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ABSTRACT

Studies were conducted on protected-burned, protect ed-unbumed 

and grazed desert grassland ranges in southern Arizona to determine the 

effects of drought, fire and grazing on the dynamics of vegetation be

tween 1941 and 1980. On each area a total of eighty 50-ft line-transect 
samples were taken to determine percentage cover, composition and fre

quency of the vegetation.

Crown cover of trees and shrubs increased on the total- 

protected and the grazed ranges in 1980 compared to 1969 and 1941.

The grazed area had the highest crown cover but the rate of increase 

was faster, on the total-protected area.

Basal, cover for grasses decreased sharply from 3% in 1969 to 

1.54% in 1980 on the protected area and from 1.12% to a trace on the 

grazed area. The probable causes for this decrease were drought and 
competition from trees and shrubs on the total-protected area, and 

drought and grazing on the grazed area.
After 7 years the effects of fire were not apparent on the major 

trees and shrubs except mesquite and cacti which fire decreased. In 

general grasses did not show any significant effect due to fire except 

poverty threeawns, which fire increased, and squirreltail, which fire 

decreased. Perennial forbs were insignificant and annual grasses and 

forbs were not measured.

viii



CHAPTER I

INTRODUCTION

Since the conquest of the West, rangelands have always played an 

important role in the American livestock industry. Today, more than 

ever, with higher energy costs and the world demand for food, rangelands 
have gained more importance for production of red meat. However, des

pite intensive management practices and research, the ranchers of the 

Southwest are faced with an ever-changing forage resource (Paulsen and 
Ares, 1962). Many range scientists have suggested that this problem is 

the direct or indirect result of overgrazing (Allred, 1949; Gardner, 

1950; Glendening and Paulsen, 1955). However, Parker and Martin (1952), 

discussing the invasion of southern Arizona rangelands by woody species, 

listed a number of causes for the advance of these plants. These in

cluded reduction in grass cover from overgrazing and drought, cessation 
of range fires, and dissemination and planting of woody plant seeds by 

livestock and wild animals.

It would seem logical that if grazing is the major cause of de

terioration, the elimination of grazing would bring an improvement, and 

that secondary succession following retrogression may lead to a climax 

or near climax community. If such a view is valid, Anderson and Holte 
(1981) emphasized that it becomes imperative that range scientists and 

managers know (a) the expected direction and how individual species will 

respond, (b) the expected time required for recovery, and (c) the nature

1
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•of the climax community. Furthermore, they added "If, on the other 

hand, the classical view is^not valid, it is imperative that range 

scientists and managers seek appropriate alternative models and under

stand their implications for management and the interpretation of re

sults of experiments as well as managerial decisions."

The present study on the dynamics of the vegetation on Page 

Ranch in southern Arizona is another contribution to a better under
standing of the semi-arid grassland ecosystem.



CHAPTER II

LITERATURE REVIEW

The grazing animal is part of the plant’s environment and the 

plant is part of the animal’s environment. This creates an interrelated 

biological complex, the ecosystem (Stoddart, Smith and Box, 1975). The 

parts of this complex, called "habitat factors" by Stoddart et al. (1975), 

can be classified as biotic, climatic, edaphic, pyric and anthropic.

All these factors are interrelated and a change in any one changes the 
relationship of all other factors in the system.

Major Causes of Range Depletion

Among the multiple causes responsible for range depletion in 

western U.S. and elsewhere in the world, grazing, drought, competition 
and fire are certainly the most important.

Grazing as a Cause

Nature tends to balance each member of the "habitat factors" 

mentioned above with one another. This ecological principle assumes 

that there might be an equilibrium somewhere (Stoddart et al., 1975).

When an outside element of the system is introduced like domestic live

stock, one must expect possible widespread changes in the system.

Influence of Large Herbivores. In the extensive literature 

about range depletion,. overgrazing by livestock has been one of the 

most incriminating (Allred, 1949; Humphrey, 1953; Potter and

3
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Krenestsky, 1967; Schmitz, Michaels and Judd, 1967; Klemmedson, 1972).

The phenomenon of overgrazing is not a recent event. Some people 
traced it way back in the late 1800’s and early 1900’s. As attested 
by Bentley (1898) "men of every rank were eager to get into the cow 
business. In a short time every acre of grass was stocked beyond its 

fullest capacity. Thousands of cattle and sheep were crowded on the 

ranges when half -the number was too many. The grasses were entirely 

consumed; their very roots were trampled into the dust and destroyed."

Since then, it seems that many rangelands have followed a down

ward trend. In response to a Senate resolution about the Western 

Range, Clapp (1936), associate chief of the Forest Service wrote:

"There is perhaps no darker chapter nor greater tragedy in the his

tory of land occupancy and use in the United States than the story of 

the Western Range." The major finding of his report was that range 

depletion was nearly universal under all conditions of climate, topo
graphy, or ownership and that the exceptions served only to prove the 

rule. Furthermore, he stated "The existing range area has been de
pleted no less than 52% from its virgin condition. Practically this 

means that a range once capable of supporting 22.5 million animal 

units can now carry only 10.8 million. On nearly 55% of the entire 

range area, forage values have been reduced by more than half."

The effects of herbivores on vegetation are classified into two 

types, the effects on plants and the effects on soil. As shown in many 

studies (Johnson, 1956; Trlica and Cook, 1971; Heady, 1975; Valientine, 

1980) excessive defoliation can stop plant growth or even kill the plant.
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In erratic rainfall conditions heavy grazing decreases photosynthetic 

activity and the ability of plants to withstand drought.

Another harmful effect of herbivores (especially large herbi

vores) on vegetation is trampling (Klemmedson, 1972; Lee, 1972; Stoddart 

et al., 1975). Trampling results in loss of forage, and therefore, a 

decrease in plant cover.

A third effect of grazing on plant communities not often en

countered in literature but having a negative impact on plants like 

grasses is "pull-up" by grazing animals. When animals graze it happens 

that some plants are pulled-up partially or completely from the ground. 

This effect is very critical to perennial grass seedlings and may in
crease vegetation losses.

It is also a well known fact that a disturbance of the vegeta

tion will be reflected on the soil, although soil deterioration lags 

behind vegetation degradation. Several studies (Alderfer and Robinson, 

1947; Rhoades et al., 1964; Rauzi and Hanson, 1966; Lusby, 1970) have 

stressed the effect of trampling as one of the major factors in soil 
degradation. This degradation is due to excessive compaction, destruc
tion of the soil physical structure, a decrease in water-holding 

capacity, a decrease in soil fertility and an increase in surface run
off.

McGinty and Smeins (1979) observed that infiltration rate was 

lowest in a heavily grazed pasture compared to an exclosure and lightly 

grazed pasture. In general, they found that a decrease in plant cover 

will accelerate soil deterioration causing soil particles to drift away,
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leaving roots bare and exposed to desiccation. Moreover, since the 

soil surface tends to dry rapidly, few seedlings can become established.

Influence of Small Herbivores. Although physically much 

smaller than sheep or cattle, small herbivores have an important impact 
on rangeland. According to Klemmedson (1972) this impact is consid-

i
erable on the rangeland ecosystems because of frequent high populations 

and high rates of turn-over. He emphasized that small herbivorous 

mammals cut, trample, and bury, as well as eat vegetation in the course 

of their activities. 'Koford (1958) reported that although cottontails 

are a factor on rangelands of the U.S., jackrabbits are the predominant 

concern among rabbits in terms of their, impact on range ecosystems.

As a factor in range depletion. Palmer 01936) wrote "in some 

of our northern Arizona fenced plots, rodents (chiefly prairie dogs) 

have consumed, cut down, or prevented from growing 69% of the bluestem, 

81% of the blue grama, and 100% of the sand dropseed. In southern 
Arizona, Rothrock grama and associated grasses in fenced plots have 

been reduced by jackrabbits and other rodents by 35 to 8l%". In ad

dition to damages to the plants, some of the rodents increased the 

spread of mesquite beans (Humphrey, 1958). But if, as stated by Palmer 

(1936), it is uncertain whether the process of range depletion was 

accompanied by an increase in rodents destructive to the range, at 

least the relative importance of rodents is greater on depleted than 

normal range. However, Buffington and Herbel (1965) concluded that most
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, investigators agree that rodents are more often a result of range de- • 

terioration rather than a primary cause of it.

Plant Competition as a Cause

Whenever there is a limited resource which has to be shared by 
several individuals, there is always competition for this limited 

resource. Pielou (1962) stated that if intraspecific competition is 

taking place within a plant population, unsuccessful competitors will 

either be small and stunted, or else completely unable to establish 

themselves. Also, the closer two plants are to each other, the more 

intensely will they compete with each other. Yeaton and Cody (1976) 

in a study in the northern Mohave Desert found evidence of competition 

for sunlight. Consequently in arid and semi-arid environments, one 

of the most important resources for which plants have to compete is 
water.

Greig-Smith and Chadwick (1965), investigating patterns in the 

Acacia-capparis semi-desert scrub in the Sudan, pointed out that the 
degree of completeness of canopy formed can often be correlated broadly 

with the available water supply. Furthermore they added "it is 

therefore commonly assumed that at any particular site the habitat is 

supporting the maximum possible density of trees or shrubs and thus 

that the position of surviving individual plants is determined by com

petition for moisture between individuals". Woodell, Mooney and Hill 

(1969) studying the behavior of Larrea divaricata found out that the 

density and patterns of the sampled population of creosotebush are 

generally correlated with rainfall, and that regularity in low



tainfall environments is due to interplant root competition for avail- ' 
able water.

Analyzing the data of Woodell et al. (1969), Anderson (1971) 
concluded that their prime hypothesis that the regularity in desert 

shrub populations was the result of competition for a limited water 
resource was not substantiated by their data. Furthermore, he added 

"if in fact a low rainfall regime is associated with competition be

tween adjacent plants for a limited water resource and if these com

bined factors are the prime determinants of pattern in population of 

desert perennials, then it is surprising that so great a diversity of 

pattern is detected in the field." Greig-Smith and Chadwick (1965) did 

not find any.evidence of regular pattern resulting from competition be

tween individuals for water. However, they did find some evidence that 

there was competition between seedlings and between smaller individuals 
of Acacia.

In the desert, grassland area, many authors believe that com

petition has contributed significantly to range depletion (Gardner, 

1950; Glendening, 1952; Humphrey, 1953). Host of their findings show 

that grassland has been invaded by woody species and other low grazing 

value species because grasses are not able to compete effectively.

Cable (1969) found that production of each class of plant (including 

annual and perennial grasses and the half-shrub burroweed) was affected 

to some extent by each of the others, except that annual grasses had no 

effect on burroweed crown area.

Under pristine conditions, it is well established that vigorous 

grass competition was a major factor in keeping the shrub invasion rate

8
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‘at a minimum (Rwnmel1951; Buffington and Herbal, 1965). However, ' 

Glendening (1952) argues that it is improbable that even moderation in 

livestock grazing will prevent the loss of grass cover within mesquite 
stands where the trees have gained sufficient size and density. In a 

subsequent study Glendening and Paulsen (1955) stressed that, although 

grasses tend to suppress young mesquite plants, once the shrubs get 
established they continue to increase in number and crown spread while 

cover of grass declines.

Drought as a Cause

The desert grassland is one of the driest of all grasslands in 

the U.S. according to several authors (Humphrey, 1953; Whittaker and 

Niering, 1975; Hanrahan, 1975). The major plant growth is concentrated 

in late summer when moisture is available, but drought usually closely 

follows the rainy season. As a matter of fact, droughts appear as a 

regular component of the desert grassland ecosystem.

The major stress on the plant community in the semi-arid en
vironment is certainly the lack of water and the resulting drought. 

Drought itself is not easy to define in a broad scale. What might be 

drought in the Midwest may be a very wet year for the West. Neverthe

less, whatever the place, drought is seen as a period of deficient 
rainfall.

The irregular changes between a short period with water and a 

long period of dryness present animals and plants in semi-arid areas 

with special problems. The larger animals, including man, can evade 

the harshness of the dry environment by leaving the area, by hiding in
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'burrows, or by securing protection wherever it is possible. Plants, 
except annuals,cannot do this. They are rooted to the ground and are 

unable to escape from conditions into which they were born. As stated 

by Evenari, Shanan and Tadmar (1971), desert plants are continuously 

exposed to the full impact of the extreme external conditions and must 

consequently adapt to them.

A plant may suffer from moisture stress in two ways. First, 
there may not be enough water in the soil available to the plant ("soil 

drought"). Second, the plant may be losing much more water through 

transpiration than its roots are capable of supplying from the soil. 

This situation happens when the air is very dry ("atmospheric drought") 

which is a common situation in semi-arid areas. In either case the 

plant is put under stress, which in turn disturbs the normal function

ing of its metabolic processes (Evenari, Shanan and Tadmar, 1971;
Cable, 1959).

Fire as a Cause

Extensive literature has been written on the effect of fire on 

vegetation. Cooper (1961) stated that fire has played a major role in 

shaping the world’s grasslands and forests. Some authors such as Sauer 

(1950) are more explicit in the role of fire. He is convinced that 

fires are competent to suppress woody vegetation, and that suppression 

of fire will result in gradual recolonization by woody species. Fur

thermore he added "I know of no basis for a climatic grassland climax, 

but only of a fire-grass "climax" for soils permitting deep rooting."
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Humphrey (1960) , after analyzing woody plant invasion as a 

cause of deterioration in the desert grassland, concluded "after care

fully weighing all the factors that might possibly be responsible, 

there seems to be little doubt that control of the fires that once 

burned unchecked across these grasslands is the major reason behind 

the shrub invasion." Many range ecologists (Allred, 1949; Stoddart et 

al., 1975) blame the shrub invasion on domestic livestock. They argue 

that overgrazing has selectively weakened the grasses and allowed the 

less palatable shrubs to increase. But for Cooper (1961), these ex
planations do not suffice; even on plots fenced off from animals shrubs 

continue to increase. For him, a decrease in the frequency of fires is 
surely an essential part of the answer.

Dynamics of the Vegetation

Plants are always seeking balance with their environment. When 

there is an abnormal pressure, the plant cover may be disturbed and a 
decline or retrogression may follow. Retrogression may be caused by 

grazing, drought or fire.

By far the most important factor causing retrogression on 

rangelands is improper grazing. Plant retrogression is generally an 

orderly process (Stoddart et al., 1975). The species most preferred 

by animals are the first to suffer from grazing stress. Weaver and 

Clements (1938) described the phenomenon as follows "as the more 

palatable species are eaten down, the uneaten ones become more conspic

uous and, in terms of competition, the advantage will go to the un

grazed plants. Because of water and light, their growth will be greatly
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increased." Thus the most palatable species (the decreasers) are handi
capped by the increase of the less palatable species (the increasers), 

and the grasses are further weakened by trampling as animals wander 

about in search of food. Soon, bare spots appear that are colonized 
by weeds or weed-like species (the invaders). The weeds reproduce 
vigorously and sooner or later come to occupy most of the space between 

the fragments of the original vegetation. Before this condition is 

reached, usually the animals are forced to eat the less palatable 

species, and these in turn are replaced by annuals and unpalatable 

perennials. If grazing pressure is maintained, these, too, may dis

appear unless they are woody, wholly unpalatable, or protected by 

spines.

In southern Arizona, Canfield (1948) found that taller coarse

stemmed grasses, such as Arizona cottontop, sideoats grama, and black 
grama, which were scarce on heavily grazed range, made up a high per

centage of the composition after a long period of protection. He 
found also that overgrazing caused a tendency toward dominance by 

short-lived perennials such as Rothrock grama and slender grama and 

by worthless species such as burroweed, snakeweed and mesquite.

Because overgrazing has been the rule on many rangelands, not 

only has plant composition been changed by grazing pressures but the 

vegetation has been thinned and in many instances destroyed (Ellison, 

1960). As a result of some degree of denudation, accelerated soil 

erosion is inseparably linked with overgrazing on semi-arid rangelands. 

Further in his paper, Ellison pointed out that if disturbance of plant



13

cover occurred only occasionally, erosion would be less serious than it' 

is. For him, repeated denudation, year after year, by whatever cause 

makes accelerated erosion inevitable. When soils are denuded of a 

plant cover and the friable top soil has been lost, invading species 
must cope with a very different environment than usually provided in 

orderly succession.
In the case of drought-induced retrogression and the succeeding 

succession, the pattern generally follows that of grazing-induced 

retrogression and succession. During drought periods, moisture stress 

and soil temperatures are very high, therefore, few seedlings will sur

vive. Those which do survive are those with, deeper root systems and more 

drought hardy adaptations. Herbel, Ares and Wright (1972) in a study on 

drought effects on a semi-desert grassland range in New Mexico found that 

both the cover and .yield of black grama, the dominant species on the up
land sandy soils, were greatly reduced by drought. Sand dropseed 

species, and threeawns species that were minor components of the climax, 
were more susceptible to drought damage than black grama. Another in

teresting finding resulting from drought effects was the invasion of 

Prosopis juliflora. This might suggest that drought favors mesquite 
over grasses.

Fire-induced retrogression and the subsequent succession appears 

somehow different than succession following grazing- and drought-induced 

retrogressions. Grasses seem better adapted to withstand fire than 

woody species (at least non-sprouting woody species). This is because 

the growing tissues of grasses are located beneath or near the ground, 

whereas for shrubs the growing points stand well above the ground.
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'Also, when grasses bum, it is only one year's growth which is removed ' 

compared with shrubs where several years growth is burned.

With a hot fire, the first species to disappear are burroweed, 
snakeweed, and at a lesser degree the other shrubs. Heirman and Wright 
(1973) in a burning trial in West Texas found that mesquite was only 

top-killed, but mortality of cholla and pricklypear was significantly 
increased. In another trial, Cable (1959) obtained 98% kill in burro

weed plants, 63% kill in jumping cholla and 32% kill in pricklypear by 

the end of the second year following the bum. For grasses there was a 

decrease following the first growing season but after the second grow

ing season the cover had risen.



CHAPTER III

STUDY AREA

The study area comprises two half-sections of a desert grass

land, one area grazed and one protected from grazing. The protected 

area was divided into burned and unburned portions.

Location

The study area is located about 35 miles north of Tucson and 

approximately 6 miles west of the town of Oracle in Pinal County, 

Arizona.

The grazed area (320 acres) comprises the south one-half of 

Section 26, T9S, R14e Salt and Gila Base and Meridian, and the protec

ted area is part of the Page-Trowbridge Experimental Ranch. It com

prises the south half of Section 27, T9S, R14E (Figure 1).

Soils
The study area is on gently- to moderately-sloping, shallowly- 

dissected fans. The soils have formed from old alluvium high in 

granitic rock material. The altitude is about 3700 feet. The majority 

of the area is dominated by the White House-Caralampi association with 

the White House soils dominant on both the protected range and the 

grazed range. There are also some recent alluvial soils in the drain- 
ageways.

15
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1
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1
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l
1

A r e a
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Figure 1. General presentation of the Page Ranch study area.
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White House soils have dark reddish brown loam or gravelly loam ' 

surface layers and reddish brown clay subsoils. They are on slopes of 

about 2 to 5%. Soil analyses conducted in November 1980 give more in

formation about certain characteristics of the soils in the three 

areas. Erosion is still active on both the protected and the grazed 
area. Moreover, the grazed area is more eroded than the protected area 

because of more bare spots. The major wash in the 40's was the Camp 

Grant wash. Today another wash has developed on the half Section 26. 

Because of increased water erosion activity on this area, it is expected 

that many gullies will continue to form with time.

Vegetation
With an elevation of 3700 feet, the Page Experimental Ranch 

lies slightly above the upper limits of the Sonoran Desert which are 

about 3000 feet (Shreve, 1942). Humphrey (1960) mapped the area as 

southern desert shrub. Smith (1970) suggested that the area could be 

classified as an ecotone, a transitional zone between the desert grass

land and the southern desert shrub. There are no sharp boundaries be
tween one vegetation type and the other, however, the type of vegetation 

encountered at the study area indicates that it is a deteriorated desert 
grassland type.

The vegetation is composed of annual and perennial grasses and 

forbs, and trees and shrubs, including succulents (Table 1). The shruby
' , ivegetation is dominated by mesquite, burroweed, snakeweed, catclaw, 

wright buckwheat, wait-a-minute bush, cholla, pricklypear and

17

1. See Table 1 for scientific names.
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'Table 1. Major plant species found on the Page Ranch study area.

Scientific Name"*" Common Name

Annual Grasses 
Aristida adscensionis Sixweeks threeawn
Bouteloua aristidoides Needle grama
Bouteloua barbata Sixweeks grama
Erioneuron pulchellum Fluffgrass
Panicum arizonicum Arizona panicum

Annual Forbs 
Aster tagetinus Aster
Astragalus sp. Locoweed
Eriogonum polycladon Sorrel eriogonum
Erodium cicutarium Filaree
Heterotheca subaxillaris Telegraph plant
Plantago insularis Indianwheat
Portulaca coronata Portulaca
Salsola kali Russianthistle
Tidestromia lanuginosa Tidestromia

Perennial Grasses 
Aristida divaricata 

and hamulosa Poverty threeawns
Aristida longiseta Red threeawn
Aristida parishii Parish threeawn
Aristida purpurea Purple threeawn
Bothriochloa barbinodis Cane beardgrass
Bouteloua curtipendula Sideoats grama
Bouteloua eriopoda Black grama

1. Scientific names of plants generally follow that of Kearney and 
Peebles (1960) and Gould (1968).
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Table 1— Continued.

Scientific Name Common Name

Bouteloua rothrockii Rothrock grama
Digitaria califomica Arizona cottontop
Eragrostis chloromelas Boer lovegrass
Eragrostis lehmanniana Lehmann lovegrass
Muhlenbergia porteri Bush muhly
Panicum obtusum Vine-mesquite
Setaria leucopila Plains bristlegrass
Sitanion hystrix Squirreltail
Sorghum halepense Johnson grass
Sporobolus cryptandrus Sand dropseed

Perennial Forbs
Ambrosia psilostachya Western ragweed
Asclepias sp. Milkweed .
Atriplex elegans Wheelscale saltbush
Baileya multiradiata Desert-marigold
Cassia bauhinioides Senna
Convulvulus incanus Bindweed
Erigeron sp. Fleabane, daisy
Euphorbia albomarginata Spurge
Lupinus sp. Lupine
Marrubium vulgare Hoarhound
Solanum elaeagnifolium Silverleaf nightshade
Sphaeralcea sp. Globemallow

Trees and Shrubs
Acacia greggii Catclaw
Atriplex canescens Four-wing saltbush
Baccharis sarothroides Desertbroom
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iTable 1— Continued.

Scientific Name Common Name

Cercidium floridum Blue paloverde
Condalia lycioides Graythom
Echinocactus wislizeni Barrel cactus
Ephedra trifurca Monnontea
Gaura sp. Gaura
Gutierrezia lucida Sticky snakeweed
Haplopappus tenuisectus Burroweed
Lycium sp. Wolfberry
Mimosa biuncifera Wait-a-minute bush
Opuntia engelmannii Pricklypear
Opuntia sp. Cholla
Perezia nana Desertholly
Porophyllum gracile Slender poreleaf
Prosopis juliflora Mesquite
Psilostrophe cooperi Whitestem paperflower
Yucca elata Soaptree yucca
Zinnia pumila Desert zinnia
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1 paperflowers. The major perennial grasses found in the area are 
Arizona cottontop, grama grasses, threeawn species, vine-mesquite, 

cane beardgrass, plains bristlegrass and Lehmann lovegrass. These 

species constitute the bulk of the vegetation on the ranch. Most of 

the species are indigenous and characteristic of the Desert Grassland, 

but some have been introduced and established themselves.

Climate

Most of southern Arizona is under a semi-arid climate in
cluding the study area. The major characteristics of this semi-arid 

climate are low rainfall, high temperatures, high evapotranspiration 

and low humidity.

Unlike other parts of the semi-arid areas in the world, there 

are two distinct rainy seasons in the region —  the summer rainy season 

and the winter rainy season. The nature and intensity of the precip

itation pattern depends largely on the temperature difference between 

the earth’s surface and the overlying air. When air overlies a sur

face much warmer than itself, it is heated rapidly and tends to expand 

and rise. Thermal heating of this nature creates a very unstable sit

uation which is most often associated with the showery type precipita

tion of the summer. Characteristically these storms are of high 

•intensity and short duration, and are limited in extent.

Summer precipitation commonly makes up to 50% of the total 

annual rainfall. However, during the period 1970 to 1980, summer 

rainfall (July, August) at Oracle varied from 40% to 10% of the total
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rainfall. The summer precipitation comes from the Gulf of Mexico, and 
the rainiest months are July, August and September (Table 2).

On the other hand, when the temperature difference between the 

earth's surface and the above air is small or when the ground is cool

er than the air in the lowest layers of the atmosphere, stable condi

tions exist. In this case, which is most common during the cooler 
months, cloudiness is widespread and precipitation is prolonged, 

usually gentle, more uniform and covers large areas. Winter precipita

tion is the frontal system type, coming from the Pacific Ocean. The 

winter precipitation has the advantage of generating more infiltration 

than the summer rainfall.

On the study area, there is no official weather station, how
ever, data from Oracle which is 6 miles east of the Page Experimental 
Ranch at 4540 ft of elevation were used to describe the rainfall 

pattern (Table 2). There is some clear evidence that elevation plays 

a significant role in rainfall distribution. As reported by Green and 
Sellers (1964), there is an increase of 2.5 inches of rainfall per 1000 

ft of elevation. With an elevation of 3700 ft, the study area should 

be receiving 2.1 inches less rainfall than Oracle. In fact, the margin 

is even wider between the Oracle precipitation and the study area 

precipitation (Table 3). The differences in precipitation between 

Oracle and the Page Ranch vary from 4.18 to 17.88 inches for an average 

of 9.27 inches. It would be interesting to compare the present data of 

the Page Ranch to the previous years (1960-1969), but, unfortunately 

there were no records available at that time.



•Table 2, Monthly precipitation records for Oracle, Arizona i

YEAR
Month 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 Average

Jan. T 1.20 0.00 1.23 3.09 0.97 0.15 1.81 5.26 6.55 4.01 2.20
Feb. 0.67 2.41 0.00 4.30 0.39 0.81 1.91 0.45 4.78 1.17 5.54 2.04
Mar. 5.07 0.46 0.00 5.55 1.71 3.57 0.32 1.16 3.84 3.21 2.60 2.49
Apr. 0.85 T 0.00 0.27 0.06 2.53 2.06 1.29 1.19 0.55 0.45 0.84
May 0.06 T 0.40 0.77 0.15 T 0.83 0.40 1.62 1.66 0.75 0.60
June 0.36 0.00 1.98 0.57 T 0.00 0.17 1.01 0.40 0.56 T 0.46
July 1.70 1.24 2.05 6.21 3.54 5.37 3.40 2.37 2.35 3.05 3.35 3.14
Aug. . 2.64 7.39 2.74 0.86 4.52 0.43 1.44 2.10 1.09 7.87 2.22 3.03
Sept. 4.21 2.33 2.15 0.14 2.43 1.55 3.43 2.89 0.39 0.41 1.48 1.94
Oct. 0.16 4.28 6.75 0.00 4.48 1.07 1.98 2.31 3.13 0.58 1.27 2.36
Nov. 0.31 1.09 2.91 2.13 0.75 1.45 0.68 1.83 4.17 0.28 0.01 1.42
Dec. 1.61 3.41 1.93 0.00 0.65 1.60 2.08 3.06 6.32 1.33 0.46 2.04

Total 17.64 23.81 20.91 22.03 21.77 19.35 18.45 20.68 34.54 27.22 22.14 22.59



1 Table 3. Monthly precipitation records at Page Ranch compared to Oracle, Arizona 1 f

YEAR Monthly and Yearly
Month 1972 1973 1974 1975 1976 1977 1978 1979 1980 Averages
Jan. 0.00 0.28 1.62 0.09 0.08 1.67 3.25 3.35 2.60 1.43
Feb. 0.00 2.43 0.10 0.37 1.35 0.40 3.52 0.60 4.20 1.44
Mar. 0.00 3.00 1.36 0.00 0.00 1.01 2.32 1.33 1.69 1.19
Apr. 0.00 0.29 0.00 1.92 2.20 0.02 0.73 0.13 0.00 0.58
May 0.30 0.72 0.00 0.00 1.50 0.20 1.06 0.13 0.17 0.45
June 1.74 0.59 0.00 0.00 0.00 0.63 0.22 0.93 0.00 0.45
July 1.25 1.55 4.23 1.44 1.57 1.77 2.24 0.75 3.81 2.07
aug. 1.97 0.35 1.21 1.10 0.00 2.93 1.34 1.62 3.94 1.60
Sept. 1.70 0.07 0.74 0.53 0.38 1.67 1.13 0.50 0.55 0.81
Oct. 5.64 0.00 2.86 0.13 0.81 1.56 1.85 0.00 0.50 1.48
Nov. 2.08 1.64 0.55 0.85 0.43 0.49 3.82 0.00 0.00 1.09
Dec. 1.18 0.00 0.64 0.52 0.61 2.26 4.25 0.00 0.50 1.10
Total Page Ranch 15.86 10.92 13.31 6.95 8.93 14.61 25.74 9.34 17.96 13.73
Total Oracle 20.91 22.03 21.77 19.35 18.45 20.68 34.54 27.22 22.14 23.00
Difference 5.05 11.11 8.46 12.40 9.52 6.07 8.80 17.88 4.18 9.27

1. Courtesy of Dr. G. R. Dutt, Professor Soil and Water Engineering, University of Arizona, Tucson 
AZ.
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Grazing History

Behind many lands of the Southwest exists a long history of 
grazing use. According to Haskell (1945a and b) the study area was 

grazed both by cattle and sheep as early as 1870 without regard for 
conservation practices. The grazing pressure seemed to have increased 

in the early 1900*s. In 1923, J. T. Page bought the south half of 
Section 27. His initial goal was dry farming. When this failed, he 

decided to raise cattle. With an updated mind, he tried to restore the 

range to its original productivity. The original area was described by 

early settlers as a gramagrass country with other valuable species such 

as Arizona cottontop, cane beardgrass, and threeawn species.
The work of Mr. Page seemed to have been successful as attested 

by this quotation from Musgrave (1941) "on his half section of Arizona 

rangeland, twenty miles north of Tucson, this disciple of the land, with 

only a shovel and a spading fork, has, in the short span of seventeen 

years, wrought such a miracle in restoring range productivity that the 

world, represented by a state university and several federal agencies, 
is beating a path to his door."

In 1940, W. B. Trowbridge bought the ranch and gave it to the 

University of Arizona along with a half section (N% Sec. 34) that he 

owned to form what is today the Page-Trowbridge Ranch better known as 

the Page Experimental Ranch. Since the donation in 1942, the Page- 

Trowbridge Ranch has not been grazed except by stray livestock. The 

area has been used mainly for research (Haskell, 1945a and b; Smith, 
1970).
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The present study dealing with the dynamics of the vegetation 

in the same area, is a"follow-up of the two previous studies. Some 

other studies are being conducted in the south half of Section 27. 

These studies are mainly oriented towards watershed management and 

water harvesting.

Other biotic factors influencing the range is the presence of 

small mammals, such as rodents and rabbits. Since Mr. Page's time, 

these animals have contributed to the depletion of the range. Even 

though no particular study was done on these animals density, the 
field observations during the collection of data in the present study 

suggest that their role should be taken into account. Jackrabbits, 

cottontail rabbits and kangaroo rats were the main small mammals on 

the area.

In August 1973,. three separate fires burned about 60% of the 

western part of the 5*5 of Section 27. The burned area had largely re

covered by the time of the present study but was analyzed separately 

from the unbumed portion.



CHAPTER IV
I

STUDY PLAN

The study was conducted from August 1980 through November 1980. 

In order to make easy comparisons with the studies done by Haskell 

(1945a) and Smith (1970), the present study plan followed the one out

lined in 1941 and 1969 (dates of the 1st and 2nd study).

Experimental Design

The study area was divided into three different areas (Figure

1) . The first area comprises 130 acres of protected-unburned range. 
The second area 190 acres was part of the protected range but was 

burned in 1973. The third area was the grazed area (320 acres), which 

is the south half of Section 26.
Each area was divided into eight blocks of equal size (Figure

2) . Within each block ten 50-ft line-transect samples were taken 

making a total of 80 samples for each area. The sample was taken as a 

systematic sample from a random start. The distance between transects 

for the protected-unburned area was 55 ft compared to 109 ft for the 

protected-bumed area and 214 ft for the grazed area.

Measurements
Measurements were made on vegetation and soil to determine the 

effects of the different treatments (drought, fire and grazing) on the 

dynamics of the plant community of the three areas.

27
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Figure 2. Sampling block design on the grazed area of Section 26 and 
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Vegetation Measurements
The measurements taken for this study represent some of the 

attributes of vegetation most frequently measured to determine condi

tion and trend on rangelands. They are cover, species composition and 

frequency.
Cover refers to the percentage of ground surface under live 

aerial parts of a plant. Species composition is defined as the rela

tive proportion (percentage) of each plant species on a given site.

This attribute may be determined on the basis of weight, cover, or 

density. Frequency on the other hand is the number of plots on which 

a species occurs divided by the total number of plots sampled.

The measurements were made using the line interception method 
as outlined by Canfield (1941) using a 50-foot line transect instead of 

100-foot. All species under the tape were listed and their linear 
coverages (in hundredths of a foot) were recorded as crown cover for 

trees, shrubs and half-shrubs, basal cover for grasses and rosette

growing type forbs. Only perennial grasses and forbs were recorded.

Soil Analyses

Soil samples were taking on the three areas and analyzed to 

determine if there was a significant difference among the areas to be 

considered and if soil differences were a major factor in vegetation 

change. Twelve samples were taking in each area at a depth of 3-4 

inches. Sampling was done on the transects used for vegetation sampling. 

Texture, nitrogen and phosphorus content, pH and moisture were deter

mined. The nitrogen content was analyzed using the total Kjeldahl
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■method as outlined by Bremer (1965). The phosphorus was determined by 

the vanado-molybdo phosphoric colorimetric method outlined by Jackson 

(1958). The texture determination was made using the method of Day 

(1956) .

Statistical Analyses
Statistical analyses were run to determine if significant dif

ferences in species cover and frequency occurred between the protected- 

unburned area and the protected-burned area and the total-protected 

area versus the grazed area. ,

The data were analyzed as a randomized block design. However, 

the classical analysis of variance (ANOVA) was not used because of the 

deviation of the data from the general pattern of ANOVA. In fact, the 

assumption underlying the use of ANOVA require that the variation from 

sampled unit to sampled unit be the same across all populations. In 
the present study this requirement was not met. One possible alterna

tive was to use a two-sample t-test (Snedecor, 1946). A two-sample t- 

test was used to handle the analyses of unequal variances.

For each, species, two types of measurements were analyzed, the 

cover and frequency. For the cover, the average coverage of each trans

ect across the 10 transects was computed and the two-sample t-test 

performed between the various block treatments.

For frequency, the number of transects out of 10 in which the 

species occurred, was determined for each area. When dealing with 

proportions, as is the case with frequency, and when using statistical 

procedures based on the normal distribution, statisticians recommend an
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1 arcsine square-root transformation (Little and Hills, 1978). Then, 

following this the same two-sample t-test was used. All tests were run 

at the 5% level of significance.

The third attribute of the vegetation described earlier as com
position was not included in the statistical analyses because of the 

way this parameter is computed. Therefore, a descriptive analysis was 

made to compare species composition from one area to another. The same 

type of descriptive analysis was used to compare the 1980 study to the 
1941 and 1969 studies.



CHAPTER V t

RESULTS AND DISCUSSION

The vegetation dynamics in relation to drought, fire and graz

ing were analyzed for the three areas and for groups of plants such as 
trees and shrubs and perennial grasses. Forbs represented a small 

portion of the total vegetation and were not included in the statis

tical analysis.

General Changes

A change in any vegetation community is the result of several 

factors either abiotic or biotic. Among the abiotic components drought 

is certainly one of the most determinant factors in the desert grass

land area. Soil deterioration very often is a cause in vegetation 
change.

Climatic Changes

In an overall basis, the precipitation records from 1970 to 

1980 have not deviated much from the 1959-1969 period. The average 

annual rainfall for the month of July and August was 6.51 inches against 
6.17 inches for the same period from 1970 to 1980 (Figure 3). Conse

quently, there was no significantly drier trend during the decade prior 

to the 1980 study compared to the decade prior to the 1969 study. How

ever, the rainfall deficit from 1975 to 1978 may have had an important 

impact on the vegetation, especially perennial grasses.
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Figure 3. July-August precipitation above and below the average for Oracle, Arizona, 
from 1959-1980. '
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- Soil Changes

The laboratory analyses of the soil in the study area revealed 

that the texture was mainly sandy loam and loamy sand, which is charac

teristic of the Whitehouse soil series. Also, percentage of nitrogen 

and mosture and pH were not significantly different from one area to 

another (.Table 4) . However, there was a significant difference in 

phosphorus content between the protected-unbumed area and the 

protected-bumed area, the latter one having a lower percentage of 

phosphorus. The difference was significant also between the grazed 

area and the protected-bumed area.

These results in a global point of view did not reveal major 
differences from one area to another. Similar conclusion was reached 

by Gardner (1950). In a comparative study he found that differences 

in vegetation could not be attributed to measurable soil differences.

In fact, he added that laboratory analyses showed few, if any, impor

tant differences between the soils of his sites.

Vegetation Changes

Marked changes in vegetation occurred on the study area between 

1969 and 1980 probably as the result of deficient precipitation, fire 

and grazing. General effects are illustrated in the text, detailed 

data are shown in Appendix A, B and C.

Tree and Shrub Changes

Total crown cover of trees and shrubs increased on all the areas 
since the last study in 1969.
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'Table 4. Percentage nitrogen, phosphorus and moisture and pH for soils' 
of the Page Ranch study area.

Line Nitrogen
%

Phosphorus
%

Moisture
%

pH

Protect ed-Unbumed
1 0.108 0.061 1.24 7.00
2 0.089 0.081 2.52 6.81
3 0.058 0.066 1.43 6.47
4 0.070 0.090 3.54 7.17

Average 0.081 0.074a—^ 2.18 6.86

Protected-Bumed
1 0.098 0.072 1.35 7.30
2 0.097 0.049 1.06 6.38
3 0.089 0.040 0.88 6.68
4 0.060 0.053 1.38 6.68

Average 0.086 0.053b 1.17 6.76

Grazed Area
1 0.102 0.067 2.11 7.60
2 0.071 0.072 1.31 7.35
3 0.103 0.088 1.77 7.30
4 0.093 0.067 1.70 6.68

Average 0.092 0.073a 1.72 7.23

1/ In the vertical mean columns, a is significantly different from b at 
the 5% level of significance.
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Smith (1970) comparing his data with those of Haskell (1945b) , 

found that the total intercept of trees and shrubs on the grazed range 

was greater than on the protected range, but the rate of increase was 
faster on the protected range. In the 1980 study, the same but greatly 

reduced trend appeared (Figure 4). The major species which contributed 

to the cover were buckwheat, burroweed, mesquite and snakeweed.

Buckwheat

Very little is known about the autecology of this species, es

pecially how it reacts to drought and fire.

On the protected-unbumed area, buckwheat crown cover was among 

the three largest within the tree and shrub category (Table 5). On the 

protected-bumed area the crown cover of buckwheat was the largest com

pared to the others trees and shrubs and was larger but not significant

ly greater than in the protected-unbumed area. On the total-protected 
area there was a sharp increase in crown cover in 1980 compared to 
1969 or 1941 (Figure 5).

The relative composition for buckwheat in 1980 was greater on 

the protected-burned area than on the protected-unbumed area (Table 5). 

However, it did not change much on the total-protected area compared to 

1969, but the change was important compared to 1941 (Figure 6). Fre

quency in 1980 made a tremendous increase with regard to 1969 (Figure 

7). A possible explanation of this frequency increase was probably the 

result of favorable precipitation and/or environmental conditions. On 

the grazed area, buckwheat has shown a uniformly low level of crown 

cover, composition and frequency from 1941 to 1980 (Figures 5, 6, 7).
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4. Changes in total crown cover of trees and shrubs on the 
total—protected and grazed desert grassland ranges from 
1941-1980.



Table 5. Percentage of tree and shrub crown cover, composition and frequency on the protected- 
unburned, protected-bumed, and total-protected^ and grazed areas. In 1980.

_______________ Crown Cover %_______________  ____________ Species Composition _______________Plant Frequency______________
Protected- Protected- Total- Protected- Protected- Total- Protected- Protected- Total-
Unbumed Burned Protected Crazed Unburned Burned Protected Crazed Unburned Burned Protected Grazed

37.5
29.2

31.4
27.1

0.2
48.9

43
66

63
83

55a
76

3b
90

Buckwheat 5.10 6.42 5.90*2/ 0.04b 23.7
Burroweud 5.28 4.99 5.10a 9.64b 24.5
Mesquite 7.51 3.86 5.30 5.88 34.9
Snakeweed 1.32 1.01 1.13* 2.57b 6.1
Others 2.34 0.81 1.40 1.63 10.8
Opuntia 2.27 0.44 1.16 0.81 10.5
Miscellaneous 0.07 0.37 0.24 0.82 0.3

Total 21.55 17.09 18.83 19.76 100

22.6 28.2 29.8 61 30 43 51
5.9 6.0 13.0 43 35 38 60
4.8 7.3 8.1
2.6 6.1 4.0 40a 9b 21 29
2.2 1.2 4.1. 3 11 8 8
100 100 100

The total-protected area is the weighted average for the protected-unburned and protected- 
bumed areas.

Horizontal species data within paired areas followed by different letters are significantly 
different at the .05 level of significance.

2
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Figure 6. Species composition of major trees and shrubs on the totai—protected and grazed 
desert grassland ranges from 1941-1980.



P
la

nt
 

F
re

q
u

en
cy

41

T o t a l -  P ro tected  A r e a

69 80 69 80 41 69 80
G ra z e d  A rea

41 69

69 80 41 69 80 69 80 69 80 69 80

B uckw heat Burrow eed Mesquite O th e r

Figure 7. Frequency of major trees and shrubs on the totaL-protectecl 
and grazed desert grassland ranges from 1941-1980.



4 2

' As noticed by Schmitz and Smith (1976) buckwheat seems to react '

as an increase?. Protection improved the cover and the frequency 

over the grazed area from 1941 to 1980 (Figure 5, 7). Statistical anal

yses showed a significant increase in crown cover on the total- 
protected area over the grazed area in 1980 (Table 5). Frequency was 
also significantly higher on the total-protected area than on the 

grazed area. However, comparisons between the protected-unbumed and 

the protected-bumed areas for cover and frequency were not significant 
(Table 5). Therefore, the effect of fire could not be detected in this 
study.

Burroweed

In 1980 burroweed was the second most important species on the 

protected-unbumed area in terms of cover and composition among trees 

and shrubs, and the frequency was slightly higher than the other species 

in that category (Table 5).

Although not significantly different, the cover on the protected- 

bumed area was lower and the relative composition and frequency were 

higher compared to the protected-unbumed portion (Table 5) . Even if 

differences in crown cover and frequency between the two areas were not 

significant, this situation suggests that the older burroweed plants on 

the unbumed area had larger crown covers, and that the plants on the 

burned area were younger and more numerous with smaller crown cover.

On the total-protected area there was a sharp increase in amount 
and rate of increase in cover by 1980 compared to 1969 and 1941 (Figure
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,5). On the grazed range the cover had also Increased in 1980 in com- . 

parison to 1969 and 1941 (Figure 5), whereas composition and frequency 

had increased in comparison to 1969 but were lower than in 1941 (Figures 

6, 7).

The increase in cover and frequency by 1980 over 1969 on both 

the total-protected area and the grazed area could be explained by the 

favorable winter precipitation of 1978, 1979 and 1980 (Table 2). Many 

authors have signaled that high winter precipitation in desert grass

land favored burroweed germination (Humphrey, 1937; Meyer, 1973;

Valientine, 1980).

Furthermore, the fact that a low stage in range condition is 

favorable to the invasion of burroweed was enhanced by the present 

study. The burroweed cover, composition and frequency were much higher 

on the grazed range than on the total-protected area (Figures 5, 6, 7). 

As a matter of fact, the statistical analyses showed that burroweed 

cover was significantly higher on the grazed range than on the total- 

protected range (Table 5).

Mesquite

This species, the only tree in the study area, was the most 

important species for crown cover and composition on the protected- 

unbumed area, but frequency was second to burroweed (Table 5) .

The crown cover on the burned area was about half that on the 

unburned area. Also, the relative composition and frequency were lower 

on the burned area compared to the unburned area.
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, The t-test showed no significant difference in cover between

the burned and the unburned areas. Nevertheless, frequency was signif

icantly higher on the protected-unburned area. Fire in general has 

been more effective on young seedlings than on older trees (Cable,
1967). However, both young and old mesquite trees were killed on this 

area as evidenced by standing dead trees.

On the grazed range the annual rate of increase in mesquite 

cover was slower during the decade following the 1969 study (.05%) 

than during the 1941-69 period (0.16%) (Figure 5). In 1980, composi

tion was about the same on the grazed range as on the total-protected 
range, but frequency was insignificantly higher on the grazed range 
(Table 5, Figures 6, 7).

Snakeweed

Snakeweed is a short-lived perennial half shrub known to invade 
disturbed areas (Valientine, 1980). Despite this ability to invade 

desert grassland, very few articles have been written about its auteco
logy.

On the protected-unburned area in 1980 this species had the 

lowest crown cover and composition among the major trees and shrubs 

(Table 5). Frequency however, was as high as that of buckwheat.

On the protected-bumed area the crown cover of snakeweed was 

lower, the.relative composition was about the same, and the frequency 

was less than on the unburned area (Table 5). However, no significant 
differences were detected between the two areas either for cover or
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frequency. The lower crown cover and frequency on the burned area sug

gested a possible fire influence.
In 1941 and 1969, cover, composition and frequency of snakeweed 

were only at trace levels on the total-protected range. (Figures 5, 6, 7). 

In "1980 they had increased in.all" three attributes. On the grazed 
range the cover of snakeweed in 1980 was more than double the 1941 or 

1969 figures (Figure 5). However, for composition (Figure 6) and 

frequency (Figure 7) the rate of increase was slower. A possible ex

planation for the lower frequency was that snakeweed increased more in 

crown cover of established plants than in new individual plants.

In 1980, there were significant differences between the cover 

on the total-protected area and the grazed area (Table 5) with the 
grazed area having the largest cover. . This shows one more time that 
low condition favors the invasion of unpalatable species.

Other Trees and Shrubs

As shown in Table 1, several tree and shrub species were pres

ent in the study area. Some were recorded on the transects some were 

not. Among those recorded but made very little contribution to the 

total crown cover and frequency were catclaw, whitestern paperflower, 
soaptree yucca, wait-a-minute-bush and gaura.

One group of species however, did make some contribution to in

crease the crown cover and the frequency of trees and shrubs. This 
group of species was the cacti.

On the total-protected area in 1980 the crown cover for cacti 

was as important as the snakeweed cover (Table 5). Also in 1980 the
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fcover was higher on the total-protected area compared to the grazed , 

area. Glendening (1952) came to the conclusion that the abundance of 

cacti is strongly related to grazing activities of cattle and rodents. 

He found that these species increased with grazing and decreased later 
only under severe grazing. In fact, the grazed area could fit into 
the definition of a severe grazed range. Therefore, the lower cover of 
cacti in the grazed area could be attributed to overgrazing.

The t-test run at the .05 level of significance between the 

protected-unbumed and the protected-burned areas in 1980 showed a sig

nificant increase in frequency of cacti on the unburned area over the 

burned area (Table 5). These results could be interpreted as the 

direct or indirect effect of fire. In a burning study in the Santa 

Rita Experimental Range, Cable (1967) found that 6 years after burning 

all species of cactus were considerably lower, relative to the density 

before burning, than were densities of the same species on the unburoed 
area.

Perennial Grass Changes

In contrast to trees and shrubs, perennial grass species de

creased in cover and frequency both on the total-protected and the 

grazed areas in 1980 compared to 1969, but were about the same order 

of magnitude as in 1941 (Figure 8). The species analyzed followed 

those analyzed by Smith (1970). They include Arizona cottontop, cane 
beardgrass, Lehmann lovegrass, poverty threeawns, red threeawn, 

Rockrock grama, sand dropseed and sideoats grama. Additional species
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,found in the study area in 1980 were analyzed as others. Annual grasses 

were not part of the analyses and were described only in general terms.

Arizona Cottontop

This species is an important perennial grass in the desert 
grassland. On the protected-unburned area, Arizona cottontop was one 

of the major species in 1980 for basal cover, composition and frequency 
(Table 6). In contrast, the protected-bumed area showed an extremely 

low basal cover. Similarly, composition and frequency also had a low 

value.

On the total-protected area, the 1980 basal cover of Arizona 

cottontop was almost one-tenth the 1969 cover (Figure 9). However, 

the relative composition and frequency figures in 1980 were slightly 

better, about one-fourth, the 1969 ones (Figures 10, 11).

This species was one of the most important in 1969 on the 

protected range (Figure 9). The decrease of Arizona cottontop in 

cover, composition and frequency in 1980 was probably the result of 

drought. The effect of fire was detected between the protected- 

unbumed and the protected-bumed areas in 1980 for frequency. In 

fact, frequency was significantly higher on the unbumed portion than 

on the burned portion (Table 6). No significant difference was noticed 

in 1980 between cover on the unburned and the burned areas.

On the grazed area in 1980, Arizona cottontop was found only in 

some isolated areas but was not recorded on transects (Table 6). The 

effect of protection is still obvious when comparing the total-protected



Table 6. Percentage of grass basal cover, composition and frequency on the protected-unburned, 
protected-burned, total protected-*- and grazed areas in 1980.

Basal Cover %___________  _________Specie* Composition_________ ______________ Plant Frequency
S pecies

Protected-
Unburned

Protected- Total-
Burned Protected Crazed

Protected-
Unburned

Protected- Total- 
Burned Protected Crazed

Protected-
Unbumed

Protected-
Bumed

Total-
Protected Grazed

Arizona Coltontop 0.17 0.02 0.08 0.00 12.5 1.2 5.2 0.00 16.0a 3.0b 8.0 0.0
Cane beardurass 0.06 T 0.02 0.00 4.0 T 1.3 0.00 1.0 1.0 1.0 0.0
l.elimatm lovegrass T 0.32 0.19 0.00 T 19.2 12.3 0.00 1.0 10.0 7.0
Poverty tlireuuvns 0.03a 0.27b 0.17 0.01 2.4 16.2 11.1 100 4.0a 16.0b 11.0 1.0
lied Lhreeawil 0.00 0.04 0.02 0.00 0.0 2.4 1.3 0.00 0.0 5.0 3.0 0.0
Itothrock grama 0.00 0.01 T 0.00 0.0 0.6 T 0.00 0.0 3.0 2.0 0.0
Sand dropseud 0.02 0.01 0.02 0.00 1.8 0.6 1.3 0.00 5.0 3.0 4.0 0.0
Sideoats grama 0.02 0.00 T 0.00 1.5 0.0 T 0.00 3.0 0.0 1.0 0.0
Others 1.06 1.00 1.04 T 77.8 59.8 67.5 T
Bush muhly 0.16 0.08 0.11 0.00 11.8 4.8 7.1 0.00 6.0 3.0 4.0 0.0
Purple threcawn 0.28 0.18 0.22 0.00 20.5 10.7 14.3 0.00 23.0 18.0 20.0 0.0
Squirreltail 0.51a 0.09b 0.29 T 37.4 5.4 18.8 T 33.0a 8.0b 18.0 3.0
Vinu-incsqultti T 0.56 0.33 0.00 T 33.5 21.5 0.00 1.0 3.0 2.0 0.0
Misccllaneous 0.11 0.09 0.09 T 8.1 5.4 5.8 T 4.0 6.0 5.0 1.0

Total 1.36 1.67 1.54 0.01 100 100 100 100

"*"The total protected area is the weighted average for the unburned-protected and burned-
protected areas.

^Horizontal species data within paired areas followed by different letters are significantly 
different at the .05 level of significance.
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.area with the grazed area for cover, composition and frequency (Figures*

9, 10, 11).

Cane Beardgrass

Cane beardgrass was a minor species for basal cover, composi
tion and frequency on the protected-unbumed area in 1980. On the 

burned portion only a trace was recorded (Table 6). Because of its 

limited habitat (cane beardgrass grows in areas with adequate soil 

moisture), Smith (1970) predicted that a further decrease was antici

pated. In fact, cane beardgrass had its highest relative composition 
v

in 1941 on the grazed range and has decreased since then both on the 

protected and grazed ranges (Figure 10).

On the grazed area, cane beardgrass has followed a similar down

ward trend as on the total protected area in 1980. Although the basal 

cover was in the same order in 1941 and 1969, the composition and fre

quency were sharply down in 1980 (Figures 9, 10, 11). In fact, no 
plants of cane beardgrass were recorded on the grazed area in 1980.

Lehmann Lovegrass

Lehmann lovegrass is an introduced species that was planted as a 

trial seeding in the early 1950's on the protected range (Smith, 1970).

On the protected-unbumed area in 1980 basal cover of Lehmann lovegrass 

made up only a trace (Table 6). Also, composition and frequency were in
significant. In contrast, in the protected-bumed area Lehmann lovegrass

had one of the highest levels of grass cover, composition and frequency 

of any area. The absence of Lehmann lovegrass on the unbumed area
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,denoted probably that the reseeding was done in the western portion of > 

the south half of Section 27.

The total-protected area had an important decrease in cover of 

Lehmann lovegrass in 1980 compared to 1969 (Figure 9). The percentage 

composition was slightly higher in 1980 than 1969 due to drastic de

crease in other grass species (Figure 10). But in terms of abundance, 

Lehmann lovegrass was half as frequent in 1980 as in 1969 (Figure 11).

On the grazed range Lehmann lovegrass was absent in 1980 
(Table 6). In 1941 this species was not recorded at allj in 1969 it 

made only 0.01% cover with very low composition and frequency (Figures 
9, 10, 11). The disappearance of Lehmann lovegrass could be due to 

grazing effect accentuated by the drought.

Poverty Threeawns

Poverty threeawns include Aristida divaricata and A. hamulosa.

On the protected-unbumed area the species were of minor importance in 

1980 either for cover, composition or frequency (Table 6). However, 
on the protected—burned area both basal cover and frequency were stat

istically greater than on the unbumed area. It was concluded that 

fire was the main factor responsible for this change. The composition 

was also higher on the burned area than on the unbumed area (Table 6) .

On the total-protected area the basal cover of these species in 

1980 was about half that of 1969 and about the same as in 1941 (Figure 

9). The relative composition was at the same level in 1980 as it was in 

1969 and 1941 (Figure 10) and the frequency was lower in 1980 compared 

to 1969 or 1941 (Figure 11). The grazed area did have a few plants of
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■poverty threeavms in 1980 but the basal cover and frequency were very 

low (Table 6). Although composition was high its importance is in
flated because of the threeawns low cover and frequency.

Red Threeawn
In 1980 this species was insignificant on the protected-xmbumed 

area as well as on the protected-bumed area (Table 6). In 1941 red 

threeawn was the most important species for cover, composition and fre

quency on the protected area (Figures 9, 10, 11) but has decreased since 
then.

On the grazed range red threeawn has never been an important 

species for cover and composition (Figures 9, 10). Frequency was rela

tively important in 1969 compared to 1941 but was reduced to nill in 

1980 (Figure 11). Red threeawn seemed to have decreased in cover, com

position and frequency with time both on the total-protected and grazed 

ranges from 1941 to 1980.

Rothrock Grama

Rothrock grama did not make an important contribution to the 
total basal cover of grasses in 1980 either on the total-protected or 

the grazed ranges (Table 6).

On the protected-unbumed area or the protected-bumed area, 

cover, composition and frequency were very low or non—existant compared 
to other grass species.

In 1969, Rothrock grama was one of the species with the highest 

basal cover, composition and frequency on the grazed area (Figures 9, 

10, 11). In 1980, the cover, composition and frequency were reduced to
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•a trace level (Table 6). The decrease of Rothrock grama in cover and ' 

frequency on the grazed area in 1980 was attributed primarily to graz

ing, but as the decrease was important on the total-protected area 

also, it was concluded that drought effect was additive to grazing in 

reducing the species.

Sand Dropseed

Like other grass species, sand dropseed was a minor one in 1980 

both on the protected-unbumed and the protected-bumed ranges (Table 

6). Figures for cover, composition and frequency remained low on both 

areas. On the protected range, sand dropseed was not present in 1941, 

had low basal cover in 1969 and the cover was even lower in 1980 

(Figure 9).

On the grazed range sand dropseed was not recorded in 1980 

(Table 6), was rare in 1941 and low in 1969 (Figures 9, 10, 11). Be

cause of the rarity of this species in 1941 and 1969, the decrease in 

cover and frequency in 1980 could not be attributed entirely to adverse 

climatic effects on the total-protected area. On the grazed area, graz
ing may have contributed to the reduction of the species but drought was 
the major factor on the protected areas.

Sideoats Grama

In 1980 sideoats grama was recorded only on the protected- 

unbumed range (.Table 6) , and the basal cover was very low. Composition 

and frequency were also minimal. In 1969 sideoats grama was one of the 

major grasses in terms of cover and composition on the protected area
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, but the frequency seemed low for this amount of cover (Figure 11). ,

The reason for this relatively low frequency in 1969 was that sideoats 

grama was probably growing either in clusters or in localized areas 

with available moisture.

On the grazed area the low basal cover from 1941 to 1980 

(Figure 9) indicated a grazing influence on the suppression of the 

species.

Other Grasses
This category was a minor constituent of grasses in previous 

studies but increased significantly in cover, composition and frequen
cy in 1980 on the total protected area (Figures 9, 10, 11', and Table 

6). These grasses included bush muhly, purple threeawn, squirreltail 

and vine-mesquite. On the protected-unbumed area these species had 

by far the highest basal cover as well as composition and frequency 

than all other grasses combined (Table 6) . On the protected-bumed 

area, total basal cover and composition, but not frequency, were higher 

in 1980 than all other grass species combined (Table 6).

In contrast, the grazed area did not show any significant in

crease in cover, composition or frequency for any of these species in 

1980. The fact that on the total-protected area these species have in

creased tremendously in cover, composition and frequency in 1980 com
pared to 1969 (Figures 9, 10, 11) may be due to their ability to escape 

summer drought or because they are drought hardy or grow in favorable 

sites like vine-mesquite. It is possible that in the future these
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species will increase in cover, composition and frequency on the pro

tected areas.

Perennial Forbs

Perennial forbs did not constitute an important part of the 

vegetation in 1941, 1969 or 1980 (Appendix C). Among the perennial 

forbs, desert marigold, fleabane, spurge and western ragweed were most 

frequently recorded, and they were more abundant on the total-protected 

area than on the grazed area.

Annuals

Annuals generally are not included in vegetation cover, compo
sition or frequency to determine range condition. One major reason in 

doing so is because they are not reliable from one year to another. 

Annuals included both annual grasses and annual forbs. Among the 

major annual grasses found in 1980, Arizona panicum, sixweeks fescue 

and sixweeks threeawn were the most abundant on the total protected 

area and at a lesser degree on the grazed area. Among the annual forbs, 

the most abundant species especially on the total protected area were 
aster, Indianwheat, Russianthistle, sorrel eriogonum and telegraph 

plant. Filaree was the most important forb seen on the grazed area. 

Aster, indianwheat and telegraph plant were also present on the grazed 

area but were less abundant compared to the total-protected area.



CHAPTER VI

GENERAL DISCUSSION

For many years, there has been a shift toward a more shrubby 
type in the Desert Grassland. The present study substantiates this 

trend. In a study on vegetation change in southern Arizona, Mehrhoff 

(1955) came to the conclusion that the total number of perennial 

grasses has been reduced, at the same time there has been a sharp in

crease in the number of trees and shrubs. This trend is the result of 

cyclic, seasonal and microclimatic drought, grazing, fire or a combina
tion of these factors.

Drought Effects

Range plants in semi-arid or arid areas have a tremendous capa
city for adaptation; however, there are decided limits of endurance.

The growth of major plant species in a given year is controlled strongly 

by the amount and distribution of precipitation, and the composition of 

the vegetation changes at irregular intervals in response to seasons of 
abnormal precipitation.

The excessive dry summer of 1978 (Table 2 or 3) added to the 

deficit of previous years (Figure 3) may have been the major reasons for 

reduction in grass cover. Cable (1975) working in the Santa Rita Ex

perimental Range found a high correlation between the perennial grass 

production and the summer rainfall. He pointed out that perennial grass

59
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production was dependent on current and previous summer rainfall. More

over he found that grass production correlates best with August rainfall. 

Gulley (1943) observed that 93% of the perennial grass production at the 

Santa Rita Range resulted from summer rainfall.
Drought periodically reduces the vegetation to a certain basic 

level in which the vegetation is dominated by plants that are either 
particularly drought hardy or that grow in favorable locations or seas

ons. The present study has confirmed these effects. Cable (1959) found 

a. 90% decrease in basal intercept of perennial grasses between 1952 and 

1956 apparently as a result of deficient seasonal rainfall.

Herbel. Ares and Wright (1972) estimated that droughts occur 

more frequently in areas that have minimal rather than in those that 

have optimal precipitation and that even a slight reduction from normal 

precipitation may lead to severe reduction in plant yields. Once again 

the present study results were in accordance with their observations. 
This study has shown that perennial grasses have decreased in cover from 
3% in 1969 to 1.54% in 1980 on the total-protected area and from 1.12% 

in 1969 to only a trace in 1980 on the grazed area (Figure 8). Paulsen 

and Ares (1962) emphasized that if drought persists for two seasons or 

more,there may be a marked decline in the plant cover even on a pro

tected area.

Plant Succession

The results of most long term vegetation studies on western 

rangelands have been interpreted in terms of classical successional 

theory, in other words, the recovery of a depleted range should follow
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a directional and a possible predictable progression toward a climax 

community (Haskell, 1945b, Smith, 1980; McLean and Tisdale, 1972; Smith 

and Schmutz, 1975).

Anderson and Holte (1981) argued the validity of this model 

and suggest that any of the relatively stable community assemblages 

might be considered "climax". This point of view is shared also by 

Smeins, Taylor and Merrill (1976) who wrote "it seems probable that 
after each round of disturbance, natural or man made, community devel

opment tends toward a relatively stable community, but fidelity of re

establishment of the same community composition on the same site after 
each disturbance is suggested to be relatively low".

Huschle and Hironaka (1980) in their model of "classification 

and ordination of serai plant communities" stated that a catastrophic 
disturbance would alter a plant community and result in a community 

disjunct in position from its location prior to disturbance. Then, the 

resulting community would be the initial point for a new sequence in 
secondary succession.

The data obtained in this study tend to support the theory that 

after disturbance the vegetation will move toward an equilibrium but not 

necessarily the climax equilibrium. The results also support the find
ings that the rate of recovery of depleted rangelands is slow, espec

ially in semi-arid zones (Gardner, 1950; Potter and Krenetsky, 1967; 
Smeins et al., 1976; Anderson and Holte, 1981). McLean and Tisdale 

(1972) estimated 20 to 40 years for overgrazed ranges in the rough 

fescue and ponderosa pine zones to recover to excellent range condition 

when fully rested. Under, a more xeric condition where range vegetation



i is in a constantly fluctuating balance with the climate, one might ex-, 

pect a longer period of time.
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CHAPTER VII

CONCLUSIONS

The changes in vegetation cover, composition and frequency in 

this study have been the result of several combined factors such as 

drought, fire and grazing. The intensity of grazing added to the 

drought have almost wiped out the perennial grasses on the grazed area. 

Fires were not a recent factor for they occurred seven or more years 
ago. Their effects were noticed mainly on the long-lived shrubs or 

trees.

Drought appeared to be the most determinant factor in this 

study. It was thought that a drying cycle was taking place in this 

part of southern Arizona. But in fact the climate generally has not 

changed much although cyclic changes have occurred.
Several authors have come to similar conclusions (Paulsen and 

Ares, 1962; Buffington and Herbel, 1965; Anderson and Holte, 1981). 

They concluded that cyclic changes in precipitation were the main fac

tor responsible for the vegetative changes and that drought increased 

the shrubby vegetation by reducing competition from perennial grasses.

The important increase in shrub cover and density indicated 

that the study area was changing toward a more xeric environment. At 

the present, it is doubtful that some species like mesquite will lose 
their importance even under a normal precipitation. For some grasses, 

those with available seed source and adaptability, will certainly come
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, back in part once the precipitation pattern improves. Among these 

species, Rothrock grama, threeawn species and possibly Arizona cotton- 

top probably will regain their importance similar to 1969, and Lehmann 

lovegrass, squirreltail and bush muhly may increase in importance, at 
least on the protected area. This and numerous other studies done in 

arid and semi-arid ecosystems on the dynamics of vegetation show that 

there is still a problem in interpreting the results.



APPENDIX A

COVER, COMPOSITION AND FREQUENCY CHANGES IN TREES AND 

SHRUBS ON PROTECTED AND GRAZED RANGES IN THE PAGE RANCH 

STUDY AREA FROM 1941 TO 1980

Species Range
Crown Cover % Species Composition Plant Frequency

1941 1969 1980 1941 1969 1980 1941 1969 1980

Buckwheat Protected 0.64 2.48 5.90 16.8 31.1 31.4 25.0 - 6.2 54.5
Grazed 0.02 0.16 0.04 0.2 1.6 0.2 1.2 3.8 2.5

Burroweed Protected 1.98 1.69 5.10 52.1 21.2 27.1 59.3 37.5 76.0
Grazed 6.38 2.30 9.64 74.9 23.8 48.9 98.0 62.5 90.0

Mesquite Protected 0.66 3.80 5.30 17.4 47.7 28.2 13.1 26.2 42.0
Grazed 0.76 5.32 5.88 8.9 55.0 29.8 16.2 31.2 51.2

Snakeweed Protected - T 1.13 - T 6.0 - T 38.0
Grazed 0.84 1.10 2.57 9.9 11.4 13.0 45.0 51.2 60.0

Others Protected 0.52 T 1.40 13.7 T 7.3 2.5 2.8 28.9
Grazed 0.52 0.79 1.63 6.1 8.2 8.1 3.3 3.0 36.2

Total Protected 3.80 7.97 18.83 100 100 100
Grazed 8.52 9.67 19.76 100 100 100

T indicates a trace



APPENDIX B

COVER, COMPOSITION, AND FREQUENCY CHANGES 
IN PERENNIAL GRASSES ON PROTECTED AND 
GRAZED RANGES IN THE PAGE RANCH STUDY 

AREA FROM 1941-1980

6 6



Cover %______ Composition % ____Frequency %
1941 1969 1980 1941 1969 1980 1941 1969 1980

Arizona cottontop Protected 0.0 0.70 0.08 0.0 23.3 5.3 0.0 35.0 8.0
Grazed 0.0 0.08 0.0 0.0 7.1 0.0 0.0 11.2 0.0

Cane beardgrass Protected 0.18 0.27 0.02 11.8 9.0 1.3 24.4 30.0 1.2
Grazed 0.02 0.02 0.0 16.7 1.8 0.0 1.9 3.7 0.0

Lehmann lovegrass Protected 0.0 0.30 0.19 0.0 10.0 12.7 0.0 15.0 6.5
Grazed 0.0 0.01 0.0 0.0 0.9 0.0 0.0 2.5 0.0

Poverty threeawns Protected 0.15 0.37 0.17 9.9 12.3 11.3 21.9 35.0 11.2
Grazed T 0.32 0.01 T 28.6 0.6 1.2 47.5 1.2

Red threeawn Protected 0.65 0.34 0.02 42.8 11.3 T 85.3 36.2 3.0
Grazed T 0.07 0.0 T 6.2 0.0 3.7 12.5 0.0

Rothrock grama Protected 0.30 0.35 T 19.7 11.7 T 75.6 53.7 1.5
• Grazed 0.06 0.52 0.0 50.0 46.4 0.0 39.4 51.2 0.0

Sand dropseed Protected 0.0 0.08 0.02 0.0 2.7 1.3 0.0 13.7 3.5
Grazed 0.0 0.05 0.0 0.0 4.5 0.0 0.0 6.2 0.0

Sideoats grama Protected 0.12 0.53 T 7.9 17.7 T 10.6 27.5 1.0
Grazed 0.0 0.01 0.0 0.0 0.9 0.0 0.0 1.2 0.0

Others Protected 0.12 0.06 1.04 7.9 2.0 67.1 2.4 3.7 54
Grazed 0.04 0.04 T 33.3 3.5 T 2.0 3.4

Total Protected 1.52 3.00 1.54 100 100 100
Grazed 0.12 1.12 T 100 100 100

T indicates a trace



APPENDIX C

COVER, COMPOSITION AND FREQUENCY CHANGES IN PERENNIAL 

FORES ON PROTECTED AND GRAZED RANGES IN THE PAGE RANCH 

STUDY AREA FROM 1941 TO 1980

Cover % Composition % Frequency %
1941 1969 1980 1941 1969 1980 1941 1969 1980

Bindweed Protected T 0.04 0.5 14.8 1.2 1.3
Grazed - - - - - - - - -

Ragweed, western Protected T T 0.07 T 52.9 25.9 0.6 42.5 10.0
Grazed - T - - 43.9 - - 10.0 -

Senna Protected _ 0.04 14.8 • —. 4.3
Grazed 0.02 T - 50 5.5 - 10.6 2.5 -

Spurge Protected _ 0.12 44.5 — . — 6.5
Grazed - - - - - - — - -

Others Protected 0.30 T 100 46.6 28.1 12.3 1.3
Grazed 0.02 - T 50 51.6 - 6.2 3.7 -

Total Protected ̂ 0.30 T 0.27 100 100 100
Grazed 0.04 T T 100 100 100

T indicates a trace
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