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ABSTRACT 

Interpretation of large-scale color infrared and color aerial 

photography can be a labor and cost-effective means for inventorying 

and monitoring rangelands while maintaining accuracy. 

Ground measurements of vegetation cover at Organ Pipe Cactus 

National Monument were taken in 1975 and 1984. Large-scale (1:1200) 

color and color infrared aerial photo estimates were compared to these 

ground measurements through regression and correlation to check photo 

accuracy. 

Relationships between photo estimates and ground measurements 

of total vegetation and shrub cover were strong when using either film 

type. Color infrared photo estimates corresponded better with 

ground measurements for both tree cover and cactus cover than color 

photo estimates. 

Large-scale aerial photography is also useful for determining 

some of the causes of vegetation change. Evidence gathered from both 

sets of photos suggested that vegetation change at OPCNM was largely 

the result of domestic livestock removal and short-term climatic 

fluctuations. 
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INTRODUCTION 

Approximately 55 percent of the conterminous United States and 

40 percent of the world's land is classified as rangeland (Poulton, 

1975). Rangelands are defined as "those areas of the world, which by 

reason of physical limitations—low and erratic precipitation, rough 

topography, poor drainage, or cold temperatures—are unsuited to 

cultivation and which are a source of wood products, water and 

wildlife" (Stoddart, Smith and Box, 1975, p.2). Rangelands encompass 

parts of all five of the principal biomes of the world—forest, desert, 

savanna, tundra and grassland—and most commonly consist of herbaceous 

or shrubby vegetation components (Poulton, 1975). 

Rangelands are used primarily by domestic grazing animals and 

wildlife, but in addition, rangelands are considered valuable as 

watersheds, potential agricultural sites, and urban, suburban and 

industrial areas (Poulton, 1975). In comparison to non-rangelands, 

however, these areas have relatively low resource value and 

agricultural productivity is marginal in relation to conventional 

agriculture (Hutchinson, 1982). Hence, there is an emphasis in range 

management on developing techniques to effectively inventory and 

monitor the vast expanses of rangelands while keeping costs at a 

minimum. 

Research Objectives 

This study will examine the efficacy of using large-scale color 

and color infrared aerial photography as a technique for inventorying 
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and monitoring range condition at Organ Pipe Cactus National Monument 

in southwestern Arizona. There are two research objectives. The first 

objective is to determine the effectiveness of large-scale color and 

color IR aerial photography for detecting changes in perennial 

vegetation cover. More specifically, this will entail determining 

which photo estimates best identify total cover, shrub cover, tree 

cover, and cactus cover. Photo estimates will be compared to ground 

measurements to check accuracy. 

The second objective is to determine the utility of aerial 

photos for attributing vegetation change to a particular causes or 

causes. This will involve using ground measurement data to determine 

which of the most common hypotheses for vegetation change in southern 

Arizona—fire suppression, cattle grazing, rodent and jackrabbit 

population fluctuations and climate change—left the best evidence to 

explain vegetation change at the Monument. An analysis will be done 

to determine how well aerial photography captures this evidence. 

Range Condition and Trend 

Proper range management is based upon the concepts of condition 

and trend (Stoddart, et al., 1975). Condition is defined as "the 

condition of the plant cover and the soil mantle in relation to 

standards set-up by management objectives and thus provides a basis for 

determining the extent to which a site has been damaged by use" 

(Bailey, 1945: 733). Assessing range condition was initially 

approached in two ways: 1) the ecological approach which rated 



3 

condition in relation to climax species (species which mark the end of 

ecological succession) for a given area; and, 2) the productivity 

approach, which rated condition relative to potential for a particular 

use (Clapham, 1973; Mirreh, 1981). These two approaches have been 

subject to much controversy due to the lack of consistency and 

uniformity of some of the components which defined them, and also 

largely because a condition assessment is not truly based on 

productivity of a range (Mirreh, 1981). As a result, condition today 

is now largely determined by estimating species composition of plant 

cover and plant biomass, though a few other measures are useful in 

making condition assessments (Bell, 1964; Terwilliger, 1979). 

Condition derived through species composition assumes that 

there is a succession of plant communities towards a dynamic 

equilibrium, and that this community is essentially stable (Clapham, 

1973). Based on this premise, at any range site, condition can be 

inferred through a comparison of present condition to an estimate of 

climax condition. Climax condition is considered to be the vegetation 

of a site after it is fully developed and mature, and as would be found 

before or long after a disturbance of any kind (Bell, 1964). It is 

important to note, however, that there are many unknown factors which 

could greatly alter the status of what is considered climax condition 

in range management. Since there is no way to account for all of these 

unknown factors, range management assessments based upon the condition 

of climax species composition should be viewed as an imperfect tool 

for studying rangeland. 

Range condition is broken into four classes: excellent, good, 
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fair and poor ( Bell, 1964). Range condition is considered excellent 

when 75 percent or more of the individual plants of a site are climax 

species. Good range condition has between 75 and 50 percent climax 

species, fair range condition has between 50 and 25 percent climax 

species, and poor range condition is considered to be a site with less 

than 25 percent climax species. 

Because the inherent variability of the range resource, 

condition assessments are of little value without estimating range 

trend. Trend is considered to be the rate, degree and direction of 

change in range condition, and is vital for determing the effect of 

range management practices for it determines whether range condition is 

improving, constant or deteriorating (Mirreh, 1981). 

Range Assessment Measures 

The concepts of condition and trend require the use of several 

measures which assess annual vegetation changes (Heintz, Lewis and 

Waller, 1979). These measures include plant density, plant frequency, 

vegetation cover and total biomass. 

Plant density, expressed as the number of individuals of a 

species per unit area, is a commonly used measure to record vegetation 

changes. This measure is dependent on the assumption that individual 

plants are easily distinguishable and that there is no confusion as how 

to classify an individual. Often this measure is only practical where 

there are many trees. Shrubs, though they may appear to have an 

individual-like appearance, tend to create counting problems, for it 

can be difficult to objectively separate one shrub from a clump of 
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shrubs. The other major limitation is the inability of density 

measurements to express spatial variability (Kellman, 1975). 

Frequency measurements are used to assess spatial variability. 

Frequency refers to the number of times a particular species is found 

within a given area. For example, if a species was found in 25 out of 

100 quadrats, it would have a 25 percent frequency. This measure is 

considered valuable because it marks the degree of dispersion in a 

given sample area. Frequency commonly is used to supplement density 

measurements. Further, frequency requires little time and can be used 

as a quantitative measure. Hence, its use is widespread in vegetation 

surveys (Kellman, 1980; Randall, 1978). 

Vegetation cover is normally used to express the relative 

dominance of species in an ecosystem and is most effective where there 

are few trees and a predominance of low-lying shrubs (Mirreh, 1981). 

Cover is a measurement of the amount of ground area that is covered by 

plant species and can be obtained from a variety of methods (Kellman, 

1980; Mirreh, 1981). 

Plant biomass, or "standing crop," is a measure used to 

estimate productivity. This value is generated when all the above-

ground vegetation for a given unit area is clipped and dried. The 

weight of the dry matter is compared to other areas for a relative 

assessment. This method is time-consuming and limited to sampling 

only small areas no more than a few meters square. However, because 

results generated are reasonably accurate and reproducible, plant 
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biomass is considered a valuable measure for use in vegetation analysis 

(Kellman, 1980). 

Remotely Sensed Imagery in Range Management 

These measurements employed for assessing condition and trend 

(cover, frequency, density, and biomass) require data which may be 

gathered through ground research methods, but increasingly this 

information is estimated through use of remote sensing imagery. 

Remotely sensed imagery includes both Landsat data in digital and 

photographic formats and aerial photography, which is generally 

acquired with vertical camera angles and panchromatic, color or color 

infrared film. Easily acquired satellite imagery, color, and color 

infrared aerial photography have become increasingly popular in the 

last decade because they can give a detailed and synopr.ic assessment of 

rangeland conditions at relatively low cost. 

Range information requirements increase with efforts to better 

utilize rangelands. Unfortunately, with the exception of the use of 

remote sensing imagery, techniques involved in collecting vegetation 

data for making range condition and trend assessments generally entail 

substanial costs. Because traditional ground-based methods of inventory 

and monitoring are rapidly becoming cost-ineffective, the use of less 

expensive, though less accurate, techniques is being explored. 

Low-level 35 mm or 70 mm aerial photography, using color or 

color IR film and acquired from a light plane, can be used to produce 

quality assessments while reducing labor, time and costs (Heintz, et 

al., 1979). The use of large-scale (generally 1: 1000 to 1:2000) 



7 

aerial photos for quantitative rangeland inventory and monitoring has 

only begun in the last ten years. Previously, the use of large-scale 

aerial photography in resource management had been focused on forestry 

applications, but the want for better rangeland management has prompted 

expanded usage of aerial photography (Warren and Dunford, 1983). To 

date, the use of air photos for vegetation sampling has been minor 

because there is a deficiency of adequate information regarding the 

accuracy of vegetation measurements taken from the photographs (Warren 

and Dunford, 1983). Relatively few studies have been done with large-

scale photos, especially when comparing photographs of the same scale 

over a period of years. With this in mind, if there is to be a greater 

application of large-scale aerial photography in range management, then 

there must be more research to determine its effectiveness. The 

purpose of this study is to make such an assessment. 



RELATED LITERATURE 

An important aspect of range management is the application of 

accurate range inventory and monitoring procedures to regulate in 

proper utilization. Frequently, rangelands consist of delicate 

ecosystems, typically characterized by a balance between the properties 

of climate and vegetation. Even slight perturbations of the climatic 

characteristics for an area can result in drastic changes of the 

vegetation communities (Frank, 1984). Therefore, it is important to 

monitor closely the condition of the range, be able to detect changes 

which might occur, and have an understanding of what caused the 

changes. A review of the techniques and methods involved and employed 

for aiding in range management decisions, and a discussion of the 

causal factors influencing vegetation change follows. 

Ground Research Techniques in Range Management 

The first range inventory in the United States was initiated in 

1907 by the Forest Service and used on the Coconino National Forest in 

Arizona in 1911. The inventory was created to manage the newly 

designated national forests. This inventory employed the 

reconnaissance method and was based upon estimating plant cover, 

carrying capacity and percent composition of each plant species through 

the delineation of vegetation types on a map. The accuracy of this 

technique depended on the surveyor's judgement. Therefore, the 

8 
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estimates made by one surveyor could not be readily compared to 

estimates made by another (Terwilliger, 1979). 

In 1932, the point-observation-plot method (more commonly 

called the square-foot-density method) was introduced to correct the 

problem of bias and personal error which was the short-coming of the 

reconnaissance method. Estimates of plant cover were made through the 

summed value of cover of all individual species within a small (100 

sq. foot plot) area. Values generated by this method were usually 

lower than those generated by the reconnaissance method and were 

believed to be more precise. This advantage, coupled with the 

replicability of cover estimates which made possible the assessment of 

vegetative changes, led to the widespread adoption of this survey 

procedure in 1937. The disadvantage of this method was the lack of an 

objective method for checking estimates (Terwilliger, 1979). 

Shortly after the general adoption of the square-foot-density 

method, a weight estimate was also introduced. It was implemented to 

give a different perspective on range condition. The green weight of 

all species in a given plot was estimated to give an aggregate total. 

Normally, the estimates were expressed as a pound per acre value. 

Unfortunately, plots were commonly underestimated where there was dense 

vegetation and overestimated where there was sparse vegetation. 

Further, the weight estimates were extremely time-dependent 

(Terwilliger, 1979). 

The desire for more accurate weight measurements led to the 

development of the double-sampling procedure in 1944, where both 

estimates and actual samples of plant production were taken. A 
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regression between actual measurements taken from clippings on small 

plots and estimated measurements allowed for a corrected weight and 

made possible the use of this technique in extensive range areas. The 

double-sampling procedure has tended to reduce the degree of error 

found with the earlier procedures and is still used today (Terwilliger, 

1979). 

Three other procedures were created for measuring cover in the 

1930's and 1940's and are best suited for applications in small pasture 

management. This includes the charting, point and line-intercept 

methods, all of which are still frequently applied today (Terwilliger, 

1979). The charting method involves the detailed, accurate 

representation of the position and area occupied by species in a sample 

plot. The point method expresses botanical composition in terms of 

cover by either randomly or systematically charting a large number of 

points. Using fine-tipped pins which are either vertically or obliquely 

mounted on a frame, the number of times the pins intersect plant 

species can be recorded. The line intercept method consists of the 

horizontal, linear measurements of plants along the course of a line. 

Readings are made in units of length and the total length of the 

intercepts along the line is accepted as a numerical value of total 

plant cover (Brown, 1954). 

In the 1950's two more methods, the loop and variable plot, 

were used in range management practices. The loop method is based upon 

using a 3/4-inch loop which is systematically dropped along a transect 

to obtain basal area cover. The variable plot method is used to 
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estimate shrub-crown cover by observing a portion of the living crown 

on the cross arm (Kinsinger et al., 1960). 

Several studies have been conducted to determine the efficacy 

of these methods and the results have been variable. Kinsinger, et 

al., (1960) found that when the loop, variable plot and line-intercept 

methods were compared that these methods had various success rates with 

the line-intercept method being the most accurate. They believed that 

the variable plot method tended to overestimate "true cover" because of 

the inclusion of dead shrub cover, that the loop method was ineffective 

when there was more than five percent vegetation cover and that line 

intercept method was ineffective when there was dense vegetation. 

Brown (1954) notes that the charting method, though precise, was 

extremely time-consuming and involved much skill, and that the point 

method was primarily limited to measuring short vegetation and could 

only be accurately done on windless days. Another study reported 

minor differences between the point and line-intercept methods 

(Johnston, 1957). A comparison of the line-intercept, point, and 

charting methods to visual estimates indicated that all four methods 

gave equally reliable results (Mirreh, 1981; Winkworth et al., 1962). 

The methods involved in range management changed around 1950. 

Range management concepts now focused upon the idea of range condition, 

hence, the development of the range-condition method (Terwilliger, 

1979). Cover, the main basis for estimating condition in earlier 

inventories, was no longer the principal measure used to estimate 

condition, but was partially replaced by weighing the vegetation of a 

given sample plot. Range condition could be inferred from percentages 
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of climax plant composition through either measure. Climax condition 

is considered to be the end point of ecological succession of a stable 

biotic community. If an undisturbed area was assumed to have certain 

percentages of various plant species then the deviation from this norm 

in similar areas could be used to indicate site condition. This is 

done by measuring the percentage of species which tend to increase or 

decrease with use, and invading species. Ranges with a large 

percentage of decreaser plants, those that diminish under heavy use, 

are considered in excellent condition. Inversely, ranges with a high 

percentage of increaser plants, those which increase under heavy use, 

and a few invader species are in marginal condition. By employing 

these two measures, weight and cover of climax composition, a reliable 

method was developed to monitor range condition (Stoddart et al., 

1975). Unfortunately, the range-condition method was also beset with 

the same major drawbacks as the other previous methods. 

The application of these ground methods were restricted to 

small areas and were labor, cost and time in-efficient. The demand for 

more practical methods was increasing; methods which could maintain the 

required accuracy needed, yet inventory and monitor larger areas in 

less time and at less cost. The advent of remote sensing techniques 

provided this opportunity (Poulton, 1975). 

Remote Sensing Techniques in Range Management 

Remote sensing techniques were first used in range monitoring 

in the 1930's with the use of ground photography. Vertical and oblique 

photos were taken along transect lines of photo plots to gain an 
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impression of the vegetation. Over a span of years, a permanent 

photographic record of plant and ground conditions would be recorded 

and comparisons could be made. In the 1960's another form of ground 

photography was used. The employment of vertically-mounted cameras on 

tripods for obtaining two stereoscopic photos of the same ground plot. 

This technique had partial success in quantifying plant numbers, 

heights, cover and species composition, but was dependent upon the 

size, density height and layering of plants in the community analyzed 

(Poulton, 1975). 

In the mid 1940's conventional panchromatic aerial photography 

became available. It is particularly valuable for illustrating general 

range condition and trend over long periods such as 20 or more years. 

(Reid and Pickford, 1944; Poulton, 1975). These photographs are 

particularly useful in that they may provide a large amount of 

information for vegetation mapping, and that they provide the only 

recording of range conditions many years ago which may be easily 

compared to similarly scaled photos taken at later dates (Reid and 

Pickford, 1944; Poulton, 1975). 

By the early 1970's very large-scale aerial photography came 

into use. Research using the photos has emphasized four points: 

(Poulton, 1975: 1455) 

1) Determing the extent to which individual plants can be 
detected and identified. 

2) Determining the extent to which plant parameters such as 
height, cover, density number, and frequency can be 
measured or estimated directly from photo-analysis. 
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3) Determining the extent to which large-scale air photos taken 
at intervals of one year or more can be effective in 
monitoring changes within plant communities. 

4) Determining the extent to which surface soil characteristics 
such as litter, rock erosion, bareground and soil type can 
be quantified and detected. 

Equipment used is a low-flying small aircraft, either 35-mm or 70-mm 

aerial cameras, and color or color IR film. Success, is based upon the 

interpreter's ability to detect, recognize and evaluate changes present 

on the photography, and most importantly, the level of resolution of 

the photography (Poulton, 1975). 

In addition to scale, photographic resolution is largely 

determined by the type of film used. Hence, which photo type, color or 

color IR, is better for detecting vegetation changes of rangelands is a 

subject of controversy. Some (Driscoll and Coleman,1974; Fish and 

Smith, 1973) believe that color infrared photographs are significantly 

better than color photos in large-scale format (1:800 to 1:1500) in 

their ability to identify shrubs. When a comparison of the two film 

types was conducted, the identification of shrub species in different 

Great Basin plant communities was done with 83 percent accuracy when 

using color infrared photography. Seventy-six percent of the shrubs 

were identified correctly using color film (Driscoll and Coleman, 

1974). In a similar experiment in Sonoran desert scrub communities, 

multiseasonal color infrared photography at a scale of 1:600 allowed 

the accurate identification of the major shrub and cacti species (Fish 

and Smith, 1973). In addition to the believed greater accuracy of 

color infrared photographs, the time needed to interpret these photos 

was less than for color photos. Driscoll and Coleman (1974) found that 



15 

color infrared photographs could be interpreted in two-thirds the time 

it took for color photos. 

The argument for the use of color photos over color infrared 

photos is based upon one major premise. Although color infrared 

photographs include the near infrared portion of the spectrum in which 

vegetation is most responsive, color film more accurately reflects true 

surface colors. Surface colors are important because often vegetation 

is identified through terrain correlation processes. Vegetation types 

have fairly distinct habitats and these habitats are largely determined 

by edaphic and geomorphic factors. True color allows for a better 

assessment of the relationship between vegetation type and habitat. 

Another advantage of color photos over color infrared photos is that 

color photos have greater exposure and processing latitudes (Mouat and 

Hutchinson, 1983). 

Regardless of which film type is used, the application of 

large-scale aerial photography to rangeland inventory and monitoring 

has primarily relied upon few sampling methods (Poulton, 1975). First, 

one can note the increase or decrease in area coverage using either 

line transects or dot grids. The line transect method duplicates that 

used in ground surveys. When using the dot grid method, normally a 50 

to 200 dots/sq. in. grid is placed over the study area. Those dots 

which fall within or on the perimeter of the plants are counted and 

divided by the total number of dots to give cover percentage for each 

species. The estimated error of this measurement is not fully known, 

since scale, film type and type of vegetation community all influence 
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estimates. Poulton, (1975) found that when analyzing a bitterbrush-

sagebrush-bunchgrass plant community in northeastern California using 

color infrared photography, the estimated error in cover percentage was 

1-2 percent. An examination of three physiognomic classes (tree, 

shrubs and grasses) in southeastern Arizona using color photography and 

checked by ground measurements, indicated that the estimated error in 

cover was plus or minus 15 percent for trees, plus or minus 15 percent 

for grasses and plus or minus 8 percent for shrubs (Edinger, 1983) 

The second way to monitor range conditions is to note changes 

in plant numbers or species composition. The idea conditions for this 

would be a plant community which had few species, large plants and low 

cover values. Under these conditions, accuracy approaches 90 percent 

(Poulton, 1975). 

Third, there should be photo-interpretation and field checking 

of either small sample sites or a reliable ground map to check 

accuracy. The key for identifying vegetation types is analyzing image-

subject relationships. This involves discerning the difference between 

plants in terms of color, texture pattern, size and radiance. 

Different plants commonly have unique image characteristics which 

separate them from others. If the photo-interpreter can observe these 

distinctions then his assessment of range conditions may be partially 

fulfilled (Mouat and Hutchinson, 1983). 

Each of these three ways of monitoring range conditions has 

proven to be effective in both short and long term monitoring. Despite 

the perceived success of using large-scale aerial photos, however, the 
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range of accuracy is not completely known. Results of recent 

experiments are promising (Warren and Dunford, 1983). 

Remote sensing techniques involved in range management not only 

employ the use of aerial photography, but also Land Satellite (Landsat) 

imagery. The combination of repetitive coverage every 18 days, a 

synoptic view and real time recovery of the imagery makes the use of 

Landsat images important in range inventory and monitoring (Poulton, 

1975). Bentley et al., (1976) recognized that satellite imagery was 

useful in delineating broad soil types, plant communities and forage 

production on a regional basis. Satellite imagery, for example, has 

been used to record the annual spread of savanna fires in Africa during 

the dry season, used as a relative indicator of arid land quality 

change in southwestern Utah, and as an estimator of vegetation cover in 

southeastern Montana and central Arizona (Kellman, 1980; Robinove et 

al., 1982; Bentley et al., 1976; Frank, 1984). However, due to the 

limited resolution of Landsat imagery, there are still restrictions to 

its application in range management (Frank, 1984). 

Landsat data can be used in two different formats for 

vegetation inventory. The photographic format is ideal for presenting 

a synoptic view, and can be used to delineate general types of land 

cover for mapping and characterizing vegetation. In the digital 

format, Landsat data has been useful for vegetation inventory through 

the employment of multispectral classification to recognize 

reconnaissance level mapping units. However, multispectral classes 

which are delineated from the Landsat data correlate poorly with 
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recognized vegetation units where vegetation cover values fall below 30 

percent (Hutchinson, 1982). 

Two methods are more commonly used for the monitoring of 

rangelands (Hutchinson, 1982). Digital Landsat data are used to create 

band or other linear combination ratios, which are derived from 

reflectance values in the near infrared part of the spectrum in 

relation to the red part. Results generated from the ratios are used 

successfully to estimate range biomass, but are considered unreliable 

in areas where vegetation cover values are less than 30 percent. 

Background soil spectral characteristics are believed to contribute to 

the error. Landsat albedo difference images offers another method for 

monitoring rangelands. This technique involves determing the Landsat 

albedo (percentage of incoming radiation reflected from the surface in 

Landsat wavelengths) for an entire image and comparing this with 

subsequent Landsat albedo images. Relative decreases or increases in 

albedo may indicate either improvement or degradation of land surfaces 

respectively. This technique has been particularly effective in arid 

regions where vegetation cover values drop below 30 percent 

(Hutchinson, 1982). 

Factors of Vegetation Change 

Successful assessment of range condition and trend is also 

dependent upon determining the factors causing vegetation change. In 

order for large-scale aerial photography to be an assest in range 

management decisions, information gathered from the photographs must be 

sufficient enough be able to attribute the vegetation changes to a 
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particular cause or causes. In this study, four causal factors are 

assumed to contribute to vegetation change, based on four hypotheses 

regarding vegetation change in southern Arizona. These are: (Hastings 

and Turner, 1965: 275-283; Humphrey, 1958:221-250) 

1) Cattle grazing 
2) Fire suppression 
3) Rodent and jackrabbit population fluction 
4) Climatic change 

There are three major mechanisms by which cattle can contribute 

to the invasion of woody plants which are normally considered to be an 

indication of a disturbed site. First, cattle roam the range and act 

as disseminators by scattering viable seeds in droppings. In addition, 

the passing of the seeds of mesquite, catclaw and white thorn through 

the alimentary tracts of cattle aids in the scarification process which 

ultimately leads to germination. Second, trampling by livestock 

compacts the upper layers of soil and lessens infiltration. Third, the 

removal of the soil-protecting grass and litter cover increases runoff 

and evaporation. The effect of the second two factors is reduced soil 

moisture and subsequent favoring of the growth of plants with a deep-

root system which is common for woody shrubs (Hastings and Turner, 

1965; Humphrey, 1958). 

Fire supression is thought to aid the growth of woody shrubs 

because there is no longer the condition where a hot fire would destroy 

all the woody seedlings and return the range site to its natural (pre-

cultural influences) condition (Humphrey, 1962). Hot fires are the 

result of burning large amounts of biomass and are, thereby, limited to 

those areas of significant plant production. This would normally 
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exclude the desert scrub vegetation community of the Sonoran Desert of 

Arizona (Hastings and Turner, 1965; Humphrey, 1958). 

Rodents and jackrabbits are believed to have an effect in 

producing vegetation change for three reasons. One, because of the 

ease of mobility open sites offer for these animals, they commonly feed 

on the sparsely vegetated areas which can least stand foraging 

pressure. Two, similar to cattle, they aid in the scarification 

process of seeds and three, they disseminate seeds (Hastings and 

Turner, 1965; Humphrey, 1958). 

Climatic variation is the final hypothesis of vegetation 

change. The basic gist of this hypothesis is that either a decrease in 

annual precipitation or an increase in mean annual temperature, or a 

combination of both will lead to more arid conditions. A shift towards 

greater aridity would, therefore, encourage the development of 

vegetation with deep-root systems and would somewhat or completely 

eliminate plants which require a more mesic environment (Hastings and 

Turner, 1965; Humphrey, 1958). 

Which cause is most valid and gives the best answer for why 

there is vegetation change is not fully agreed on. For example, 

Hastings and Turner (1965: 289), using almost an equifinality viewpoint 

(that there are numerous factors which contribute to particular 

outcome), came to the conclusion that vegetation change in southern 

Arizona probably was in response to "the unique combination of climatic 

and cultural stress imposed by the events of the past eighty years; 

that climate and cattle have united to produce it." In contrast, 

however, Bahre and Bradbury (1978: 160) believe that vegetation change 
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in southern Arizona is almost entirely caused by livestock raising, and 

that the " least convincing theory is the concept of regional climatic 

change in the last 90 years." Further, Humphrey (1958) believes that 

climate has played an insignificant role in producing vegetation 

change, and vegetation change is largely the result of fire 

suppression, rodent and jackrabbit populatation fluctuation and cattle 

grazing. 

Range Regeneration 

Another important element in range management and vegetation 

change involves the rate of regeneration. How long does it take for a 

disturbed site to return to its natural condition once it is isolated 

from cultural influences? Again the problem of determining what climax 

condition is creates difficulties for classifying the degree of 

regeneration, but can be assumed to be the pre-cultural influence 

condition of the land. 

An important source of regeneration data pertinent to this is 

available from experiments done on the Santa Rita Experimental Station 

in southwestern Arizona. This fenced exclosure, which was established 

in 1903, consisted primarily of stands of perennial grasses which were 

seriously depleted due to extensive foraging of cattle. The purpose of 

the experiment was to determine the length of recovery time of the 

grasses. This was believed to occur by 1912 (Martin and Reynolds, 

1973). 

Another source for such data is the Desert Laboratory at 

Tucson, Arizona, where the perennial plants of seven areas were mapped 
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and their changes followed for approximately 30 years. These areas 

were protected from grazing since 1906 and are typical of the Sonoran 

desert scrub vegetation community. All of these areas had large 

increases in plant population ranging from 42 percent to 851 percent. 

The rate of restoration increased in the last eight years of the study 

and the increase is attributed to the cumulative effect of the 

restoration of favorable conditions. The conclusion of the study was 

that there is no common trend apparent in regeneration other than a 

consistent increase in plant populations (Shreve and Hinckley, 1937). 



STUDY AREA 

In order to test the effectiveness of large-scale aerial 

photography, test sites were chosen in Organ Pipe Cactus National 

Monument (OPCNM). OPCNM was established by Presidential proclamation 

in April 1937 to protect the unusual and diverse flora and fauna 

indigenous to the area. Located in southwestern Arizona in western 

Pima County along the international boundary, it comprises an area of 

330,719 acres (517 sq. miles) 

Grazing History 

The Monument has been subjected to intense cattle grazing for 

over half a century, and to a lesser degree for at least 200 years. 

Grazing on a continuous basis has occurred since the 1920's (Schultz, 

1966). The first permit to allow cattle grazing was issued by the 

National Park Service in 1938 to Jose Juan Orosco and limited foraging 

to 100 head of cattle. In 1939, Robert L. Gray and Sons were permitted 

to graze 550 cattle, and in 1943, they were allowed 1,050 cattle. 

However, these permits were loosely enforced and, in 1942, 16,673 

cattle were reported grazing within the Monument's boundaries. By 

1965, the number of head had dropped to 1,375 (Steenbergh and Warren, 

1977). 

The average carrying capacity of this limited resource area is 

about one head per square mile, or 500 to 550 head for the whole 

Monument (Warren, personal commmunication, 1984). Cattle populations 
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normally were far above this capacity after 1920. Thus, by the early 

1960's, the vegetation in the Monument was seriously overgrazed in 

several areas (Schultz, 1966). 

Since 1968 no permits have been issued for grazing by the 

National Park Service. However, under rights granted by previous 

permits, cattle continued to graze in the Monument until they were 

removed in 1979. No grazing by domesticated stock has occurred since 

then. 

Phytogeographic Subdivisions 

OPCNM includes examples of three major phytogeographic 

subdivisions of the Sonoran Desert within its boundaries (Shreve, 

1957). They are the Lower Colorado, Arizona Upland, and Sonoran Gulf 

Coast. These subdivisions include the creosote-bur-sage (Larrea-

Ambrosia), paloverde-saguaro (Cercidium-Cereus), and elephant tree-

limberbush (Bursera-Jatropha) communities. In addition, the saltbush 

(Atriplex) community, though not specific to any division, is present 

in some areas. 

Study Plots 

My study was limited to nine test plots at three locations. 

The locations were Aguajita Springs, Senita Basin and Dos Lomitas (Fig. 

1). These plots were chosen because baseline vegetation data and large-

scale color infrared aerial photography were obtained in 1975 

(Steenbergh and Warren, 1977). My study plots coincided with those of 

Steenbergh and Warren. 
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Fig. 1 Organ Pipe Cactus National Monument and location of study plots. 
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Aguajita Springs is located in the southwestern section of the 

Monument on the U.S.-Mexico boundary at an elevation of 335 meters. 

Each of the four 0.1 ha sample plots here are 20 meters by 50 meters 

(Fig. 2). They are located in fairly homogeneous areas and have 

minimal relief. Soils of the plots are a fine sandy loam for plot 200 

and gravelly loam for plots 2E1, 2E2 and 2E3. Plot 200 is located 0.05 

miles away from the nearest livestock watering facility (Aguajita 

Springs). Plots 2E1, 2E2 and 2E3 are 0.75, 1.85 and 2.85 miles away 

from Aguajita Springs respectively. Spacing of sites was based on 

Schultz's assessment of the maximum distance cattle can forage away 

from water (Steenbergh and Warren, 1977). This area is classified as 

an Atriplex community. Two species of saltbush, (Atriplex polycarpa, 

Atriplex linearis) and one species of desert seepweed (Suaeda 

torreyana) are dominant. All three are palatable to livestock. This 

site was the most intensively grazed of the three areas because of the 

availability of water and the palatability of the plants. 

Senita Basin is located on the south central area of the 

Monument, at an elevation of 520 meters. Here the three 0.1 ha plots 

are not as physiographically uniform as the plots at Aguajita Springs 

(Fig. 3). Plot 400 is cut by an arroyo, five meters wide. A swale 

runs through the middle of plot 4W2. For both plots, the abundance of 

moisture associated with the channels has supported a relatively 

abundant vegetation cover along the banks. Plot 4W1 is topographically 

uniform and, like plots 400 and 4W2, has a gravelly loam soil. Senita 

Basin's flora is representative of the Sonoran Gulf Coast subdivision. 

There is a great diversity of species here, but triangle bur-sage 
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Fig. 2 Plot 200, Aguajita Spring. Upper photograph taken 
20 December 1974, lower photograph taken 18 February 
1984. Note the addition of grass, six weeks fescue 
(Festuca octoflora), and much larger shrubs, salt-
bush (Atriplex linearis, A. polycarpa) and desert 
seepweed (Suaeda torreyana). 
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Fig. 3 Plot 4W2, Senita Basin. Upper photo taken 8 February 

1975, lower photograph taken 27 November 1984. Spec
ies in foreground are creosote (Larrea divaricata), 
triangle bur-sage (Ambrosia deltoldea) and ocotillo 
(Fouquieria splendens). 
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(Abrosia deltoidea) and creosote (Larrea divaricata) are the dominants. 

Neither of the dominants are particularly palatable, nor are most of 

the other species found at Senita Basin. Nevertheless, a few species 

such as ocotillo (Fouquieria splendens) are palatable, and there are a 

few occasional watering holes found in nearby tinajas. Hence, Senita 

Basin was subjected to moderate grazing pressure. 

Dos Lomitas is located in the southwestern section of the 

Monument on the international boundary at an elevation of 425 meters. 

There are two 1.4 ha plots here (Fig 4). One is a control, and the 

other is an exclosure. Both plots are flat and have fine sandy loam 

soils. Dos Lomitas is similar to Aguajita Springs because it supports 

an Atriplex community, however, no desert seepweed (Suaeda torreyana) 

is present. At Dos Lomitas, many species are present and are especially 

abundant in the fenced exclosure which has effectively excluded all 

livestock since March 1963 (Steenbergh and Warren, 1977). These plots, 

which are separated by 40 meters, are between two nearby watering 

facilities. Hence, the control plot was subject to intense grazing 

pressure. 
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Fig. 4 Dos Lomitas control plot. Upper photograph taken 12 

September 1975, lower photograph taken 27 November, 
1984. Lower photo shows an abundance of careless 
weed (Amaranthas palmer!) and large saltbush (Atriplex 
linearis, A. polycarpa). The saltbush is greatly 
stunted on the upper photograph. 



MATERIALS AND METHODS 

Description of Aerial Photography 

Photointerpretation was completed to delimit vegetation cover 

change between 1975-1983 for nine study sites. Color infrared 9 by 9-

inch transparencies taken in November 1975 and natural color 8 by 12-

inch prints from October 1983 were interpreted individually and the 

results were compared. The camera used for the 1975 flight was a 9 inch 

Wild RC 10 with a six inch lens. The film used was Kodak aerochrome-

infrared 2443 (ESTAR BASE) and the photos were taken from an altitude 

of 1,500 feet. The camera used for the 1983 aerial photo mission was a 

35 mm Canon F-l equipped with a motor-drive and a 100 mm lens. Every 

plot was photographed from an altitude of approximately 2,000ft above 

mean datum using Ektachrome Professional film 5017 exposed at ASA 64. 

Both sets of photos were taken on clear days. For the 1975 

transparencies, the scale is approximately 1:1,000 for each of the 

photos taken of the plots at Aguajita Springs and Senita Basin. The 

1975 photographs taken of the two plots at Dos Lomitas had a scale of 

1:1,850. Each print produced from the 1983 flight had a scale of 

approximately 1:1,200. 

Description of Method Used to Interpret Aerial Photos 

Vegetation cover was measured through photo-interpretation 

using the dot-grid method. A 100 point dot-grid with the dots spaced 

0.6 cm apart was used which covered at least one-half of the study area 
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each time it was set upon the photograph. The study areas outlined on 

the photographs were larger than the actual study plots for both 

Aguajita Springs and Senita Basin. These outlined areas on the 

photographs encompassed the actual study plots and, using a planimeter, 

were estimated to be approximately 0.9 ha. These enlarged areas were 

subjectively chosen to insure that the homogeneity of the study areas 

was consistent with the ground study plots. This enlargement of the 

photo study area was done to help give a more accurate and 

representative dot-grid count. 

Each time a dot-grid point coincided with a plant, it was 

recorded as either a tree, shrub, or cactus. Identification of the 

plants was aided by using the characteristics of size, shape, tone, 

texture, shadow, pattern and topographic location. For each site, a 

minimum of 150 points were counted and the vegetation cover was 

computed. 

Description of Method Used to Collect Ground Data 

Each study plot was also sampled on the ground to determine 

vegetation cover. This was done using the line-intercept method. 

Eleven 20 meter line transects, spaced at five meter intervals for the 

plots at Aguajita Springs and Senita Basin, and spaced at 17.3 meter 

intervals for the two plots at Dos Lomitas, were completed. Each time 

the transect intercepted the canopy of a perennial plant, the starting 

and ending points of the intercept were recorded and plant species type 

noted. If one plant over-lapped another along the transect, both were 

recorded; hence, theoretically over 100 percent vegetation was 
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possible. Vegetation cover for each plot was computed by summing the 

length of vegetation cover for all eleven transects and then dividing 

this value by 220 meters. This value was then divided into cover 

percentages by plant species. 

Description of Statistical Procedures 

Statistical analysis was conducted to examine numerous 

relationships between photo and field data. These comparisons are used 

to evaluate the effectiveness of large-scale aerial photography for 

detecting changes in perennial vegetation cover. Using air photo 

estimates of vegetation cover derived from dot grid analysis as the 

dependent variable (y), and average line transect cover measurements as 

the independent variable (x), correlation and regression analysis were 

employed to measure the strength and quantitative character of the 

relationships. 

Relationships between photo estimates and field data were 

examined to insure that a comprehensive analysis was made. The first 

bivariate analysis was done between the 1975 color infrared photo 

estimates and 1975 ground measurements. Cover percentages for each of 

the nine study plots were compared to determine the strength of the 

relationship. Regression analysis was done to see how the scatter of 

points fit along a regression line. Another bivariate analysis 

conducted was that between the relative cover increase from 1975 to 

1983 of the photo-estimates in comparison to the relative cover 

increase from 1975 to 1984 of the ground measurements. Again 

correlation and regression analysis were conducted to test for the 
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intensity of this relationship, and the "goodness of fit" between the 

regression line and the scattering of points. 

The final statistical analysis was done to determine whether 

color or color infrared photos were better for detecting vegetation 

changes of shrubs, cactus, and trees. Cover percentage for each of the 

1975 color infrared transparencies and 1983 color prints were separated 

into groups of shrubs, cactus, and trees. These divisions were then 

compared to their respective classes from the data gathered from ground 

measurements and correlation and regression were performed. 

A statistical analysis of climatic data gathered at Organ Pipe 

Cactus National Monument headquarters was performed. From information 

gathered by the National Oceanic and Atmospheric Administration (NOAA), 

three year running means, beginning in 1974 and ending in 1984, were 

computed for both temperature and precipitation. This was done to give 

a more representative impression of current climatic patterns. 



RESULTS AND DISCUSSION 

Part 1—Relationships of Photo/Ground Observations 

The first objective of this study was to determine the 

effectiveness of large-scale aerial photography for detecting changes 

in perennial vegetation cover. More specifically, this involved 

determining which photo estimates, color infrared or color, best 

corresponded with ground measurements. 

Total Cover 

There is a highly significant correlation between photo 

estimates and ground measurements of total vegetation cover for both 

film types, color infrared and color (Figs. 5 and 6). Both correlation 

coefficients (r) generated indicate exceptionally strong 

relationships. 

For both sets of photo/ground measurement comparisons, photo 

interpretation underestimated vegetation cover for six of the nine 

study plots. These underestimates ranged from approximately six 

percent to less than one percent. Overestimates were no greater than 

five percent. The variability in these estimates can be explained by 

two factors. First, underestimates likely are due to an inability to 

distinguish smaller vegetation features on the photos. Second, 

overestimates occurred only in the three plots which had large stands 

of annual grasses and forbs. The separation between perennials and 

annuals is difficult when the annuals are closely interspersed with 
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perennials. Further, coloration of the annuals at different 

phenological stages can give them, at times, a similar tone to some of 

the perennials. The darkened appearance of careless weed (Amaranthas 

palmeri), at the two Dos Lomitas plots is a good example. Here, a 

clear distinction between the two species of saltbush (Atriplex 

linearis, A. polycarpa), and Careless Weed (Amaranthas palmeri), was 

difficult to make. At plot 200 at Aguajita Springs, the numerous 

annual grasses such as six-weeks fescue (Festuca octoflora), tended to 

create an appearance of dense vegetation cover. Thus, it was assumed 

that perennial plants covered a larger area than they actually did. 

Every plot at Organ Pipe Cactus National Monument experienced a 

large increase in vegetation cover in the last nine years (Fig. 7). 

Some areas such as those plots near Aguajita Springs and at Dos Lomitas 

underwent dramatic changes. Both relative and absolute increases in 

total vegetation cover were compared between photo estimates and ground 

measurements to indicate how effective aerial photography is for 

determining trend. Again, the correlation coefficients for these 

matched values were high, indicating a strong relationship (Figs. 8 

and 9). 

As mentioned earlier, cover estimates can be analyzed according 

to growth habit. For vegetation at OPCNM, these are tree cover, shrub 

cover and cacti cover. 

Tree Cover 

The relationships between air photo estimates and ground 

measurements of tree cover were moderately strong when using color 
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PLOTS 

Fig. 7 Bar graphs indicate percentage of vegetation cover for each 
study plot at OPCNM. Dotted pattern is for 1975, and the solid 
pattern is for 1984. 



Fig 8 Regression line of PHOTO ESTIMATES = f(GROUND MEASUREMENTS) for relative increase in 
total vegetation cover from 1975 to 1983/84. Note the high coefficient value (r). 
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infrared photography and insignificant when using color film (Figs. 10 

and 11). The large difference in accuracy may be attributed to 

several factors. Color infrared aerial photos were taken in late 

November of 1975. By this time, most of the tree species common to 

this region, especially mesquite (Prosopis juliflora) and foothill 

paloverde (Cercidium microphyllum), have lost most of their leaves. 

Trees without their leaves tended to be much easier to identify because 

their structural pattern was more recognizable and also there was a 

greater distinction between the tree shadow and actual tree cover. The 

1983 color photos were taken in October; hence, most of the trees had a 

full-leaf canopy. This full canopy caused interpretation difficulties 

because there was no distinction between some of the smaller trees and 

larger shrubs such as creosote (Larrea divaricata) and ocotillo 

(Fouquieria splendens). In addition, shadows cast by trees on the the 

color photographs were not as well defined as the shadows cast by trees 

on the color IR photos. This created a problem of interpreting between 

shadow and tree. 

Another factor contributing to the apparent difference in 

accuracy between the two sets of photos is the amount of vegetation 

cover. The 1975 photographs were taken during a time of severe 

vegetation denudation. Most palatable plants had been severely 

overgrazed and could be found as isolated vegetation components. By 

1983, the area had recovered partially from grazing pressures and had a 

robust plant population. Cover had increased significantly and almost 

all plant species had a more full canopy than they did in 1975. 
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Cattle often graze intensively around the base of trees such as 

mesquite (Prosopis juliflora) and foothill paloverde (Cercidium 

microphyllum) because the shady conditions allow for an abundance of 

either grasses or other soft and palatable shrubs and forbs. Further, 

the cattle seek the shade the trees provide and trample down the area 

under the crown. Because of these two conditions, there is a small 

but intensively used area around the tree that marks it from other 

areas. In 1975, this pattern was quite apparent and aided in the 

identification of trees. In 1983, there was no marked difference 

between tree cover and other cover as far as to the degree of 

utilization (Fig. 12). 

The aerial photo estimates from 1975 tended to slightly 

overestimate tree cover in five of the nine study plots, and the aerial 

photo estimates from 1983 tended to greatly underestimate tree cover in 

seven of the nine study plots. This large difference can again be 

explained by the difficulty of distinguishing shrub cover from tree 

cover. 

A correlation value was also generated for absolute tree cover 

percentage change between the 1975-84 ground measurements and 1975-83 

photo estimates to assess the effectiveness of large-scale aerial 

photography for determining the trend of tree cover (Fig. 13). The 

value indicated a weak relationship. 

Shrub Cover 

The correlation coefficient observed between photo and ground 

measurements of shrub cover were much higher than those observed for 
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Fig. 12 Mesquite tree (Prosopis juliflora) photographed 1 
December 1975 upper and 27 November 1984 lower. 
There is a marked difference in utilization between 
the two photos. In 1975, the saltbush (Atriplex 
linearis, A. polycarpa) was stunted; in 1984, fully 
grown. 
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tree cover (Figs. 14 and 15). The high correlation values may be 

accounted for by several factors. The nine plots photographed at Organ 

Pipe in the 1975 were generally void of any grass cover. With only a 

few exceptions, most of the plots had less than one percent grass cover 

in 1983. Grass cover can make the detection of shrubs difficult 

because the background contrast is greatly diminished. Since there was 

little grass cover, this contrast was quite strong. 

The fact that many of the shrubs are evergreen also contributed 

to the high correlation values. There was little trouble 

distinguishing between cacti and shrub cover. Shrubs had strong 

structural characteristics and these were consistent on both the 1975 

and 1983 photos, even though the photos were taken in different months. 

At the four plots at Aguajita Springs and two at Dos Lomitas, 

there were a limited number of shrub species. These were primarily 

saltbush (Atriplex linearis, A. polycarpa), ocotillo (Fouquieria 

splendens), desert seepweed (Suaeda torreyana), and creosote (Larrea 

divaricata). Because there were so few shrub species, the 

interpreter quickly became familiar with the unique tone, shape, and 

size of each species. Identification was easier with fewer species. 

For the three plots at Senita Basin where there were more shrub 

species, the identification of shrubs was slightly more difficult. 

Overestimates of shrub cover were most likely the result of 

mistakingly interpreting cacti as shrubs. Several species of cacti 

such as jumping cholla (Opuntia fulgida), buckhorn cholla (Opuntia 

acanthocarpa), and young saguaro (Cereus giganteus) could be confused 

as shrubs at a photo scale of approximately 1: 1100. 
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The correlation coefficient of absolute shrub cover change 

observed between ground measurements between 1975 to 1984 and aerial 

photo estimates between 1975 and 1983 indicated a strong relationship 

(Fig. 16). This suggests that large-scale aerial photography can be 

used to estimate short term changes in shrub cover. 

Cacti Cover 

The correlation coefficients observed between aerial photo 

estimates and ground measurements of cacti cover were quite different 

for the two sets of years. In 1975, the correlation value generated 

while using color infrared photos indicated a strong relationship (Fig. 

17). In 1983, while using color photos, the correlation value 

indicated a very weak relationship (Fig 18). Several causes could be 

attributed to such a large difference between the two photos in terms 

of accuracy. 

In 1975, many shrub species were severly overgrazed. Because of 

this, the shrub species were quite smaller. The cacti species, on the 

other hand, were seldom touched and remained in their natural state. 

Since size is to a large extent an excellent way to separate cacti from 

shrub species, this aspect was enhaced in 1975. In most instances, 

there was a clear distinction between cacti and shrubs. In 1983, the 

opposite conditions prevailed. Because cattle were removed in 1979, 

palatable shrub species have had a chance to increase in size. Without 

differences in size, cacti and shrubs were much more difficult to 

distinguish. 
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Cacti species such as pencil cholla (Opuntia leptocaulis), 

buckhorn cholla (Opuntia acanthocarpa), jumping cholla (Opuntia 

fulgidia), and saguaro (Cereus giganteus) are often found within the 

canopies of many of the shrub and tree species of the Monument, since 

they provide more favorable growing conditions. Because of this, many 

of the cacti species were difficult to locate on the 1983 color 

photographs. Even in the field, many of these cacti species blend so 

well with other vegetation that they are difficult to find. In 

contrast, shrubs were smaller in 1975, and the understory around trees 

was less so that cacti species were more easily observed. 

Color infrared photography was more sensitive than natural 

color to tonal differences among species. Color infrared was especially 

helpful in the instances where the cacti species were growing within 

the shrub species canopy. Where identification of cacti species was 

nearly impossible on the 1983 color photographs, it was relatively 

simple with the 1975 color infrared photography. 

There was a tendency to underestimate vegetation cover with 

both sets of photos. Again, this can be attributed to the lack of 

distinction between species and that cacti species were erroneously 

counted as another plant type. Only three species were easily 

distinguishable on both sets of photos and were not likely subject to 

gross misidentification error. These were the senita cactus (Cereus 

schotti), organpipe cactus (Cereus thurberi), and mature saguaro 

(Cereus giganteus). These generally tended to be large enough and grew 

outside shrub and tree cover. 
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The correlation coefficient between photo estimates and ground 

measurements of absolute cactus cover change from 1975 to ]983 was low 

(Fig. 19). Hence, the ability of an interpreter using aerial 

photography to detect the direction and rate of change in cactus cover 

was near zero. In many instances, the direction of trend inferred 

from the photographs was the opposite of data gathered from ground 

measurements. 

Part 2— The Use of Aerial Photography for Determining 
Vegetation Change Cause or Causes 

The use of aerial photography can be helpful for determining 

the particular cause or causes of vegetation change. This is important 

because range management is not only concerned with condition and 

trend, but also the factors involved with influencing these concepts. 

As indicated earlier, there are four major hypothoseses regarding 

vegetation change in southern Arizona. These are cattle grazing, fire 

suppression, rodent and jackrabbit population fluctuation and climatic 

change (Humphrey, 1958; Hastings and Turner,196A) In the second part of 

this study, I examine the utility of aerial photos for providing 

information that can be used to identify a particular cause of causes 

of vegetation change. 

Fire Suppression 

Fire suppression typically leads to an increase in woody shrub 

species, hence, a decrease in total cover and perennial grasses. Data 

gathered from ground measurements at OPCNM showed a substanial increase 

in total cover and shrub cover, and a slight increase in grass cover 
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from 1975 to 1984. Plant density measurements indicated that there was 

virtually no change for shrubs, while there was the addition of new 

grasses. 

Based on these factors and the following information, it is 

unlikely that the fire suppression hypothesis is significant in 

explaining vegetation change at OPCNM. For most of the plots at the 

Monument, vegetation cover is below thirty percent and there is little 

grass cover. Because of low fuel level occuring in this area, natural 

fires would not play an important role in vegetation succession. 

Since the Monument was established in 1937, only one small fire has 

been reported. This occurred in 1984 near Dos Lomitas, burning a small 

amount of ruderal growth along the road. Because there is a lack of 

fires to possibly cause a change, the suppression of fires would not 

cause change either. However, even if fires had been suppressed 

often and the vegetation change in OPCNM could be directly linked to 

fire suppression, the utility of aerial photography for identifying 

this cause of vegetation change would be minimal. Air photos, either 

color or color IR, with a scale of approximately 1:1200, do not provide 

enough resolution to allow the interpreter to detect changes in shrub 

density or grass density and grass cover. 

Rodents and Jackrabbits 

Large populations of rodents and jackrabbits can lead to heavy 

foraging pressure in sparsely vegetated areas, and scarification and 

dissemination of seeds. The effect of heavy foraging pressure would 
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be a decrease in shrub and grass cover and an increase in cacti cover, 

particularly cholla types. 

There was slight increase in cacti cover at OPCNM from 1975 to 

1984 as gathered from ground measurements. As mentioned earlier, there 

was a large increase in shrub cover and a small increase in grass 

cover. These changes may be the result of decreased foraging pressure 

by rodents and jackrabbits. 

Air photo interpretation detected the increase in shrub cover, 

but was'Unable to detect the introduction of grasses from 1975 to 1984. 

There was no correspondence between cacti cover changes on the photos 

when compared to ground measurements. This can be attributed to the 

negligible correspondence between color air photos and ground 

measurements. Evidence suggests vegetation change at OPCNM is possibly 

related to rodent and jackrabbit population fluctuations; 

unfortunately, aerial photography did not capture this evidence. 

Cattle Grazing 

Cattle grazing has a large impact on rangeland vegetation, and 

changes attributed to livestock foraging may be drastic. Intensive 

cattle grazing can: 1) increase the rate of spread of woody species; 

2) kill grasses, cacti and small shrubs; 3) greatly reduce the size 

of palatable shrubs; 4) destroy all pre-existing vegetation around the 

bases of mesquite (Prosopis juliflora) and foothill paloverde 

(Cercidium microphyllum) trees; and 5) severly reduce total vegetation 

cover. With the removal of domestic livestock in 1979, these 

conditions should be reversed. 
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Cattle grazing on the plots at Organ Pipe undoubtedly had a 

major impact on vegetation, and field checks in 1975 and 1984 confirmed 

this. Because of the large number of animals, nearly all of the 

palatable plant species were heavily utilized. The numerous trails 

visible in 1975 gave indication of which areas were most intensively 

grazed. There was a marked difference in species utilization between 

the areas which had many and well-worn cattle paths and those which did 

not. In fact, those plots that had the largest relative vegetation 

changes from 1975 to 1984 had the most well-defined cattle paths; those 

plots which had the least relative vegetation change had the least 

well-defined cattle paths. 

In all cases there was a clear-cut relationship between use as 

determined from plant species size and the definition of the cattle 

trails. Those vegetation subunits which were not palatable underwent 

little change in cover percentage. Inversely, the vegetation subunit 

which was heavily grazed and includes many palatable species 

experienced a large change in vegetation cover. 

Aerial photography captured this evidence exceptionally well. 

Interpretation of the aerial photography determined that from 1975 to 

1983: 1) there was not an increase in woody shrub cover; 2) grasses, 

cacti and small shrubs appeared to be healthy; 3) palatable shrubs were 

considerably larger; 4) there appeared to no area of heavy utilization 

around the bases of mesquite (Prosopis juliflora) and foothills 

paloverde (Cercidium microphyllum); and 5) there was a significant 

increase in total vegetation cover. 
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Climatic Change 

Short-term perturbations from long-term climatic averages 

(precipitation and temperature) may result in vegetation change. 

Above-normal rainfall for only two or three years may result in the 

addition of grasses, fewer shrubs and greater total cover. Opposite 

conditions may result after a few consectutive years of below-normal 

rainfall, where drier conditions tend to favor those species (mainly 

shrubs) with well-developed root systems. Temperature deviations may 

cause vegetation change if there is a heavy freeze which elimates 

frost-sensitive plants. 

In 1975 at OPCNM, there were no grasses, and the shrub species 

were severly stunted. In addition, there were several frost-sensitive 

species, elephant-tree (Busera microphylla) and limberbush (Jatropha 

cardiophylla, J. cinerea), at Senita Basin. In 1983, there were a few 

grasses in the Monument and shrub species had increased in cover. 

Elephant-tree (Bursera microphylla) and limberbush (Jatropha 

cardiophylla, J. cinerea) species were greatly reduced at Senita Basin. 

Climatic data gathered at the Monument headquarters tends to 

support the hypothesis of climatically-controlled vegetation change 

(Fig. 20). Precipitation totals for example, were well-below the 26-

year mean shortly before and during the time the 1975 aerial 

photographs were taken. In 1975 for instance, the annual total was 4.36 

inches or less than half the yearly average. In 1974 and 1973 annual 

precipitation totals were also below average. In contrast, 

precipitation totals were above normal before and during the time the 

1983 aerial photos were taken. In fact, in 1983, a record 19.65 inches 
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of precipitation were recorded at Monument Headquarters which is more 

than double the mean annual of 9.17 inches per year. Temperature, 

although it is less significant in influencing vegetation cover than 

precipitation, also may be responsible for the change. In January 

1979, there was a heavy freeze (21 F) at OPCNM. This is severe enough 

to kill frost-sensitive species. 

The interpretation of aerial photography was moderately 

successful for attributing vegetation change to climatic fluctuations. 

Comparisons of aerial photography from 1975 to 1983 indicated a large 

increase in total cover with the largest relative increase being shrub 

cover. The addition of grasses at OPCNM by 1983 could not be detected. 

Elephant-tree (Bursera microphylla), but not limberbush (Jatropha 

cardiophylla, J. cinerea) species could be detected on the 1975 color 

infrared photos; neither could be seen on the 1983 color photos. 



SUMMARY 

This study examined the usefulness of large-scale color and 

color infrared aerial photography as a technique for inventorying and 

monitoring range condition. There were two research objectives. 

First, was to determine the effectiveness of large-scale color and 

color IR photography for detecting changes in perennial vegetation 

cover, and more specifically, to note which photo type best indicated 

change. Second, was to determine the utility of the photos for 

attributing vegetation change to a particular cause or causes. 

Overall, total vegetation estimates derived from the aerial 

photography corresponded well with ground measurements. There was 

essentially no difference in accuracy between photo types; color IR 

(r=0.97) or color (r=0.98). 

Correlation coefficients between photo and ground measurements 

of tree cover were much lower than those for total cover. The 1975 

color infrared photos more accurately determined tree cover (r=0.69) 

than the 1983 color photos (r=0.50). 

The relationships between air photo estimates and ground 

measurements of shrub cover were strong. Both color infrared (r=0.89) 

and color photos (0.86) seemed to be nearly equally effective when used 

to determine shrub cover. 

The comparison of ground measurements to aerial photo estimates 

of cacti cover were not great. Color IR photos were greatly superior 

(r=0.81) to color photos (r=0.27) when used to identify cacti. 

64 



65 

Absolute change in total, tree, shrub and cacti cover from 1975 

to 1983/84 was also calculated to determine the usefulness of aerial 

photography to detect the rate and direction of trend. Strong 

relationships exist for both total cover (r=0.94) and shrub cover 

(r=0.77). There was no relationship for tree cover and cacti cover. 

Color infrared photography proved to be more useful in 

detecting vegetation cover by species type than color photography, 

especially when identifying tree and cacti cover. This is most likely 

the result of the marked contrast between vegetation subunits found on 

the 1975 color infrared transparencies. This contrast was largely the 

result of intensive livestock foraging upon the shrubs and around the 

trees. 

Information derived from aerial photography, when combined with 

supplemental information, can also be helpful for attributing change 

in vegetation cover to a particular cause or causes. In this 

experiment, information gathered from the large-scale aerial 

photography indicated that the effects of livestock grazing and short-

term climatic fluctuations could be determined; however, the effects 

of fire suppression and rodent and jackrabbit fluctuations could not be 

determined. 

Overall, the use of large-scale aerial photography for 

detecting changes in vegetation cover over a period of years and 

attributing these changes to particular cause or causes, proved to be 

successful. This, when combined with the easy acquisition of aerial 

photography and its relatively low cost, makes the use of aerial 

photography for range inventory and monitoring a viable alternative to 
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photography for range inventory and monitoring a viable alternative to 

traditional ground methods. 



APPENDIX A 

RAW FIELD DATA 
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Study Plot 200 

1) Aerial Photographs: Scale 
1: 1100 
1: 1200 

Name Aeuaiita SIVHTIP 

Film Type 
Color IR 
Color 

2) Size of Sample Plot on Aerial Photograph: .42 ha 

3) Percentage Vegetation Cover: 

A) ground measurements 
i) 1975 3.43 
ii) 1984 18.85 

a) relative increase 449.56 
b) absolute increase 15.42 

B) aerial photograph estimates 
i) 1975 4.66 
ii) 1983 19.34 

a) relative increase 315.02 
b) absolute increase 14.68 

4) Percentage Vegetation Cover—Breakdown by Type: 

Year Taken 

November, 1975 
October, 1983 

Ground Measurement:.l ha 

/' of dots 
counted on grid Tree Shrub Cactus Total % 

1975 photo estimate 236 0 4.66 0 4.66 

1975 ground measurement 0 0 3.43 u 3.43 

1983 photc estimate 181 1.11 18.23 0 19.34 

1984 ground measurement 0 0 18.85 0 18.85 
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Studv Plot 2E1 Name Aenaj-ll-a Spr-ing 

1) Aerial Photographs: Scale Film Type 

1: 1100 Color IR 
1: 1200 Color 

2) Size of Sample Plot on Aerial Photograph: .94 ha 

Year Taken 

November, 1975 
October, 1983 

Ground Measurement:.] ha 

3) Percentage Vegetation Cover: 

A) ground measurements 
i) 1975 10.51 
ii) 1984 23.11 

a) relative Increase 118.89 
b) absolute Increase 12.60 

B) aerial photograph estimates 
i) 1975 9.05 
ii) 1983 17.75 

a) relative increase 96.13 
b) absolute increase 8.70 

4) Percentage Vegetation Cover—Breakdown by Type: 

# of dots 
counted on grid Tree Shrub Cactus Total % 

1975 photo estimate 254 1.57 7.48 0 9.05 

1975 ground measurement 0 0 10.51 0 10.51 

1983 photo estimate 231 6.06 11.26 .43 17.75 

1984 ground measurement 0 0 23.11 0 " 23.11 
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Study Plot_2E2_ Name Agnfljita Spring 

1) Aerial Photographs: Scale 
1: 1100 
1: 1200 

2) Size of Sample Plot on Aerial Photograph: 

Film Type 

Color IR 
Color 

.92 ha_. 

Year Taken 

November, 1975 
October, 1983 

Ground Measurement: . l ha 

3) Percentage Vegetation Cover: 

A) ground measurements 
i) 1975 16.64 
ii) 1984 21.98 

a) relative increase 32.09 
b) absolute increase 5.34 

B) aerial photograph estimates 
i) 1975 15.58 
ii) 1983 20.41 

a) relative increase 31.00 
b) absolute increase 4.83 

4) Percentage Vegetation Cover—Breakdown by Type: 

# of dots 
counted on grid Tree Shrub Cactus Total 2 

1975 photo estimate 
244 .86 14.72 0 15.58 

1975 ground measurement 
0 4.18 12.19 .27 16.64 

1983 photo estimate 
294 2.04 18.37 0 20.41 

1984 ground measurement 
0 1.80 19.70 .48 21.98 
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Studv Plot 2E3 Name Aguajita Spring 

1) Aerial Photographs: Scale 

1: 1100 
1: 1100 

Film Type 

Color IR 
Color 

2) Size of Sample Plot on Aerial Photograph: .94 ha 

Year Taken 

November, 1975 
October, 1983 

Ground Measurement: .lha 

3) Percentage Vegetation Cover: 

A) ground measurements 
i) 1975 9.75 
ii) 1984 17-20 

a) relative increase 76.41 
7.45 b) absolute increase 

B) aerial photograph estimates 
i) 1975 9-12 
ii) 1983 34.34 

a) relative increase 57.23 
b) absolute increase 5.22" 

4) Percentage Vegetation Cover—Breakdown by Type: 

of dots 
counted on grid Tree Shrub Cactus Total Z 

1975 photo estimate 252 1.98 6.74 .40 9.12 

1975 ground measurement 0 1.23 8.52 0 9.75 

1983 photo estimate 237 1.69 12.65 0 14.34 

1984 ground measurement 0 1.27 15. 72 .21 17.20 
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Study Plot 400 Name Senjta Basin 

1) Aerial Photographs: Scale 

1: 900 
1: 1250 

2) Size of Sample Plot on Aerial Photograph: 

Film Type 

Color IR 
Color 

.70 ha 

Year Taken 

November, 1975 
October, 1983 

Ground Measurement: . 1 ha 

3) Percentage Vegetation Cover: 

A) ground measurements 
i) 1975 32.72 
ii) 1984 47.85 

a) relative increase 46.24 
b) absolute Increase 15.13 

B) aerial photograph estimates 
i) 1975 30.62 
ii) 1983 47.25 

a) relative increase 54.31 
b) absolute increase 16.63 

4) Percentage Vegetation Cover—Breakdown by Type: 

# of dots 
counted on grid Tree Shrub Cactus Total 7. 

1975 photo estimate 271 8.11 21.40 1.11 30.62 

1975 ground measurement 0 4.24 26.47 2.01 32.72 

1983 photo estimate 166 15.06 32.19 0 47.25 

1984 Rround measurement 0 5.18 40.71 1.96 47.85 

% 
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Study Plot mji Name Senlta Basin 

1) Aerial Photographs: Scale Film Type 

1: 1000 Color IR 
1: 1000 Color 

2) Size of Sample Plot on Aerial Photograph: .92 ha 

Year Taken 

November, 1975 
October, 1983 

Ground Measurement: . I ha 

3) Percentage Vegetation Cover: 

A) ground measurements 
i) 1975 21.86 
ii) 1984 38.85 

a) relative increase 77.86 
b) absolute increase 17.02 

B) aerial photograph estimates 
i) 1975 19.10 
ii) 1983 38.85 

a) relative increase 103.40 
b) absolute increase 19.75 

A) Percentage Vegetation Cover—Breakdown by Type: 

t of dots 
counted on grid Tree Shrub Cactus Total % 

1975 photo estimate 267 .75 16.85 1.50 19.10 

1975 ground measurement 0 0 19.90 1.96 21.86 

1983 photo estimate 133 5.69 32.12 1.04 38.85 

1984 ground measurement 0 0 37.68 1.20 38.88 
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Study Plot 4W2 Name Senita Basin 

1) Aerial Photographs: Scale 
1: 1100 
1: 1300 

Film Type 
Color 1R 
Color 

Year Taken 

November, 1975 
October, 1983 

2) Size of Sample Plot on Aerial Photograph: .91 ha Ground Measurement:.! ha 

3) Percentage Vegetation Cover: 

A) 

B) 

ground measurements 
i) 1975 28.24 
ii) 1984 40-40" 

a) 
b) 

relative increase 43.06 
absolute increase 12.16 

aerial photograph estimates 
i) 1975 25.22 
ii) 1983 38.97 

a) relative Increase 54.52 
b) absolute increase 13.75 

4) Percentage Vegetation Cover—Breakdown by Type: 

# of dots 
counted on grid Tree Shrub Cactus Total % 

1975 photo estimate 226 5.31 19.91 0 25.22 

1975 ground measurement 0 7.98 19.37 .89 28.24 

1983 photo estimate 177 8.47 30.50 0 38.97 

1984 ground measurement 0 . 7.93 32.02 .45 40.40 

1 
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Study Plot PLC Name nnB T™-K-ae 

1) Aerial Photographs: Scale Film Type Year Taken 

1: 1850 Color IR November, 1975 
1: 1300 Color October, 1983 

2) Size of Sample Plot on Aerial Photograph: ^ G r o u n d  M e a s u r e m e n t  

3) Percentage Vegetation Cover: 

A) ground measurements 
i) 1975 7.47 
ii) 1984 15.09 

a) relative increase 102.01 
b) absolute increase 7.62 

B) aerial photograph estimates 
i) 1975 7.64 
ii) 1983 16.92 

a) relative increase121.46 
b) absolute increase 9.28 

4) Percentage Vegetation Cover—Breakdown by Type: 

# of dots 
counted on grid Tree Shrub Cactus Total X 

1975 photo estimate 170 2.94 4.70 0 7. 64 

1975 ground measurement 0 3.68 3.78 .01 7.47 

1983 photo estimate 266 J.01 13.91 0 16.92 

1984 ground measurement 0 3.05 11.99 .05 15.09 

1 
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Study Plot DLX 

1) Aerial Photographs: Scale 

1: 
1: 

1850 
1300 

Name Dos I.nnHras Enrlngnrg 

Film Type Year Taken 

Color IR 
Color 

2) Size of Sample Plot on Aerial Photograph: 1.4 ha 

3) Percentage Vegetation Cover: 

A) ground measurements 
i) 1975 16-27 
ii) 1984 20.53 

a) relative increase 26.18 
b) absolute increase 4.26 

B) aerial photograph estimates 
i) 1975 20.92 
ii) 1983 24.30 

a) relative increase -^.16 
b) absolute increase 3.38~ 

November, 1975 
October, 1983 

Ground Measurement:!.4 ha 

4) Percentage Vegetation Cover—Breakdown by Type: 

ii of dots 
counted on grid Tree Shrub Cactus Total X 

1975 photo estimate 172 4.65 16.27 0 20.92 

1975 ground measurement 0 5.07 11.20 0 lb. 27 

1983 photo estimate 253 3.52 20.78 0 24.30 

1984 ground measurement 0 . 5.49 14.58 .36 20.53 
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