years, as there are today, when growth was 
scanty and there was too little vegetation to burn. The different vege
tation types varied widely, even as they do today, in their ability to 
carry fire and consequently in the frequency with which they were 
burned. 

There is little or no evidence to indicate that most of the true desert 
areas ever burned. Because of this lack of evidence one can largely 
only speculate today regarding the occurrence of fires in these areas 
75 or more years ago. The validity of such speculation is always open 
to question. Despite this, however, the conclusions reached may be 
sound and, although not capable of statistical analysis, may be as re
liable as many studies that are so analyzed . 

.. Approved for publication as Tech. Paper No. 796, Arizona Agricultural Experiment 
Station. 
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VEGETATION REGIONS 

Sonoran Desert.-No historical records are available that might 
indicate the occurrence of fires in any parts of the Sonoran Desert. 
Most of this area, however, does not today (and did not at the time 
of white settlement) support a kind of vegetation conducive to 
burning. Except locally, largely in occasional swales, the plant cover 
consists primarily of an open stand of low-growing woody species 
or succulents (Fig. 1). In years of abundant rain, some areas may 
produce a sufficiently dense stand of ephemerals to burn but even 
these are soon dissipated by wind and rain as well as by termites, 
rodents or other agencies. 

Although the Sbnoran Desert does contain a few perennial grasses, 
most of these are widely dispersed and do not serve as a fuel source 
that would carry a running fire. The principal exception to this is 
Tobosa Grass (Hilaria mutica) where this species occurs in periodi
cally flooded swales (Fig. 2). 

Although T obosa Grass does grow on both upland and lowland 
sites, only in the swales is the stand usually dense enough to carry a 
fire. During the last 50-100 years the vegetal composition of these 
"flats" has been gradually changing from essentially pure grass to a 
grass-shrub mixture. This change does not seem to be correlated with 
a reduction in grass density, consequently some other factor, probably 
the absence of fire, must be causative. 

Because of the rather limited area of T obosa Grass flats they 
must have burned less frequently than the more extensive grasslands 
in which a fire, once started, could run for many miles before encoun
tering a natural nonflammable barrier. In addition, surrounded as 
tobosa flats usually are, by nonflammable vegetation,' they were, and 
are, less subject to burning than areas such as the desert grassland that 
adjoined other flammable types. 

T obosa flats are almost never burned today and most of them are 
being invaded by ligniphytes, * usually mesquite and Whitethorn 
(Acacia constricta) (Fig. 3). The relatively high moisture content of 
the soils of these sites is conducive to ready establishment and rapid 

"" As used in this paper in the interest of brevity, the term ligniphyte refers to all 
woody plants, trees, shrubs, halfshrubs and lianas. 
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3. Tobosa swale being invaded ~A'·n";.A and Whitethorn. In the absence 
of there is to keep these in and 
over what was once pure grassland. 

growth of the invading shrubs, and there is no reason to suppose that 
they will not continue to be so invaded in the absence of fire. 

Chihuahmm. Desert.-Fires have probably never been much, if 
any, more prevalent in the Chihuahuan Desert than in the Sonoran 
Desert. Although at one time there were undoubtedly more grasses 
intermixed with the shrubs that largely characterized the Chihuahuan 
Desert than grow there today (Fig. 4), there is no known evidence 
that these were sufficiently abundant to carry effectively except 
in local areas where T obosa Grass or Sacaton were abundant. Per
haps these local bits of grassland cannot correctly be classified as a 
part of the Chihuahuan Desert even though they may lie within its 
general limits. They are, on the other hand, determined by soil and 
physiography and represent climax communities of this desert. 

As has been pointed out for the tobosa swales of the Sonoran Des
ert, these grassland communities of the Chihuahuan Desert were also 
formerly burned periodically. Because of their greater density and 
total volume of growth, the sacaton flats must have burned more 
often than the tobosa. Specific records of fire frequence, however, are 
extremely rare. Today, as in the Sonoran Desert, fires these grass-, 
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Fig. 4. Typical Chihuahuan Desert near Tombstone, Arizona. The vegetation 
here consists primarily of such shrubs as Creosotebush (Larrea tridentata), Tarbush 
(Flourensia cernua), Whitethorn (Acacia verllicosa) , Allthorn (Koeberlinia spinosa), 
Mariola (Partbellium illcanum) and Ocotillo (Fouquieria splendens). The occasional 
grasses are usually too sparse to carry fire. 

lands are largely: nonexistent. As a consequence, mesquite and Acacia 
are moving in (Fig. 5). In the Sacaton, in particular, mesquite has 
taken over, often as dense mesquite bosques in which, not infre
quently, few or none of the original grasses remain (Fig. 6). This 
transformation has often been aided by channel cutting and conse
quent lowering of the water table, and by long-continued over
grazmg. 

Desert Grassland.-Prior to the introduction of large numbers of 
domestic livestock into the Southwest, fires at rather frequent inter
vals appear to have been a characteristic feature of much of the desert 
grassland (Nunez, 1905; Bracht, 1848; Bray, 1901, 1904a, 1904b; 
Cook, 1908; Griffiths, 1910; Thornber, 1907, 1910; Wooten, 1916; 
Humphrey, 1953). Although the buildup of large livestock (primarily 
cattle) numbers in southern Arizona somewhat antedated the develop
ment of an acute fire-control consciousness, there was, nonetheless, a 
reduction in fires dating back to this large increase in livestock. Many 
of the ranges were overstocked; some of them heavily so, by about 
1880 (Wagoner, 1952). The resultant removal of forage or potential 
fuel must have reduced both the frequency and intensity of range 
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Fig. 5. Sacaton flat being invaded by mesquite. In the absence of fire mesquites 
soon take over these productive grassland sites. See also Fig. 6. 

grassland fires. Even so, history records that they still occurred fre
quently enough to have been an important factor in determining the 
plant composition of the desert grassland. 

Within about the last 25 to 50 years the change in dominant life 
form has been so marked in some portions of the desert grassland that 
few or no vestiges of the original vegetation remain. And, were it not 
for early photographs, there would be no record today of the change 
that has taken place. This has resulted in no little confusion in at
tempts to classify certain of these areas. For example, Velvet Mes
quite (Prosopis velutina) is often popularly considered to be a char
acteristic dominant of the Sonoran Although a component of 
the Sonoran Desert vegetation, its presence as the dominant woody 
species, very often with an understory of Burroweed (Haplopappus 
tenuisectus) is an infallible indication of grassland. reseeding 
depleted ranges to perennial grasses, two indicator species have a 
very practical significance. Figures 7 and 8 show one instance of a 
complete change from the grasses that were at one time dominant to 
the mesquite and Burroweed that are today. There is no factual record 
of the factors responsible for this change; there is little doubt, how
ever, that there are too few fires and too many cattle and horses. The 
line of demarcation between the desert grassland and Sonoran and 
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Fig. 6. Former Sacaton flat almost completely t~ken over by mesquite. Note 
vestiges of Sacaton (Sporobolus wrightii) in the center of the picture as the only 
perennial grass remaining. Three factors; control of fire, too heavy grazing and a 
lowered water table seem to be primarily responsible for the vegetational change 
that has taken place on sites such as this. 

Chihuahuan Deserts seems to have been determined in large part by 
the ability of the vegetation to carry fire. Where precipitation or soil 
moisture permitted the growth of enough grass to carry fire periodic 
burning kept the shrubs in check. Where fuel was inadequate the 
shrubs grew unchecked. Thus, it has been said that shrubs in this area 
occur where there is not enough precipitation to grow enough grass 
to carry a fire to kill the shrubs. 

A fallacy believed by many is that amount of precipitation and life
form size have a cause-effect relationship. Although this may at times 
be true it should not be accepted as a general fact. The desert grass
land, as an example, is sandwiched between two types characterized 
by shrubs and low-growing trees. As precipitation decreases in these 
types from high to low elevations the vegetation changes from ligni
phytes to grass back to ligniphytes. Even in the shallow-soil portions 
of the desert grassland woody species from one or the other of the 
adjacent communities often become established and persist. And, 
where they are given the opportunity they may become competitive 
to the detriment of the grasses. 
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FIRE IN DESERT GRASSLAND 

Wedel (1957) argues convincingly for an edaphic-climatic grass
land climax in the short-grass plains. Climate and soil may contribute 
to the dominance of grasses in Arizona's desert grassland but they do 
not generally seem to exert a restrictive control over the woody spe
cies. In the absence of precipitation (or other climatic factors), soil, or 
any other known factors, there can be little doubt that fire was the 
originalligniphyte-controlling factor that permitted the establishment 
and maintenance of grasses in most of the desert grassland of Arizona. 

EVIDENCE OF PAST FIRES IN THE DESERT GRASSLAND 

Fires in timbered areas leave signs that may persist for decades or 
even centuries. The evidence of grassland fires is usually soon gone. 
As a consequence, while historical records are only one of several 
sources of inform.ation on the former fire history of forests, they are 
almost the only means of determining the prevalence of former grass
land fires. Fortunately, the historical record is fairly adequate and 
much of it appears to be reliable. 

The earliest account of grassland fires in the Southwest that has 
come to my attention is an account by Cabeza de Vaca relating to his 
travels in southeastern Texas in 1528. Obviously this is not the desert 
grassland of Arizona but I mention it because it antedates other 
known records on the subject. In the words of de Vaca (Nunez, 
1905) : 

The Indians "go about with a fire brand, setting fire to the 
plains and timber so as to drive off the mosquitoes, and also to get 
lizards and similar things which they eat, to come out of the soil. 
In the same manner they kill deer, encircling them with fires, and 
they do it also to deprive the animals of pasture, compelling them 
to go for food where the Indians want." 

The U. S. Department of Agriculture had a number of workers in 
the Southwest in the late 19th and early 20th centuries studying range 
problems. The observations of these men are particularly valuable, 
coming as they did, ·at a time when the effects of settlement were be
ginning to be expressed in vegetational changes. Three of the early 
workers in southern Arizona are particularly deserving of mention 
here. David Griffiths, botanist with the Arizona Agricultural Experi
ment Station and immediately thereafter with the U. S. Department 
of Agriculture, E. O. Wooton, who was with the U. S. Department of 
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Fig. 7. The United States-Mexico boundary about 50 miles west of Nogales, 
Arizona, as it appeared in 1893. The vegetation, except for the wash that appears 
as a dark streak in the background, consisted solely of grasses and forbs. Note the 
change that had taken place 70 years later, as shown in the repeat photograph of 
Fig. 8. 

Agriculture, and J. J. Thornber, botanist of the Arizona Station were 
all active in southern Arizona about the turn of this century and all 
studied or commented on the effect of fires in the desert grassland. 
W. L. Bray, and O. F. Cook were equally active with the U. S. De
partment of Agriculture in Texas at about the same time. 

Let us look at the conclusions reached by some of these early work
ers as set down in their own words. And note, as we examine these, 
the degree to which they agreed on the general effect of grassland 
fires, even though they did not all work in the same areas. Although 
the present analysis pertains primarily to Arizona, the principles in
volved in the invasion of the desert grassland by shrubs are not af
fected by state boundaries. In consequence, the Texas studies referred 
to below are highly pertinent. 

First, quoting Bray (1901) in his observations and conclusions on 
Texas ranges: 
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Fig. 8. This is the same location as shown in Fig. 7, as it appeared in 1963 after 
70 years of too few fires and too many cattle and horses. In place of the former 
grassland, the perennial vegetation consists solely of mesquite and Burroweed with an 
occasional cactus. 

chaparral- and mesquite-covered country was formerly open grass 
prairie .... Apparently under the open prairie regime the equi
librium was maintained by more or less regular recurrence of 
prairie fires. This, of course, is by no means a new idea, but the 
strength of it lies in the fact that the grass vegetation was tolerant 
of fires and the woody vegetation was not. It was only after 
weakening the grass floor by heavy pasturing and ceasing to ward 
off the encroaching species by fire that the latter invaded the 
grass lands. 

Bray was familiar with the Edwards Plateau of Texas at a time 
when parts of it were still primarily grassland in spite of the rapid 
encroachment of shrubs. Note, for example, his comments on this 
area at about the turn of the century (Bray, 1904a): 

If the Edwards Plateau were an uneroded highland, its vegeta
tion would, under natural conditions, be open grass prairie. As a 
matter of fact ... it is in process of transformation from a grass 
prairie to timberland. This transformation is being hastened by 
the interference of man. Both agriculture and grazing have oper
ated to prevent the recurrence of prairie fires, which, so long as 
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they were periodic, kept the field swept clean of woody vege
tation. The grass throve under this burning; seedlings of trees 
were killed. 

And Bray (1904b): 

This struggle of the timberlands to capture the grasslands is 
an old warf.are. For years the grass, unweakened by overgrazing of 
stock, and with the fire for an ally, held victorious possession. 
Now the timber has the advantage. It spreads like infection. From 
the edge of the brush each year new sprouts or seedlings are 
pushed out a few feet farther, or, under the protection of some 
isolated live oak or briar or shrub, a seedling gets its Start, and 
presently offers shelter for others. This has been going on all 
along, but in former days these members of the vanguard and the 
scattered skirmishers were killed by the prairie fires, and the tim
ber front was held in check or driven back into the hills. 

Cook (1908) also writing primarily of Texas, and at about the 
same time, concluded: 

Before the prairies were grazed by cattle the luxuriant growths 
of grass could accumulate for several years until conditions were 
favorable for accidental fires to spread. With these large supplies 
of fuel, the fires that swept over these prairies were very besoms 
of destruction not only for man and animals, but for all shrubs and 
trees which might have ventured out among the grass, and even 
for any trees or forests against which the burning wind might 
blow. That such fires were evidently the cause of the former 
treeless condition of the southwestern prairies is also shown by 
the fact that trees are also found in all situations which afford 
protection against fires .... Nor is there any reason in the nature 
of the climate or the soil why trees should not thrive over the vast 
areas of open prairie land. 

In the same publication he comments on the use of fire by the early 
white settlers. 
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over the prairies every year; partly to protect their homes against 
fires, partly to give their cattle readier access to the fresh growth 
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which blows in from the Gulf spreading the flames over many 
square ,miles. While the grass was still abundant these annual 
burnings were able to keep the woody vegetation well in check. ... 



FIRE IN DESERT GRASSLAND 

The conclusions reached by Bray and Cook in Texas had their es
sential counterpart in southern Arizona studies at about the same time 
( Griffiths, 1910 ) : 

The probability is that neither protection nor heavy grazing 
has much to do with the increase of shrubs here, but that it is pri
marily the direct result of the prevention of fires .... Previously, 
before the country was stocked, it probably produced more grass 
than it does now, and was frequently burned over, the fire extend
ing down as far as vegetation would permit. Such burning did 
comparatively little injury to the grasses, but was very destruc
tive to all small shrubs; consequently, these were able to exist only 
along the sandy washes, where the grasses were least productive, 
anI:! upon the lower areas, where fires did not molest them .... The 
main factor, though, in the opinion of the writer has been that of 
fire. It is firmly believed that were it not for the influence of this 
factor the grassy mesas would to-day· be covered with brush and 
trees .... In short, the same laws apply here that govern in our 
great prairie states . . . where the treeless plains were kept so by 
frequent fires. 

Thornber (1907), writing of the same area, noted that even at 
that time fires were not infrequent, two of them occurring within a 
space of about 5 years. One of these he recorded as burning unchecked 
for two days. A variety of shrubs was killed by these fires including 
Creosotebush (Larrea tridentata), Burroweed (Haplopappus tenui
sectus), Mormon Tea (Ephedra trifurca), Desert Hackberry (Celtis 
pallida) , Mesquite (Prosopis velutina) , and Palo Verde (Cerci
dium). In conclusion he stated: "That such fires burning over the 
mesas and foothills have not been uncommon in times past may be 
judged by the fact that in many places abundant remains of charred 
stumps of at least 10 years duration are frequently met with." 

I once had the idea that if Thornber had observed charred stumps, 
some vestiges of charring might still be found if one looked in the 
right places. With this in mind, I examined a number of the older 
mesquite trees along some of the major washes in the same area where 
Thornber's observations had been made. Thirty-two trees with a 
basal diameter of 12 inches or more were examined, J 7 with a di
ameter of 12-14 inches, 15 with a diameter greater than 14 inches. 
Out of the 17 in the smaller size class only one bore visible charcoal 
as contrasted with % of those in the 14-inch-plus class (Humphrey, 
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Fig. 9. View on the Santa Rita Experimental Range in 1903. At that time this 
area was an essentially brush-free area producing an abundance of grasses highly 
susceptible to burning. Compare this with the appearance of the area in 1941, 38 
years later. U. S. Forest Service Photo. 

1953). These trees were growing on the rocky banks or bottoms of 
washes where grass growth had apparently been too sparse to burn 
with enough heat to kill the trees. The fires had, however, damaged 
the trees enough to leave evidence of their occurrence. 

Although fires in this area (the Santa Rita Experimental Range, 
which lies about 40 miles south of Tucson) are almost unknown to
day, the written record indicates that they occurred rather frequently 
as late as 1916. Wooton (1916) has provided us with the last known 
statement of the prevalence of fires on this experimental range. 

The complete protection of the reserve for a number of years 
has resulted in a rather heavy crop of dry grass, which burns 
readily, especially in the dry, hot weather of Mayor June, just 
before the summer rains begin. Several such fires have occurred, 
due to lightning, carelessness of passers, or incendiarism .... In 
June, 1914, occurred one of the largest and hottest fires, which 
burned over about four sections of the heaviest grass. 

Although there are no known photographs showing fires in this 
area, there are several pictures that show the vegetational changes 
that have taken place (Figs. 9, 10). 
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Fig. 10. Area shown in Fig. 9 as it appeared in 1941. Fire control and grazing 
have pennitted invasion of the mesquite that is rapidly changing the aspect of what 
was once open grassland. By 1956 the mesquites had further increased to a point 
wnere they were profitably cut and used as a source of commercial charcoal. 

U. S. Forest Service Photo. 

A recent study was made in this area (Reynolds and Bohning, 
1956) to determine the effect of fire on specific species of shrubs and 
grasses. The ground vegetation, although rather sparse, was suffi
ciently heavy to permit a fire to run and give a fairly complete burn. 
The effects of the fire, as expressed in mortality of individual species, 
showed the following percentage kills: Burroweed, 88; Barrel Cac
tus (Ferocactus wisiizeni), 67; Jumping Cholla (Opuntia fulgida) , 
44; Cane Cholla (0. versicolor), 42; Prickly Pear (0. engelmannii), 
28; and Velvet Mesquite, 9. Calliandra eriophylla, the most valuable 
browse plant in the area, was burned to the ground but none of the 
plants was killed. Four years later the plants had a greater crown den
sity than on the adjacent unburned check area. 

My comments on this study, as given in an earlier paper 
(Humphrey, 1958) follow: 

It might seem, offhand, that the kills reported in this study 
might not be sufficient to maintain a range essentially free of 
woody plants. The authors point out, however, that difficulty 
was experienced in obtaining a uniform burn due to inadequate 
fuel in the vicinity of mesquite trees. Previously, when fires oc-
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curred frequently, there were apparently no mature mesquites 
on this and similar areas. As a consequence, grass grew unhampered 
by competition from trees, and the fires must have been sufficiently 
hot to be much more destructive than they are now. An addi
tional feature of importance was the relative frequence of occur
rence of fires that prevented most of the woody plants growing to 
larger than seedling or near-seedling size. These would have been 
more readily killed than larger, more mature plants. In addition, 
only occasionally would they have matured sufficiently to produce 
seed. This would have further reduced the potential number of 
new plants. 

There still remain in the desert grassland extensive areas that are 
essentially free of woody plants. The question is sometimes raised 
whether these uninvaded grasslands may not refute the universality 
of the fire-control theory for the desert grassland. Whether they· do 
or not cannot be stated with certainty. It is unfortunate that the 
answer to a question of this sort must be based on opinion, no matter 
how well considered such an opinion may be. However, with the 
assumption that an opinion based on many years of study may be 
largely objective and consequently of value, I give mine and that of 
the supporting facts for what they may be worth. 

In contrast with much of the great-plains area, most of the open, 
grassy portions of the Arizona desert grassland do not appear to have 
either a soil or a climate unsuited to the growth of woody plants. 
Insofar as data are available no caliche or other hardpan layer seems 
to typify these grasslands. The precipitation is similar to that on ad
jacent areas that do support shrubs. As further evidence that these 
grasslands are capable of growing ligniphytes, many of them are be
ing encroached upon by trees and shrubs from nearby drainages, 
hillsides or other areas. 

Occasional fires still occur in the desert grassland. Although in
frequent and spasmodic, these fires do act as a deterrent to shrub in
vasion. An additional point that may explain in part today's still 
rather extensive ligniphyte-free desert grassland ranges and one that 
is rarely considered, is that very little time has elapsed in the brief 
period since the days of the Indian and uncontrolled fires. Fires have 
been controlled in this area largely only during the last 50 years, a 
short period in terms of invasion and establishment of the trees and 
shrubs involved. 
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Fig. 11. Southern Arizona desert grassland range only recently invaded by mes
quite. lhe seed source here is an adjacent bottomland supporting an old stand of 
mature trees. 

Initial invasion of the open grassland may be seen in many areas 
even today. This invasion is usually linked with cattle movements 
from mesquite-infested areas. There seems to be little doubt that lack 
of invasion is often due to failure of seeds to be transported to the 
open grasslands. Recent invasions often are an indication of a change 
in the grazing pattern that results in seeds being brought in where 
none were before. 

I would predict in summary, that given time and a seed source, and 
in the absence of fire, ligniphytes have. the capability in time to take 
over most of the balance of Arizona's desert grassland ranges. 

The fire history of the desert grassland raises the question-is fire 
a practical tool to use today in controlling woody plant invasion in 
this type. The answer cannot be given as a clear-cut yes or no., Many 
aspects of the total picture have changed during the last 75 to 100 
years. When the desert grassland ranges were grazed only by deer, 
antelope, and other game animals, much of the annual production of 
forage was left ungrazed and served as a source of fuel that carried 
fires readily and produced a flame hot enough to kill most woody 
plants that might lie in its path. By comparison today, the grasses· 
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weakened by many years of domestic livestock grazing usually do 
not have either the density or volume to carry a hot fire, or often, 
any fire at all. Grazing removes much of the growth that is produced, 
further reducing the possibility of obtaining an effective burn. 

The size of the plants that must be controlled today adds to the 
difficulty of obtaining effective control by fire. Previously, when fires 
were frequent, few trees or shrubs in the grassland survived long 
enough to develop much beyond the seedling stage. As small plants 
they were highly susceptible to killing by fire and rarely lived to be 
old enough to set seed. This restriction of a potential seed source must, 
in itself, have been of no little importance in maintaining the grassland 
in an essentially shrub-free state. 

It takes little imagination to visualize the change that has taken 
place in the potential for control of the woody plants by fire. Instead 
of the occasional small shrub-like plants lying in the path of the hot 
fires of former years, today we have mature trees often with trunk 
diameters up to 10 and 12 inches and possessing relatively thick, fire
resistant bark. The former hot fires that might have been effective in 
killing even these large trees are today too weak to be lethal. On the 
other hand, they will kill new reproduction, thus not only reducing 
the rate of shrub invasion but actually reversing the trend. In many 
situations recurrent burning at 5- to 10-year intervals would probably 
be an effective and cheap method of control. A long-time study is 
needed to determine not only the broader aspects of this problem but 
also specific items such as the most desirable fire frequence, effective
ness with various kinds of grasses and woody plants, and the relation
ship between fire and size of woody plants. 

SUMMARY 

1. Fires have never been a factor of much importance in the So
noran Desert. They have presumably occurred only locally and then 
only in tobosa swales or sacaton flats where there was a thick enough 
stand of grasses to carry a fire. 

2. Fires have probably never been much, if any, more prevalent 
in the Chihuahuan Desert than in the Sonoran Desert. As in the So
noran Desert, the only places where vegetation was sufficiently dense 
to carry a fire was in restricted areas of sacaton flats or tobosa swales. 

60 
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3. In the desert grassland, fires formerly occurred at frequent in
tervals. Because of their frequence and intensity the desert grassland 
was formerly maintained as an essentially brush-free, open grass
land. The control of fire has permitted invasion of these formerly 
open grasslands by mesquite and other woody species. 

4. A reduction in fuel supply resulting from domestic livestock 
grazing and the relatively large size of .the woody plants makes effec
tive control by fire difficult today. In spite of these changed condi
tions, however, fire can still be used as a practical tool in the desert 
grassland. 
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