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ABSTRACT 

This research deals with the characterisation of range sites in 

the Empire Valley study area, 40 miles southeast of Tucson, Arizona. 

Black and white aerial photographs were used in the reconnaissance, 

stratification and selection of 304 stands evaluated during 1973 and 

1974. Field data collected by occular reconnaissance from each stand 

included a list of species, dominance and composition ratings of indi

vidual species in herbaceous, shrub, and tree layers, percentage cover 

of the vegetation layers, cobbles and gravel, soil series, topographical 

position, slope percent and aspect, and present grazing intensity. 

Stands were classified into three major categories based on 

topographical position and limyness of the soil: bottomlands, nonlimy 

uplands, and limy uplands. Specific plant communities and gravel cover 

on the soil surface were used to separate tentative sites on the bottom

lands. Solar radiation at the soil surface as affected by slope angle 

and aspect, slope percent, and cobble cover were used to separate the 

tentative sites of both the nonlimy and the limy uplands. Multiple re

gression analyses between the abiotic site factors, as independent site 

varidjles, and individual plant species importance values, as dependent 

variables, were used to test the influence of the abiotic environmental 

factors on the occurrence of plant species in the study area. Cluster 

analyses based on coefficients of similarity among stands were conducted, 

and groups of stands of similar vegetation composition were identified. 

x 
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Correlations among plant species were tested and possible range site con

dition and site potential interactions were discussed. 

Four tentative sites identified on the bottomlands were justified. 

Sites 1 and 4 were separated on the basis of specific plant communities, 

dominated by Hilaria mutica and Sporobolus wrightii and/or tree-size 

Prosopis juliflora, respectively. Sites 2 and 3, separated on the basis 

of gravel cover, reflect the differences between Comoro and Pima soil 

series in terms of vegetation cover. The vegetation groups associated 

with these latter two sites were greatly influenced by range condition. 

The ten tentative sites of the nonlimy uplands were regrouped 

into seven range sites. Site 6, representing the steep south slopes, was 

justified in terms of characteristic plant species, radiation, and slope. 

Tentative sites 8 and 11, initially separated in terms of the difference 

in cobble content, were combined into a single range site because the 

effects of the differences in range condition obscured the differences 

caused by the small cobble cover percent. Tentative site 10, repre

senting the flat uplands with fine textured soils, was justified as a 

range site and supported a specific plant community dominated by Hilaria 

mutica. Tentative sites 13 and 15, the gentle and moderate slopes of the 

600-700 langleys/day radiation class did not present sufficient plant 

community differences to justify a separation into two distinct range 

sites. Site 17, representing the steep slopes of the 600-700 langleys/ 

day radiation class was separated as a distinct range site based on dif

ferences in slope and plant community. Two distinct range sites were 

identified in the low radiation classes in terms of characteristic plant 

communities. Sites 19 and 22, radiation classes 500-600 and 400-500 
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langleys/day, respectively, were combined as one site. Site 24, radiation 

class 300-400 langleys/day, was justified as a distinct range site 

separated from other north slopes because of steep slope, low herbaceous 

cover, and presence or absence of specific species. 

No attempt was made to separate sites on the liny uplands, due to 

the inadequate number of samples per tentative sites. However, trends 

indicate a pattern in the number and characteristics of range sites 

similar to those of the nonlimy uplands. 



INTRODUCTION 

Classification of vegetation for many purposes has been inspired 

by man's desire to organize the natural factors in patterns more easily 

understandable and interpretable. The objectives of classification 

range from evaluations of the natural resources of a country, through a 

general grouping of its flora into major vegetation categories, to de

tailed studies of the complex relationships between the vegetation of a 

particular area and its micro-environment. In range management, the 

science and art of rational utilization of the range resources by the 

application of ecological principles, vegetation classifications is 

an indispensable tool. The basic concepts of potential production and 

condition of range vegetation were developed from detailed studies of 

discrete vegetation-environment units, range sites. Sound management 

guidelines for the multiple uses of rangelands can be established only 

from a correct understanding of the ecological relationships present 

within the individual range sites. 

In Arizona, range resources play a major role in the state's 

economy, and range science research studies have provided many guidelines 

for management of the range resources. However, most phytosociological 

studies have resulted in vegetation classification or groupings too 

general to be of immediate and practical value; thus, much research data 

are difficult to interpret or are misapplied because the influences of 

specific range sites are not fully realized. 



The objectives of this study are the development of methods and 

techniques for characterization and identification of range sites within 

the Empire Valley study area in Southern Arizona. It is expected that 

the results obtained will provide a basis for later studies on Arizona 

range vegetation classification. 



LITERATURE REVIEW 

Theories and methods of vegetation analysis and classification 

can be grouped according to opposing schools of thought, the Braun-

Blanquet School of Plant Sociology and the Continuum School of the North 

American Ecologists. The former school developed the concept that vege

tation is a complex organism formed by distinctive groups of species 

with high internal interactions which ultimately influence the environ

ment. The latter school assumes that vegetation is an individual, and 

as such, cannot be partitioned into readily definable units (Kershaw, 

1964). However, even though accepting the theory of the continuum, 

some ecologists state that this does not invalidate the division of 

vegetation into arbitrary entities for practical convenience (Ayyad and 

Dix, 1964). 

Vegetation Unit Terminology 

The basic unit of vegetation classification, generally described 

in terms of a uniform plant community, has received several different 

names. The following review attempts to summarize concepts and terms 

used in vegetation classification. Daubenmire (1952) refers to associa

tion as the basic unit of vegetation and defines the concept in terms of 

a group of actual stands in which the differences in species composition 

result from historical events or chance dissemination rather than in

trinsic environmental differences. 

3 
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Basic Unit is the term used by Hopkins (1957) to describe a group 

of species with positive association, occurring within a site of a plant 

community; and nodum, defined as repeatable units of vegetation, was used 

by Poore (1956). The latter concept was not assumed to be a fundamental 

plant unit, but an abstraction derived from stands with common charac

teristics. Neither concept related the plant community to its physical 

environment. Vegetation type as used by Mouat (1974) was developed as 

the vegetation unit, based primarily on the presence and prominence of 

certain species. Later he related vegetation types with terrain 

variables. 

Habitat type as described by Poulton and Tisdale (1961), refers 

to a group of areas capable of supporting the same relatively homogeneous 

plant community. Geographic variation, patterns in plant cover, and 

soils are used to characterize the habitat type. Bailey and Poulton 

(1968) used the term habitat type referring to a unit of vegetation 

classification. They pointed out that plant communities are the best 

indicators of the net effect of all the interacting complex of the ex

ternal and internal factors of the environment. Thilenius (1972) used 

the term habitat unit to signify groups of uniform units of a deer 

habitat complex. 

The concept of taxonomic unit, as used by Culver and Poulton 

(1968), comprises both the plant community and the related physical 

factors. Vegetation-soil unit may be used as a synonym. 

Several authors, when applying gradient analysis techniques in 

vegetation studies, use the term stand to signify their sampling points. 

The stands may ultimately be averaged into arbitrary community types 



(Wikum and Wall, 1974). However, it is noted that stands should not be 

considered as distinct individuals but as areas of or points in the 

landscape pattern (Whittaker, 1962). The landscape approach, the basis 

of an Australian System of Land Classification, uses land forms and topo

graphic characteristics as the most important criteria for, classifica

tion. Several terms are used to describe the smallest unit of the system. 

Stow, meaning a unit of relief, site, land elements, and facies are some 

of the terms used with approximately the same meaning (Mabbutt, 1968). 

Range management scientists use the term range site to define the 

basic units in rangeland classification. The range site, as it is cur

rently accepted, is a unit of rangeland with a distinctive plant commu

nity associated with uniform climatic, edaphic, and topographic factors. 

Shiflet (1973) made a detailed and complete review of the origin and evo

lution of the range site concept. He states that the concept was adopted 

from forests to rangelands during the 1930's and 1940's. As first devel

oped by foresters, site was defined in terms of potential for production 

of a forest area or the combined effect of the forest environment on 

vegetation production power of an area (Korstian, 1919). 

The U. S. Soil Conservation Service (1973) presented a definition 

of range site very similar to that of the Society for Range Management 

(Kothmann, 1974). The ability to support a distinctive natural plant 

community is the basis of the definition. The Soil Science Society of 

America (1962) defines range site in terms of the ability of an area, 

uniform in soil, climate, and natural biotic factors to support a climax 

vegetation. 



The concept of range type of the U. S. Bureau of Land Management 

(1960) does not differ from that of range site. The definition involves 
* 

species composition, abundance of vegetation, slope, aspect, soil type 

and erosion. In practice, however, the vegetation type for the U. S. 

Bureau of Land Management inventory of vegetation is defined only in 

terms of species composition. The Forest Service (1963) uses broad 

vegetation types as the basic unit in range allotment analysis. But for 

research purposes, agency personnel use the term and the concept of 

range site. 

The Society for Range Management defines range site as an area 

having a typical combination of environmental factors, resulting in sig

nificant differences in forage production potential,' and with character

istic management requirements (Huss, 1964). The second edition of Terms 

Used in Range Management (Kothmann, 1974) presents the definition of 

range site with some modifications. "Range site is a distinctive kind of 

rangeland, which in the absence of abnormal disturbance and physical site 

deterioration, has the potential to support a native plant community 

typified by an association of species, different from that of other 

sites. This differentiation is based upon significant differences in 

kind or proportions of species, or total productivity" (Kothmann, 1974, 

p. 22). Range site is the term used in this dissertation to describe 

the basic vegetation-habitat unit useful in range analysis and management. 

Identification of Range Sites 

The characterization and identification of range sites, or equiv

alent units, have resulted in development of techniques ranging from 
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complex statistical methodology to rather simple and subjective methods. 

Dyksterhius (1949) discussed two important points that should be used in 

the justification of site separation: a measurable difference in the 

composition of climax vegetation and a sufficient difference in 

productivity. 

Passey and Hugie (1962 and 1963) stressed that in the absence of 

the original and potential plant cover, range sites must be recognized 

on the basis of the relatively permanent and mapable features which are 

consistently associated with the site potential, i.e., soil and climate. 

* 

These authors pointed out that range condition is frequently confused 

with site potential. Plant communities in apparent stability with local 

site conditions reflect the differences in management. The authors sug

gested that the delineation of sites should be based more on the rela

tively permanent factors of the physical environment than on the present 

vegetation of the area. 

Field sampling methods are a very important aspect in a vegeta

tion study. Poulton and Tisdale (1961) described a method of field 

sampling to be used for the description and classification of range 

vegetation. The first step is a general reconnaissance of the study 

area in order to select plot locations. These are preferred to be rela

tively undisturbed. The authors suggested a minimum of five stands and 

a maximum of ten per site. The vegetation data to be collected include 

species composition, relative dominance, vigor, list of plant species, 

basal area per speciesF and bare ground. These data should be collected 

from transects or other subplots randomly located in macroplots. Herbage 

production data are not harvested as part of the regular sampling. A 



trench is opened in the macroplot area, and soil data are collected. The 

last step of the method deals with taking general and close-up photo

graphs of the area. The method is used with some modification by many 

researchers. The changes introduced are most often related to the size 

of the macroplot and the criteria for subsampling. The location of the 

, sampling area is subjective. Mueggler and Harris (1969) used the above 

method in a study conducted on the relationship of mountain grassland 

with the factors of the environment. Thilenius (1972) collected vegeta

tion data from subplots arranged in a belt transect along the center of 

the macroplot, and Bonham (1974) used ten microplots per macroplot for 

sampling rangeland vegetation. Fish (1973) located the macroplots in the 

study area by means of two grid systems. The quadrats were randomly sit

uated in the macroplots. When gradient analysis is used in the inter

pretation of the results, the sampling is done along transects located 

parallel to the gradient of the factor. The study plots are laid selec

tively (Wikum and Wali, 1974) on tentatively identified community types 

(Fonda and Bliss, 1969) or regularly spaced (Whittaker, 1967 and Whit-

taker and Niering, 1965). 

Culver and Poulton (1968) used the same method, introducing 

changes to adapt to the use with remote sensing techniques. The location 

of the sampling areas was done according to photo images recognized. The 

macroplots had no definite dimensions, and the data on vegetation were 

obtained by occular reconnaissance. Dyrness and Franklin (1974) fol

lowed the above method of sampling in a study on the classification of 

forest communities. 



Selected Methods of Vegetation Analysis 

Several statistical techniques have been used to analyze field 

data. One widely used technique is by ordination. Bray and Curtis 

(1957) described the mathematical theory and the development of the 

ordination method. The technique uses a coefficient of similarity 

between each pair of stands to develop a matrix. The coefficient or 

index of similarity is calculated by the equation: 

where: C = the coefficeint of similarity between two stands, 

a + b = the sums of the quantitative species data for stands A & B 

w = the sum of the lesser quantitative values of the species 
common to both stands. 

The estimates of similarity are then converted by subtracting each one 

from 100. From the matrix thus formed, two stands that are most dis

similar are selected as the limits of the ordination and the relative 

distance of the remaining stands are calculated. Thus, the ordination is 

obtained along the X axis. Then the ordination is obtained along the Y 

and Z axis, using similar procedures. Hypothetical spatial distances are 

thus obtained among the stands. The ordination along the three axes is 

explained on the basis of environmental gradients. Dix (1958) studied 

the effect of slopes and aspect in the grassland type, applying the 

ordination method. Frequencies of species were the values used to deter

mine the similarity coefficient matrix. Ayyad and Dix (1964) used the 

ordination technique in a study conducted on the analysis of a vegetation-

mi croenvironmental complex on prairie grassland. They used an importance 

value (relative percent density + relative percent dominance + frequency) 

of each species to calculate the similarity of the stands. 
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Cluster analysis and/or factor analysis also have been used in 

vegetation classification studies. West (1966) applied the method based 

on the coefficient of similarity on a study conducted on montane forest 

vegetation. Thilenius (1972) and Dyrness and Franklin (1974) used a 

dendrogram of cluster analysis, based on coefficients of similarity in 

the identification of different groups of homogeneous units of vegetation-

habitat complex. 

Fish (1973) conducted a study comparing several methods of vege

tation analysis including association analysis, linear ordination, and 

cluster analysis. He concluded that the criteria used to develop the 

homogeneous groups of vegetation are very much responsible for the types 

of groups formed. He also found that cluster analysis was the "best 

method" yielding the smallest number of groups with highest internal 

homogeneity. He recommended a previous stratification of the study area 

for sampling purposes as a means of significantly reducing the costs in

volved and improving the quality of the results. 

Previous Vegetation Studies Conducted 
in the Study Area 

Phytosociological studies conducted in the study are area few, 

and the groupings found are of a higher category than the range site. 

In no previous study is the termor the concept of range site developed 

or applied to homogeneous groups of vegetation within the study area. 

Cumming (1951) studied the effect of slope and exposure on range 

vegetation of Desert Grassland and Oak Woodland but no attempt was made 

to characterize or identify the range sites of the area. His research 

was directed toward the influence of environmental factors on distribution 



of plant species on opposing north and south slopes. Humphrey (1960) 

described the vegetation of the area as Desert Grassland. This level of 

classification of Range Forage types is much higher than that of range 

site. Brown and Lowe (1974) developed a digitized computer method of 

vegetation classification in Arizona. They worked down to the fifth 

digit, a level that corresponds to Humphrey's Desert Grassland. Mouat's 

(1974) vegetation types are more complex and at a higher level than the 

concept of range site. 



DESCRIPTION OF THE STUDY AREA 

The Empire Valley study area is located approximately 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 Moun

tains 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 Babocomari River. The Empire Valley pre

sents a gently to moderately rolling terrain at its central portion with 

highly dissected topography at the foothills of the mountain systems 

(Mouat, 1974). The elevation of the study area ranges from approxi

mately 4,200 to 5,800 feet. 

Geology and Soils 

The limits qf the study area were established along the break 

between the soils developed over alluvium and those formed on bedrock. 

Satellite (ERTS) imagery and larger scale aerial photos were used to mark 

the geographical boundaries of the study area (Fig. 1). 

Late Tertiary and early Quaternary alluvium and conglomerates 

constitute the parent material from which the soils found in the study 

area were formed. Eight principal soil series are found in the area, 

and are described in U. S. Soil Conservation Service soil series descrip

tions (U. S. Soil Conservation Service, unpublished). Characteristics of 

these soil series are summarized in Table 1. Guest, Pima, Comoro, and 

12 
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Table 1. Characteristics of principal soil series found within the study area. 

Series Characteris tics Series 
Subgroup Family Geomorphologic Elevation Slopes Parent Associated 

Surface (feet) (percent) Material Series 

Whitehouse Ustollic Fine, Old alluvial 3,300 - 0 - 3 5  granite, Bernardino, 
Haplargid mixed, fans or 5,400 dacite, Pima, Guest 

thermic plains audesite, 
rhyolite, 
quartzite 

Bernardino Ustollic Fine, Old alluvial 3,500 - 2 - 1 5  limestone, Whitehouse, 
Haplargid mixed, fans 5,500 andesite, Comoro, 

thermic rhyolitic Guest, 
tuff, Hathaway, 
quartzite, Pima 
basaltic 
rocks 

Caralampi Ustollic Loamy - Old alluvial 3,000 - 10 - granite, Bernardino, 
Haplargid skeletal , fans v 5,000 60 rhyolite, Whitehouse 

mixed, audesite, 
thermic dacite, 

0  agglomerates 

Hathaway Aridic Loamy - Dissected old 3,000 - 2 - limestone, Bernardino, 
Calciustoll skeletal , alluvial fans 5,400 70 rhyolite, Whitehouse 

mixed, or plains granite, 
thermal dacite, 

andesite, 
tuff, sand
stone, shale, 
quartzite 



Table 1. (continued) 

Series 
Characteristics 

Subgroup Family Geomorphologic Elevation Slopes Parent Associated 
Surface (feet) (percent) Material Series 

Guest Cumulic Fine, Floodplains, 500 -
Haplustoll mixed, alluvial fans, 3,200 

thermic old terraces 

0 - 5  quartzite, 
shale, 
limestone, 
sandstone, 
acid and 
basic ig
neous rocks 

Pima, 
Comoro, 
Grabe 

Pima Aridic Fine, 
Cumulic silty, 
Haplustoll mixed, 

thermic 

Floodplains, 1,100 
low terraces 5,000 

0 - 5  q u a r t z i t e ,  C o m o r o ,  
shale, lime- Guest, 
stone, acid Grabe 
and basic ig
neous rocks 

Comoro Cumulic Coarse, 
Haplustoll loamy, 

mixed, 
thermic 

Floodplains, 2,200 
low terraces 5,000 

0 - 3  q u a r t z i t e ,  P i m a ,  
shale, lime- Grabe, 
stone, acid Guest 
and basic ig
neous rocks 

Grabe Cumulic Coarse, 
Haplustoll loamy, 

mixed, 
thermic 

Floodplains, 1,500 
low terraces 5,400 

0 - 3  q u a r t z i t e ,  P i m a ,  
shale, lime- Comoro, 
stone, acid Guest 
and basic ig
neous rocks 



Table 1. (continued) 

Series 
A horizon 
hue, value 
and chroma 

Reaction 
A horizon 

Gravel Content 
Solum 
(percent) 

Texture 
A horizon 

Depth to 
CaC03 
horizon 

Depth of 
Profile Permeability 

Whitehouse 5 yr-10 yr 
4 - 6  
2 - 4  

Strongly 
acid to 
neutral 

2 - 3 5  loam or 
gravelly 
loam 

20 in. + 40 - 60 
in. + 

slow 

Bernardino 10 yr-5 yr 
4 - 6  
2 - 4  

Slightly 
acid — 
mildly 
alkaline 

15 - 35 gravelly clay 
loam, gra
velly clay, 
clay 

< 20 in. 60 in. + moderately 
slow to slow 

Caralampi 10 yr-5 yr Slightly 35 - 80 gravelly to usually 20 - 55 
4 - 5  m e d i u m  v e r y  g r a -  n o n -  i n .  
2 - 4  a c i d  v e l l y ,  s a n d y  c a l c a r e o u s  

clay loam, 
clay loam or 
sandy loam 

Hathaway 10 yr-7.5 
yr 
4 - 5  
2 - 3  

Mildly to 
moderately 
alkaline 

15 - 50 gravelly 
loam 

7 - 1 6  
in. 

40 -
in. 

70 moderate 

Guest 10 yr-
7.5 yr 
4 - 5  
2 - 3  

neutral to 
strongly 
alkaline 

0 - 2 0  silty clay, 
clay or 
heavy clay 
loam 

typically 
calcareous 
throughout 

50 + in. slow 

moderately 
slow 



Table 1. (continued) 

Series 
A horizon 
hue, value 
and chroma 

Reaction 
A horizon 

Gravel Content 
Solum 

(percent) 

Texture 
A horizon 

Depth to 
CaCOg 
horizon 

Depth of 
Profile Permeability 

Pima 10 yr-
7.5 yr 
<5.5, 
2 - 3  

Mildly to 
moderately 
alkaline 

Nongravelly heavy loam, usually 50 in. + 
silt loam, 
clay loam 
or silty 
clay loam 

calcareous 
throughout 
—may be 
noncalcareous 
to 30 in. 

moderately 
slow 

Comoro 10 yr - Usually Up to 40% sandy loam, typically 50 in. + moderately 
7.5 yr moderately loam, fine calcareous rapid to 
^ 5.5, alkaline sandy loam, throughout rapid 
2 - 3  g r a v e l l y  

loam 

Grabe 10 yr -
7.5 yr 
4 - 5  
2 - 3  

Usually 
moderately 
alkaline 

<35% very fine 
sandy loam 
silt loam 

typically 40 in. 
calcareous 
throughout 

moderate 



Grabe occur mostly on recent alluvium of floodplains. Main differences 

among these soils are differences in texture and gravel content. The 

four upland soil series are Whitehouse, Bernardino, Caralampi, and 

Hathaway. The Hathaway series is normally limy to the surface and occurs 

on slopes and ridges of dissected portions of old alluvial fans and 

plains. The other three series are closely related soils which are 

more mature than the Hathaway series. They occur on old alluvial fans 

and gentle to steep slopes. They differ primarily in gravel content and 

amount and depth of calcium carbonate accumulation. 

Climate 

The climate of the study area is related to the geography and 

tophography of the local region. Temperatures in the summer are mild 

due to the general high elevations and to the cloudiness of the rainy 

summer months (Table 2) (Sellers, 1960). The winters are cool with the 

nighttime temperatures often below freezing due to the cold air drainage 

from the surrounding mountains. Over 60% of the rainfall occurs in the 

months of July, August, and September (Table 3). Summer precipitation 

comes as afternoon thunderstorms originating over the heated mountains 

from the incoming moist tropical air from the Gulf of Mexico. The re

mainder of the yearly precipitation occurs throughout the year with 

another peak in the months of December, January, and February. The source 

of winter precipitation is the middle latitude storms from the Pacific 

Ocean. 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 por

tion of the year. The data presented in Tables 2 and 3 were recorded by 
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Table 2. Long term daily maximum and minimum temperatures (F°) recorded 
by the Canelo station (elevation 4,985 feet) located on the 
study area. 

Month Maximum Minimum Average 

January 56.9 23.9 40.3 

February 61.6 26.0 43.9 

March 66.8 30.0 48.5 

April 73.6 35.1 54.4 

May 81.7 40.9 61.3 

June 90.3 51.1 70.7 

July 87.4 58.5 73.1 

Augus t 84.3 57.0 70.6 

September 83.9 50.8 67.3 

October 77.6 40.3 59.0 

November 65.8 29.0 47.4 

December 58.3 24.4 41.4 
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Table 1 Long term monthly precipitation (inches) recorded by the three 
t stations located within the limits of the study area. 

Canelo Elgin Rosemont 
Month (4,985 feet (4,044 ft. (4,800 ft. 

elevation) elevation) elevation) 

- - - - - - - - - - - -  M e a n  - - - - - - - - - - - -

January 1.24 1.06 1.11 

February 1.28 0.95 1.02 

March , 0.86 0.63 1.06 

April 0.46 0.32 0.52 

May 0.21 0.16 0.12 

June 0.83 0.65 0.46 

July 4.79 3.81 3.49 

Augus t 4.32 3.53 4.02 

September 1.56 1.49 1.70 

October 0.81 0.65 0.76 

November 0.83 0.68 0.75 

December 1.30 0.99 1.58 

TOTAL 18.49 14.92 16.59 
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three weather stations within or near the study area. Apparently there 

is an increase of rainfall from the eastern boundary toward the western 

end. This is probably due to a rain shadow occurring in the study area 

caused by the mountain systems of the eastern portion of the area. 

Vegetation 

The vegetation of the study area is classified as Desert Grass

land, with Oak-Woodland occurring on the steep north slopes of the higher 

elevations (Humphrey, 1960). A good study on characterization and his

tory of Desert Grassland is presented by Humphrey (1958). Although 

grasses are the dominant plant species of the region, open savannas with 

grasses growing with oaks and mejSquite and mixtures of low growing shrubs 

occur. The grass communities are dominated essentially by Bouteloua 

gracilis, 15. curtipendula, B>. chondrosioides, .B. eriopoda, Hilaria 

belangeri, and several species of Aristida. (Scientific names are from 

Kearney and Peebles, 1969; common name equivalents and abbreviations are 

given in Appendix A.) Other grasses that are important in some local 

communities include Eragrostis intermedia, Andropogon barbinodis, 

Sporobolus wrightii, Lycurus phleoides, and Andropogon cirratus. A great 

number of annual and perennial forb species occur in some communities. 

The most common are Haplopappus gracilis, Argemone spp., Evoluolus spp., 

Plantago purshii, Croton spp., Euphorbia spp., and Artemisia ludoviciana. 

Shrubs are present on nearly all sites, but, in general, do not constitute 

an important portion of the communities due to their low cover. The 

shrub layer is formed principally by Prosopis juliflora, Haplopappus 

tenuisectus, Mimosa dysocarpa, M. biuncifera, Nolina spp., Eriogonum 
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wrlghtli, Calliandra eriophylla, and Baccharis pteronioides. Trees found 

on moist bottoms and steep north slopes are predominantly Quercus 

arizonica, Q. emoryi, C^. Oblongifolia, Prosopis juliflora, and two 

species of Juniperus. 

In a detailed classification of the vegetation of southeastern 

Arizona, Darrow (1944) identified ten types and six subtypes in the 

Desert Grassland. The invasion of the Desert Grassland communities by 

undesirable brush species is attributed to change in climate, grazing by 

domestic stock, and plant competition (Humphrey, 1958). 



MATERIALS AND METHODS 

Black and white aerial photographs with a scale of approximately 

1:30,000 were used for the delineation of 46 mapping units in the study 

area. The mapping units were identified in terms of pattern of slopes, 

drainage, and topography. Within each mapping unit, a number of loca

tions were marked on the photos for ground data collection. The number 

of samples per mapping unit varied according to its size and uniformity. 

The samples were selected to represent bottomlands, ridges, terraces, and 

slopes of the mapping units. 

The data on 304 sample locations or stands were collected by 

occular reconnaissance in 1973 and 1974. At least two field research

ers' estimates were averaged in recording of the data. The size of the 

stands sampled was based on the local topographical uniformity, or in 

case of large uniform locations, an area of approximately 50 ft. in 

radium was used. 

Three layers of vegetation were recognized: the herbaceous 

layer including grasses, grass-like plants, and forbs; the shrub layer; 

and the tree layer. Ground cover as percentage by each vegetation layer, 

gravel (rocks up to 3 inches in diameter), cobbles (rocks over 3 inches 

in diameter), litter, and bare ground were recorded on appropriate field 

forms (Appendix B). Observations were taken on slope percent and aspect, 

soil series, parent material, erosion, and present grazing intensity. 

Present grazing at each location was rated as: 1-none, 2-light, 3-

moderate, or 4-heavy. The plant species were listed by each layer and 
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dominance ratings applied, according to Culver and Poulton (1968) (Table 

4). Percentage composition ratings also were assigned to each plant 

species present in each respective layer. Composition ratings are shown 

in Table 5. Analyses of the data included first the description and 

establishment of the physical characteristics of the tentative range 

sites to which the stands were sorted. Then multiple regression analy

ses were used to compare relationships between abiotic factors and species 

occurrence. Groups of stands of similar vegetation composition were 

identified with cluster analyses, and these groups compared to the ten

tative sites. The lack of correspondence between vegetation groups and 

sites which could not be explained by range condition was used to regroup 

the tentative sites into range sites. 

Approach to Tentative Site Classification 

The development of soil and vegetation is a function of environ

mental factors (Major, 1951) and is expressed by the equation: 

V or S = f (cl, o, r, p, t) (1) 

where: V = vegetation (or some of its characteristics) 

S = soil (or some of its characteristics) 

cl = the regional climatic factors, natural fire included 

o = organisms, including the potential flora, the fauna, the 
activities of man and his domesticated animals 

r = relief, including effects on solar radiation, runoff and 
runon, erosion, depth of water table, slope angle, 
aspect. 

p = parent material 

t = time, reflected on the age and successional stage of soil 
and vegetation. 
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Table 4.  Dominance rating used to classify plant species on ground truth 
plots. 

Rating Description 

1 " Species which can only be observed by searching for them. 

2 Species which can generally be seen only by moving around 
the sample area to observe them. 

3 Species which are easily seen from a single sampling 
point but which are not dominant species or codominants. 

4 Used to rate species when several species are codominant 
within a vegetation layer or if one or more species are 
slightly less abundant than the dominant species. 

5 Clearly a dominant species of the vegetation layer. 

Source: Culver and Poulton (1968). 
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Table 5. Composition ratings used to classify plant species on ground 
truth plots. 

Rating Description 

1 Less than 5% of the percentage composition. 

2 6 to 15% of the percentage composition. 

3 16 to 30% of the percentage composition. 

4 31 to 50% of the percentage composition. 

5 51% or greater of the percentage composition by weight 
of the layer. 



The concept of range site comprises recognition of landscape 

units with uniformity of environmental factors and vegetation. However, 

it has been suggested by Passey and Hugie (1962 and 1963) that range 

site delineation and identification can best be approached by the use of 

the relatively permanent factors of the physical environment. This is 

particularly desirable when the climax plant cover has been altered by 

the management and utilization of the native vegetation. 

Several private ranches, state land, and Forest Service land are 

found in the study area. Differences in management are shown by numerous 

fence contrasts and exclosures established on the area. Wide differences 

in the level of forage utilization also exist between slopes and flat 

areas within each ranch. Differences in range management over many years 

result in changes that emphasize the influence of man on the vegetation 

and weaken the correspondence of plant species and vegetation relation

ships with the other environmental factors. Since present vegetation is 

not always a reliable indicator of the physical site, it was decided to 

delineate tentative sites of the study area based, primarily, on abiotic 

factors. The vegetation indicators were used to identify range condi

tions and in the refinement of the tentative sites. 

The factors expressed by equation (1) were used with the fol

lowing considerations to characterize range sites: 

1. Climate was considered to be constant over the entire area. 

Tables 2 and 3 support this assumption. The only major difference is 
» 

shown in the total rainfall, due to the effects of the local topography 

(Table 3). But the range in the difference is less than the 4 inches 
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often used by the U. S. Soil Conservation Service to establish site dif

ferences (U. S. Soil Conservation Service, unpublished). 

2. Organism effects on vegetation are considered to introduce 

reversible changes in range conditions rather than on site potential 

and characteristics. 

3. Time effects on vegetation are considered to be constant or 

insignificant. Most of the differences in the vegetation are assumed to 

be stages of retrogression, or secondary succession, and not stages of 

primary succession. 

4. Parent material consists of two types of alluvium which con

stitute the source of parent material in the study area, recent and old 

alluvium. The former type is found along bottoms and drainages, ranging 

from about 10m to 100+m in width, is formed of unconsolidated, stratified 

deposits, and varies with the source of stream, size of drainage, and 

width of the bottom. The older alluvium consists of sediments and valley 

fill of the Quarternary and Tertiary ages and forms terraces, bajadas, 

and fans from the mountain fronts to the main drainages. The texture 

and mineralogy of the sediment depends on the source, distance from the 

mountain front, and age of deposition. Erosion and dissection of older 

surfaces have exposed the calcareous sediments, which are responsible for 

the effervescence at the surface on some of the soils. 

5. Relief accounts for most of the difference in microclimate. 

Elevation is correlated with precipitation and temperature. Incoming 

solar radiation and exposure to prevailing winds are affected by slope 

percent and aspect. Length and percent of the slope influence runoff 
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and erosion. Relief also affects the depth of the water table, cold air 

drainage, and runon moisture. 

Parent material and relief are the two abiotic factors assumed 

to be responsible for most of the site physical differences within the 

study area. The initial site classification was an empirical grouping 

of land units on the basis of topographical position, soil texture, 

limyness, radiation, surface cobbles or gravel, and slope. This approach 

to site classification was used after numerous unsuccessful attempts to 

identify sites based on combinations of vegetation and physical site 

characteristics. 

The most obvious initial classification was to separate bottom

lands from uplands. This first break is recognized and adopted by the 

U. S. Soil Conservation Service for range site classification (U. S. Soil 

Conservation Service, unpublished). It reflects the effects of both 

parent material and relief. 

Bottomlands 

Bottomlands are defined as areas of recent alluvium situated on 

the floodplains along the drainages. Cold air drainage, supplemental 

water from side slopes, and/or overflow and recharge of alluvium, with 

possible influence on the water table within reach of the plants are the 

characteristic phenomena on bottomlands. The width of the bottomlands in 

the study area varied from over several hundred meters for the flood-

plains on the lower end of the major drainages to a few meters in the 

ravines and narrow canyons. Elevation was discarded as a criterion for 

the separation of the sites on the bottomlands. Moisture running onto 
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bottomlands and/or subsurface moisture was considered to obscure associa

tion of vegetation with the small amount of precipitation change with 

elevation. Slopes were too gentle to have any appreciable effect on 

incoming solar radiation on the bottomlands. Therefore, the first sepa

ration of sites was made on the abundance of water within reach of the 

vegetation as reflected by plant indicators. Two major groups of bottom

lands were identified. The first is characterized by conditions of good 

soil moisture throughout the year due to the nearness of the water 

table, or abundant moisture storage in the alluvium. These conditions 

are indicated by the presence of plants which cannot tolerate the long 

dry periods typical of the climate of the region. The second group of 

bottomland sites is formed by bottoms relatively dry due to the insuf

ficient amount of additional water received. The lower frequency of 

flooding or the texture and depth of the alluvium does not allow adequate 

infiltration and storage of water. 

Wet or Mesic Bottomlands. Three examples are found within the 

study area. 

1. Marshes or cienegas occur near the bedrock sills of the three 

major creeks of the study area. Those areas support water-loving plants 

such as Populus spp., and Typha spp. and water flows essentially year-

round on the streambeds. The limited occurrence and the characteristics 

of marshes or cienegas excluded them from the objectives of the study, so 

they were not sampled. 

2. Streambanks have as their principal characteristic a moist 

environment, due to frequent or sustained surface and subsurface flow. 

They are found at short distances from the mountain front at higher 
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elevations and are indicated by the presence of Platanus wrightii, 

Juglans ma.jor, and at lower elevation tree-size Prosopis juliflora. 

Streambanks also were not included in the study sampling because of 

their limited area. 

3. Floodplains receive frequent flooding, and recharge of the 

alluvium results in storage of large amount of moisture for the bottom

land of this category. The soil surfaces have a dry aspect most of the 

time, but the deep-rooted plants of the floodplains are subjected only 

to short periods of moisture stress during the year. The identification 

of this site was made based on the dominance of Sporobolus wrightii, and/ 

or tree-size Prosopis juliflora, indicators of the mesic conditions pre

vailing on the site. The dominance of this site by Prosopis juliflora 

or by Sporobolus wrightii seems to be a result of plant migration pat

terns, historical fires, or man's influence rather than due to site 

physical differences. 

Dry Bottomlands. The bottomlands included in the dry bottomland 

group, although receiving additional moisture through stream flooding 

and sideslope runoff, do not store water at a depth, duration, or amount 

sufficient to support perennial plants with high water requirements. 

Sporobolus wrightii and tree-size Prosopis juliflora did occur on some 

of the bottomland stands of this category but composed less than 50% of 

the corresponding vegetation layer cover. These stands are borderline, 

but in most cases, they appear to be deteriorated floodplains resulting 

from arroyo cutting. 

A visible criterion to subdivide the dry bottomlands was the 

gravel (less than 3 inches in diameter) cover at the soil surface. It 
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was assumed that surface gravel reflects the gravel content in the soil 

profile which, in turn, influences the water holding capacity per unit 

volume of soil. The water regimen of soils with gravel favor the deep 

rooted perennials, due to a deeper penetration of water in the profile. 

Our sampling showed more shrubs and trees on gravelly sites but lower 

herbaceous cover on the gravelly sites as compared to nongravelly. Thus, 

the bottoms with 5% or more gravel on the soil surface were separated as 

a distinct site. The dry bottoms with no or only traces of gravel were 

subdivided according to the soil texture. Those with clay texture in

dicated by the presence of Hilaria mutica represented a site different 

from that of the nongravelly dry bottoms with a clay loam or coarser 

texture. 

Uplands 

The first step in the classification of the upland samples was to 

separate them into two groups: the limy, and the nonlimy. This crite

rion has been used by the U. S. Soil Conservation Service (U. S. Soil 

Conservation Service, unpublished). The subdivision of limy and nonlimy 

groupings into corresponding sites was done based on the daily amount of 

solar radiation received by the soil surface on March 21/September 21 

(Buffo, Fritschen and Murphy, 1972) as affected by two factors of the 

local relief, slope rcent, and aspect. The incoming solar radiation 

provides the input t the energy balance of the sites, affects the ef

fectiveness of precipitation, and heat conditions for plant growth. 

These particular dates were chosen because they approximate the two 

growing seasons in the area. However, other criteria for the use of 



solar radiation might work just as well. Table 6 shows the selected 

radiation classes with the corresponding slope percent ranges and aspect 

groups. The 100 langleys/day intervals were selected for the radiation 

classes because the range of slopes and aspects that were sampled are 

best accommodated, a small number of classes are produced, and the flat 

upland with a value of 650 langleys/day splits one of the classes. 

Since the radiation class 600-700 langleys/day included level 

land and a wide range of slope percent and aspects, it was decided to 

subdivide it into different sites using slope percent and cobble cover 

on the soil surface. The slope percent is related to soil development 

and moisture relationships and is an important aspect in the level of 

forage utilization by livestock. Slope classes of 0-5%, 6-15%, 16-25%, 

and over 25% were arbitrarily established. The group of samples of the 

slope class of 0-5% was further subdivided based on the cobble content 

into two categories: those with none or a trace of cobbles and those 

with 5% or more cobbles. The cobble content influences the effectiveness 

of soil moisture, i.e., moisture holding capacity and depth of penetra

tion of water. In the case of the nonlimy sites, this criterion 

separated sites on the Caralampi and gravelly phases of Whitehouse and 

Bernardino soils from the less rocky phases of Whitehouse and Bernardino. 

The last group was again subdivided into stands with clay soils at the 

surface, indicated by the presence of Hilaria mutica and stands with 

clay loamy or coarser surface soil texture. 
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Table 6. Range of slope steepness percentages and slope aspect of sites 
within solar radiation classes. 

Solar Aspect 
Radiation SE E NE 

S SW W NW N 

- - - - - - - - -  S l o p e  P e r c e n t a g e  - - - - - - - - -

700+ > 18% 26-73% - - -

600-700 0-18% 0-25% 0-53% 0-16% 0-11% 

> 73% 

500-600 - - >53% 17-45% 12-32% 

400-500 - 46-75% 33-51% 

300-400 - 52-73% 

a. Langleys/day on March 21 - September 21. 
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Development of Phytosociological Units 

Plant communities were grouped by cluster analysis using the 

plant species importance values in order to obtain possible refinement 

of the site identification and detect range condition within site. The 

importance value is the composition rating for a given species multiplied 

by the cover percentage of the vegetation layer in which the species 

occurred. This value was calculated in order to combine species from 

different layers into a single analysis. Stands were divided into four 

major divisions and each analyzed separately. This was necessary due to 

a 100-stand limit on the number of stands the computer program could 

handle each time. The divisions were: 

1. Bottomland communities. Sites 1, 2, 3, and 4. 

2. Ridges, terraces, and gentle slopes of the nonlimy division. 
Sites 8, 10, and 11. 

3. Moderate and steep slopes of the nonlimy division. Sites 6, 
13, 15, 17, 19, 22, and 24. 

4. The limy upland communities. Sites 7, 9, 12, 14, 16, 18, 21, 
23, and 25. 

The computer program SIMORD (Thilenius, 1972) was used to cluster 

the stands of each major division in groups of similar vegetation char

acteristics based on a coefficient of similarity described by Bray and 

Curtis (1957). A reduced matrix is printed out where the stands are 

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

dendrogram from which the vegetation groups are separated at different 

levels of similarity. A level of 30-35% was selected to separate the 

groups, because it yielded a number of groups similar to or fewer than 

the number of sites in each division. 



RESULTS AND DISCUSSION 

Twenty-three sites were tentatively established based on aerial 

photo signatures, trial and error hand sorting of data, and experience 

from field sampling. These sites were designated and identified by 

abiotic characteristics of the sites and consisted of four bottomland 

sites, ten nonlimy upland, and nine limy upland sites. Vegetative com

munities were then grouped by cluster analysis, and correlations between 

abiotic site factors and vegetation were tested. The three major divi

sions of sites, the bottomlands, the nonlimy uplands, and the limy 

uplands are discussed separately. 

Bottomlands 

Bottomlands were separated into four sites as outlined in Table 

7. The only abiotic factor of those quantified in this study which showed 

some variation was the gravel content (Table 8). Incoming solar radia

tion at the soil surface was constant, and the variation in elevation 

was considered to have a minor influence on climate. There were very 

few cobbles on the bottomlands. The results of the multiple regression 

analyses conducted between the site abiotic factors as independent vari

ables and the individual plant species importance value as the dependent 

variable are shown in Table 9. These analyses showed a low percentage of 

the variation in species importance values was accounted for by 

abiotic site factors. Bouteloua gracilis occurred on 91% (constancy) 

of the bottomland stands, yet only 33.5% of the variation in the 
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Table 7. Outline of tentative bottomland sites based on abiotic 
characteristics. 

A. Mesic — sacaton and/or tree-size inesquite comprises more than 50% 
of the vegetation composition — Site 4. 

B. Dry — sacaton and/or tree-size mesquite comprises less than 50% 
of the vegetation composition 

1; Gravel (less than 3 inches diameter) covers more than 1% of 
soil surface — Site 3 

2. Gravel (less than 3 inches diameter) covers less than 1% of 
soil surface 

a. Surface soil texture loamy clay or finer — Site 1 

b. Surface soil texture clay loam or coarser — Site 2 
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Table 8. Mean values of the abiotic site, current grazing, vegetative 
characteristics of the tentative sites identified on the 
bottomlands of the study area. 

Site Characteristics Sites 
1 2 3 4 

Number of Stands 1 15 33 8 

Abiotic Site Characteristics 

Radiation (langley/day) 651 651 651 651 
Slope (percent) 1 1 1 1 
Elevation (feet) 4,790 4,820 4,777 4,506 
Gravel (percent) — Trace 16 1 
Cobbles (percent) — Trace 2 1 
Grazing Rating 2.0 3.3 3.0 3.5 

Vegetative Characteristics 

1. Cover (percent) 
Trees — Trace Trace 8 
Shrubs Trace 1 3 2 
Herbaceous 50 42 25 29 
Litter 20 32 27 31 
Bare Ground 30 25 28 28 

2. Importance Values > 
Anbaa 50 47 27 — 

ARIS — 31 42 — 

Arte 50 30 19 — 

Bocu 100 81 24 14 
Bogr 200 162 104 31 
Bohi — — 12 — 

Erin — — 9 — 

Hibe 200 — — — 

Himu 50 — — — 

Lyph — — 12 — 

Mure — — — 27 
Paob — 25 — 21 
Spwr — 13 13 145 

Forbs 
AMBR — — 6 — 

ARGE — 39 21 19 
ASTR — — — 18 
CHEN — — — 4 
CIRS 11 7 — 

DATU — — — 8 
Depi , — 10 — 14 
ERCA 50 — 14 
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Table 8. (continued) 

Site Characteristics Site 

EUPH 50 
EVOL — 11 
Hagr 50 57 29 
LEPI — 22 
Plpu — 37 
Soel 50 
Vian — — — 10 

Shrubs 
Coly — — — 4 
Hate — — 3 

Lyci 8 
Mibi — 2 1 
Midi 2 
OPUN — 2 1 
Prju 5 3 12 5 
Selo 13 4 2 

a. Plant species abbreviations, scientific, and common names are shown 
in Appendix A. 
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Table 9. Coefficients of determination (R ) and portion of vegetation variability accounted for by 

each independent variable from multiple regressions between abiotic site factors (in
dependent variables) and plant species importance values (dependent variables) for 
bottomlands. 

2 Portion of R accounted for by variable 
Plant Species y Constancy 

Gravel Cobbles Slope Elevation Radiation R 

Grasses 

Anba 8.7 (-) 1.2 — 29.5 — 39.5 67 
ARIS 12.3 1.5 1.6 — — 15.4 54 
Bocu 8.5 1.0 Trace 6.9 — 16.2 61 
Bogr 1.6 3.2 0.1 28.6 — 33.5 91 
Bohi 2.7 Trace 4.4 5.4 — 12.5 18 
Erin — Trace 1.3 8.1 — 9.4 18 
Paob 3.4 (-) 3.1 (-) 4.7 (-) — — 11.6 26 
Spwr 7.6 (-) 1.0 (-) 4.2 (-) 10.3 (-) — 13.9 42 

Shrubs 

Mibi — — 7.2 — — 8.4 25 
Prju 11.4 (+) — 3.0 (-) — — 18.2 56 

Tree 

Quem — — — 4.5 — 5.6 42 
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Importance value of this species was explained by the abiotic site fac

tors of gravel, cobbles, slope, elevation, and radiation. More of the 

variation in the importance value of Andropogon barbinodis was accounted 

for (39.5%) than for any other species. The average coefficient of 

2 
determination (R ) for all species shown in Table 9 was only 16.7%. 

Elevation and gravel content were the factors that accounted for most 

of the vegetation variability due to abiotic factors. It was found, 

however, that there was a negative correlation between elevation and 

present grazing intensity on bottomlands (r = -.31). This may be ex

plained by the fact that most of the ranch headquarters and water facil

ities are located on the lower elevation areas, along the streambanks 

and cienegas. This was particularly true in the past, and it influenced 

both the intensity of grazing and the time of range utilization. Eleva

tion could then be regarded as indirectly associated with range condition 

rather than indicative of site differences. 

The stands of the bottomlands were arranged into three vegeta

tion groups at a 30% level of similarity as shown in the dendrogram of 

the cluster analysis (Fig. 2 and Table 10). Group A is made up entirely 

by stands of Site 4 (Fig. 3 and Table 11). The second group (B) is 

formed predominantly by stands of Site 3 with some stands from Site 2. 

Group C contains most stands of Site 2 with some of Site 3. Four stands 

from Site 3 and two from Site 4 were located on the extreme right of the 

dendrogram. These stands represent extreme values of cover or composi

tion and are not included in further discussions. Stand 88 is a dete

riorated Sporobolus wrightii stand (Fig. 4) and is an example of this 

group. 
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Table 10. Mean values of site characteristics, and importance values of 
plant species of the three vegetation groups on bottomlands. 

Vegetation Groups 
Characteristics —; 

Site Characteristics 

Radiation (langleys/day) 
Slope (percent) 
Elevation (feet) 
Gravel (percent) 
Cobbles (percent) 
Grazing Rating 

651 
Trace 
4,547 

2 

3.3 

651 
Trace 
4,736 

14 
1 

3.5 

651 
Trace 
4,928 

3 
1 

2.8 

Vegetative Characteristics 

1. Cover (percent) 
Trees 
Shrubs 
Herbaceous 
Litter 
Bare Ground 

4 
2 
37 
33 
23 

1 
3 
24 
30 
32 

1 
2 

45 
28 
21 

Importance values 

Grasses 
Anba 
ARIS 
Boch 
Bocu 
Boer 
Bogr 
Bohi 
Erin 
Hibe 
Lyph 
Mure 
Spwr 

Forbs 
ARGE 
EVOL 

Shrubs 
Hate 
Prju 

Tree 
Quem 

8 

19 

42 

36 
183 

23 
6 

21 

23 
14 
9 
34 
1 
91 
11 
6 
2 
12 
2 
10 

20 
1 

2 
10 

56 
38 
3 
69 

2 
199 

6 
6 
7 
13 
9 
18 

46 
21 

1 
4 

J 
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• 

Fig. 3. Stand 90 representing a good condition Site 4. 
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Fig. 4. Stand 88 representing a deteriorated Site 4. 
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Table 11. Percentage distribution of the stands of the tentative 
bottomland range sites in the vegetation groups derived 
from the cluster analysis. 

Vegetation Groups 
Slt8S A B C 

1 — — 100 

2 — 47 53 

3 — 70 17 

4 75 
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The only stand representing Site 1 (Stand 183) is found in vege

tation Group C. The importance values of the associated grass species, 

particularly Bouteloua gracilis, were high enough to diminish the impor

tance of the presence of Hilaria mutica as the site indicator. Stand 183 

was on a transition area between Site 1 and Site 2. 

Only a few species may be of major importance for the establish

ment of vegetation units (Bonham, 1974). The very high importance value 

of Sporobolus wrightii was the dominant factor in the formation of Group 

A (Fig. 2 and Table 10). Groups B and C were probably based on a number 

of plant species, with Bouteloua gracilis the most important. In fact, 

the importance values of other plant species were influenced by the high 

percentage cover of JB. gracilis, the dominant grass on these bottoms. 

Vegetation Group C corresponds well with Site 2. Both have very 

low gravel content (Tables 8 and 10), a factor that favors their high 

herbaceous cover and high importance values of Bouteloua gracilis, J3. 

curtipendula, and Andropogon barbinodis (Fig. 5). These species also 

are indicators of range condition, and when vegetation in Site 2 was in 

low condition, the stand was classed as vegetation Group B (Fig. 6). The 

term condition is used here with the traditional meaning but with rela

tive ratings of comparison among the vegetation groups. Group C also 

includes the high condition stands from Site 3 (Fig. 7). Bouteloua 

curtipendula, _B. gracilis, and Andropogon barbinodis, decreasers on the 

bottomlands, correlated positively among themselves but presented nega

tive correlation with the shrubs and forbs considered increasers and in

vaders on bottomland communities (Table 12). The range condition at 

each stand strongly influenced the vegetation groupings. 



Fig. 5. Stand 25 representing vegetation Group C, a high condition 
Site 2. 
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Fig. 6. Stand 180 representing a low range condition on Site 2 
resulting in classification as vegetation Group B. 
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Fig. 7. Stand 195 representing vegetation Group C and a high condition 
of Site 3. 

50 



table 12. Simple correlation coefficients between the most common plant species occurring on 
bottomlands. 

Species Ariba ARIS Bocu Bogr Bohi Erin ARGE Hagr Hate 

Ariba — 

ARIS — — 

Bocu .57 — — 

Bogr .52 — .57 — 

Bohi — — -.10 — 

Erin — — — .16 

ARGE .61 — .63 .65 — 

Hagr- — 46 -.46 — — 

Hate — — -.21 -.15 — 

Prju — — -.11 — .50 

a. Only coefficients which were significant at the 5% level are shown. 
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Vegetation Group B corresponds well with Site 3 in gravel, herba

ceous cover, elevation, and importance values of major species (Tables 

8 and 10). Average condition stands from Site 3 (Fig. 8) predominate in 

this group (Fig. 2). Stands of Site 2 in low condition are also included 

in Group B. 

The four tentative bottomland sites appear to be reasonable. The 

gravelly site (Site 3) does not have the same vegetation potential as the 

nongravelly bottomlands, so should not be rated as the same site. The 

bottomland soil series may also be distinguished by gravel content with 

Comoro or Grabe series containing appreciable gravel. Site 3 and vegeta

tion Group B correspond to these soils. Site 1 was distinguished on the 

basis of Hilaria mutica vegetation and a clay soil which corresponds to 

the Guest soil series. Sites 2 and 4 are both found on Pima soil but may 

be separated by high Sporobolus wrightii or tree-size Prosopis juliflora 

to indicate moist situations and lack of dominance of these species on 

the dry Site 2. 

For the bottomlands which are moderately to heavily grazed 

(ratings of 3 to 4), distinctive plant communities like Sporobolus 

wrightii and Hilaria mutica serve to identify sites, but where sites 

have many species in common and differ mostly in productive potential or 

potential plant composition, range condition greatly influences vegeta

tive groupings by cluster analysis. In such situations, site identifica

tion must rely heavily on abiotic site factors. 



Fig. 8. 

i, I 

Stand 197 representing vegetation Group Band an average 
condition of Site 3. 

53 
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Nonlimy Uplands 

The ten sites tentatively identified on the nonlimy uplands are 

outlined in Table 13, and their abiotic and vegetative characteristics 

are shown in Table 14. Site 6, represented by stands on steep, south 

facing slopes, is characterized as one of the sites with the highest 

cobble cover, lowest bare ground, the highest Heteropogon contortus and 

Calliandra eriophylla importance values and a complete absence of 

Bouteloua gracilis and Eragrostis intermedia. Sites 8 and 11, separated 

as flat uplands, have the lowest Bouteloua curtipendula importance values 

of any uplandsites. The importance value for Bouteloua gracilis is high 

for Site 8 and the highest importance value for Bouteloua chondrosioides 

is associated with Site 11. Haplopappus tenuisectus reaches its highest 

importance value on these two sites. Site 10 is the only one to have an 

importance value for Hilaria mutica which is a species characteristic of 

the clay soil used to separate this site from the other flat upland 

sites. Sites 13, 15, and 17, separated on the basis of slope percentage 

within the 600-700 radiation class include the moderate to steep south 

facing slopes, the moderate east and west slopes, and the gentle north 

slopes. These sites show similar abiotic characteristics except for 

slope. Site 17 has more Bouteloua curtipendula, less Bouteloua gracilis 

than Sites 13 and 15 (Table 14), and no Bouteloua chondrosioides and 

Aristida spp. occurred on Site 17. The three nonlimy sites separa A as 

the lower radiation classes, Sites 19, 22, and 24, include the moderate 

and steep north slopes, and the steep east, and west slopes. These sites 

are characterized by high cobble cover and by typical species: 
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Table 13. Outline of tentative nonlimy upland sites based on abiotic 
characteristics. 

A. Radiation class 700+ (langleys/day) ------------ Site 6 

B. Radiation class 600-700 (langleys/day) 

1. Slope 0-5% 

a. Cobbles (more than 3 inches diameter) cover less 
than 5% of soil surface 

(1) Surface soil texture clay loam or coarser - - - Site 8 

(2) Surface soil texture finer than clay loam - - - Site 10 

b. Cobbles (more than 3 inches diameter) cover 5% or 
more of soil surface --------------- Site 11 

2. Slope 6-15% Site 13 

3. Slope 16-25% Site 15 

4. Slope 26% or more ------------------- Site 17 

C. Radiation class 500-600 (langleys/day) ---------- Site 19 

D. Radiation class 400-500 (langleys/day) ---------- Site 22 

E. Radiation class 300-400 (langleys/day) ---------- Site 24 



Table 14. Sunnnary of the abiotic and vegetative characteristics of the tentative sites identified 
on the nonlimy uplands of the study area. 

Site Characteristics —^ g ^ 

Number of Stands 17 44 1 28 28 6 5 18 10 6 

Abiotic Site Characteristics 

Radiation (langleys/day) 725 650 651 654 648 673 622 542 450 370 
Slope (percent) 38 2 1 2 12 21 38 26 42 63 
Elevation (feet) 4,940 4,773 4,680 4,936 4,832 4,892 4,796 5,096 4,917 4,743 
Gravel (percent) 33 28 5 31 36 36 40 21 23 22 
Cobbles (percent) 14 Trace Trace 12 6 7 4 12 15 12 
Grazing Rating 1.8 2.5 3.0 2.7 2.1 2.0 1.6 1.8 1.8 1.8 

Vegetative Characteristics 

1. Cover (percent) 
Trees Trace Trace Trace Trace Trace 1 Trace 9 9 15 
Shrubs 6 4 Trace 6 5 5 3 3 2 8 
Herbaceous 22 23 40 21 26 22 25 27 24 13 
Litter 14 15 35 10 14 12 18 18 20 18 
Bare Ground 11 30 20 19 14 16 12 10 9 12 

2. Importance Values 
Grasses 
Anba 23 14 — 11 20 — 33 19 15 11 
Anci — — — — — — — 36 43 4 
ARIS 24 51 — 42 46 26 — 33 21 __  

Boch 26 36 — 66 56 54 — 32 — 

Bocu 65 18 40 21 36 53 92 96 86 63 
Boer — 18 40 — — — — — __ 
Bofi 11 — — — — — — — 

Bogr — 64 80 28 25 25 10 10 24 — 



Table 14. (continued) 

Site Characteristics -g g jj jj 13 
Slt" jj J, J2 24 

Bohi 15 31 — 32 38 7 33 27 -- 7 
Erin ~ — — 19 19 19 21 45 35 
Heco 24 — — 4 — — — — — — 
Hibe 38 28 40 44 68 54 44 37 
Himu ~ — 200 
Lyph 17 24 — 16 23 16 17 14 7 4 
Muem — — — — — — — 23 20 12 

Forbs 
AMBR — — — 6 
Arlu — — — — — — — 17 22 22 
CIRS — — -- — — — 9 5 
CROT 5 — — 9 8 
Deco — — — 7 12 12 
EUPH — — — — — 11 
EVOL — 6 — 11 8 
GNAP — — — — — — 11 
Hagr 15 28 40 17 24 18 20 9 
Plpu 12 12 — 11 15 12 10 9 
SIDA — — — — 8 
Soel — — — 5 9 — — — — — 
Vian 17 — 40 6 9 10 23 8 10 

Shrubs 
AGAV 3 2 3 
Bapt 32 — 346231 — 
Caer 25 — — 17 — 8 1 

ECHI 1 — — — 1 
Erwr 1 3 3 2 6 4 
Hate — 12 — 10 12 7 — — — — u, 



Table 14. (continued) 

Site Characteristics 
Sites 

10 11 13 15 17 19 22 24 

Mibi 4 3 1 3 6 7 
Midy 7 — — 4 — 6 
NOLI 
Open — — — — — — 
OPUN 4 1 3 
Prju 4 13 5 6 6 8 
Khtr 
YUCC 

Trees 
Quar — — — — — — 
Quem — — — — 1 1 
Quob — — — — — 3 

2 3 5 
— 2 8 
2 
o 

4 28 

Z 
3 
O 

1 — 

Z 
— 14 
1 3 

18 14 22 
32 28 12 
14 22 46 
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Andropogon cirratus, Muhlenbergia emersleyi, Artemisia lucovi(liana, 

Quercus arizonica, C£. emoryi, and CJ^. oblongifolia (Table 14. 

The general correlation between abiotic site factors and species 

importance values was higher on nonlimy uplands than for bottomlands 

(Tables 9 and 15). Present average grazing intensity on uplands, ranging 

from light to moderate (grazing rating of 2.2) was lighter compared to 

heavy grazing on bottomlands (rating of 3.2). This agrees with Vander-

mark, Schmutz, and Ogden (1971) who found bottomlands to be much heavier 

grazed than adjacent uplands. The lighter grazing influence on the up

land sites compared to bottomlands may account for the higher correlation 

values on upland sites. Incoming solar radiation accounted on the aver

age for about one-half of the variation in species importance that could 

be accounted for by the regression (Table 15). Slope and elevation 

accounted for a sizeable portion of the variation for some plant species, 

whereas gravel content and cobbles were less important (Table 13). Radian 

tion presented a moderate negative correlation with alope percentage 

(r = -.50), and cobble cover showed some correlation with slope percent

age and elevation, with correlation coefficients of .36 and .29, 

respectively. Therefore, the roles played by those variables on species 

occurrence should be interpreted with caution. 

Bouteloua curtipendula is considered a characteristic species of 

north slopes (Cumming, 1951). Slope percent was the site factor that 

accounted for most of the variability in the importance value of this 

species on nonlimy uplands. Therefore, its nonsignificant correlation 

with solar radiation seems to suggest that Bouteloua curtipendula grows 

best on slopes, not necessarily on north aspects. On the other hand, 



2 Table 15. Coefficients of determination (R ) and portion of vegetation variability accounted for by 
each independent variable from multiple regressions between abiotic site factors (inde
pendent variables) and plant species importance values (dependent variables) for nonlimy 
uplands. 

2 
Portion of R accounted for by variable 

Plant Species - j Constancy 
Gravel Cobbles Slope Elevation Radiation R 

Grasses 
Anba 
Anci 
ARIS 
Boch 
Bocu 
Bogr 
Bohi 
He co 
Hibe 
Lyph 
Muen 

Forb 
Arlu 

Shrubs 
AGAV 
Caer 
Mibi 
NOLI 
Prju 
YUCC 

Trees 
Quar 
Quem 
Quob 

1.9 (-) 1.4 (-) 

4.8 
7.1 
7.1 

5.6 
4.2 (-) 

1.7 

2.3 (-) 

3.7 (-) 

3.0 (-) 

17.8 

3.2 

1.2 

10.7 
1.2 

1.5 

1.8 

13.6 
11.7 
26.4 
6.5 
5.5 
13.4 

3.4 
2.9 

1.5 

2.5 
6.4 

2.9 
4.2 
4.0 

5.7 

(-) 

1.6 
12.1 

3.1 

4.2 
5.0 

2.5 
9.3 

4.2 

3.0 
3.5 

1.3 
17.6 (-) 

(-) 

6.9 
6 . 6  

5.9 

5.5 
19.6 

(+) 
(-) 

(-) 

15.8 (-) 
1.7 (-) 17.3 (-) 

34.0 (-) 

5.8 
6 . 2  

26.1 (-) 

19.0 (-) 
23.3 (-) 
39.8 (-) 

7.9 
30.7 
15.1 
17.0 
38.8 
31.9 
12.2 
24.6 
11.0 
15.8 
33.9 

41.7 

19.2 
17.2 
7.0 
31.1 
24.7 
23.9 

30.4 
31.1 
46.1 

61 
13 
84 
53 
74 
54 
52 
12 
58 
52 
17 

15 

15 
28 
39 
15 
53 
7 

9 
14 
15 ON 

o 
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Andropogon clrratus, Lycurus phleoides, Muhlenbergia emersleyi, Artemisia 

ludoviciana, Nolina spp., Yucca spp., Quercus arizonica, (£. emoryi, and 

(£. oblongifolia species typically found on north elopes (Cumming, 1951), 

were all strongly negatively related to solar radiation (Table 15) on the 

study area. These species were positively correlated among themselves 

and negatively correlated with Bouteloua chondrosiaides, Hilaria belangeri, 

Aristida spp., Haplopappus gracilis, H. tenuisectus, and Prosopis juli-

flora (Table 16). A preponderance of species from one group or the other 

is indicative of a real site difference associated with radiation. 

The stands of Sites 8, 10, and 11, representing ridges, terraces, 

and gentle slopes of the nonlimy upland sites were analyzed jointly by 

cluster analysis. Three vegetation groups D, E, and F were separated at 

the 30% level of similarity (Fig. 9). The stands of Sites 8 and 11 were 

more or less evenly distributed among the three vegetation groups (Table 

17). The only stand representing Site 10 was placed in vegetation Group 

D. Cobble cover, the abiotic factor used in separation of Sites 8 and 11 

did not show any relationship to the vegetation groups (Table 18). Ele

vation was higher and grazing less for vegetation Group F compared to 

Group D (Table 18). Other trends also are presented by vegetation vari

ables. Eragrostis intermedia and Bouteloua curtipendula, decreasers on 

upland sites (U. S. Soil Conservation Service, unpublished) showed their 

highest importance values in Group F, while Bouteloua chondrosioides, JB. 

gracilis, Prosopis juliflora, and Haplopappus tenuisectus, the increasers 

on these sites, had their lowest values in Group F (Table 18). Therefore, 

the behavior of the decreasers and increasers indicate that the vegeta

tion groups are associated with different range conditons. This seems to 



Table 16. Simple correlation coefficients between the most common plant species occurring on the 
nonlimy uplands. 

Species Anba Anci ARIS B O ch Bocu Boer Bogr Bohi Erin He co 

Anba — 

Anci -.50 — 

ARIS — — — 

Boch .55 — — —  

Bocu — — -.23 -.23 — 

Boer — — .73 -.16 — 

Bogr — — — — -.10 .37 — 

Bohi — — — — — — — — 

Erin — — — — .53 -.14 — — — 

He co .18 — — — — — — — —  — 

Hibe .40 — .39 .39 — — — — -.14 — 

Lyph .27 — — — — —  —  — — — 

Muem —  . 66 — — — —  — — — — 

Hagr — -.29 — — — — .44 — — —  

Plpu — — — — — — — — — — 

Hate — — —  .37 -.19 .29 — — -.11 — 

Prju — — — — -.20 .26 — — -.22 — 

Quar — .37 — — — — —  — — — 

Quob —  .47 — —  • •  — —  — —  

ON 
N3 



Table 16. (continued) 

Species Hibe Lyph Muem 

Anba 

Anci 

ARIS 

Boch — — -.42 

Bocu — .53 — 

Boer — — — 

Bogr 

Bohi — — — 

Erin — — — 

Heco — — — 

Hibe. — — -.56 

Lyph — — — 

Muem — — — 

Hagr .66 — -.31 

Plpu .89 — -.59 

Hate .94 — -.48 

Prju .70 — -.51 

Quar — — . 37 

Quob — — .58 

Hagr Plpu Hate Prju Quar 
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Table 17. Percentage distribution of the stands of the tentative non-
limy uplands range sites in the vegetation groups derived 
from the cluster analysis. 

Sites 
Vegetation Groups 

Sites 
D E F G H I J 

8 30 36 34 — — — 

10 100 — — — — — 

11 39 21 39 « — — 

6 — — 12 35 35 18 

13 — — 4 75 4 18 

15 — — — 84 16 — 

17 — — — 40 20 40 

19 — — 61 22 — 17 

22 — — 90 10 — — 

24 — — 100 — — — 



Table 18. Mean values of site characteristics, and importance values of plant species of the seven 
vegetation groups on nonlimy uplands. 

Characteristics 
D E F 

vegcudLiuii v: 

G 

rJLUUjJa 

H I J 

Site Characteristics 

Radiation (langley/day) 653 654 649 496 654 692 636 
Slope (percent) Trace Trace Trace Trace Trace Trace Trace 
Elevation (feet) 4,767 4,773 4,989 4,959 4,888 5,077 5,020 
Gravel (percent) 30 32 28 22 39 29 27 
Cobbles (percent) 5 9 6 14 7 14 8 
Grazing Rating 2.8 2.5 2.3 1.8 2.3 1.1 2.3 

Vegetative Characteristics 

1. Cover (percent) 
Trees — — — 11 — — 1 
Shrubs 5 5 4 4 5 8 3 
Herbaceous 21 20 26 20 24 21 33 
Litter 13 12 13 18 12 18 19 
Bare Ground 28 23 24 11 14 10 11 

2. Importance values 
Grasses 
Anba 11 10 16 13 19 22 37 
Anci — — — 37 — — 15 
ARIS 41 56 57 23 37 31 42 
Boch 60 46 46 — 73 13 4 
Bocu 16 18 27 83 36 65 111 
Boer 13 13 11 — — — — 

Bogr 54 45 41 9 16 16 31 
Bohi 18 26 50 6 21 23 69 
Erin 8 12 22 31 14 21 59 
Hibe 34 34 36 2 80 27 26 



Tdjle 18. (continued) 

Characteristics Vegetation Groups 

H 

Lyph 12 17 30 5 12 39 40 
Muem — — — 23 — — 18 

Forbs 
Arlu ' — — — 21 — — 7 
EVOL 9 7 9 — — 

Shrubs 
Caer — — — 4 7 20 4 
Hate 13 16 4 
Prju 14 13 2 — — — 

Trees 
Quar — — — 16 — — 2 
Quem — — — 34 — — — 
Quob — — — 26 1 3 
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indicate that on the level uplands the influence of the small amount of 

cobble cover is obscured by differences in range condition among stands. 

I 
The analysis of data does not support Sites 8 and 11 as distinct range 

sites. Site 10 has a distinctive soil-vegetation relationship and is 

maintained as a distinct range site. Figures 10 through 13 are examples 

of the vegetation groups of Sites 8 and 11. 

Four vegetation groups resulted at approximately the 30% level 

of similarity from the cluster analysis of stands of Sites 6, 13, 15, 17, 

19, 22, and 24 (Fig. 14). Site differences and range condition appear to 

be involved in the formation of the vegetation groups. Group G is essen

tially formed by stands of Sites 19, 22, and 24, the lower radiation 

class sites (Table 17). The high importance values of Andropogon cirratus, 

Muhlenbergia emersleyi, Artemisia ludoviciana, Quercus arizonica, C£. 

emoryi, and (J_. oblongifolia probably influenced the formation of this 

group (Table 18). Grazing intensity was light (index value of 1.8) due 

to the generally steep slopes and high elevation (Table 18), indicating 

that differences in range condition caused by grazing are not great on 

the sites of the low radiation classes. Site 24 presented steeper slopes 

and lower elevation when compared with Sites 19 and 22 (Table 14). In 

terms of vegetation, Site 24 showed the lowest herbaceous cover and the 

highest shrub and tree cover (Figs. 15 and 16). These characteristics 

did not vary appreciably between Sites 19 and 22 (Table 14). As for in

dividual plant species importance values, Sites 19 and 22 are highly 

similar and differ substantially from Site 24. Bouteloua gracilis, 

Aristida spp., Eragrostis intermedia, Bouteloua chondrosioides, Cirsium 

spp., and Viquiera annua are entirely absent from Site 24 (Table 14). 



Fig. 10. 
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Stand 237 representing vegetation Group D, a low condition 
Site 8. 
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Fig. 11. Stand 173 representing vegetation Group F, a high condition 
Site 8. 
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Fig. 12. Stand 281 representing vegetation Group D, a low condition 
Site 11. 

72 



Fig. 13. Stand 193 representing vegetation Group F, a high condition 
Site 11. 
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Fig. 14. Dendrogram of the stands on nonlimy slopes of uplands. 
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Fig. 15. Stand 164 representing vegetation Group G, a steep slope 
Site 24. 
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Fig. 16. Stand 165 representing vegetation Group G, a moderate slope 
Site 19. 
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Also, Bouteloua curtipendula, Andropogon barbinodis, Lycurus phleoides, 

Muhlenbergia emersleyi, and Quercus emoryi show low values on the same 

site. On the other hand, Mimosa dysocarpa, M. biuncifera, Nolina spp., 

Quercus arizonica, and (£. oblongifolia are important on Site 24 (Table 

14). Therefore, the vegetative and abiotic factors of these three .ten

tative sites seem to justify the classification into two range sites 

based on radiation classes 400 to 600 (Sites 19 and 22) and 300 to 400 

(Site 24). 

Groups H and I (Fig. 14) were formed essentially by stands of 

Sites 6, 13, 15, and 17 all in the 600 plus radiation classes (Table 17). 

Group H showed lower elevation and higher grazing intensity means when 

compared to Group I (Table 18). Bouteloua curtipendula, Eragrostis 

intermedia, Lycurus phleoides, and Andropogon barbinodes, indicators 

of good range condition, present their highest importance values in 

Group I, while Bouteloua chondrosioides, Hilaria belangeri, and Aristida 

spp. show their highest importance values in Group H. This seems to 

indicate that differences in condition, rather than in site potential are 

responsible for the separation of vegetation Groups I and H. Figs. 17 

and 18 show stands of different condition on Site 13, and Figs. 19, 20, 

21, and 22 show condition differences on Site 17 and Site 6, respectively. 

Group J is similar to Group G in terms of tree cover but different in 

other characteristics and seems to be formed based on a significantly 

higher herbaceous cover, resulting in high importance values for the 

grass species. No particular site has a significant number of stands 

represented in this group (Table 17). Grazing intensity for this vegeta

tion group is presently moderate (Table 18). The high predominance of 



Fig. 17. Stand 97 representing vegetation Group H, a low condition 
Site 13. 
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Fig. 18. Stand 49 representing vegetation Group J, a high condition 
Site 13. 
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Fig. 19. Stand 252 representing vegetation Group H, a low condition 
Site 17. 
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Fig. 20. Stand 200 representing vegetation Group I, a high condition 
Site 17. 
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Fig. 21. Stand 236 representing vegetation Group H, a low condition 
Site 6. 
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Fig. 22. Stand 55 representing vegetation Group I, a high condition 
Site 6. 
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plant indicators of high condition and the low importance values of in-

creasers and invaders appear to indicate that high condition is the 

criterion for separation of this group. 

The vegetation groups were apparently influenced mostly by range 

condition. Even though there was a great overlapping of vegetation 

groups containing stands from Sites 6 and 17, these sites may be 

separated as range sites on the basis of high Calliandra eriophylla and 

Heteropogon contortus on Site 6 and radiation intensity on Site 6 

averaging 725 langleys/day compared to 622 langleys/day on Site 17. 

Vegetative and abiotic characteristic differences do not support the 

separation of tentative Sites 13 and 15 as distinct range sites. 

Limy Uplands 

Table 19 presents the outline of the tentative sites on the 

limy uplands, and their abiotic and vegetation characteristics are shown 

in Table 20. Bouteloua eriopoda, Tridens pulchelus, Astragalus spp., 

Nolina spp., Calliandra eriophylla, and Agave spp. are the major impor

tant species more characteristic of the limy upland sites than for the 

nonlimy uplands'. The soil series is predominantly Hathaway, a result of 

limeness being used as the criterion for the first separation of this 

major site category. 

Regression analysis indicates that solar radiation, gravel cover, 

slope percentage, and elevation were important abiotic factors, accounting 

for similar amounts of the variability in vegetation (Table 21). 

Andropogon cirratus, Bouteloua eriopoda, Eragrostis intermedia, Muhlen

berg ia emersleyi, Calliandra eriophylla, and Quercus oblongifolia were 
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Table 19. Outline of tentative limy upland sites based on abiotic 
characteris ti cs. 

A. Radiation class 700+ (langleys/day) ------------ Site 7 

B. Radiation class 600-700 

1. Slope 0-5% 

(a) Cobbles occupy <5% of soil surface _ _ _ _ _ _  s i t e  9 

(b) Cobbles occupy 5% or more of soil surface ----- Site 12 

2. Slope 6-15% Site 14 

3. Slope 16-25% Site 16 

4. Slope 26%+ site 18 

C. Radiation class 500-600 ------------------ Site 21 

D. Radiation class 400-500 ------------------ Site 23 

E. Radiation class 300-400 ------------------ Site 25 



Table 20. Summary of the environmental and vegetation characteristics of the nine sites identified 
on the limy uplands of the study area. 

C -f fpq 
Site Characteristics 

12 14 16 18 21 23 25 

Number of Stands 2 11 2 6 1 2 6 2 1 

Abiotic Site Characteristics 

Radiation (langleys/day) 712 658 651 636 638 628 552'. 455 380 
Slope (percent) 22 3 1 10 20 35 44 38 55 
Elevation (feet) 4,690 4,761 5,065 4,813 4,480 4,385 4,778 4,775 4,650 
Gravel (percent) 48 31 35 38 35 38 25 32 55 
Cobble (percent) 3 Trace 5 7 1 3 10 6 10 
Grazing Rating 2.0 2.5 2.5 2.5 2.0 2.0 1.0 2.0 1.0 

Vegetative Characteristics 

1. Cover (percent) 
Trees — Trace — Trace — — 1 2 — 

Shrubs 8 4 12 8 5 15 6 Trace 10 
Herbaceous 18 23 22 21 25 25 31 25 10 
Litter 12 15 10 12 10 12 17 22 5 
Bare Ground 12 27 15 16 5 8 10 12 10 

2. Importance values 
Grasses 
Anba 12 13 — 12 — 18 31 12 10 
Anci — — — — — — 30 — — 

ARIS 5 33 35 51 25 58 49 50 — 

Boch — 22 25 25 25 8 16 38 — 

Bocu 35 49 70 42 50 92 120 100 50 
Boer 50 36 100 68 75 92 — 25 10 
Bogr — 29 12 — — — 22 75 — 

Bohi 5 23 — 31 25 — — 12 20 
Bora — — 10 — — — — — — 



Table 20. (continued) 

Site Characteristics 
Sites 

12 14 16 18 21 23 25 

Erin — — — -- — 18 — 25 
Heco 5 — 
Hibe 62 67 25 48 125 25 31 
Lyph 5 10 10 16 — — 10 12 
Muem — — — — — — — 12 — 
Paha — — ~ — 8 8 — 10 
Trpu 5 11 25 5 

Forbs 
Arlu — — — — — — 21 12 10 
ASTR — — 12 6 25 18 — 12 10 
CIRS — — — — • — — 18 12 
CROT — — 12 16 25 18 8 
EUPH 12 
GOMB -- — — — 25 — — 12 
Hagr 12 18 — 10 — — — 12 
Plpu — — 12 10 — — — — — 

Shrubs 
AGAV 5 — 10 — — 15 4 2 
Bapt — — 10 4 — — 4 — — 
Caer 25 — — 9 20 12 21 
Come — — 50 — — — — — — 
Hate 10 — 3 5 — — 7 
Jude — — 10 4 — — — — — 
Mibi 5 5 2 — 62 7 1 
NOLI — 12 10 16 — 6 2 50 
Prju 10 — 12 13 — 18 5 
YUCC -- 7 7 — — 5 

oo 
oo 



Table 20. (continued) 

Sites 
Site Characteristics ? 9 12 14 16 18 21 23 25 

Trees 
Quem — 2 — 1 — — 1 10 — 



2 Table 21. Coefficients of determination (R ) and portions of vegetation variability accounted for by 
each independent variable from multiple regressions between abiotic site factors (inde
pendent variables) and plant species importance values (dependent variables) for limy 
uplands. 

o 
_ . Portion of R accounted for by variable „ 

Plant Species 1 — Constancy 
Gravel Cobbles Slope Elevation Radiation R^ 

Grasses 
Anba 
Anci 
ARIS 
Boch 
Bocu 
Boer 
Bogr 
Bohi 
Erin 
Heco 
Hibe 
Muem 

22.5 (-) 
1.9 (-) 

(-) 

2.7 
11.0 
18.5 
4.6 
23.1 (-) 
16.6 (-) 

5.0 (-) 
3.4 

3.7 

4.4 

10.4 
4.9 

(-) 

11.9 

5.4 
1.1 
21.8 

2 . 0  
4.2 

4.2 (-) 20.2 

4.4 (-) 

1.2 

1.0 
5.6 

14.8 (-) 11.9 (-) 
4.4 

11.3 (-) 

1.8 
1 .1  
14.8 
7.2 (-) 
1.5 
13.0 (-) 
19.2 

2 . 2  

39.0 
14.0 
12.0 
15.2 
45.9 
20.7 
42.9 
27.2 
15.6 
49.9 
33.8 

58 
9 

82 
36 
94 
79 
36 
58 
24 

6 
58 

13.2 (+) 21.8 

Forb 
Arlu 12.1 (-) 10.5 (-) 23.5 12 

Shrubs 
AGAV 
Caer 
Mibi 
NOLI 
Prju 
YUCC 

5.0 

1.1 (-) 

3.5 

1.7 

11.5 
26.7 
4.3 

5.7 
4.4 
5.6 (-) 

28.0 
20.7 

2 . 8  
(-) 

9.0 
31.6 
6.4 

3.0 
3.0 

27.9 
64.9 
19.6 
39.5 
25.3 
8.7 

24 
33 
55 
42 
33 
36 

Trees 
Quem 
Quob 

3.6 (-) 5.8 3.9 
6 . 0  

(-) 
(-) 

15.5 
7.0 

12 
3 



related primarily to solar radiation, while gravel cover was the major 

factor affecting the importance values of Andropogon barbinodes, Bouteloua 

chondrosioides, J3. gracilis, B. hirsuta, and Artemisia ludoviciana. 

Bouteloua curtipendula, a decreaser on the limy sites, was mostly 

affected by slope percent and gravel cover. A correlation coefficient 

of -.65 between slope percent and solar radiation shows these factors are 

confounded and this must be considered when discussing the effects of 

those two abiotic site factors in vegetation. 

Cluster analysis of vegetation on all limy stands resulted in 

four vegetation groups of a similarity level of 30% (Fig. 23). Due to 

the generally small number of stands within the tentative limy sites, the 

results of the cluster analysis cannot be adequately interpreted (Fig. 

23 and Table 22). Vegetation Group K contains most of the Site 9 stands 

which are level areas (Table 23). Hilaria belangeri presents its highest 

importance values in this group and appears to be the species influencing 

the formation of Group K. High importance values of Bouteloua curtipen

dula and JB. gracilis are characteristics of Group L. This group pre

sents the lowest intensity of grazing (index value 1.7) and low radiation 

(Table 22). Group M was composed of only three stands. Group N is 

characterized by high importance values of Bouteloua eriopoda, Agave 

spp., Baccharis pteronioides, Calliandra eriophylla, Cowania mexicana, 

Mimosa biuncifera, and Yucca spp. Figs. 24 and 25 represent stands of 

vegetation Group N. Only a few stands per site, often as few as one or 

two, limits value of further discussion of the limy sites. Additional 

data are needed to draw appropriate conclusions. 
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Table 22. Mean values of site characteristics, and importance values 
of plant species of the four vegetation groups on limy 
uplands. 

Characteristics 
K L M N 

Abiotic Site Characteristics 
Radiation (langley/day) 646 562 567 642 
Slope (percent) 10 22 25 23 
Elevation (feet) 4,680 4,714 4,893 4,830 
Gravel (percent) 32 29 48 38 
Cobbles (percent) 3 5 9 5 
Grazing Rating 2.3 1.7 2.0 2.3 

Vegetative Characteristics 
1. Cover (percent) 

Trees — 1 Trace — 

Shrubs 6 2 8 12 
Herbaceous 25 32 12 18 
Litter 
Bare Ground 

2. Importance values 

Grasses 
Anba 15 26 8 7 
ARIS 34 54 20 37 
Boch 30 27 25 2 
Bocu 50 123 37 42 
Boer 40 49 23 59 
Bogr 13 61 10 2 
Bohi 29 19 42 7 
Erin 4 19 — — 

Hibe 111 26 — 11 
Lyph 8 18 — 5 

Forbs 
Hagr 16 11 — 7 
Plpu 7 13 — — 

Shrubs 
AGAV — 1 — 11 
Bapt 1 1 3 6 
Caer 5 3 — 14 
Come 1 — — 19 
Hate 8 1 — 2 
Mibi 5 2 7 17 
NOLI 10 1 42 10 
Prju 15 4 — 5 
YUCC 2 1 — 12 
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Table 23. Percentage distribution of the stands of the tentative 
limy uplands range sites in the vegetation groups 
derived from the cluster analysis. 

Vegetation Groups 

K L M N 

7 50 — — 50 

9 67 11 11 11 

12 — — — 100 

14 33 17 17 33 

16 100 

18 — 50 — 50 

21 17 50 — 33 

23 — 100 

25 — -- 100 
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Fig. 24. Stand 322 representing vegetation Group N, Site 9. 
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Fig. 25. Stand 169 representing vegetation Group N, Site 21. 



SUMMARY AND CONCLUSIONS 

A preliminary interpretation of the data resulted in the delinea

tion of 23 tentative sites on the study area. Four sites on the bottom

lands were identified in terms of gravel cover of the soil surfaces soil 

texture and specific plant community indicators. Ten sites were delin

eated on the nonlimy uplands based on solar radiation, slope percentage, 

and soil texture. The same criteria were used to delineate the nine 

tentative sites of the limy uplands. Multiple regression analyses were 

used to measure the correspondence of plant species with abiotic site 

factors. Vegetation groups developed from cluster analyses were compared 

with the tentative sites and some combinations and adjustments made to 

form the range sites as shown by the following conclusions: 

1. Four range sites were identified on the bottomlands of the 

study area, based on specific plant community, soil texture, and gravel 

cover on the soil surface: 

(a) Mesic bottomland site, indicated by high importance values 

of Sporobolus wrightii and/or tree-size Prosopis juliflora. 

(b) Dry bottomland site with a fine textured soil indicated by 

the dominance of Hilaria mutica in the plant community. 

(c) Dry bottomland site with Comoro soil series, characterized 

by gravel cover on the soil surface. 

(d) Dry bottomland site with Pima soil series characterized by 

the absence of gravel cover. 
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Bouteloua gracilis was the most important grass species on the 

latter two dry bottomland sites but total herbaceous cover was less on 

the gravelly site. 

2. Seven range sites were identified on nonlimy uplands based on 

radiation, slope classes, and vegetation: 

(a) Radiation class 300-400 langleys/day, representing the steep 

north slopes. 

(b) Radiation class 400-600 langleys/day, moderate north slopes 

and steep or moderate east, west, northeast and northwest 

slopes. 

These two sites were characterized by the presence of Andropogon cirratus, 

Muhlenbergia emersleyi, Artemisia ludoviciana, Nolina spp., Quercus 

arizonica, and Quercus emoryi. Lower herbaceous cover, higher tree and 

shrub cover, and absence of Bouteloua gracilis, Aristida spp., Eragrostis 

intermedia, Bouteloua chondrosioides, Cirsium spp., and Viguiera annua 

separate the 300-400 langleys/day radiation class site from the 400-600 

langleys/day site. 

(c) Radiation class 600-700 langleys/day with 5% or less slope 

on a loamy soil. 

(d) Radiation class 600-700 langleys/day with 5% or less slope 

on a clay soil. 

Both sites represent the ridges and terraces of the nonlimy uplands. The 

presence of Hilaria mutica on the clay soil site is the indicator that 

separates this site from the loamy soil site. 

(e) Radiation class 600-700 langleys/day with slopes from 6 to 
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(f) Radiation class 600-700 langleys/day with slopes greater than 

25%. 

In terms of abiotic factors, the site with slopes over 25% had lower 

solar radiation intensity and lower cobble cover when compared to the 

site with moderate slopes. Aristida spp., Bouteloua chondrosioides, 

Eriogonum wr: t:ii, Haplopappus tenuisectus, and Prosopis juliflora 

were important on the moderate slope site but were absent on the steep 

slope site. Bouteloua curtipendula was the most important grass on the 

steep slope site. 

(g) Radiation class 700+ langleys/day, consisting of the steep 

south, southeast, and southwest slopes. 

This site presented the highest average intensity of solar radiation, a very 

high cobble cover percentage, and low bare ground. It was separated from 

the above sites in terms of an absence of Bouteloua gracilis, and 

Eragrostis intermedia. High importance values for Heteropogon contortus 

and Calliandra eriophylla characterized the site. 

3. The limy upland sites were characterized by high importance 

values of Bouteloua eriopoda, Tridens pulchellus, Astragalus spp., Nolina 

spp. , Calliandra eriophylla, and Agave spp. The inadequate number of 

samples on the limy upland sites prevented further discussion and inter

pretation of the data. 

4. Generally, the correspondence of vegetation and abiotic fac

tors for this study was low, being influenced by grazing intensity. Hall 

2 
(1970) found higher coefficients of determination (R ), but his work was 

conducted on areas practically undistrubed and with a larger number of 

abiotic factors, particularly soil factors. On grazed lands, present 
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vegetation should not be used as the main criterion for distinguishing 

among similar range sites. Characterization of range sites on heavily 

used areas should be based primarily on the abiotic site factors. 

The range sites identified and characterized in this study are 

appropriated from the management standpoint. The differences in vegeta

tion potential and abiotic site factors existing among the sites as 

described indicate factors which should be taken into consideration when 

management guidelines are established. 



APPENDIX A 

SYMBOL, SCIENTIFIC, AND COMMON NAMES OF PLANT 
SPECIES IN THE STUDY AREA 

Perennial 
Grasses 

Symbol Scientific Name Common Name 

Anba Andropogon barbinodes Cane beardgrass 

Anci Andropogon cirratus Texas bluestem 

ARIS Aristida spp. 3-Awns 

Arte Aristida ternipes Spidergrass 

Boch Bouteloua chondrosioides Sprucetop grama 

Bocu Bouteloua curtipendula Sideoats grama 

Boer Bouteloua eriopoda Black grama 

Bofi Bouteloua filiformis Slender grama 

Bogr Bouteloua gracilis Blue grama 

Bohi Bouteloua hirsuta Hairy grama 

Bora Bouteloua radicosa Purple grama 

Erin Eragrostis intermedia Plains lovegrass 

Heco Heteropogon contortus Tanglehead 

Hibe Hilaria belangeri Curly mesquite 

Himu Hilaria mutica Tobosa grass 

Lyph Lycurus phleoides Wolftail 

Muem Muhlenbergia emersleyi Bullgrass 

Mure Muhlenbergia repens Creeping muhly 

Paha Panicum hallii Halls panicum 

Paob Panicum obtusum Vine mesquite 
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Perennial 
Grasses 

Symbol Scientific Name 

Spwr Sporobolus wrightii 

Trpu Tridens pulchellus 

Common Name 

Sacaton 

Fluffgrass 

Perennial AMBR Ambrosia spp. Ragweed 
Forbs 

ARGE Argemone spp. Prickly poppy 

Arlu Artemisia ludoviciana Herbaceous.sage 

ASTR Astragalus spp. Locoweed 

CIRS Cirsium spp. Bullthistle 

CROT Croton spp. Croton 

DATU Datura spp. Sacred datura 

Deco Desmanthus cooleyi Bundleflower 

EVOL Evolvolus spp. Evolvolus 

EUPH Euphorbia spp. Spurge 

SIDA Sida spp. 

Soel Solanum elaeagnifolium White horse nettle 

Vian Viguiera annua Annual goldeneye 

Annual CHEN Chenopodium spp. Goosefoot 

Forbs 
Depi Descurainia pinnata Tansy Mustard 

Erca Erigeron canadensis Horseweed 

GNAP Gnaphalium spp. Cudweed 

GOMP Gomphrena spp. Globe amaranth 

Hagr Haplopappus gracilis Annual goldenweed 

LEPI Lepidium spp. Pepper-grass 

Plpu Plantago purshii Indian-wheat 
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Symbol Scientific Name Common Name 

Shrubs AGAV Agave spp. Century plant 

Bapt Baccharis pteronioides Yerba de pasmo 

Caer Calliandra eriophylla False-mesquite 

Coly Condalia lycioides Graythorn 

Come Cowania mexicana Cliffrose 

Dawh Dasylirion wheeleri Sotol 

ECHI Echinocactus spp. Cactus 

ERWR Eriogonum wrightii Shrubby buckwheat 

Hate 'Haplopappus tenuisectus Burroweed 

Jude Juniperus deppeana Alligator juniper 

LYCI Lycium spp. Wolfberry 

Mibi Mimosa biuncifera Wait-a-bit 

Midy Mimosa dysocarpa Velvet pod mimosa 

NOLI Nolina spp. Beargrass 

OPUN Opuntia spp. 

Open Opuntia engelmannii Prickly pear 

Prju Prosopis iuliflora Velvet mesquite 

Rhtr Rhus trilobata Skunkbush 

Selo Senecio longilobus Thread-leaf ground 

YUCC Yucca spp. Yucca 

Trees Prju Prosopis iuliflora Velvet mesquite 

Quar Quercus arizonica Arizona white oak 

Quem Quercus emoryi Emory oak 

Quob Quercus oblongifolia Mexican blue oak 



APPENDIX B 

FIELD DATA FORM 

Delineation No. 
Photo Number 

Write-up No. Date Obs 
Location 

Species 
GRASSES 

D C Species 
FORBS 

D C Species 
SHRUBS 

D 

TREES 

Tree Cover 
Shrub Cover 
Herb Cover 

Gravel less than 3" 
Dominant diameter in. Cover 

Cobbles, Stones, Etc. 
Range in diameters in. 
Dominant diameters in. 
Average interspace ft. 
Shape (circle one) RAF 
Cover 

Bare Soil Surface Cover 
Litter Cover 

Erosion Evidence: 

Topographical position 
Slope percent 

Comments: 

Soil Series 

Soil Color _ 

Rocks 

Rock Color 

Grazing 

Misc: 
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