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ABSTRACT 

The purposes of this study were to compare Soil Conservation 

Service and Forest Service methods for determining range condition, to 

develop a method for determining range condition using plant frequency 

data and to develop range condition guides using Sorensen1s 

coefficient of similarity. The final objective was to compare 

condition scores based on frequency data to Soil Conservation Service 

and Forest Service condition scores. Loamy upland and sandy loam 

upland range sites in the Empire Valley and Santa Rita Experimental 

Range of southeastern Arizona were sampled. 

Three prominent soil series of upland range sites within the 

study area were selected for study. Within each soil series, areas of 

apparent high, medium and low levels of past and present livestock use 

were sampled at three locations. Soil profile descriptions were made 

for each of the 27 sample areas and soil characteristics were used to 

confirm soil series sampled. Plant communities were sampled by weight 

estimates, Parker 3-step transects and 40 x 40 cm frequency plots. 

Forest Service and Soil Conservation Service condition scores 

did not correlate well within the loamy upland or sandy loam upland 

range sites. Condition scores by both methods, especially for Forest 

Service data, are confounded with site potential. 
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Cluster and factor analysis procedures identified plant groups 

associated with soil series, range site and sample location. Range 

condition was not identified as a criterion of plant group associ

ation. 

Sorensen's coefficient of similarity scores for frequency data 

based on a specific "high condition" reference area had a high 

coefficient of determination value when correlated with Soil 

Conservation Service condition scores for loamy upland range sites. 

Forest Service condition scores had a very low coefficient of 

determination value for the same comparison. Soil Conservation 

Service and Forest Service condition scores compared to similarity 

scores for· frequency data for the sandy loam upland range site had 

positive but low coefficient of determination. 

Sorensen's coefficient of similarity, using frequency data as 

an index of condition, can be used to develop a range site condition 

guide for a homogeneous range site. 



INTRODUCTION 

Increasing pressure is being exerted on rangeland users to 

produce livestock and wood products while improving or maintaining 

wildlife, watershed and recreational values. This pressure requires 

emphasis on planning at all levels to ensure that resources are used 

to provide a desirable mix of benefits to the land owner and the 

public while maintaining satisfactory environmental conditions. 

There is a general concern that the accumulation, interpreta

tion and application of information and research findings on range

lands is hampered by inadequate and incompatible methods of defining, 

classifying, mapping and evaluating rangelands. The United States 

Departments of Interior and Agriculture, as well as the Society for 

Range Management, have recognized the need for a common approach to 

rangeland inventory and evaluation (Klemmedson et al., 1978). A high 

priority has been given to the development of a common system for 

identification, classification and inventory of rangelands as a basis 

for collecting range data (Society for Range Management, 1979). 

Federal and state land management agencies have developed procedures 

for classifying ecological range condition but different criteria have 

been employed by various agencies. Uniform criteria for evaluating 

the ecological effects of different management techniques would 

greatly improve communication among users and administrators. 
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Problem 

No universally accepted basis for vegetation analysis has been 

developed for the determination of range condition (Pratt and Gwyne, 

1977). Although the principles are known, experience has not yet 

supplied adequate information concerning the behavior of individual 

species in all the vegetative types and sites to provide entirely 

accurate measuring sticks. Condition classification also presupposes 

knowledge of climax or potential natural vegetation and it is not 

always possible to determine either of these with reasonable assur

ance. 

Classification and mapping of rangeland into sites is very 

closely associated with the concept of range condition (Shiflet, 

1973). Determination of range condition must depend on a stratifica

tion of land into units of similar potential and a knowledge of the 

nature of the potential natural vegetation and soil condition. The 

various land management agencies use somewhat different criteria for 

rating range condition, but most relate condition in some way to the 

climax vegetation. 

Of all the federal agencies involved in rangeland management, 

the site and condition concept has been most effectively employed by 

the United States Department of Agriculture, Soil Conservation Service 

(SCS) (Renner and Allred, 1962). The United States Department of 

Agriculture, Forest Service (FS) generally recognizes the "site" 
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concept but has not utilized it in their range inventory and mapping 

procedures but rather delineates "types" based on dominant aspect or 

composition of the vegetation. They do not attempt to map or sample 

at the site level (USDA Forest Service, 1970). 

Lack of uniformity in methods used to evaluate range condition 

combined with the absence of a rapid, quantitative measure of trend 

has made it difficult for range scientists to interpret and apply 

rangeland information. These problems indicate a need for more re

search and development toward a uniform system of evaluating rangeland 

productive potential, condition and trend. 

Objectives 

The first objective of this study was to compare SCS and FS 

methods for determining range condition. The hypothesis for this 

objecive was that SCS range condition guides, which are site specific, 

and FS range condition guides, which are for broad areas, would not 

give condition ratings which correlate well between them. 

The second objective was to develop a method for determining 

range condition using plant frequency data and to develop range 

condition guides using Sorensen's coefficient of similarity. 

Frequency sampling methods have promise of providing unbiased and fast 

estimates of range condition analysis. The hypothesis for this 

objective was that Sorensen's coefficient of similarity, using a high 

condition reference area, could be used as the index of condition. 

3 



The third objective was to compare condition scores based on 

frequency data to SCS and FS condition scores. The hypothesis for 

this objective was that condition scores based on plant frequency 

would correlate at least as well with SCS and FS condition scores as 

these latter scores compared to each other. 
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LITERATURE REVIEW 

This literature review briefly summarizes available literature 

describing range condition and trend concepts, soil and vegetation 

classification and vegetation measurement procedures. A complete 

literature review on these concepts and procedures was not under

taken. Only literature having direct bearing on this study will be 

treated. 

Range Condition and Trend 

Ecologically based range condition generally is regarded as an 

evaluation of the present state of the range in relation to its poten

tial under pristine conditions and involves considerations of produc

tivity, composition and soil conditions (Bailey, 1945; Ellison, Croft 

and Bailey, 1951). Measurement of condition and trend is used to 

determine the need for or success of management for a given site. 

However, the concepts of condition and trend are not limited to evalu

ating livestock management on rangelands but also have utility in 

monitoring changes associated with any uses of land. 

The range condition concept is perhaps the most important one 

in range management (Smith, 1979). The idea that the present status 

of rangeland in relation to its potential could be evaluated and used 

to indicate management effectiveness and potential for improvement 

dates back to about the turn of the century. Sampson (1919) 
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recognized four broad stages of plant succession in the wheatgrass 

(AgropYron spp.) communities of Utah that generally correspond to the 

condition classes being used by some today. Spence (1938) published 

the first reference to range condition ~~. He credits Dr. L. A. 

Stoddart as having initiated the use of range condition classification 

in range survey work with the SCS in the Pacific Northwest in 1935. 

Spence (1938) referred to five classes of vegetation on a forage type, 

based on their relation to the climax plant community of the type. 

Later, Humphrey and Lister (1941) described six condition classes used 

by the SCS in the Pacific Northwest and credited Stoddart with having 

devised them. These classes were all based on degrees of retrogres

sion from the climax plant community and were labeled A through F and 

represented excellent, good, fair, poor, very poor and depleted. 

Humphrey (1947) proposed five condition classes--excellent, good, 

fair, poor and very poor. However, Humphrey (1949) later indicated 

that four condition classes were adequate for range inventory 

purposes. 

Renner (1948), Dyksterhuis (1949) and Renner and Allred (1962) 

discussed range condition as an ecological classification of rangeland 

and presented four condition classes as follows: 

Excellent - 76% or more of the original vegetation 

Good - 51-75% of the original vegetation 

Fair - 26-50% of the original vegetation 

Poor - 25% or less of the original vegetation. 
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Dyksterhuis (1949) grouped species, based upon response to 

grazing, into a quantitative system of range classification. Species 

were grouped and identified as "decreasers," "increasers," and 

"invaders." IIDecreasers" and "increasers" are considered species of 

relatively undisturbed climax communities and "invaders" are non

climax species occurring on disturbed areas. Parker (1954) stated 

that density of the vegetation, vigor of the desirable species and 

condition of the soil criteria were needed in addition to species 

composition in order to properly classify range condition. 

The definition of range condition presented by the Society for 

Range Management (Kothmann, 1974, p. 22) is lithe state and health of 

the range based on what that range is naturally capable of produc

ing. IIRange condition as currently used by the USDA Soil Conservation 

Service (1976, Section 305.2) in all range inventory work is defined 

as lithe present state of vegetation of a range site in relation to the 

climax plant community for that site." It is an expression of how 

nearly the present plant community of a site resembles that of the 

climax community for that site. The four range condition classes as 

described earlier by Renner (1948) are employed. 

The FS defines range condition as "the general health of the 

range in relation to what it should be" (Rummel, 1965, p. 1394). Five 

range condition classes are used--exce1lent, good, fair, poor, very 

poor--and are arrived at numerically by examining and scoring both 
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vegetation and soil on a range type. Condition is determined within 

vegetation types by considering cover, plant composition, vigor, soil 

stability and related items (Rummel, 1965; USDA Forest Service, 

1970). These factors are scored and compared to a standard to arrive 

at condition. 

Condition ratings are of little usefulness without knowing the 

trend in condition. Trend is change in· condition and can be deter

mined only by careful analysis of the range {Bailey, 1945; Parker 

1954; Dyksterhuis, 1958}. Among the most important factors for deter-

mining trend are vigor and reproduction of both desirable and less 

desirable plant species and the amount of litter {Stoddart, Smith and 

Box, 1975}. The trends with which the range manager~s mostly 

concerned are those involved in loss or stabilization of soil and 

decline or improvement in forage value (Ellison, 1949). Bailey {1940} 

stated that determination of trend ;s identification of range condi-

tion as being maintained, as improving, or as deteriorating in rela-

tion to the most desirable condition. 

The USDA Soil Conservation Service 
Procedure for Determining Range Condition 

Range sites are the interpretive units used by the SCS for 

rangeland resource inventories and range condition evaluation. 

Primary productivity in kinds, proportions and amounts {air-dry 

weight} of plants is the major criterion for identifying and 
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describing range sites and percentage composition of the plant 

community based on primary productivity is used for determining range 

condition. 

Production is determined by measuring the annual above-ground 

growth of vegetation. The total production of all plant species of a 

plant community during a single year is designated "total annual pro

duction!! (USDA Soil Conservation Service, 1976). Production of 

certain plants or groups of plants can be identified as "herbage 

production" for herbaceous species, "woody plant production ll for woody 

plants, and "production of forage species" for plants grazed by live

stock. 

The SCS determines production and composition of a plant com

munity by estimating (by weight-units), by combination of estimating 

and harvesting (double-sampling), or by harvesting. The double

sampling method is used in making most production and composition 

determinations. 

The double-sampling method is based on the observation that a 

trained estimator can achieve consistent estimates of biomass 

(Pechanec and Pickford, 1937) which can be converted to true values by 

using a calibration curve obtained on the same day (Wilm, Costello and 

Klipple, 1949; Brown, 1954; Morley et al., 1969). The number of 

clipped plots necessary to provide a reliable mean, however, is gener

ally large. Beruldsen and Morgan (1934) found that 25 independent 
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observations were a minimum number per sample for acceptable precision 

under their Australian pasture conditions. Davies (1931), who also 

worked in Australia, concluded that the sampling errors of small 

samples are of considerable magnitude. Ellenberger, Newlander and 

Jones (1929), working in Vermont, observed that the weight of forage 

clipped from small plots varied greatly between pastures and from 

place to place within pastures. 

According to Tadmor et ale (1975), the double-sampling method 

is highly successful when the sampled area is fairly homogenous in 

species composition and phenological stage, even though it may be 

highly variable in biomass, cover and height. Tadmor et al. (1975), 

however, noted that consistency of estimates within a field on a given 

day decreased markedly when differences in cover and height were 

confounded by marked local differences in the proportions of species 

with different forms or habits (prostrate/erect, 1 eafy/stemmy , 

broad/narrow leaves); by local differences in phenological stage, if 

these stages differ markedly in appearance and distribution of dry 

matter within the plant (vegetative only/flowering/fruiting). 

Clipping of shrubs is so slow it is impractical as a method of esti

mating production (National Academy of Sciences - National Research 

Council, 1962). 

Grazing must also be accounted for when using the double

sampling procedure. Grazed plants have to be corrected for growth, 
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since grazing is usually uneven, some areas being heavily grazed, 

others lightly or not at all. Both effects mean that a larger sample 

of estimation and calibration quadrats has to be used in grazed areas 

to cover variations in biomass and degree of utilization to achieve 

the desired precision. 

The USDA Forest Service Procedure 
for Determining Range Condition 

The Forest Service uses a four-factor system for quantifying 

range condition based on two vegetation factors (composition and plant 

vigor) and two soil factors, ground cover (both living vegetation and 

litter) and soil erosion (Johnson and Reid, 1964). Amount of plant 

cover, composition and general vigor are estimated. After these and 

other observations and measurements are made, vegetation condition and 

soil stability are rated using scorecards developed for Region 3, 

semi desert grassland and desert shrub vegetation. 

Trend in condition of the vegetation and soil stability is 

periodically assessed from permanent plots using the "3-step 

method." Frequency of occurrence of plant species as an index to 

amount of plant cover is obtained by placing a 3/4-inch loop at 100 

points along a tape" fixed between two permanent reference points. 

Parker (1951) devised this method of determining condition and trend 

in range condition. It is commonly known as the "3-step method" or 

the "Parker loop method. 1I 
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Several years of using the "3-step method" have illustrated 

some disadvantages. Because of ground movement, it is very difficult 

to relocate the transects exactly where they were originally placed. 

Also, on sparsely vegetated sites the number of transects needed to 

give adequate ecological data becomes high (Wilkie, 1966). 

Hutchings and Holmgren (1959) and Francis, Driscoll and 

Reppert (1972) stated that a.3/4-inch loop is a compromise between a 

point where only the presence or absence of vegetation is recorded and 

a larger plot where percent cover is estimated. The 3/4-inch plot 

o"errates plant cover because it has area. Their conclusion was that 

an inherent positive bias exists in loop-frequency and that it depends 

upon loop size and on number and size of plants. The shape of indivi

dual plants may also qias these results. According to Cook and Box 

(1961) when a direct hit under the loop is not recorded, the use of 

the nearest plant measurement increases the likelihood of introducing 

bias. 

Sharp (1954) tested the loop procedure in shadscale (Atriplex 

confertifolia), saltsage (A. nuttallii) and reseeded vegetation in 

southern Idaho. In this study good agreement was found between and 

among observers on all three types. It was shown that the greatest 

amount of differences between the readings of observers was due to 

changes in vegetation, failure to plumb the loop the same way on 

subsequent readings, failure to mai~tain the same standards from one 
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reading to the next and disturbance of the vegetation by the previous 

observer. The density or cover recorded by the 3/4-inch loop method 

was found to be several times greater than that recorded by other 

methods used in these vegetation types. 

Plant Frequency Measurement 

Plant frequency is the percentage of quadrats that contain a 

given plant species. Frequency is directly related to IIdensity" 

(individuals per unit area) and the qualitative characteristic 

IIdispersion ll (Wilkie, 1966). When density and dispersion of perennial 

species change in a community, important changes in management or 

environment are indicated. Production and cover are more variable 

than frequency and can fluctuate sharply over a short period of time 

(Wilkie, 1966). 

Several writers, including Hyder, Conrad, Tueller, Calvin, 

Poulton and Sneva (1963); Hyder, Bement, Remmenga~ and Terwilliger 

(1965, 1966); Wilkie (1966); and Tueller et al. (1972), have discussed 

the introduction and development of frequency procedures. Raunkiaer 

(1934) defined and used a frequency procedure for studying vegetation 

in 1909. Raunkiaer's IIl aw of frequency" has withstood extensive 

investigation over the years (McIntosh, 1962). 

Frequency sampling is easy, fast, objective and repeatable 

(Brown, 1954; Greig-Smith, 1957; Wilkie, 1966; Ogden and Bryant, 

1979). Decisions are limited to species identification and to whether 
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the plant is rooted within the frame. It is an efficient method for 

obtaining a preliminary idea of plant composition before proceeding to 

any extensive study of the area (Brown,1954). Hanson and Churchill 

(1961) stated that frequency percentages are not influenced by 

conspicuous plants as are ocular estimates. 

Hyder et al. (1963, p. 74) proposed frequency sampling for 

condition and trend on the basis that "characteristics of plant 

density and dispersion, as blended in frequency data, might be more 

appropriate for range site and condition classification than plant 

cover." Frequency sampling was explained in this paper. In 1965, 

Hyder et al. outlined the procedure for efficient frequency sampling 

on blue grama (Bouteloua gracilis) ranges in Colorado. They illus-. 

trated the advantages of the method and further explained the 

collection and analysis of frequency data. 

Selection of quadrat or plot size is important and is depend

ent on the characteristics of the vegetation sampled. The best plot 

size for a specific vegetation is one which samples the major plant 

species at about 80% frequency. A quadrat size of 40 x 40 cm is used 

in the Desert Grasslands of Southern Arizona (Ogden and Bryant, 1979). 

Kenoyer (1927) found that frequency is very useful for deter

mining the homogeneity of a plant community. Hanson and Ball (1928) 

used frequency to evaluate two adjacent pastures which were grazed by 
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livestock. They claimed frequency data to be valuable for precise 

determination of the indicator significance of many species. 

Soil Classification 

Soil characteristics are relatively stable; thus, providing a 

basis for comparing unknown to known areas in terms of potential 

(Olson, 1952) and by which areas that look different or alike today 

due to past treatment and successional stages of vegetation can be 

related tv the original ecosystem (Olson, 1952). As stages of 

recovery or deterioration take place, transitional plant communities 

develop. Therefore, a variety of distinctive plant communities can 

exist on what was originally the same ecosystem, all within the same 

locality. Conversely, a single plant community such as sagebrush 

(Artemisia ~) cheat grass (Bromus tectorum) can exist on an area that 

was originally several distinctive ecosystems (Anderson, 1968). 

Reliable predictions of potential as a base for determining range 

condition are sorely needed in range management today. 

Relatively little soil mapping of range and forest lands has 

bean available in the past, but soils maps are becoming increasingly 

available and soils information is being used for interpretation of 

forest and range management alternatives (Olson, 1952). Depth, stoni

ness, slope, aspect, surface and subsoil textures are among the soil 

factors that are important to rangeland management (Olson, 1952; 

Anderson, 1968). All soils should be classified within a uniform 
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system which provides a means for transferring knowledge and data from 

one locality to another (Heerwagen and Aandahl, 1961). Soils in the 

same class are alike in many ways which are important for interpreting 

hazards, land use, treatment and potential (Klemmedson, 1970). 

The criteria used and the degree of generalization desired in 

a classification system depend on the purpose for which the classifi

cation is made. Classification for a specific, applied purpose is 

called technical grouping, whereas those which define each group to 

have as many unique, natural properties as possible which both relate 

it to, yet separate it from, all other groups are called natural 

classifications (Buol, Hole and McCracken, 1973). 

Soils in the United States are classified according to a 

national taxonomic system which is a natural classification. The soil 

series is the basic taxonomic unit of this system (Buol, Hole and 

McCracken, 1973). Soils included in a series are developed from 

parent material that does not differ appreciably in texture or mineral 

composition. They have horizons similar as to differentiating charac

teristics and arrangement in the soil profile (Heerwagen and Aandahl, 

1961). 

The soil type is a subdivision of a soil series based on the 

texture of the surface soil. All features of the soil types of a 

series are comparable except for the texture of the nAil horizon. 

Phases of a soil type are differentiated on the basis of such 
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characteristics as stoniness, alkalinity, slope, depth and degree of 

accelerated erosion (Heerwagen and Aandahl, 1961). On rangelands, 

specific emphasis is given to those phases which influence plant 

growth and, therefore, the nature of the native plant community 

(Retzer, 1953; Gardner, 1955; Anderson 1968; Klemmedson, 1970). A 

phase of a soil series often is the soil taxonomic unit which is 

important for stratifying the landscape soils-wise into delineations 

that are meaningful for range management as well as other foreseeable 

uses of the land. 

In recent years, as more soils information has become avail

able on wildlands, more effort has been made to integrate the mapping 

of vegetation with that of soils. This has been particularly empha

sized by the SCS (Heerwagen and Aandahl, 1961; Shiflet, 1973). 

Range Site 

Site has been defined by Retzer (1953, p. 615) as "an area 

considered as to its ecological factors with reference to capacity to 

produce forests or other vegetation; the combination of biotic, 

climatic and soil conditions of an area." The essential point is that 

site is an area on the earth's surface. When critically inspected, 

its broad component parts will be found to consist of rock, soil and 

land form or slope. Moss (1975), although dealing with the humid 

tropics, showed that for different land classification systems the 
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lowest taxonomic level corresponds, to a variable extent, to the site 

even when different terminology or approaches for its characterization 

are used. 

A basic site-vegetation unit or taxonomic unit which is of 

significance to range scientists is what Daubenmire (1968) designated 

as a habitat type. He considers habitat type to be all the area (sum 

of discrete units) that now supports or within recent time has sup

ported and presumably is still capable of supporting, one plant asso

ciation. The habitat type is approximately equivalent to the range 

site of range scientists who identify this basic unit as a grouping of 

relatively homogenous areas with soils and vegetation of similar 

potential for primary production and response to management. 

The evolution of the concept of range site to its present form 

has been reviewed extensively by Shiflet (1973)., The concept was 

transferred from forests to rangelands during the 1930's and 1940's 

(Humphrey, 1947; Renner, 1948; Dykesterhuis, 1949). Korstian (1919, 

p. 257), a forester, defined a site: " ••• an area considered as to its 

physical factors with reference to forest producing power, or the 

combined effect of the climatic and edaphic conditions of the forest 

habitat." He suggested using the climax plant community in the 

development of forest sites, pointing out that when the reactions 

between the silvicultural characteristics and the physical factors 

which affect the growth and the correlation of growth increments with 
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the associated shrubby and herbaceous species are better understood, 

the different sites may be regarded as integral biological units. 

Range site was first used in the literature without specific 

definition. Renner and Johnson (1942) inferred that different kinds 

of rangeland existed without defining those differences. Renner 

(1949) later referred to sites as kinds of rangelands with inherently 

different soil and vegetation characteristics which result in differ- . 

ing potential capacity. Humphrey (1947) also described a range site 

as a part of an ecological type which has a different potential 

productivity. He further noted that each site must be separately 

mapped and described. 

Dyksterhuis (1949) presented a more definitive description 

which characterized range sites as types of rangeland that differ from 

each other in their ability to produce a significantly different kind 

or amount of climax or original vegetation. Later, a similar concept 

was presented when sites were described as different kinds of range

land resulting from complexes of soil and climate whose functional 

differences are based on measurable differences in kind or amount of 

climax vegetation (Dyksterhuis, 1958). 

Renner and Allred (1962) defined a range site as a distinctive 

kind of rangeland that has certain potential for producing range 

plants. They further indicated that a site is the product of all 

environmental factors and a distinctive plant community. Sites were 
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said to differ from one another by the kinds or proportion of plants 

present and by differences in total production. 

The Society for Range Management defines range site as: 

"A distinctive kind of rangeland, which in the absence of 

abnormal disturbance and physical deterioration, has the potential to 

support a native community typified by an association of species dif

ferent from that of other sites. The differentiation is based upon 

significant differences in kind or proportion of species, or total 

productivity" (Kothmann, 1974, p. 22). 

The USDA Soil Conservation Service (1976, Section 302.1), 

which assists owners and operators of privately owned rangeland, 

defines range site as: 

"A distinctive kind of rangeland that differs from other kinds 

of rangelands in its ability to produce a characteristic natural plant 

community. A range site is the product of all the environmental 

factors responsible for its development is capable of supporting a 

native plant community typified by an association of species that 

differs from that of other range sites in the kind or proportion of 

species or in total production." The Society for Range Management and 

SCS's definitions contain the same basic concepts and may be con

sidered as equivalents. 

The FS administers national forests and national grasslands. 

Their procedures call for using standard vegetation types in range 
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allotment analysis rather than range site (Rummel, 1965; USDA Forest 

Service, 1970). According to Shiflet (1973), changes are being made 

in FS range analysis activities to place greater emphasis on the eco

system and the many relationships that exist between its components. 

The FS does use range sites in its research activities. Shiflet 

(1973) stated that a major portion of a symposium relating to range 

research methods was devoted to "Range Site Measurement and 

Evaluation." One author, at the symposium, indicated that the term 

"site" was approximately synonymous with "ecosystem." Another paper 

pointed out the need for measuring both productivity and floristic 

composition in determining and evaluating range sites. 
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METHODS 

Description of the Research Areas 

The research was conducted in the summer and fall of 1979. 

The study locations consisted of selected upland range sites in the 

desert grassland ecosystem within the Santa Rita Experimental Range 

and the Empire Valley areas of southeastern Arizona. Weaver and 

Clements (1938) describe the desert grassland type as part of the 

larger shortgrass plains region of the central United States. 

However, many authors (Nichol, 1952; Jaeger, 1957; Lowe, 1964) charac

terize the area as a distinctive semidesert grassland type, transi

tional between higher elevation evergreen woodland and lower desert 

shrub. 

The open desert grasslands are characterized by a perplexing 

number of short and mid bunchgrasses. Common members are blue grama 

(Bouteloua gracilis), black gr'ama (~eripoda), sideoats grama 

(~curtipendula), slender grama (~filiformis), hairy grama 

(B. hirsuta), Arizona cottontop (Trichachne californica) and several 

species of three-awn (Aristida ~). Such stands have deep soils with 

few rocks, shrubs or cacti. 

Grass/shrub mixtures occur at higher and lower e1evationa1 

limits than open grasslands. Such grass/shrub sites, occurring on 

rocky soils, support a reduced cover of grasses owing to the 
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competition from shrub 1ifeform. Mesquite (Prosopis ju1if10ra) is the 

dominant shrub at low elevations. Subordinate species consist of 

several cacti, including prickly pears and cho11as (Opuntia ~), 

ocotillo (Fouguieria sp1endens) and catc1aw acacia (Acacia greggii). 

Oaks (Quercus emoryii and ~ arizonica) dominate at upper eleva-

tions. Subordinate species are beargrass (Nolina microcarpa) and 

ve1vetpod mimosa (Mimosa dysocarpa). 

The Santa Rita Experimental Range, located approximately 30 

miles south of Tucson, Arizona, has been maintained since 1903 by the 

Forest Service, United States Department of Agriculture, for research 

on semi desert ecosystems. Martin and Reynolds (1973) wrote an 

excellent, brief review on the geology, soils, climate, vegetation, 

historical and current uses. Study areas within the Santa Rita 

Experimental Range were located in section 1, TI9S, RI4E, and in 

sections 16, 21, 31 and 33, TI8S, RI5E, of the Gila and Salt River 

Base Meridian. Specific characteristics of the sample locations are 

listed in Table 1. 

The second study area was in the Empire Valley located approx

imately 40 miles southeast of Tucson. Six mountain systems form the 

geographical limits of the valley: the Santa Rita Mountains to the 

west, Canelo Hills to the south, Huachuca Mountains to the east, 

Mustang and Whetstone Mountains to the northeast and the Empire 

Mountains to the north. Three major drainage systems have their 

origin within the study area: Cienega Creek, Sonoita Creek and the 



Table 1. Elevation, precipitation, slope and aspect of topography, 
vegetation structure and soil classification for the study locations 

Study Area Location Elev. Preclp. Topography 
Vegetation 
Structure 

Santa Rita 

Santa Rita 2 

Santa Rita 2a 

Santa Rita 3 

Santa Rita 4 

Santa Rita 5 

Santa Rita 6 

4000 ft 

4200 ft 

4200 ft 

3900 ft 

3900 ft 

3700 ft 

3800 ft 

12-16 In. nearly level 
2%, north 
facing 

12-16 In. nearly level 
3%, south 
facing 

12-16 In. nearly level 
3%, south 
facing 

mixed 
grass/shrub 

mixed 
grass/shrub 

mixed 
grass/shrub 

12-16 In. gently sloping mixed 
5%, north 
facing 

grass/shrub 

12-16 In. gently sloping mixed 
5%, north 
facing 

12-16 In. nearly level 
2%, north 
facing 

12-16 In. nearly level 
3%, south 
facing 

grass/shrub 

mixed 
grass/shrub 

mixed 
grass/shrub 

Soli 

Comoro, Typic Torrlfluvents 
coarse-loamy, mixed, thermic 

Romero, Torrlorthentlc 
Haplustolls sandy-skeletal, 
mixed, thermic 

Oracle, Ustollic Haplargld 
fine-loamy, mixed, thermic 

Comoro, Typic Torrlfluvents 
coarse-loamy, mixed, thermic 

Oracle, Ustollic Haplargld 
fine-loamy, mixed, thermic 

Sonoita, Typic Haplarglds 
coarse-loamy, mixed, thermic 

Continental, Typic Haplargids 
fine, mixed, thermic 

N 

-'=" 



Table 1. Continued 

Empire Valley 7 4800 ft 16 In. 

Empire Valley 7a 4900 ft 16 In. 

Empire Valley 8 5000 ft 16 In. 

Emp I re Va I ley 9 5100 ft 16 In. 

nearly level open grass-
3%, north land 
facing 

nearly level open grass-
2%, north land 
facing 

s lop lng, 12% open grass-
south facing land 

sloping, 8% open grass-
south facing land 

White House, Ustoilic Haplargld 
fine, mixed, thermic 

White House, Ustoilic Haplargld 
fine, mixed, thermic 

White House, Ustoilic Haplargld 
fine, mixed, thermic 

Caralampl, Ustoilic Haplarglds 
. loamy-skeletal, mixed, thermic 

N 
U1 



26 

Babocomari River. The Empire Valley presents a gently to moderate 

rolling terrain at its central portion with highly dissected topog

raphy at the foothills of the mountain systems (Mouat, 1974). Study 

locations within the Empire Valley occur within a 6 mile radius of 

Sonoita, Arizona, in sections 5 and 14, T20S, R16E, and in section 25, 

T20S, R17E, of the Gila and Salt River Base Meridian. Specific char

acteristics of the study locations are listed in Table 1. 

Climate 

Average yearly rainfall increases with elevation, at the Santa 

Rita Experimental Range, from 10 in. at 2900 ft to almost 20 in. at 

4300 ft (Martin and Reynolds, 1973). About 60% of the precipitation 

comes between late June and September and the remainder falls mostly 

during the months of December to April (Table 2). Precipitation may 

be highly variable from year to year as is typical of the Southwest. 

Precipitation patterns of the Empire Valley are similar to 

those of the Santa Rita Experimental Range. Over 60% of the rainfall 

occurs between late June and September (Table 2). The remainder of 

the yearly precipitation occurs throughout the year with another peak 

in the months of December, January and February (Sellers, 1960). 

Snowfall occurs in the study area but does not stay on the ground long 

except on the steep north facing slopes. Spring is the driest portion 

of the year. 



Table 2. Long-term mean monthly precipitation data (inches) from 
three locations within the limits of the study areas. 

Month 

Empi re Valley 

Elgin 1 14-year 
(1964-1978) 

Santa Rita Experimental Range 

Huerfano 2 53-year 
(1925-1978) 

Limestone 2 14-year 
{1964-1978 } 
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----------------------------------Mean--------------------------------
January 1.06 0.88 0.78 

February 0.95 0.92 0.70 

March 0.63 0.78 0.90 

Apri 1 0.32 0.33 0.30 

May 0.16 0.04 0.12 

June 0.65 0.37 0.30 

July 3.81 3.11 3.13 

August 3.53 2.95 2.85 

September 1.49 1.58 1.49 

October 0.65 0.76 1.16 

November 0.68 0.87 0.82 

December 0.99 1.21 1.58 

Annual Mean 14.92 13.80 14.13 

1 Data are adapted from meteorological records Department of 
Atmospheric Science, University of Arizona. 

2 Data are adapted from meterological records for Santa Rita 
Experimental Range, USDA Forest Service. 



Experimental Design 

Sonoita, Camara and White House soil series are the prominent 

soil taxonomic units within the upland range sites within the Santa 

Rita Experimental Range and the Empire Valley of southeastern 

Arizona. Locations within each of these three soil series were 

selected for areas of apparent high, medium and low level of past and 

present livestock use. At least two of these use patterns are 

contiguous at each sample location and a third was always in near 

proximity. 
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Three levels of use for a soil series constitute one replica

tion and data were collected for three replications of each of the 

three series. Thus, the three use levels, three soil series and three 

replications constitute 27 sample macroplots. 

Sampling Technigues 

For each location, uniform sampling units restricted to a 

macroplot lOB-by 75 ft were randomly located within each of the three 

levels of use (Figure 1). Each macroplot within a soil series, use 

level and replication were sampled for: 

1. Soil: Study of the top 24 inches of the soil profile for 

determination of: 

a. depth of A horizon 

b. texture 

c. color 

d. pH 
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Figure 1. Field plot design for each macroplot for data collection by methods. 
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e. depth to restrictive layer 

f. depth to calcium carbonate accumulation zone 

These data are summarized in Appendix Table A-I. 

2. Vegetation: Vegetation was measured by three methods on 

plots arranged as diagrammed (Figure 1). Macroplots were 

selected within each area using aerial photos. After each 

macroplot starting point had been randomly selected from an 

aerial photo, the macroplots were established as diagrammed 

(Figure 1) and data collected by the following methods: 

a. Frequency: Plant frequency sampling as discussed by 
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Hyder, Conrad, Tueller, Calvin, Poulton and Sneva (1963); 

Hyder, Bement, Remmenga and Terwilliger (1965, 1966) was 

used. Frequency data were collected on two hundred fifty 

40 x 40 cm quadrats allocated 25 in each of 10 randomly 

located transects along a common base line. Data were 

recorded on a form as shown in Appendix Table B-1. 

b. Soil Conservation Service: SCS double-sampling 

procedures for evaluating range condition were followed 

as described in USDA Soil Conservation Service (1976) 

National Range Handbook. 

c. Forest Service: Procedures for evaluating range condition 

and trend using the Parker 3-step method as described in 

USDA Forest Service (1970) Range Environmental Analysis 

Handbook were followed. 
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Standing biomass data were obtained once during the growing 

season when seeds of the most common grasses--Bouteloua gracilis, ~ 

curtipendula, Hilaria belangeri and several species of Aristida had 

reached the dough stage but were not dry enough to shatter. Depending 

on elevation, seasonal precipitation and temperature, this stage was 

reached between late July and mid-October. Standing biomass data col

lected at that time were not the most representative for all species 

within the plant community, as early maturing forbs and grasses, espe

cially annuals, were often dry, brittle and difficult to harvest and 

identify. This stage of growth, however, was considered to give the 

best representation of standing biomass that could be obtained by a 

single harvest. 

An apparent high, medium and low vegetation condition class 

could not be found at sample locations 2 and 7. In both cases, the 

third condition class was located in as close proximity as possible to 

the other two condition classes. This required two additional soil 

profile descriptions as shown in Appendix Table A-I. Soil descrip

tions of study locations sampled identified presence of soil series 

that were not originally designed into the study. 

Data Analysis 

Soils data were analyzed and summarized to show variability 

within soil series replications and to describe the soil series 

studied. Plant species composition was used as the indicator of site 



characteristics and condition. Similarities among sample macroplots 

and correlations among data collection methods are made using plant 

data. 
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Forty-two individual species, 19 groups of species identified 

only by their genus, and one group of unidentified annual grasses and 

forbs considered together by their lifeform were found on the 27 

sample macroplots. These groups, i~cluding unknown plants, will be 

discussed as species, not in the biological sense, but in the sense of 

a group of individuals agreeing in some common attribute and desig

nated by a common name. All 62 species as previously described were 

used for correlation analysis among inventory methods and for cluster 

and factor analyses. The 62 species are listed with their symbols, 

scientific and common names in Appendix Table C-l. Scientific nomen

clature follows Kearney and Peebles (1960). 

The SCS range condition class and score were determined by 

completing SCS Range Form 417, using criteria and methods described in 

USDA Soil Conservation Service (1976) National Range Handbook. 

The FS range condition and trend data, for vegetation and soil 

stability, were determined by completing FS Form R3 2200-23, using 

criteria and methods as described in USDA Forest Service (1970) Range 

Environmental Analysis Handbook. 

Species composition data collected using the SCS inventory 

method was expressed as the percentage of total standing biomass 
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contributed by each species. The data collected using the FS analysis 

methods were expressed as percent composition (hit + nearest plant) 

and as an absolute measu~e (hit + nearest plant). Plant frequency was 

expressed as an absolute measure, relative frequency and percentage of 

all plots in which a species occurred. 

Plant species encountered were utilized in cluster analyses by 

inventory method to compare and evaluate similarities of vegetation 

groups for each inventory method and evaluate similarity of vegetation 

within soil series, range sites and condition classes. The original 

study design hypothesis was that vegetation communities would group 

into nine groups, three soil series and three condition classes, 

within each soil series. The computer program, Cluster Analysis (P2M) 

Program of the Biomedical Computer Program (Engleman, 1979) was used 

to cluster the variables (plant species) of each method of data 

collection based on a measure of distance separating the variables. 

Clusters are formed according to a linkage rule that determines the 

similarity of any two clusters of variables. Initially, each variable 

is considered a cluster that contains one variable only. At each step 

the two most simi far clusters are joined to form a new cluster, until 

a single cluster is obtained that contains all the variables. A 

reduced matrix and tree diagram are printed where variables are 

arranged in pairs of decreasing similarity. This is used to design a 

dendrogram from which groups of variables can be separated at differ

ent levels of similarity. The FS and frequency data expressed as an 
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absolute frequency measure were analyzed by a chi-square procedure to 

determine the distance between two cases of the two sets of 

frequencies. When the data are expressed as a measurement, a sum of 

squares procedure was used to determine the Euclidean distance between 

two cases. 

Factor Analysis Program of the Statistical Package for the 

Social Sciences (Kim, 1975) was used to quantitatively identify which 

plant species within the vegetation communities were accounting for 

the similiarities identified by cluster analyses. According to 

Bhattacharyya (1981, p.73), lithe primary purpose of factor analysis is 

to bring about a reduction in dimensionality, to explore relationships 

among large numbers of observed variables in an effort to find factors 

that reduce the complexity of the situation." 

The single most distinctive characteristic of factor analysis 

is its data-reduction capability. Given an array of correlation co

efficients for a set of variables, factor-analytic techniques enable 

us to see whether some underlying pattern of relationships exists such 

that the data may be "rearranged" or "reduced" to a smaller set of 

factors or components that may be taken as source variables accounting 

for the observed interrelations in the data (Kim, 1975). Factor 

analysis is a method of transforming a given set of variables into a 

new set of composite variables or principal components that are 

orthogonal (uncorrelated) to each other. The first principal compo

nent may be viewed as the single best summary of linear relationship 
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exhibited in the data. The second component is defined as the second 

best linear combination of variables, under the condition that the 

second component is orthogonal to the first. To be orthogonal to the 

first component, the second one must account for the proportion of the 

variance not accounted for by the first one. 

A chi-square test was utilized in the computer program to 

determine the number of factors which would explain a significant 

(.05 level) amount of the species variability among macroplots. This 

analysis indicated that a maximum of eight factors contributed signif-

icantly to explain the variation. Therefore, variation in species 

among macroplots was attributed to eight factors in the Factor 

Analysis. Five factors generally accounted for approximately 79% of 

the variability of species among macroplots. 

The factor groups as determined by the factor program analysis 

are not definitive, but they are useful in various ways. Factor 

groups were used to evaluate the plant species which are indicators of 

specific soil series, range sites as classified by SCS, condition 

classes regardless of soil series, condition classes within soil 

series and sites as classified by SCS by condition class. 

Sorensen1s coefficient of similarity values (Mueller-Dombois 

and Ellenberg, 1974) were calculated for absolute frequency data by 

macroplot using the following formula: 

S = 2c x 100 
A+B 
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In this formula, S is the computed coefficient of similarity, A is the 

summation of values for macroplot A, B is the summation of values for 

macroplot Band C is the fraction of values which are common to both A 

and B. Coefficient of similarity values were compared to SCS and FS 

condition scores by range site using linear regression analysis 

(Avery, 1975). Data collected at macroplots located at Vera Earl Beck 

Ranch and Exclosure 22, loamy upland and sandy loam upland range 

sites, had the highest SCS condition scores. Absolute frequency data 

from these two macroplots were used as the standard to which all 

macroplot absolute frequency scores were compared to derive a 

Sorensen's coefficient of similarity score. The resulting Sorensen's 

coefficient of similarity score was then correlated with its corre

sponding SCS and FS condition score. 

A major factor or attribute involved in the concept of range 

condition is vegetation cover. Within a particular vegetation type a 

change in range condition may result in a change by only one of the 

major attributes of range condition such as botanical composition of 

the herbage, its total quantity of cover, or invasion or increase by 

inedible shrubs or trees. At the time of data collection, macroplot 

cover seemed to be a major attribute influencing condition. To 

consider this component of the range condition concept, the FS erosion 

hazard score (bare ground) collected in accordance with USDA Forest 

Service (1970) Range Environmental Analysis Handbook at all 27 



macroplots, was added to the appropriate absolute frequency condition 

score derived using Sorensen's coefficient of similarity and 

correlated with the SCS condition scores by range site. Comparisons 

were made to evaluate the sensitivity of inventory method to distin

guish range condition using selected range sites. 
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Results of data analyzed and literature reviewed were used to 

evaluate a frequency sampling procedure for determining range condi

tion of selected upland range sites of semidesert grasslands of south

eastern Arizona. 



RESULTS AND DISCUSSION 

Soils data and SCS and FS condition scores are discussed to 

show anomalies in the original design which were identified during the 

study. Cluster analysis using the different data collection methods 

are utilized to indicate how well the vegetation on the 27 macroplots 

reflected similarities to match the three condition classes on three 

soil series (representing two range sites). Factor analysis is 

utilized to identify the plant species which account for differences 

among macrop10ts. Frequency data are then reviewed as to their use in 

determining condition. 

Range Sites and Condition Scores 

Sample locations to meet the original design were selected 

using surface soil characteristics. When soil pits were dug, some 

locations were on soil series other than planned. Vegetation data 

should reflect these anomalies in the design and will be considered in 

the discussion when appropriate. 

Locations 2 and 2a were intended to be on a Comoro soil 

series. Location 2 was described as a Romero soil series and location 

2a was described as an Oracle soil series. For the major land 

resource area where the study was conducted, the Comoro and Romero 

soil series can be listed in the same range site (sandy loam upland) 
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based on the profile descriptions of each. The Oracle series 

(Location 2a), however, is classified as a shallow upland range site. 

Locations 4 and 6 were intended to be on a Sonoita soil 

series. Location 4 was described as an Oracle soil series and 

location 6 was described as a Continental soil series. The Oracle 

soil series is classified as a shallow upland range site as noted 

above and the Continental soil series can be listed in the same range 

site (sandy loam upland) as the Sonoita soil series. Location 9 was 

intended to be on a White House soil series. It was described as a 

Caralampi soil series but is listed in the same range site (loamy 

upland) as the White House soil series. Thus, two locations, one 

replication of the Sonoita soil series and one condition class of one 

replication of the Comoro soil series are expected to contribute 

undesigned variability into the study. 
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The SCS and FS condition scores and classes for the White 

House, Comoro and Sonoita series are listed in Table 3, as designed 

and sampled. Data are grouped as high, medium and low condition 

classes by soil series. The mean SCS condition score and class for 

the White House low condition was slightly higher than designed. This 

is attributed to the presence of a higher percent by weight of desir

able plants than visually estimated during sample location selection. 

The SCS condition scores for the White House soil series had a range 

of 40 (fair condition) to 78 (excellent condition) indicating that a 

poor condition class macroplot was not sampled. The FS condition 



Table 3. Soil Conservation Service (SCS) and Forest Service (FS) condition score and class 
series and range site. 

Designed condo closs High Ned I ... Low High Medium Low High Medlue 

location n ... bar 
(508 Tobl. J) 2 3 2 3 20 3 4 5 6 4 6 4 5 6 7a 8 9 7 8 9 

5011 serlesa 

Designed CollI CollI CollI CollI CollI CollI CollI ColI CollI Son Son Son Son Son Son Son Son Son IIH WH WH WH IIH WH 

Actual CollI Roll CollI CollI Roll CollI CollI Or CollI 0r- Son Cont Or Son Cont Or Son Cont IIH IIH Caral IIH IIH Caral 

SCS 
Range slteb 

Designed SlUp SlUp SlUp SlUp SlUp SlUp SlUp SlUp SLUp SlUp SLUp SLUp SLUp SlUp SlUp SLUp SlUp SLUp lUp lUp LUp LUp LUp LUp 

Actual SlUp SlUp SlUp SlUp SlUp SLUp SlUp ShUp SLUp ShUp SLUp SlUp ShUp SlUp SLUp ShUp SlUp SLUp lUp lUp lUp LUp LUp LUp 

Cond. sCX>rec 26 52 59 15 22 34 23 11 43 48 38 35 24 19 26 22 8 18 51 78 57 50 62 44 

Cond. classc Fair Gd Gd Poor Poor Fair Fair Poor Fair Fair Fair Fair Poor Poor Fair Poor Poor Poor Gd Ex Gd Fair Gd Fair 

FS 
vegetation scored 52 67 55 33 57 62 31 25 42 47 40 47 H 38 46 14 17 17 84 80 89 80 68 71 

Vegetation condo 
classd Fair Gd Fair Poor Fair Fair Poor Poor Fair Fair Poor Fair Gd Poor FlIlr VP VP VP Ex Gd Ex Gd Gd Gd 

Current trende Stab Stab Stab Down Stab Stab Down Down Down Stab St~b Stab Stab Stab Stab Down Down Down Stab Stab Up Stab Down Stab 
Soil condo scoreo:l 45 43 44 25 39 56 26 20 38 45 36 45 48 27 39 26 28 23 44 68 59 35 37 31 

Current trende Stab Stab Stab Down Stab Stab Down Down Down Stab Stab Stab Stab Down Stab Down Down Oown Up Stab Up Stab Oown Down 

a 5011 series syebol: IIhlte House (IIH), Coeoro (CollI), Sonoita (Son), Caralampl (Caral), Romero (Rom), Oracle lOr), Continental (Cont) 
b Range site:: 1000000Y upland (lUp), sandy 10l1li upland (SlUp), shDllow upland IShUp) 
c SCS condition class and score: excellent 176-100), good (51-75), fair 126-50), poor 10-25) 
d FS condition classes and scores for vegetation and soil: excellent (81-100), good 161-80), fair 141-60), poor 121-40), very poor 10-20) 

e FS vegetation and soli trend: up (Up), stable (Stab), down (Down) 

by soil 

Low 

7 8 9 

WH IIH WH 

IIH IIH Caral 

LUp LUp LUp 
LUp LUp lUp 

40 53 42 
Fair Gd Fair 

81 79 77 

Ex Gd Gd 
Oown Stab Down 

29 52 34 

Down Stab Down 

~ 
a 



scores and classes were higher than SCS scores at all sampling 

locations on this soil series with a range of 68 (good condition) to 

89 (excellent condition), also indicating that a poor condition class 

was not sampled. The mean SCS condition score and class for the 

Comoro soil series medium condition data were slightly lower than 

designed but condition by the FS procedure was within the medium 
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condition score and class. The mean SCS condition score and class for 

the medium condition data for the Sonoita soil series was slightly 

lower than designed and by the FS procedure was within the medium 

condition score and class. High condition classes (excellent and 

good) for Sonoita soil series were not represented in accordance with 

original study design. Thus, absence of three replications of low 

condition class macroplots of White House soil series, absence of two 

replications of medium condition class macroplots of Comoro and 

Sonoita soil series and absence of three replications of high cond-

ition class macroplots of Sonoita soil series are also expected to 

contr'ibute undesigned variability into the study. 

Comparison of Soil Conservation Service 
and Forest Service Condition Scores 

As a first step in discussing results, condition scores for 

data collected by SCS and FS inventory methods from all sample loca

tions were compared. The mean SCS condition score for the 27 sample 

locations was 37.1 (fair condition) and the mean FS vegetation 
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condition score for the 27 sample locations was 54.5 (fair condition). 

The condition scores have a different numerical value but fall into 

the same condition class because the FS uses five condition classes 

and the SCS uses four condition classes. 

A scatter diagram (Figure 2) shows a positive correlation 

between SCS and FS vegetation condition scores. The calculated 

regression equation for the relationship is y = 19 + .95(x). The 

coefficient of determination (r2) for this relationship is .544 or, in 

- this case, 54.4% of the variation in FS condition scores is accounted 

for by SCS condition scores. Two of the outlier points on the scatter 

diagram (Figure 2) are contributed by a medium and low condition score 

from one replication of Oracle soil series that was designed to be a 

Sonoita soil series. If these two points are omitted from the regres

sion analysis, the r2 value is .62. Both of ~he r2 values are signi

ficant but show a low correlation between SCS and FS condition scores 

across all sample locations. Correlation between SCS and FS condition 

scores is the result of mean condition scores being different for 

range sites. The mean SCS condition score for the loamy upland range 

sites is 53 (good condition) and the mean SCS condition score is 29 

(fair condition) for the sandy loam range sites. 

There is very little correlation between SCS and FS vegetation 

condition scores within the loamy upland range sites (Figure 2). 

The calculated regression equation for this relationship is 
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y = 77.6 + .019(x). The coefficient of determination (r2) for this 

relationship is .001, or in this case, 0.1% of the variation in FS 

condition scores is accounted for by SCS condition scores. 

A scatter diagram (Figure 2) shows there is a positive 

correlation between SCS and FS vegetation condition scores for the 
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sandy loam upland range sites. The calculated regression equation for 

this relationship is y = 22.2 + .69(x). The coefficient of 

determination (r2) for this relationship is .322, or in this case, 

32.2% of the variation in FS condition scores is accounted for by SCS 

condition scores. Mean SCS and FS' range condition scores were high 

for the loamy upland range sites and low for the sandy loam upland 

range sites. 

Comparison of Vegetation Groups by Cluster 
Analysls Procedures and Method of Data Collection 

Cluster analysis procedures were used to identify similarities 

within and between vegetation communities. The cluster groups, as 

determined by cluster analyses, are presented in Figures 3 and 4 and 

Tables 4-9 by method of data collection. Cluster analysis procedures 

used were chi-square and sum of squares. Data collection methods used 

were frequency, SCS procedure for determining composition by weight 

and FS procedure using 3/4 in. loop to record hits and nearest plant. 

The cluster groups identified are all from the same 27 

macroplots but those identified through chi-square analysis 

(Tables 6 and 8) are visibly different from those identified through 
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Table 4. Frequency data cluster groups at the two, three and nine 
group level using percent of plots in which a species 
occurred and sum of squares procedure for clustering. 

Two Group Three Group Nine Group 
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Level Level Level Condition Soil Series Location 

1 1 1 High Romero 2 
2 High Oracle 4 

Med Oracle 4 
High Cornaro 1 
Med Cornaro 1 
Low Cornaro 1 
Med Romero 2 
Low Orac1 e 2a 
High Comoro 3 
Med Cornaro 3 
Low Cornaro 3 
High Sonoita 5 
Med Sonoita 5 
Low Sonoita 5 
High Continental 6 
Med Continental 6 
Low Continental 6 
Med White House 7 
Low White House 7 

3 High White House 7a 
4 Low White House 8 

Med White House 8 

5 High Cara1ampi 9 

6 Low Orac1 e 4 

7 Low Cara1ampi 7 
2 8 High White House 8 

2 3 9 Med Caralampi 9 



Table 5. Cluster groups at the nine group level using relative 
frequency and sum of squares procedure for clustering. 

Nine Group Level Condition Soil Series Location 

1 High Cornaro 1 
Med Cornaro 1 
Low Cornaro 1 
Med Romero 2 
Low Oracl e 2a 
High Cornaro 3 
Med Cornaro 3 
Low Cornaro 3 
High Oracle 4 
Med Oracle 4 
High Sonoita 5 
Med Sonoita 5 
Low Sonoita 5 
High Continental 6 
Med Continental 6 
Low Continental 6 
High White House 7a 
Med White House 7 
Low White House 7 

2 High Romero 2 

3 Low Oracl e 4 

4 Med White House 8 

5 High Caral ampi 9 

6 High White House 8 

7 Low Caralampi 9 

8 Low White House 8 

9 Med Caral ampi 9 
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Table 6. Cluster groups at the two, three and nine group level using 
absol ute frequency and chi -square procedure for cl usteri n~l. 

Two Group Three Group Nine Group 
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Level Level Level Condition Soil Series Location 

1 1 1 Low Oracle 4 

2 High Oracl e 4 

3 Low Oracle 2a 

4 High Romero 2 

5 High Cornaro 3 
Med Cornaro 3 
Low Comoro 3 
Med Romero 2 
Med Oracle 4 

6 Med Cornaro 1 
Low Cornaro 1 

2 7 High Comoro 1 
High Sonoita 5 
Med Sonoita 5 
Low Sonoita 5 
High Continental 6 
Med Continental 6 
Low Continental 6 

2 3 8 High White House 8 
Med White House 8 
Low White House 8 

9 High White House 7a 
Med White House 7 
Low White House 7 
High Caral ampi 9 
Med Caralampi 9 
Low Caralampi 9 



Table 7. Cluster groups at the nine group level using SCS percent 
composition by weight and sum of squares procedure for 
clustering. 

Nine Group Level Condition Soil Series Location 

1 High White House 7a 
Med White House 7 
Low White House 7 
Low White House 8 
High Caralampi 9 
Med Caralampi 9 
Low Caralampi 9 
High Sonoita 5 
Med Sonoita 5 
Low Sonoita 5 
High Continental 6 
Med Continental 6 
Low Continental 6 
Hi gh Cornaro 1 
Med Cornaro 1 
Low Comore 1 
Med Romero 2 
High Cornaro 3 
Low Cornaro 3 

2 High Oracl e 4 

3 Low Oracle 2a 

4 Med Cornaro 3 

5 High Romero 2 

6 Low Oracle 4 

7 Med Oracle 4 

8 High White House 8 

9 Med White House 8 
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Table 8. Cluster groups at the two, three and nine group level using 
FS (hit plus nearest plant) and chi-square procedure for 
clustering. 

Two Group Three Group Nine Group 
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Level Level Level Condition Soil Series Location 

1 1 1 High White House B 
Med White House B 
Low White House B 

2 High Caralampi 9 
Med Caralampi 9 

3 Low Caralampi 9 
High White House 7a 
Med White House 7 
Low White House 7 

2 2 4 High Cornaro 1 
Med Cornaro 1 
Low Cornaro 1 

5 High Romero 2 

6 Med Romero 2 
High Cornaro 3 
Med Cornaro 3 
Low Cornaro 3 
High Oracle 4 
Med Oracl e 4 

7 Low Oracle 2a 

8 Low Oracl e 4 

3 9 High Sonoita 5 
Med Sonoita 5 
Low Sonoita 5 
High Continental 6 
Med Continental 6 
Low Continental 6 



Table 9. Cluster groups at the nine group level using FS (percent 
composition, hit plus nearest plant) and sum of squares 
procedure for clustering. 

Nine Group Level Conditi on Soil Series Location 

1 High Cornaro 1 
Med Cornaro 1 
Low Cornaro 1 
Med Romero 2 
Low Orac 1 e 2a 
High Cornaro 3 
Med Cornaro 3 
Low Cornaro 3 
High Oracle 4 
Med Oracle 4 
High Sonoita 5 
Med Sonoita 5 
Low Sonoita 5 
High Continental 6 
Med Continental 6 
Low Continental 6 
High White House 7a 
Med White House 7 
Low White House 7 

2 High Romero 2 

3 High Caralampi 9 

4 Low Oracle 4 

5 Med White House 8 

6 Low White House 8 

7 Low Caralampi 9 

8 High White House 8 

9 Med Caralampi 9 
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sum of squares analysis (Tables 4, 5, 7 and 9). Chi-square analyses 

grouped sample location data into more uniform sized groups, which 

matched study design, than sum of squares analyses. 
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Vegetation community groups formed by cluster analysis 

procedures (chi-square versus sum of squares) were different even 

though analyses were made with the same frequency data base (Tables 4 

through 6). Group separations identifying soil series and range sites 

are more distinctly separated in cluster analyses groupings shown in 

Table 6 (chi-square analysis) than in Tables 4 and 5 (sum of squares 

analysis). Cluster groups formed by cluster analysis procedures 

separate more by cluster analysis procedures used than by method of 

data collection as compared in Tables 5 and 7 and Tables 6 and 8. The 

following discussion will use the chi-square cluster analysis. 

Similarity of Plant Communities Within Soil Series 

Chi-square analysis of plant community data (Tables 6 and 8) 

shows a clear grouping of data by range sites at the two group level. 

White House and Cara1ampi soil series (loamy upland range site) group 

separate from Sonoita, Comoro, Romero and Continental soil series 

(sandy loam upland range site). The Oracle soil series is classified 

as a shallow upland range site but is grouped with the sandy loam 

upland range site (Figure 4 and Tables 6 and 8) at the two group 

level. Three of the four Oracle macroplot locations remained as 

separate, individual groups at the seven group level (Figure 4). Soil 
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and vegetation community data collected from the Oracle soil series 

was always in close proximity to sandy loam upland range sites. 

The chi-square analysis of frequency and FS data (Figure 4 and 

Tables 6 and 8), at the three group level of data analysis, separated 

vegetation community data by soil series. Sum of squares analysis 

(Figure 3 and Table 4) did not separate soil series or vegetation 

community data at the three group level. 

Relationship of Vegetation Cluster Groups and SCS/FS 
Condition Classification by Condition Within Soils 

Vegetation cluster groups as formed with the chi-square 

cluster analysis where affected more by location of data sample than 

by condition class (Figure 4 and Table 6). Soils and range sites were 

distinguished and grouped, but the vegetation on the macroplots was 

not similar enough within condition classes by SCS and FS criteria to 

group macroplots by condition class as sampled in this study. Since 

macroplot vegetation did not group well by condition class, factor 

analysis was used to identify species groups accounting for varia-

bility among macroplots. 

Factor Analysis 

A commonly accepted way of presenting rotated orthogonal 

factor values is in a two-dimensional graph comparing factor to 

factor. A two-dimensional graphical presentation of selected vari

ables identified through the factor analysis procedure can be plotted 
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to compare (1) the relative distance of a variable from the two axes, 

(2) the direction of a variable in relation to the axis (positive or 

negative loading) and finally, (3) the clustering of variables and 

their relative position to each other. In this way, some information 

concerning the degree of correlation between factors can be obtained. 

Factor loadings are the correlation coefficients between each variable 

and factor (Table 10 and Figures 5 through 8). The distance of the 

variable line is determined by the largest correlation coefficient 

with the two factors being compared. The angle of the variable line 

is determined by the smaller of the two correlation coefficients with 

the two factors being compared. 

Variables identified through the factor analysis procedure 

using absolute frequency data (Table 10) required five factors to 

account for approximately 79.0% of the variance among the 27 macroplot 

plant communities. Figure 5 shows that the cluster of variables 

(plant species for which name and symbol are given in Appendix 

Table C-l) SIDA, BOHI, BOCU, VIGU, LAPP, ERAN-l, MIDY, PORT, HIBE and 

BaCH load high on factor 1 and low on factor 2. Similarly, variables 

CARE, BOGR, ARIS, CEPA-l, PADI, LYPH and EUPH load high on factor 2 

but low on factor 1. The variables SIDA and BOHI, unlike the others, 

have some loadings on both factors. Factor 1 consists of plant 

species, Hilaria belangeri and Bouteloua chondrosioides, associated 

with White House and Caralampi soil series and loamy upland range 
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Table 10. Correlation coefficients of selected variables and factors 
from absolute elant freguenc~ data. 

Plant Factor No. 
Species 2 3 4 5 6 7 8 

ANBA .95360 
ARIS .71208 .45252 
BOCH .98773 
BOCU .45123 .77890 
BOER .65897 
BOFI .66098 
BOGR .73570 
BOHI .55864 .59633 
BORO .76994 
ERIN .83131 .40615 
HECO .72244 
HIBE .86494 
LEDU .79018 
LYPH .88829 
MUPO .57707 
ACGR .89152 
BACC .48769 
DESM .41006 .47234 .72826 
ERWR .57274 
FOSP .83585 
GUSA .95634 
MIDY .95111 
SELO .54772 
TRC2 .46840 
CARE .48295 .63242 
CEPA-l .77788 
EVAR .93961 
EVOL .43829 
LOTU .91814 
SIDA .43198 .53253 
BOHA .90260 
COMM .81301 
ERAN .80457 
EUPH .82357 
HAGR .89049 
PADI .77788 
PAHA .86369 
PORT .89500 
SOLf'. .46158 .59181 
VIGU .56877 .56162 
LAPP .60930 .60843 
SEMA -.46919 
APTE -.47488 
ERLE -.49310 
OPFU -.63448 
SIDA -.48106 
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Figure 5. Plotted factors of factor analysis variables from absolute 
frequency data (Factor 1 by Factor 2). 
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sites. Factor 2 consists of plant species associated with loamy 

upland range sites from sample locations 7, 7a and 9 (Table 1). 
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In Figure 6 the cluster of variables BOGR, ARIS, LYPH, EUPH, 

CEPA-1 and PADI load high on factor 2 but low on factor 3. Similarly, 

variables HECO, BORO, FOSP, EVAR and HAGR load high on factor 3. 

Factor 2 consists of plant species associated with loamy upland range 

sites as discussed above. Factor 3 consists of plant species asso

ciated with sandy loam upland range sites from the Santa Rita Experi

mental Range. 

In Figure 7 the cluster of variables HECO, BORD, FOSP, EVAR 

and HAGR have high loading on factor 3 but low on factor 4. The 

variables ERWR, SELO, BOHI, CARE, COMM, ERIN and GUSA have high load

ings on factor 4 but low loadings on factor 3. Factor 3 consists of 

plant species associated with Santa Rita Experimental Range (sandy 

loam upland range sites) and factor 4 consists of plant species asso

ciated with loamy upland range sites from sample locations 7, 7a and 8 

(Table 1). 

Variables in Figure 8 separated into three groups of cluster

ing. Clustering of variables SELO, CARE, GUSA, EVOL, ERWR, ARIS, 

BOHI, COMM and ERIN have a high loading on factor 4 but a low loading 

on factor 5. Variables SOLA, LAPP, BOCU, LOTU and ANBA have a high 

loading on factor 5 but a low loading on factor 4. However, the vari

ables BACC, VIGU and DESM have some loading on both factors. Factor 4 
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consists of plant species associated with loamy upland range sites and 

Factor 5 consists of plant species associated with high condition on 

heavy soils. Factor 6 consists of plant species associated with sandy 

loam upland range sites excluding sample locations 5 and 6. 

Variables identified through the factor analysis procedure 

using Soil Conservation Service data expressed as percent composition 

by weight (Table 11) required five factors to account for approxi-

mately 75.4% of the variance of the variables. Like the factors iden

tified using frequency data, the factors primarily identified with 

separating range sites and locations. 

Comparison of Absolute Frequency Cluster 
Analysis and Factor Analysis Data 

Macroplots grouped together by location and soil series using 

a cluster analysis procedure with absolute frequency data. Soil 

series from the Santa Rita Experimental Range research area clustered 

together and separate from soil series samples in the Empire Valley 

research area. Factor analysis using absolute frequency data 

separated plant groups associated with soil series, range site and 

location. Plant species associated with sample locations in the 

Empire Valley (Figure 5) fell out in factors 1, 2 and 3 indicating 

that there was a high percentage of the communality among plant 

communities associated with location of samples regardless of 

condition. 
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Table 11. Correlation coefficients of selected variables with factors 
in a factor analysis of data collected by SCS parameters 
and exeressed as eercent comQosition b~ weight. 

Plant Factor No. 
Species 2 3 4 5 6 7 8 

ANBA .97161 
BOCH .91100 
BOCU .41043 .83353 
BOER .49210 
BORO .76596 
ERIN .96218 
HECO .84743 
HIBE .68444 
LEDU .86960 
TRCA-l .50885 
APTE .55077 
BABR .45998 .40444 
CAER .67699 
DESM .84835 
ERWR .92372 
FOSP .79892 
MIDY .94923 
OPEN .55768 .41734 
PRJU .54054 
TRCA-2 .41254 
ASTE .99032 
CAAR-l .46828 
LOTU .97024 
PAHA .82602 
VIGU .66844 
LAPP .97907 
ARIS -.88636 
BOGR -.86272 
LYPH -.69332 
CARE -.45295 
EVOL -.50895 
SEMA -.53767 -.53085 
SPOR -.50023 
TRPU -.55339 
SOLA -.62399 
ACGR -.67131 
AMBR -.68629 
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Cluster and factor analysis procedures used for absolute fre-

quency data both did a good job of separating the data by SCS range 

site classification criteria. Cluster analysis data show that all 

soil series of the same range sites clustered together. The vegeta

tive communities on the macroplots were similar within the range sites 

studied and different between range sites. This supports the concept 

that variability in identifying condition can be reduced by identify-

ing range sites. 

Condition Score Using Absolute Freguency 
Data Compared to SCS and FS Vegetation 

Condition Scores by Range Site 

One hypothesis for this dissertation was that a condition 

score for range sites could be developed using Sorensen's coefficient 

of similarity. Frequency, SCS and FS data have been compared using 

species composition by method of collection. Sorensen's coefficient 

of similarity values for absolute frequency data and absolute fre

quency data plus FS erosion hazard scores were compared to SCS and FS 

condition scores for loamy upland and sandy loam upland range sites. 

To compare SCS and FS vegetation condition scores with 

Sorensen's coefficient of similarity values from absolute frequency 

data, the SCS and FS condition scores from the most representative, 

high condition, loamy upland and sandy loam upland range sites sampled 

were chosen as standards. SCS and FS and absolute frequency data as 

compared in Table 12 show SCS and FS vegetation condition scores and 
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corresponding Sorensen's coefficient of similarity values for absolute 

frequency data and absolute frequency data plus FS erosion hazard 

score by sample location. Loamy upland range sites had a mean SCS 

condition score of 53 (good condition class) with a range of condition 

scores from 78 (excellent condition class) to 40 (fair condition 

class). The mean FS condition scores was 78 (good condition class) 

with a range of condition scores from 84 (excellent condition class) 

to 68 (good condition class). Coefficients of similarity for absolute 

frequency data had a mean ~lue of 43 and a range of 100 to 13 •. The 

highest coefficient of similarity values existed within replications 

(locations) for every comparison made, indicating that location has a 

major influence on coefficient of similarity values. Coefficients of 

similarity for absolute frequency data plus FS erosion hazard scores 

had a mean value of 60 and a range of 112 to 27. 

Calculated coefficients of determination (r2) for these data 

were .84 for SCS versus absolute frequency, .77 for SCS versus abso

lute frequency plus FS erosion hazard scores and .01 for FS versus 

absolute frequency. SCS and absolute frequency data had a high r2 

value and FS and absolute frequency data had a very low r2 value. The 

correlation between SCS and absolute frequency data was higher than 

when comparing SCS and FS condition scores. 

The same procedure as just described was followed for compar

ing SCS and FS vegetation condition scores to Sorensen's coefficient 
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Table 12. Condition scores and regression equations between scores 
for loamy upland range site 

Location 

7 
7 
7a 
8 
8 
8 
9 
9 
9 

Mean (n=9) 

SCS vs 

SCS vs. 

FS vs. 

SCS Condition 
Score 

40 
50 
51 
53 
62 
78 
57 
44 
42 

53 

Frequency 
FS Condition Condition 

Score Score 

81 13 
80 35 
84 29 
79 69 
68 63 
80 100 
89 37 
71 27 
77 15 

78.77 43.11 

Frequency Condition Score 

" Y2= 36.74 + .38(x) 
r = .84 

Frequency Plus FS 
Erosion Hazard 
Condition Score 

27 
49 
41 
97 
91 

112 
62 
38 
29 

60.66 

Frequency Plus FS Erosion Haz'ard Condition Score 

" .33(x) y = 33.21 + 
r2 = .77 

Frequency Condition Score 

" (- .03)( x) y = 79.94 + 
r2 = .01 



of similarity values for absolute frequency data and absolute fre

quency data plus FS erosion hazard score on the sandy loam upland 

range site data (Table 13). Sandy loam upland range sites had a mean 

SCS vegetation condition score of 29 (fair condition class) with a 

range of condition scores from 59 (good condition class) to 8 (poor 

condition class). The mean FS condition score was 42 (fair condition 

class) with a range of condition scores from 14 (very poor condition 

class) to 73 (good condition class). Coefficients of similarity for 

absolute frequency data had a mean value of 37 and a range of 100 
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to 8. Absolute frequency coefficient of similarity data plus FS 

erosion hazard scores had a mean value of 49 and a range of 120 to 13. 

Calculated coefficients of determination (r2) for these data 

were .44 for absolute frequency compa~ison to SCS condition scores, 

.44 for absolute frequency plus FS erosion hazard score comparison to 

SCS condition scores and .33 for absolute frequency comparison to FS 

condition scores. These values are very low. 

Addition of the FS erosion hazard score (cover score) to 

absolute frequency coefficient of similarity score lowered the r2 

value for the loamy upland range site data, but did not change the r2 

value for the sandy loam upland range site data. Variables, in 

addition to cover, are accounting for the low r2 values derived when 

comparing plant frequency coefficient of similarity scores to SCS and 
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Table 13. Condition scores and regression equations between scores 
for sandy loam upland range site 

," . 
Location 

1 
1 
1 
2 
2 
2a 
3 
3 
3 
4 
4 
4 
5 
5 
5 
6 
6 
6 

Mean (n=18) 

SCS vs. 

SCS vs. 

SCS Condition 
Score 

15 
26 
23 
52 
22 
13 
43 
59 
34 
22 
48 
24 
19 
8 

38 
35 
26 
18 

29.16 

Frequency 
FS Condition Condition 

Score Score 

33 33 
52 42 
31 40 
67 33 
57 54 
25 20 
42 56 
55 100 
62 77 
14 23 
47 50 
73 35 
38 21 
17 8 
40 27 
47 21 
46 29 
17 8 

42.38 37.61 

Frequency Condition Score 
1\ 
Y2= 14.12 + .40(x) 
r = .44 

Frequency Plus FS 
Erosion Hazard 
Condition Score 

43 
57 
51 
46 
63 
26 
69 

120 
103 

29 
65 
53 
28 
18 
33 
36 
38 
13 

49.50 

Frequency Plus FS Erosion Hazard Condition Score 
1\ 
y = 12.48 + .34(x) 
r2 = .44 

FS vs. Frequency Condition Score 
1\ 

.42(x) Y2= 26.49 + 
r = .33 
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FS condition scores. There was more variability within the sandy loam 

upland range site, compared to the loamy upland range site, limiting 

the use of a single, high condition macroplot as a representative 

standard for determining condition scores using coefficient of simi

larity as an index to condition. 



CONCLUSIONS 

Range scientists have realized the importance of developing a 

common system for identification, classification and inventory of 

rangelands as a basis for collecting range data. This study provides 

comparisons of selected range condition procedures. 

Conclusions for this study are as follows: 

1. FS condition scores did not correlate well with SCS condition 

scores within the loamy upland (r2 = .001) or sandy loam upland 

(r2 = .322) range sites. The correlation (r2 = .54) between FS 

and SCS range condition scores when compared across sites was due 

to high condition scores for both methods for the loamy upland 

range site in the Empire Valley and low condition scores for the 

sandy loam upland range site on the Santa Rita Experimental 

Range. Although the design of this study does not provide data to 

document a definite conclusion, the range condition scores by both 

the FS and SCS methods appear to be biased upward due to a higher 

site potential for the loamy upland range site compared to the 

sandy loam upland range site. The FS method clearly is not sepa

rating range condition and site potential. 

2. Chi-square analysis procedures for cluster analysis provided more 

realistic vegetation groupings related to study design than did 

sum of squares procedure. 
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3. Vegetation community cluster groups were similar within soils and 

sites indicating that any condition guide developed for range con

dition evaluation referenced to potential must be based on 

specific sites. 

4. Factor analysis identified plant groups associated with factors 

related to soil series, range site and sample location. Only one 

factor could be identified with condition. Plant groups on the 

loamy upland range site from the Empire Valley were strongly 

correlated with three factors and accounted for a high percentage 

of the communality among plant communities on the sample macro

plots. Plant groups identified to factors associated with loamy 

upland range sites were: 

Factor 1 - Hilaria belangeri and Bouteloua chondrosioides 

Factor 2 - Lycurus phleoides, Bouteloua gracilis and Panicum 

hallii 

Factor 4 - Bouteloua hirsuta, Erogrostis intermedia and 

Eriogonum wrightii 

Plant groups identified to two factors associated with the sandy 

loam upland range site from the Santa Rita Experimental Range 

were: 

Factor 3 - Bouteloua rothrockii, Heteropogon contortus and 

Fouguieria splendens 



72 

Factor 6 - Bouteloua eriopoda, Bouteloua filiformis and 

Boerhaavia sp. 

Factor 5 identified plant groups associated with an argillic 

horizon common to high condition, heavy soil, of the Empire Valley 

and Santa Rita Experimental Range: 

Factor 5 - Andropogon barbinodis and Bouteloua curtipendula. 

5. Sorensen's coefficient of similarity scores for frequency 

(absolute) data based on a specific "high condition" reference 

area had a high r2 value (.84) when correlated with SCS condition 

scores for the loamy upland range site in the Empire Valley. FS 

condition scores had a very low r2 value (.01) when correlated 

with the same frequency data base. SCS condition scores for loamy 

upland range sites correlated well with frequency condition scores 

as a result of the homogeneity of the vegetation community and the 

high condition scores of the reference macroplot sampled. FS 

condition scores for the loamy upland range sites did not 

correlate well with frequency condition scores because of reasons 

stated in conclusion one. 

6. Sorensen's coefficient of similarity scores for frequency 

(absolute) data based on a specific "high condition" reference 

area had positive, but low r2 values, .44 and .33, when compared 

to SCS and FS condition scores for the sandy loam upland range 

site on the Santa Rita Experimental Range. Heterogeneity of 



vegetation communities, variability of soils within sandy loam 

upland range site and variability of SCS range site guides 

resulted in a low coefficient of determination between SCS 

condition scores and frequency scores. Variability within the 

sandy loam upland site as defined for this study has been recog

nized by the SCS, resulting in one of the soil series studied 

(Comoro) being removed from the sandy loam upland range site 

description and placed in a deep sand range site description. 

7. The strong correlation of SCS and frequency condition scores for 

the loamy upland range site shows that, on a homogeneous site, a 

range site condition guide can be developed with Sorensen's co

efficient of similarity, using frequency data as an index of 

condition. 
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APPENDIX A 

SOIL PROFILE CHARACTERISTICS 

Summarization and presentation of selected soil profile 

diagnostic characteristics from all sample locations. 
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Table A. 1- Characteristics of sample location soil series. 

Sample 
Location 
Number 2 2a 3 4 S 6 7 7a 8 9 
5011 series Comoro Romero Oracle Comoro Oracle Sonoita Continental White Uouse White House White House Caralampl 
Horizon 
(depth) 
Al 0-3 0-3 0-6 0-3 0-4 0-3 0-9 0-2 0-3 0-1.S 0-3 
Bl 4-12 
Bit 2-S 3-9 3-11 
B21t 6-11 12-19 3-10 9-21 S-17 9-1S 1.S-13 11-16 
B22t 11-18 19-25 10-15 15-25 13.22 
B23t IS-2S 22-30 
Cl 3-12 3-24 3-26 16-30 
IIB22t 
IIB22tca 1"1-26 

Texture 
Al gsl gltsl gsl gsl gsl 51 51 fsl gl gsl 
Bl vgrsl 
Bit hvy hvy hvy 51 

B21t vgscl vgrscl sci hvy cl c cl cl hvy 51 
It sci 

B22t gscl vgrscl sci c c 
B23t Itscl c 
Cl 51 vgltsl gsl hvy 51 It sci 
IIB22t 
IIB22tca c 
Color (dry) 
Al 10YRS/3 10YRS/2 10YR4/2 10YR4/2 7.SYR4/S 7.SYR6/6 7.SYRS/4 2.SYRS/6 7.SYRS/4 7.SYRS/8 10YRS/4 
Bl 7.SYRS/2 
Bit 2.SYR4/6 SYR4/4 
B21t SYR4/8 SYR3/4 7.SYR4/4 2.SYR3/6 2.SYR3/6 SYR4/3 2.SYR4/6 SYR6/3 
B22t SYR3/4 SYR4/2 SYR4/4 2.SYR4/6 2.SYR4/4 
B23t SYR4/4 2.SYR4/6 

-...,J 

cl 10YR4/3 10YR4/1 10YR2/2 U'1 



Table A. 1. Continued 

IIB22t 
IIB22tca 
pH 

A1 7.0 7.0 7.0 6.5 
B1 
B1t 
B21t 6.7 
B22t 6.5 
B23t 
C1 7.5 6.7 7.0 
IIB22t 
IIB22tca 

2.5YR6/8 

6.5 6.5 6.7 7.0 
6.5 

7.0 
6.7 6.5 7.5 7.5 
6.7 6.7 

6.7 

8.0 

5YR812 

8.0 6.5 

7.0 
6.5 7.0 
8.0 8.0 

8.0 

6.5 

7.0 
7.0 

7.0 

....... 
0'1 



APPENDIX B 

FREQUENCY DATA FORM 
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Table B. 1. Plant frequency field data form. 

Macroplot Location 

Survey crew Date / / 
Sp. T RAN SEC T S F 

1 2 3 4 5 6 7 8 9 10 



APPENDIX C 

SYMBOLS, SCIENTIFIC AND COMMON NAMES OF PLANT SPECIES 
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Table C. 1. List of symbols, scientific and common names of species 
at the Empire Valley and Santa Rita Experimental Range in 
southeastern Arizona. 

COMMON NAME 

Cane bluestem 

Three-awns 

Sprucetop grama 

Sideoats grama 

Black grama 

Slender grama 

Blue grama 

Hai ry grama 

Rothrock grama 

Plains lovegrass 

Lehmann lovegrass 

Tanglehead 

Curlymesquite 

Green sprangletop 

Wol ftail 

Bush muhly 

Halls panicum 

Vine-mesquite 

Plains bristlegrass 



SYMBOL SCIENTIFIC NAME 

SPORO Sporobolus sp. 

TRCA-1 Trichachne californica 

TRPU Tridens pulchellus 

Acacia greggii 

Aplopappus tenuisectus 

Baccharis brachyphylla 

Baccharis sp. 

Calliandra eriophylla 

Celtis pallida 

Eriogonum wrightii 

Ferocactus wislizenii 

Fouguieria splendens 

Gutierrezia sarothrae 

Mimosa dysocarpa 

Opuntia Engelmannii 

Opuntia fulgida 

SPECIES 

Shrubs 

ACGR 

APTE 

BABR 

BACC 

CAER 

CEPA 

ERWR 

FEWI 

FOSP 

GUSA 

MIDY 

OPEN 

OPFU 

PRJU 

SELO 

TRCA-2 

ZIPU 

Prosopis juliflora var. velutina 

Senecio longilobus 

Trixis californica 

Zinnia pumila 

COMMON NAME 

Dropseed 

Arizona cottontop 

Fluffgrass 

Catclaw acacia 

Burroweed 

Little leaf baccharis 

Baccharis 

False mesquite 

Desert hackberry 

Shrubby buckwheat 

Barrel cactus 

Ocotillo 

Broom snakeweed 

Velvetpod mimosa 

Pricklypear 

Jumpi ng choll a 

Velvet mesquite 

Threadleaf groundsel 

Trixis 

Desert zinnia 
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SYMBOL 

AMBR 

ASTE 

CAAR-l 

CARE 

DESM 

DITA 

EVAR 

EVOL 

LOTU 

SIDA 

BOHA 

CEPA-l 

COMM 

ERAN-l 

EUPH 

HAGR 

LAPP 

PADI 

PANI 

SPECIES 
SCIENTIFIC NAME 

Perennial Forbs 

Ambrosia sp. 

Aster sp. 

Carlowrightia arizonica 

Carex sp. 

Desmanthus sp. 

Ditaxis sp. 

Evolvulus Arizonicus 

Evolvulus sp. 

Lotus sp. 

Sida sp. 

Boerhaavia sp. 

Cenchrus paucifloras 

Commelina sp. 

Eriogonum annum 

Euphorbia sp. 

Haplopapus gracilis 

Lappula sp. 

Paspalum distichum 

Panicum sp. 

Annuals 

COMMON-NAME 

Ragweed 

Aster 

Arizona carlowrightia 

Sedge 

Bundleflower 

Ditaxis 

Arizona evolvulus 

Evolvulus 

Deervetch 

Sida 

Spiderling 

Mat sandbur 

Dayflower 

Annual eriogonum 

Spurge 

Annual goldenweed 

Stickseed 

Knotgrass 

Witchgrass 
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SPECIES 
SYMBOL SCIENTIFIC NAME COMMON NAME 

PORT Portulaca sp. Portulaca 

SOLA Solanum sp. Nightshade 

VIGU Viguiera sp. Gol deneye 

UNK Unknown Annual Grasses and Forbs 
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