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ABSTRACT 

This project focuses on evaluating the use of aerial 

photography to examine patterns of cattle grazing of Lehmann 

lovegrass around mesquite trees on the Santa Rita Experimental 

Range. Field data were obtained in April and June 1985, from two 

pastures and a protected exclosure having different histories of 

grazing. Photointerpretation was conducted using large scale (from 

1:600 to 1:1200) color aerial photographs taken at the same time as 

ground measurements were made in the field. 

This study varifies a pattern of circular areas of heavy 

grazing beneath and adjacent to mesquite trees in this study area. 

The sizes of these " mesquite rings" vary with season and grazing 

intensity. Mesquite rings are easily detectable and can be 

monitored reliably through use of large scale color aerial 

photographs. 

viii 



INTRODUCTION 

The southwestern United States includes a huge area devoted 

to rangeland. In order to monitor the utilization of rangeland, 

managers must often spend considerable time and money, but some 

useful data may be obtained from analysis of aerial photography. 

Combining interpretation of aerial photography with field 

information, range managers are sometimes able to make an acceptable 

assessment of range utilization in a short time at modest cost. 

On rangeland with low density grass cover, the use of aerial 

photographs has often been disappointing. Even large-scale aerial 

photographs yield unreliable information on grass cover, species 

composition and level of utilization. However, in the mesquite 

grasslands of southern Arizona, an unusual pattern of grazing 

around the trees provides the potential for improved photographic 

monitoring of range utilization. The grass around individual trees 

appears to be more heavily grazed than grass stands situated at a 

distance from the trees (Figure 1). Around most trees, there is a 

clearly defined circular zone a ("mesquite ring") approximately 6 to 

15 meters in diameter. Furthermore, there appears to be a seasonal 

expansion and contraction of these circular patches. The purpose of 

this study is to examine and document the characteristics of these 

mesquite rings, to relate them to photographic coverage, and to 

evaluate this relationship for use in assessment of rangeland 

utilization. 

1 
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Fig. 1 A mesquite tree in subpasture 

Range. Note the absence of grass 

2, Santa Rita Experimental 
herbage around the tree. 
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My specific objectives are : 

1) to examine the mesquite rings in the field, taking 

detailed measurements of their size and of associated 

vegetation density and utilization of grass by cattle 

with increasing distance from each tree; 

2) to examine the relationship between the radius of 

mesquite rings and the radius of mesquite tree canopies; 

3) to examine the photographic and field record from two 

pastures exposed to different intensities of grazing for 

indications of differences in size of mesquite rings; 

4) to analyze mesquite rings for seasonal variation by 

replicating both field measurement and photo measurements 

in April and June of 1985; 

5) to evaluate the feasibility for detection and measurement 

of mesquite rings through use of large scale color aerial 

photography; and. 

6) to compare observations made in the field to photographic 

interpretations, in order to evaluate the utility of 

large scale color aerial photography for estimating the 

intensity and seasonality of grazing in mesquite rarigeland. 



LITERATURE REVIEW 

Remote Sensing Techniques 

Conventional photographs were first used by the U. S. 

Department of Agriculture in aerial survey work to aid in range 

inventory in 1937 (U.S. Inter Agency Range Survey Committee, 1937). 

However, application of aerial photographic techniques to rangeland 

survey has progressed slowly. Before World War II, few range 

managers realized the potential benefits of aerial photography, and 

those who that did felt that "cheap land" could not justify the full 

expense necessary to obtain aerial photographs. In 1942, Reid and 

Pickford concluded that aerial photography offered a more cost 

effective method for obtaining forage estimates and mapping 

vegetation than did traditional ground survey techniques. 

Nevertheless, it took many years before aerial photography became 

generally accepted as a tool in range management. 

by the 1960s, a wide spectrum of remote sensing systems were 

employed to solve range problems. The use of infrared photography, 

color photography, multispectral photography, and mutispectral-

scanner data provided a variety of new tools. High-altitude aircraft 

imagery became available for resource monitoring in the early 1970s, 

in anticipation of the launch of NASA's Earth Resource Technology 

4 
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Satellite in 1972. Subsequent satellite imagery made possible the 

small scale interpretation of vegetation conditions, including 

forage development, and also permitted monitoring these conditions 

both at frequent intervals and at a relatively low cost. 

Multispectral classification has been a particularly successful tool 

in southwestern United States in 1970s. However, low density 

vegetation cover in arid and semiarid areas has continued to yield 

relatively poor results (Hutchinson, 1982). 

Large scale aerial photography has been employed in range-

land studies since the 1960s (Driscoll and Reppert, 1968; Lorain, 

1970; Carneggie, 1972 and 1983). Aerial photographs were used to 

detect and identify plant species; to measure plant height and plant 

density ; to quantify changes in plant parameters at intervals of one 

or more years, and to detect other surface characteristics 

(Carneggie, 1983). 

Range managers began to use low flying aircraft with 35 

millimeter and 70 millimeter aerial cameras and color or color 

infrared film to obtain large scale photography in the 1970s 

(Hutchinson, 1982; Poulton, 1975). Large scale photography was found 

to be very helpful in identifying tree and shrub species using 

shadow, crown shape, pattern, image color, and image tone. In some 

investigations, infrared photographs have proved more useful than 

natural color photos in identifying species. However, it is 

difficult, in most cases, to identify herbaceous species. 
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Poulton was successful in identifying wild geranium and orange 

sheezeweed using 1:1,200 scale color infrared photography in the 

grasslands of Colorado (Hutchinson, 1982 and Poulton, 1975). 

Large scale photography has also been used to monitor 

vegetation change in different seasons. Range scientists have used 

photography to ". . .determine the time when foliage growth was 

initiated, the time when plants reached peak foliage development and 

flowered, and the time when plants began to dry." (Poulton, 1975, 

p.1457). 

Large scale (1:500 - 1:2,000) and very large scale (greater 

than 1:500) photographs are a useful tool for range inventory and 

monitoring (Carneggie, 1972). In order to use photography 

successfully, Poulton (1975) and Carneggie (1983) have cautioned 

that range managers need to 1) insure sufficent ground control 

before the flight, 2) have enough overlap for coverage, 3) control 

airplane speed to reduce bluring of imagery, and 4) fly at altitudes 

below 1,200 feet to obtain accurate shrub identifications and, 

probably, below 500 feet to identify herbaceous plants. 

As Driscoll (196.9) and Carneggie (1983) have stated, the use 

of large scale photography for rangeland inventory and monitoring is 

possible and necessary because much detailed information about 

vegetation is contained in aerial photographs, aerial photographs 

can be obtained quickly, and compared to the cost of conventional 

ground surveys, the cost of photointerpretation is relatively low. 
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Although it is possible to estimate shrub and tree cover, it 

is difficult to detect the herbaceous cover in low density grassland 

and very difficult to identify herbaceous species ( Hutchinson, 1982). 

Vegetation Sampling Techniques 

The procedures are commonly used to measure range 

vegetation utilization: quadrat methods, line methods, and point-

sample methods. 

The quadrat is a plot of any selected size that is 

delineated for detailed study of the vegetation ( National Academy 

of Sciences - National Research Council, 1962). Quadrats are used in 

vegetation sampling techniques to measure density, height, weight, 

cover, and utilization . The quadrat is well suited for herbaceous 

vegetation communities, but " . . .it is time consuming and of little 

value for sampling range pasture or large areas where great numbers 

of plot are required." ( National Academy of Sciences - National 

Research Council, 1962, p.55) 

The line intercept methods consist of recording the horizontal 

linear coverage of plants along a line. Plant intercepts along the 

line are measured and the total of intercepted distance is accepted 

as the percentage of ground surface occupied by the plants 

(National Academy of Sciences - National Research Council, 1962). 

The application of a line intercept method to survey vegetation 

cover in the field is reliable . This method is appropriate for 

measuring the semiarid vegetation and has been applied 
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for shrub types and other grass types of vegetation Kinsinger, Eckert, 

and Currie (1960) mention that when using line intercept methods, a 

S 
large sample of line are needed because of plot variability, and that 

cover estimates obtained by this method are typically higher than 

"true cover", due partly to inclusion of dead plant crowns. 

Other approachs for ground surveys use point methods. One 

apparatus consists of a small frame containing 10 sliding pins 

spaced at equal intervals varying from a few inches to a foot 

(National Academy of Sciences - National Research Council, 1962 ). 

Goodall (1952) found that the use of a point frame often overestimates 

the cover of plants, particularly when blunt pins are used. For this 

reason, fine pins should be employed. The basal cover of plants can 

be obtained by the number of hits on plant bases at the ground level. 

The point frame is most useful for herbaceous vegetation and where 

there is a moderate density of plants or a dense cover consisting of 

short plants ( National Academy of Sciences - National Research 

Council, 1962 ). 

Grazing Pattern Around Mesquite Trees 

A number of papers deal with vegetation condition on the 

Santa Rita Experimental Range ( Martin, 1947, 1967; Martin and 

Reynolas 1973; Martin and Cable 1974; Subirge, 1982). Some describe 

the ecology of mesquite (Martin, 1947, Tiedemann, 1970 ). Tiedemann 

(1970) mentions that the ecological effects of mesquite trees can be 

separated into three components: the shade effects on soil temperature, 
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evaporation, and radiant energy impinging on understory vegetation; 

the root activity in removing moisture and nutrients; and deposition 

of litter and mulch alteration of soil temperature, infiltration, 

evaporation, and the physical and chemical properties of the soil. 

In Arizona's mesquite rangeland, a low cover of grasses 

usually surrounds mesquite trees. Martin and Cable (1974) conclude 

that perennial grass utilization is higher around mesquite trees 

than between trees. This agrees with the general observation that 

utilization of perennial grass under mesquite crowns is greater than 

on grass growing in the open. Since plants under trees remain green 

longer than plans growing in the open, cattle should be expected to 

graze them more heavily. Higher nitrogen content of the soil under 

mesquite trees may help explain the higher utilization (Martin 1974, 

Tiedemann, 1970). McCawley (1983, p. 6) mentions that " nitrogen 

fertilization of rangeland can potentially provide a wide variety 

of benefits, including : greater forage production, earlier green 

feed, improved forage quality, improved forage palatability and 

animal distribution. . . " P. Ogden (1985) also suggests that 

Lehmann lovegrass (Eragrostis lehmanniana) cover remains high near 

mesquite trees and that the utilization of this grass by cattle is 

greater around the mesquite trees than between the mesquite trees, 

despite speculations, there is as yet no accepted explanation for 

the apparent preference of cattle for grass situated near the 

mesquite trees. 



STUDY AREA 

The photographs used in this study were taken at the Santa 

Rita Experimental Range, which is located 30 miles (19 kilometers) 

south of Tucson and covers 53,159 acres (131,356 ha.)( Figure 2). 

Elevation of the range varies from 2,900 feet (967 meters) at the 

northwest corner to 4,500 feet (1,500 kilometers) along the foothills 

of the Santa Rita Mountains. The average annual precipitation 

increases with elevation from about 10 inches at lowe elevations, to 

almost 20 inches at the highst elevation. About 60 percent of the 

rainfall comes between July 1 and September 30 (Reynolds and Martin, 

1968). Minimal precipatation occurs between April and June, the 

driest months of the year. Maximum temperatures occur in June when 

the daily temperature may exceed 100 degrees F ( Martin, 1967). 

Potential evaporation average 75 inches per year from free water 

surfaces ( Subirge, 1982 ). Vegetative growth is restricted by lack 

of moisture during the spring and early summer and, presumably, by 

frosts, cool temperatures, and reduced sunlight during the winter. 

The perennial vegetation at Santa Rita is dominated by mesquite 

(Prosopis velutina), Cholla (Opuntia spp), burroweed (Haplopappus 

tenuisectus), ocotillo (Fouquieria splendens), and abundant 

perennial grasses. Within the study area, Pasture 12 C (Figure 2), 

Lehmann lovegrass( Eragrostis lehmanniana) is the dominant perennial 

grass. 

10 
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Fig. 2 Location of Study Area. 
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The Santa Rita Experimental Range, which was established in 

1903, is the oldest grazing research area maintained by the U.S.D.A. 

Forest Service. Following severe overgrazing in late 19th century, 

the area has been fenced since 1912 to restore the range vegetation. 

From 1915 to 1957, most of the range was grazed continously through 

the year. Since 1957, various grazing schedules have been applied to 

various fenced pastures (Martin and Reynolds, 1973). 

My reseach is focused on the southern part of pasture 12 A 

which was fenced saparately as 12 C in 1979. This pasture was fenced 

in 1928, then it was grazed continously from 1928 to 1981. In 1981, 

the southern part of the pasture 12 C was divided into 7 

subpastures, and one of these was further subdivided in 1983 

(Figure 3). In these 8 subpastures, various schedules of grazing have 

been followed during the past three years. Subpastures 1, 2, 4, and 

5 are grazed continously, while subpastures 3, 6, and 7 are grazed 

seasonally. 

My study sites were selected within subpastures 2 and 4, and 

measurements were taken in an ungrazed exclosure within subpasture 

6. Subpasture 2 is a lightly stocked yearlong pasture, containing 

330 acres (815 ha.). The stocking rate has been about 30 cows per 

section ( 1 section= 640 acres or 1581 ha.) yearlong since December 

1983. Subpasture 4 is a yearlong heavily grazed pasture which 

contains 90 acres. This subpasture has been stocked at a rate of 

about 100 cows per section since January 1984. The exclosure, 
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Fig. 3 Subpastures with different extent of cattle grazing in 

pasture 12C. 
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which is located within subpasture 6, was fenced in 1930 and it has 

apparently been ungrazed since that year (Martin, 1967). 



METHODOLOGY 

There has been some reserch on problems related to utilization 

of mesquite rangeland (Martin 1947, 1974; Subirge, 1982; Tiedemann, 

1970). Martin and Cable (1974) argue that grass utilization is higher 

where mesquite trees are present. My purpose is to evaluate the use of 

remote sensing to monitor mesquite range. Achieving this objective 

requires collection of field data, interpretation of aerial photographs, 

and statistical analysis of both field and photographic data. 

Collection of Field Data 

Photographs taken in August 1984 were used to determine the 

precise location of study sites and to sample mesquite . Because the 

photographs covered only the center portion of subpastures 2 and 4 

and the exclosure, the mesquite trees selected for field measurement 

are, strictly speaking representative of only these restricted 

subareas of the subpastures. Before field work, 10 mesquite trees 

were selected on the photographs for each of the two subpastures. 

In both cases, the trees chosen were situated close to the "center" 

of pasture 12 C. Only large trees, those having diameters on the 

photographs greater than 1 mm, were selected. In each pasture, the 

10 trees accounted for nearly all those shown on the available 

photographs. Ten additional trees were selected from the ungrazed 

exclosure. 

15 



16 

After 30 mesquite trees were selected, the photographs were 

carried to the Santa Rita Experimental Range in April in order to 

locate the specific trees. At each mesquite tree, four lines 15 

meters in length were measured in the cardinal directions from a 

stake at the base of the tree (Figure 4 ). At four sample points 

where several trees formed a single cluster in the same circle, the 

stake was fixed at the base of the central tree. Four other stakes 

were placed at the end of each line to allow relocation in the 

following June. The radius of the heavy utilized area, (or ring) 

around the trees was recorded for each. Along each 15-meter line, a 

point frame (Figure 5) with 10 sliding pins was used to measure 

cover and locate plants to be measured for utilization. On each 

15-meter line, the point frame was placed at each of three 

locations: under the mesquite tree canopy 1 meter from the tree 

base ("#1 inside"); outside the mesquite tree canopy but inside the 

circle of the mesquite ring , halfway from the margin of the tree 

canopy to the margin of mesquite ring circle ("#2 inside"); and 

outside the mesquite ring , 5 meters beyond the margin of mesquite 

ring ("outside") (Figure 4). After the frame was placed, each 

sliding pin was pressed down until it came in contact with a plant 

or bare ground (Figure 5). Overstory cover (including Lehmann 

lovegrass and other species), and basal cover (including Lehmann 

lovegrass, other species, bare ground, litter, and rock) were 

recorded for each pin (Figure 4). 
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Fig.' 4 Four lines measured around mesquite tree in the cardinal 
directions. 



Fig. 5 The point frame with 10 sliding pins. 
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Utilization of Lehmann lovegrass using the Utilization 

Photo Guide (Figure 6) was recorded for three grass plants: the 

closest plant to the first, the fifth, and the tenth pin of the 

point frame. The extent of utilization for each plant was recorded 

in percent. Data were averaged for the four lines at each tree to 

obtain aggregate measures of utilization, percent of grass cover and 

bare ground at the three distance from the center stake. These 

measurements were repeated in June to identify seasonal change. 

Photointerpretation 

Color aerial photographs wera taken in April 1985 and June 

1985 for this study. To identify the scale and orientation of the 

photography, white paper targets were placed at the study plots in 

both Spring and Summer ( Figure 7). The altitude of the Spring 

flight ranged between 817 and 910 feet. The altitudes of the summer 

flight are somewhat lower — between 510 feet and 670 feet above 

ground level. A Cannon F1 35 millimeter camera with a 28 mm lense 

and motor drive was employed with kodak 5071 natural color film (ASA 

64) to obtain both sets of photographs. 

Frames were enlarged to 8 by 12 inch paper prints for 

interpretation. The print scale of Spring photographs ranged from 

1:1,000 to 1:1,200, while the scale of Summer photographs ranged 

from 1:600 to 1:900. 

The data used for correlation analysis between photo and 
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Fig. 7 Butcher paper markers for flight line location and 

photointerpretation. 
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field measurement were selected from subpastures 2 and 4. Because 

three of the original 10 sample trees were not included in the April 

photographs, data were available for only 7 trees (28 lines) in 

subpasture 2 for Spring, In order to balance with the the tree 

sample of subpasture 2, 7 trees were selected from subpasture 4 

using a table of random numbers. In Summer, only five of the sample 

trees were included on the June photographs of pasture 4. In the 

same way as for the spring, only 5 sample trees were used in 

analysis of each pasture in summer. 

The photo data for seasonal comparison were selected only 

from subpasture 2. Two seasonal photographs (April and June), which 

contained the area close to the center of pasture 12 C, were 

employed in this study. All trees which had a canopy diameter 

greater than 2 mm on summer photography were measured for 

photointerpretation. Eighteen trees were identified on both summer 

and spring photographs, including two trees without mesquite rings. 

Photointerpretation employed the following the steps. First, 

scale and orientation of the enlarged photographs were established by 

reference to the paper target strips, which were clearly visible. 

Second, the radius measurement employed perpendicular lines that 

correlated with line intercept measurements made in field. Third, a 

ruler and a stereoscope (employed for image enlargement only) were 

used in distance measurement. In interpretation, the edges of 

mesquite ring were clearly marked by color, tone ,and pattern 
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changes in the photos. Fourth, using the scale of the photographs, 

the estimated radius of mesquite rings on the photographs was 

calculated. To reduce possible error, all radii measurements were 

taken three times, and the mean of these three was used in analysis. 

Statistical Analysis 

Correlation analysis was used to evaluate relationships 

between radii of mesquite ring measured in the field and on 

photographs. Correlation analysis was also used to examine the 

relationship between radii of mesquite rings and radii of tree 

canopies. The value of r is used to represent the strength of the 

relationships between these pairs of variables. 

A T-test was employed to evaluate differences between the 

mean radius of heavy grazing from photo measurements performed on 

Spring and Summer imagery. Because field and photo measurement were 

shown to be closely related (p. 35 ), only photo measurements were 

used for these seasonal comparisons. Spring and Summer data are not 

independent because they were obtained from the same individual 

trees; thus, the significance test for non-independent samples 

(Croxton,1967, p.563) was used to examine differences between the 

two sample means. Following Croxton, the normal statistics employing 

difference measurements are defined below; 
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the is difference between the mean radius of 

mesquite ring around each tree in spring and 

in summer. 

is the number of trees. 

is the standard deviation of the population of 

mesquite ring radius differences. 

is standard error of mean. 

is sample mean difference. 



RESULTS AND DISCUSSION 

Results of this study include description of 1) mesquite 

rings, 2) grass density within and adjacent to rings, and 3) grass 

utilization witnin and near rings. These descriptive results are 

based on field measurements alone. Analysis of both field and photo 

measurements yield further results on 4) differences between ring 

size in lightly grazed pasture and in heavily grazed pasture, 5) 

differences between ring size in Spring and in Summer, and 6) 

relationships between measurements made in the field and those 

obtained from aerial photographs. 

Mesquite Rings 

Based on aggregated field data — a total of 160 sample 

lines measured in both pastures and in both seasons — the space 

around the mesquite trees shows a definite mesquite ring. The mean 

radius of mesquite rings is 5.3 meters and ranges from a minimum of 

1.5 meters to a maximum of 16.5 meters (Appendices 1 and 2). 

Shapes of mesquite rings are irregular, but most are roughly round 

or elliptical. From casual observation in subpasture 2 and 4, it is 

apparent that rings are zones that contain far less standing grass 

herbage than adjacent areas. 

The mesquite trees in the ungrazed exclosure have either a very 

small or no ring (Appendix 3). From these observations, we may conclude 

25 
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that rings are clearly related to grazing by cattle grazing. 

Correlation and regression analysis were used to examine the 

relationship between the size of mesquite rings and the radii of 

mesquite tree canopies. Here, r values and scattergrams (Figure 8) 

show a weak positive relationship between the radius of raesquite 

ring and the radius of mesquite tree canopy (Appendix 4). Large 

trees tend to have large rings, while small rings are usually found 

around small trees. Reasons for this relationship were not explored, 

because critical measurements relating to the trees and their 

habitats (e.g. mesquite leaf weight, tree height, soil nitrogen 

content, cattle foraging behavior) were not obtained in this study. 

Grass Cover and Utilization in Mesquite Rings 

Tables 1, 2, and 3 show the cover and the utilization of 

Lehmann lovegrass from field data obtained from subpastures 2 and 4 

in both spring and summer of 1985. As described above, subpasture 2 

has a history of light grazing activity and subpasture 4 is heavily 

grazed by cattle. These data indicate the following: 

Cover of Lehmann lovegrass: 

1. The mean overstory cover of Lehmann lovegrass inside 

mesquite ring (measurement #1 inside and #2 inside) is 

zoro, in all cases (Table 1). 

2. The mean cover of Lehmann lovegrass overstory outside 

of mesquite ring is 48.5 percent and is less in summer 

(41.6 percent) than in spring (55.5 pencent). 
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Fig. 8 Scattergram and regression of relationship between the mean 
mesquite ring radii and mean tree canopy radii in subpasture 2 
in June, 1985. 
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Table 1. Percentage mean overstory cover of Lehmann lovegrass and 
confidence limit for mesquite rings in both pastures and 
both seasons. 

PA sample 

location 

#1 inside 

#2 inside 

outside 

lower 

CL 

0 

0 

58.04 

Spring 

mean 

0 

0 

63.1 

upper 

CL 

0 

0 

68.16 

lower 

CL 

0 

0 

42.84 

Summer 

mean 

0 

0 

51.7 

upper 
CL 

0 

0 

60.56 

#1 inside 

4 #2 inside 

outside 

0 0 0 

0 0 0 

43.56 47.8 52.04 

0 

0 

0 

0 

0 

0 

41.62 31.4 21.18 

CL: Confidence limit 
PA: Pasture 
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Table 2. Percentage mean basal cover of Lehmann lovegrass and 

confident limit for mesquite rings in both pastures and 

both seasons. 

PA sample 

location 

Spring Summer 

lower 

CL 

mean upper 

CL 
lower 
CL 

mean upper 
CL 

• #1 inside 8.36 10.6 12.74 0.42 5.8 11.18 

2 #2 inside 9.92 14.4 18.33 3.47 8.0 12.53 

outside 11.65 15.3 18.95 4.82 11.6 18.30 

#1 inside 4.98 10.1 15.22 1.96 5.0 8.04 

4 #2 inside 10.36 15.6 20.84 7.49 10.28 13.07 

outside 15.26 18.3 21.34 11.28 15.0 18.72 

CL: Confidence limit 
PA: Pasture 
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Table 3. Percentage mean utilization of Lehmann lovegrass and 

confidence limit for mesquite rings in both pastures 

and both seasons. 

PA sample Spring summer 

location 
lower mean upper lower mean upper 
CL CL CL CL 

#1 inside 90 90 90 90 90 90 

#2 inside 85.82 87.4 88.98 78.96 83.7 88.61 

outside 14.68 17.8 20.92 18.85 22.7 26.55 

#1 inside 90 90 90 90 90 90 

4 #2 inside 86.12 87.9 89.68 86.85 88.6 90.35 

outside 35.79 40.1 44.41 37.38 42.6 47.84 

CL: Confident limit 
PA: Pasture 
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3. The mean cover of Lehmann lovegrass overstory outside 

mesquite rings is less in subpasture 4 (48 percent in 

spring and 31 percent in summer) than in subpasture 2 (63 

percent in spring and 52 percent in summer). 

4. In both subpastures and in both seasons, basal cover 

increases with increasing distance from the mesquite 

trees. The mean basal cover of Lehmann lovegrass (Table 

2) on measurement #1 inside (7.9 percent) is slightly 

less than on measurement #2 inside (12.1 percent). The 

mean outside measurement is 15.1 percent. The mean basal 

cover of Lehmann lovegrass is slightly less in summer 

than in spring for all three measurements (points #1 

inside, #2 inside, and outside) and in both subpastures. 

However, differences between various pairs of means for 

both subpastures are not statistically significant. 

Utilization: 

1. In both seasons and in both subpastures, subfield 

measurements of grass utilization near the base of 

sampled trees are consistently high (Table 3). From this 

result, we conclude that all 160 measurements at #1 

inside are indicative of heavy grazing. 

Casual observation in the field is consistent with field 

measurements. 

2. The utilization of #2 inside ranges from 83 percent to 89 
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percent in both seasons and in both subpastures. The results 

indicate that Lehmann lovegrass inside the mesquite ring 

but outside the mesquite canopy is grazed almost as 

heavily as grass under the canopy. In addition, the level 

of utilization on measurement #2 inside is slightly 

higher in pasture 4 than in pasture 2. 

3. Lehmann lovegrass utilization, measured 5 meters outside 

the mesquite ring, is consistently less than utilization 

inside the ring. Also, grass outside the mesquite ring is 

more heavily grazed in subpasture 4 (40 percent in spring 

and 43 perecnt in summer) than in subpasture 2 (18 percent 

in spring and 23 percent in summer). In both pastures, 

grass outside the mesquite ring is more heavily grazed in 

Summer than in Spring. Cattle obtain forage from outside 

the heavily utilized area as well as around the mesquite 

tree, but utilize the distant grasses far less intensively. 

4. The data on grass cover and grass utilization measurements 

in and near mesquite indicate differential grazing 

preferences or habits of cattle produce differential 

patterns of usage in pastures. One possible explanation 

for the rings is that the Lehmann lovegrass has more 

palatability and is green longer under the canopy of the 

trees than in open land, perhaps due to high nitrogen 

content of the soil under the mesquite trees (McCawley, 
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1983; Tiedemann, 1970). Thus the cattle concentrate their 

activities near the trees and tend to ignore area between 

trees. Another possible explanation for scarce cover 

around the trees may be that cattle prefer the shade of 

mesquite trees in summer, thus spending more time near the 

trees and both consuming and trampling nearby pasture more 

than distant open land. 

Differing Radii of Mesquite Rings in Pastures 

with Different Intensities of Grazing 

The size of mesquite rings in pasture 2 (lightly grazed 

yearlong) is consistantly smaller than in pasture 4 ( heavily grazed 

yearlong). This is apparent in both Spring and Summer and is 

documented by field measurements surrounding 10 sample of trees 

in each pasture. In subpasture 2, field measurements yield mean radii 

of 4.4 meters in spring and 4.7 meters in summer (Table 4). In 

subpasture 4, mean radii for field measurement were 7.1 meters in 

spring and 7.3 meters in summer, respectively. These results are 

consistant with conclusions above, that the rings are a product of 

grass utilization by livestock. 

Seasonal Variation in Ring Radii 

Seasonal differences in ring radii were analyzed from the 

same data as above. The size of mesquite rings from both field and 

photo measurements in Spring was smaller than in Summer. In spring, 
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Table 4. 

Data 

Spring 

Summer 

Mean radii of mesquite rings in two pastures and in 
two seasons as measured by ground measurement and 

photo interpretation. 

Pasture 2 

(light use) 

field 

measurement 
(meter) 

photo 

measurement 
(meter) 

pasture 4 

(heavy use) 

field 

measurement 
(meter) 

photo 
measurement 

(meter) 

4.4 3.44 7.1 6.04 

4.7 4.59 7.3 6.66 
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field measurements for all sample trees yielded mean ring radii of 

5.8 meters, while in summer, the mean radius of mesquite rings from 

field measurements was 6.0 meters (Table 4). 

In order to examine seasonal differences further, a t test 

was used to analyze the significance of differences between April 

and June based on photo measurement of eighteen trees randomly 

sampled from the photograph of subpasture 2. The mean radii of 

mesquite rings in this photo sample from subpasture 2 are 2.34 

meters in spring and 2.92 meters in summer (Appendix 5). Two of the 

eighteen trees show no mesquite ring. 

The t value from comparison of April and June measurements 

is 13.48 with 16 df; the critical t value with 16 df (a =.001) is 

4.015. Therefore, we conclude that mesquite ring radius in spring is 

significantly smaller than in summer. The increase in size is 

probably due to utilization by cattle through the dry season. 

Relationship between Photo and Field Measurement 

Data on mesquite ring radius from field measurements and 

photo measurement are presented in Table 4 and Appendix 1 and 2. 

Correlation and regression results (Figures 9 and 10) indicate that 

these two approaches to measurement produce very similar results for 

both pastures and in both seasons. For spring, 95 percent 

(subpasture 2) and 90 percent (subpasture 4) of the variance in 

field measurement is explained statistically by variance in 
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Mean ring radius - photo (meters) 

oo 

Mean ring radius - field (meters) 

Mean ring radius - photo (meters) 

o o 

10 7 a  g 5 6 3 4 1 2 

Mean ring radius - field (meters) 

Fig. 9 Scattergram and regression of the relationship between the 

radii of rings in the field (X) and on the photography (Y) 
in April, 1985. (a: subpasture 2; b: subpasture 4) 
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photographic measurement. For the summer result, 85% (subpasture 2) 

and 96% (subpasture 4) of the variance in the field is explained, 

statistically, by variance on the photographs. In most cases, 

edges of mesquite ring were easy to identify. However, parts 

of the edges of two mesquite rings were not clear, and radius 

measurements had to be estimated by reference to adjacent well-

defined sections of the ring. 

Even thought the results of correletion analysis for photo 

and field measurement are similar in spring and in summer, there are 

some obvious differences between photographs taken in the two 

seasons. First, strong color contrasts between green Lehmann 

lovegrass and orange soils on summer photographs allow clear 

identification of the edge of mesquite rings. Spring photographs 

have less contrast. Second, flight altitude was substantively lower 

in summer than in spring. As a result, the edge of mesquite rings is 

clearer on summer photographs. Finally, new leaves of mesquite trees 

on summer photographs obscure the edge of some mesquite.rings, 

whereas open tree canopies in spring offer much less obstruction. 

The similarity of field and photo measurements indicates 

that the use of aerial photographs to monitor grazing patterns is 

quite valid. In most cases, the edges of mesquite rings are marked 

by differences in color, tone, and pattern on the images. On summer 

photographs, Lehmann lovegrass appear yellow and green ; local soil 

is orange . The difference between these two colors marks the edge 
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of the rings. In both photographs, soil is brigher in tone than 

Lehmann lovegrass; as a result, differences in tone between soil and 

grass aid in ring identification. Also, round and elliptical shapes 

of the rings facilitate identification on photographs. 

In the exclosure, the mean radius of mesquite rings from 

field measurement is 1.2 meters (Appendix 3). However, the pattern 

of mesquite rings in the exclosure can not be identified on 

photography. This result suggests that it may be impossible to 

identify mesquite rings on photographs of ungrazed pasture because 

the mesquite ring is too small to be seen on the photographs, or 

that small mesquite rings may be obscurred by the canopies of the 

mesquite trees ( Figure 11). 



Fig. 11 A mesquite tree in exclosure. 



CONCLUSION 

From the results of this study, the following conclusions 

may be drawn: 

1. Based on field measurements and casual observation, mesquite 

rings occur around trees in grazed Lehmann lovegrass. In 

ungrazed Lehmann lovegrass exclosure, the rings are either 

very small or absent. 

2. There is a weak positive relationship between tree canopy size and 

mesquite ring size. 

3. Heavily grazed pastures show larger rings than lightly grazed 

pasture. 

4. Cattle utilization, based on the cover and utilization 

measurement in the field, is heavier in the zone under and 

adjacent to mesquite trees than in areas between the trees. 

Heavy utilization produces an unusual pattern around the 

mesquite trees— mesquite ring. 

5. Based on both photo measurement and field measurement, mesquite 

rings are larger in Summer, after grazing during Spring dry 

period, than in early Spring. 

6. Based on measurements performed on a small number of specific 

trees in this area, it is feasible to use aerial photography for 
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detecting and estimating the extent of cattle grazing around 

mesquite trees. By correlating ring size with measurement of 

grass cover between trees, it may by possible to use such 

measurements to estimate the total impact of grazing through 

whole pastures in areas of mesquite Lehmann lovegrass grassland. 



APPENDIX 1. Radii of mesquite rings (in meters) from field 
measurement and measurement on photography in 
subpasture 2 in April and June. 

Tree NO. Direction April measurement June measurement 

field photo field photo 

1 N 5.4 5.3 5.4 5.96 

E 6.5 5.9 6.4 6.80 

S 4.6 4.3 4.5 4.26 

W 3.4 3.2 5.5 5.11 

2 N 3.7 3.5 3.8 5.50 

E 5.6 4.3 6.8 7.20 

S 3.5 1.6 4.3 3.80 

W 2.7 3.5 4.5 4.26 

3 N 2.3 2.1 3.9 3.41 

E 2.9 3.2 3.6 4.26 
S 5.9 6.4 7.7 6.82 

w 3.2 3.3 3.7 3.41 

5 N 2.7 2.7 

E 1.5 1.2 
S 2.4 2.4 

w 2.7 2.6 

6 N 2.7 2.7 4.1 4.08 

E 2.6 2.4 3.2 3.41 

S 4.4 4.9 4.5 4.08 

W 2.3 2.2 2.3 3.26 

9 N 2.7 2.7 4.0 3.41 

E 3.3 3.0 4.0 3,41 

,S 1.6 1.2 2.0 1.70 

W 7.8 8.0 7.6 7.67 

10 N 5.9 5.3 

E 4.4 3.4 

S 3.5 3.2 

W 6.0 5.9 
Mean 3.8 3.4 4.59 4.59 

43 
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APPENDIX 2. Radii of mesquite rings (in meters) from field 

mesurement and measurement on photography in 

subpasture 4 in April and June. 

Tree No. Direction 

1 N 

E 

S 

W 
2 N 

E 

S 

W 
3 N 

E 
S 
W 

7 N 

E 

S 

W 
8 N 

E 

S 
w 

9 N 

E 

S 
W 

10 N 

E 
S 
W 

mean 

April measurement 

field photo 

4.9 5.2 

5.3 4.7 
4.2 3.5 

3.9 1.8 

9.6 7.6 
7.0 7.0 

9.6 9.3 
5.6 5.8 
6.8 7.0 
4.7 3.5 

9.6 9.3 
6.4 7.2 

10.2 10.5 
7.0 7.0 
7.6 7.5 

6.9 5.9 

7.0 7.4 
7.3 7.4 
6.3 5.9 

4.7 4.3 
9.0 9.1 

3.1 2.7 

3,4 3.2 
6.3 6.4 
3.4 3.3 
4.1 3.8 
9.8 8.1 

4.6 4.7 

6.4 6.0 

June measurement 

field photo 

4.9 6.52 

4.9 4.7 

3.7 4.45 
3.7 4.08 

8.3 6.52 
10.3 8.68 

6.5 5.07 
5.4 4.34 

16.5 16.50 
5.6 6.10 

7.9 8.70 

6.7 6.10 

6.5 7.40 
7.4 6.96 

6.1 7.40 

4.3 4./9 

10.2 9.13 

3.9 3.48 

8.0 6.10 
6.8 6.10 

6.88 6.66 
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APPENDIX 3. Radius of mesquite rings (in meters) in the field and 

on the photography at enclosure in spring. 

Tree No. Direction April measuremei 

field photo 

1 N 1.0 0 

E 2.4 0 
S 1.8 0 

W 2.5 0 

2 N 2.9 0 
E 0.2 0 

S 0.1 0 

W 1.8 0 
3 N 2.1 0 

E 3.0 0 

S 1.3 0 
W 0.0 0 

5 N 0,1 0 

E 2.8 0 
S 2.2 0 
W 1.3 0 

8 N 1.6 0 
E 0.0 0 
S 0.0 0 
W 0.6 0 

9 N 1.0 0 

E 0.3 0 
S 0.5 0 
W 1.0 0 

10 N 1.5 0 
E 0.5 0 
S 0.5 0 
W 0.7 0 

Mean 1.2 0 
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APPENDIX 4. Radii of tree canopy and radii of mesquite rings 

(in meters) in subpasture 2 from summer photo measurement. 

Tree No. Radii of 

rings 

Radii of tree 
canopy 

1 4.98 2.15 

2 3.88 1.7 

3 3,58 1.65 

5 2.33 1.88 

6 3.00 2.10 

7 4.80 2.85 

9 3.85 2.18 

10 4.95 2.15 

mean 4.41 2.08 
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APPENDIX 5. Radii of mesquite rings in subpasture 2 of spring 
and radius of mesquite rings in subpasture 2 of summer. 

Tree number Photo data 

April June 

-meters-

1 9.20 8.94 

2 2.00 2.66 
3 2.30 2.77 
4 2.50 3.40 

5 3.60 4.00 

6 3.40 4.30 

7 1.47 1.84 
9 0.80 1.70 

10 1.86 2.88 
11 1.79 2.39 

12 2.58 3.40 

13 1.73 2.77 
14 2.40 3.72 

15 1.98 2.45 

16 2.25 2.56 
17 0.00 0.00 

18 0.00 0.00 

mean 2.34 2.92 
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