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ABSTRACT 

Vegetational responses to changes in exposures within a 

constant slope range were studied on the Shallow Upland Range 

Sites and Granitic Hills Range Site in the Chihuahuan semidesert 

grasslands in Central Arizona. 

Sixteen exposures with slopes between 11 and 17 degrees 

were chosen for subsample sites. Environmental, complete soil 

descriptions, and vegetational composition data were taken. All 

data were analyzed using analyses of variance, ordination pro

grams, and regression analyses to determine climate, soils, and 

vegetational relationships among exposures. 

The resulting data indicated that the geological litho

logic unit on which the soils formed was the most important fac

tor affecting apparent vegetational type. In this study, the 

data obtained from the complete soil profile descriptions con

tributed little information to the understanding of vegetational 

responses. 

Soil surface characteristics and surface soil horizon 

properties influenced soil moisture relationships. The conser

vation of soil moisture appeared to be more important to plant 

communities than did the total moisture holding capacity of the 

soil continuum. 

xiii 



xiv 

Monthly precipitation reliability and soil surface re

flectances were environmental factors affecting plant communi

ties occurring on different exposures. Fall/spring, winter/ 

spring, and spring soil temperature interactions were the most 

important environmental factors affecting vegetation on differ

ent sloping exposures. All exposures within each of the four 

sample locations had vegetational components that were similar 

to the vegetational components of other exposures but all expo

sures were found to have different plant communities. 

Each exposure within a given slope range is a phase 

and/or subphase of currently used range site descriptions. A 

range site that is based on a potential natural community at one 

type location cannot be extrapolated across broad geographical 

expanses to define vegetative potentials for other areas having 

similar vegetative aspects. Range site descriptions must be 

site specific for one geographical rangeland that has had the 

same historical uses. 



CHAPTER 1 

INTRODUCTION 

Rangelands are a basic renewable natural resource that 

provide a source of energy entrapment that can be utilized for 

the betterment of society through managed harvest by grazing. 

Successful management of these rangelands must embrace the 

philosophies of sustained yield and perpetuation of the natural 

resource. The range site concept is an attempt to identify 

rangeland vegetational units that are sufficiently homogeneous 

so that, through management techniques, the goals of sus

tained yield can be identified and achieved. 

Range site descriptions define a potential "climax" 

plant community and imply that this community occurs within a 

given climatic zone, on specific sets of soil series, and over 

a given topographical range. Range site descriptions often are 

used giving little or no consideration to the changes in topo

graphic environment and the resulting changes in vegetational 

compositions on different slopes and exposures. If range site 

descriptions, or similar tools, are used to define management 

goals of rangelands, it is necessary for technical personnel to 

integrate into range characterizations the microclimatic and 

soil variables that influence plant communities. These 

1 



characterizations must be based upon models that compliment the 

dynamic state of vegetative ecosystems, not the indefinitely 

permanent self-perpetuating "climax" communities that are unre

alistic and provide little production for use by society. 

The objective of this dissertation was to identify and 

characterize soil and vegetative variability associated with 

climate and topographic exposure between two contrasting sites 

in Pinal County, Arizona. 

2 



CHAPTER 2 

DESCRIPTION OF THE STUDY AREA 

The study was conducted on desert rangelands in the 

Tortilla Mountains southwest of Winkelman, Pinal County, in 

South-Central Arizona (Figure 1). The Tortilla Mountains con

sist of gently undulating to steep-sloped hills that range in 

elevation from 2000 to 4500 feet (609-1386 m). These mountains 

have two major geologic subdivisions: (1) Quaternary-Tertiary 

alluvial deposits that make up the foothills which lie north 

and east of the mountain range, and (2) basically Precambrian 

schist, intrusive igneous rocks, and sedimentary rocks that form 

the mountain range (Krieger 1974a and 1974b). 

The mean annual precipitation ranges from 14.00 to 16.50 

inches (375-418 mm) with an approximate seasonal distribution of 

55% in the summer months and 45% in the winter months. There 

are pronounced periods of drought in May through June and again 

in October. Summer rains originating in the Gulf of Mexico are 

usually of high intensity and short duration and are mostly 

localized. The winter storms which originate in the Pacific 

Ocean have varying intensities and durations that are dependent 

on the character(s) and duration(s) of the frontal systern(s). 

Snowfall below 3200 feet (975 m) elevation generally is insig

nificant and seldom exceeds 6 inches (152 mm) in depth in any 

3 
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one season; above 3200 feet (975 m) light snows occur every 

winter with depths of 10 to 18 inches (254-355 mm) common. For 

the area, average summer monthly ambient air temperatures are 

75 F (23.9 C) and winter monthly ambient air temperatures aver

age 53 F (11.7 C). 

The principal Major Land Resource Areas (MLRA) of the 

Tortilla Mountains are: Southeastern Arizona Basin and Range, 

Chihuahan Semidesert Grassland (D41-3); Central Arizona Basin 

and Range, Upper Sonoran Desert Shrub (D40-1); and, with ex

pressed influences of Arizona and New Mexico Mountains, Arizona 

Interior Chaparral-Grassland (D39-4) at the upper elevations 

and on the northern exposures (U. S. Soil Conservation Service 

1978). Within the Southeastern Arizona Basin and Range, Chi

huahan Semidesert Grassland MLRA (D41-3), the major range sites 

are: deep sandy loam, granitic hills, limey slopes, loamy bot

toms, loamy uplands, sandy loam uplands, and shallow uplands. 

5 

Historical records indicate excessive livestock utiliza

tion of these rangelands between 1910 and 1940. During this 

time period, there was an estimated average maximum of one ani

mal unit grazing yearlong on an average of 20 acres (8.1 hect

ares) with a peak utilization in 1930 of one animal unit 

grazing yearlong on 13 acres (5.3 hectares) (Meyer 1980). By 

1946 the fencing of individual ranches in the area was completed 

and the livestock numbers were greatly reduced to less than one 

animal unit grazing yearlong on 64 acres (26 hectares). 



CHAPTER 3 

LITERATURE REVIEW 

Kothmann (1974, pp. 22-23) defined a range site as 

. . . a distinctive kind of rangeland, which in the 
absence of abnormal disturbance and physical deteriora
tion, has the potential to support a native community 
typified by an association of species different from 
that of other sites. The differentiation is ba~ed upon 
significant differences in kind or proportions of spe
cies, or total productivity. 

The term range site is synonymous with ecological site as de-

fined by the Range Inventory Standardization Committee of the 

Society for Range Management (Smith 1983). 

The use of the range site concept for mapping a manage-

ment unit provides a relatively permanent classification based 

on generalized vegetational associations, soil characteristics, 

and environmental factors. Range site units provide the ordered 

classification objectives suggested by Goodall (1953), but in-

terpretation errors are often made because range sites are rela-

tively general units that are defined at one type location and 

then extrapolated across large geographical areas to define 

vegetational communities with similar aspects. The plant com-

munities within range sites are adapted to unique combinations 

of environmental factors and are in dynamic equilibrium with 

that environment. The land manager must have an understanding 

6 
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of the interrelationships among geology, soils, environment, and 

vegetation within range sites if productive management decisions 

are to be made. 

Soil parent material and properties associated with dif

ferent soil taxonomic units can affect the species composition 

and production of vegetational communities. In Colorado, 

Branson, Miller, and MCQueen (1964) found different vegetational 

communities on glacial outwash soils and shale soils, although 

the two different plant communities developed under the same 

climatic conditions. Aandahl and Heerwagen (1964) suggested 

that different plant communities occur on different soil series; 

while Hugie, Passey, and Williams (1964) found that differences 

in plant composition, size, and production on six soil taxonomic 

units were caused by physical characteristics of the soils. 

Passey, Hugie, and Williams (1964) found that herbage yield and 

species composition on different soil taxonomic units varied 

from year to year but that these fluctuations do not permanently 

alter the plant communities. 

Precipitation forms and patterns influence infiltration 

and the amount of soil moisture within the soil profile. 

Van Haveren (1974) found that patterns in soil moisture recharge 

on grasslands were dependent on form and intensity of precipita

tion and upon seasonal evapotranspiration. He also stated that 

exposure and slope appeared to be the most important topographic 

factors influencing soil moisture a.ccumulations. 



Soil moisture and infiltration rates are affected by 

soil texture. Todd (1970) and Meinzer (1942) indicated that 

gravelly soils have fairly rapid saturated flow rates (6.7 

cm/hr). Coarse textured soils have high infiltration values 

throughout the soil profile due to the abundance and size dis

tribution of pores at the soil surface (Rubin, Steinhardt, and 

Reiniger 1964). Cooper (1970) stated that infiltration capaci

ties of bare semidesert soils are correlated with the amount of 

gravel on the surface and that infiltration in fine textured 

semidesert soils is retarded or reduced when raindrop impact 

energy destroys surface structure integrity. 

8 

Soil characteristics and properties also affect evapora

tion from the soil surface and soil moisture holding capacity. 

Wiegand and Taylor (1961) indicated that evaporation dependence 

on wind speed is not independent of the geometry of the soil 

surface. They also indicated that soil crusts (dry soil layers) 

are more effective in reducing evaporation than are surface 

mulches of sand, because the moisture potential in turbulent 

air over a rough surface is greater than the moisture potential 

across a laminar air layer over crusted soils. 

Shreve (1915) and Hasse (1969) indicated that near sum

mer solstice evaporation on northern exposures can be higher 

than evaporation on southern exposures. The higher evaporation 

on the northern exposures may reflect the availability of stored 

soil moisture, and the lower evaporation on southern exposures 

may reflect that evaporation has depleted the moisture 
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throughout the year. This evaporation exposure relationship may 

reflect the availability of soil moisture. 

Burzlaff (1962) found that soil moisture in gravelly 

soils was highly correlated with the organic matter content but 

this relationship was not evident in fine textured soils. 

Branson et al. (1964) indicated that the gross quantity of 

stored soil moisture is less significant than the total stress 

in which the water is stored or the biologic capacity of the 

plant to absorb moisture from the soil. They also found that 

the low soil moisture tensions in stony soils appear to favor 

many plant species, especially species that favor mesic 

environments. 

Soil surface reflectance is an important factor in the 

energy budget of the soil. Lemon (1963) and Geiger (1965) in

dicated that the amount of radiant energy at the atmosphere soil 

interface can be greatly influenced by reflectance. High re

flectance values reduce the energy available for evapotranspira

tion, sensible heat, reradiated energy, and heat conduction into 

the soil. The net effect of high reflectance is cooler soils. 

Soil temperature is one of the most important single 

factors that affect biological processes in and above the soil 

continuum. All vegetative processes are directly or indirectly 

dependent on soil temperature. Soil temperature affects soil 

moisture uptake by plant roots as well as the availability and 

phase-of-water in the soil (Slatyer 1967). 
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Germination and seedling establishment are essential for 

self-perpetuation of a plant community. Soil temperatures can 

have detrimental effects on or can favor seed viability and 

germination. Jennings and De Jesus (1964) found that seed via

bility was rapidly lowered when seeds were subjected to high 

temperatures and high moisture levels. Juhren, Went, and 

Phillips (1956) stated that many species germinate when their 

normal germination temperature is reached regardless of the time 

of year. Simpson (1977) observed that the optimum germi~ation 

temperature for mesquite (Prosopis velutina) was 30 C but that 

germination occurred within the temperature range of 20 to 40 C. 

Twenty degrees centigrade was found to be the optimum germina

tion temperature for six range grasses (McGinnies 1960) and for 

burroweed (Haplopappus tenuisectus) (Voth 1938). Palmblad 

(1969) indicated that the optimum temperatures for the germina

tion of 15 different species ranged from 10 to 25 C. A similar 

temperature range favored germination of sixweek fescue (Festuca 

octaflora) (Hylton and Bement 1961). 

Slope, exposure, and approximation to large mountain 

ranges have pronounced effects upon the microenvironments that 

influence vegetational species and association relationships. 

Hall (1902) and Hasse (1969) suggested that the south-southwest 

and the southwest exposures are the warmest and that life zones 

are forced upward on southern and western aspects because of the 

inclination of the slopes to the sun during the warmest part of 

the day. Geiger (1965) found that the greatest microclimate 
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differences are not between north and south facing slopes, but 

are between the north-northeastern slope and the south

southwestern slope. Data presented by Whittaker and Niering 

(1965) indicate the exposure vegetational shift suggested by 

Hall (1902). Their data from the Santa Catalina Mountains in 

Arizona 'indicate that turpentine bush (Haplopappus laricifolius), 

sacahuista (Nolina microcarpa), sideoats grama (Bouteloua 

curtipendula), and bush muhly (Muhlenbergia porteri) occurred on 

north-northwestern slopes at elevations below 3500 feet 

(1067 m) but these same species only occurred on south

southwestern slopes above 4000 feet (1234 m). Shreve (1922) 

suggested that the size of a mountain range has an effect upon 

vegetation on different exposures. He found that desert 

ceanothus (Ceanothus greggii), scrub oak (Quercus turbinella), 

and Arizona oak (Quercus arizonica) occurred at elevations 

900 feet (278 m) higher on Black Mountain (which is situated 

seven miles [11.3 km] west of the study area) than on the Santa 

Catalina Mountains. He suggested that the size of the mountain 

range also influences vegetational composition. 

Vegetational classifications become more difficult as 

microclimate becomes more complex when rangelands increase in 

topographic relief. Daubenmire (1956) indicated that as rough

ness of topography increased so did the difficulty in distinc

tion between the vegetation that reflected macroclimate and the 

vegetation that did not. He also indicated that differences in 

composition may be determined by limiting conditions for 



individual species. Ayyad and Dix (1964) indicated that soil 

temperature and upslope runoff account for the differences in 

species composition on different exposures with slopes between 

13 and 18 deg~ees. 

12 

Individual species or an association fragment of species 

may respond differently to microenvironmental influences. 

Murdock and Richard (1956) found that Agropyron/Poa associations 

occur on warm, dry habitats and were significantly different 

from Symphoricarpos/Festuca associations which tended to occu~ 

on cooler and more moist soils. Burzlaff (1962, p. 21) con

cluded that Nebraska sandhills could be divided into range sites 

on the basis of individual species; he also stated that "In 

order for a species to have indicator value of ecological im

portance, it must express either high constancy among stands or 

exhibit reasonably high dominance on some of the stands." This 

approach appears to be a single species approach to range site 

classifications and would be contrary to methods in classifica

tion used by Garcia-Moya (1972), Araujo Filho (1975), Oliveira 

(1979) and other researchers in Arizona. 

Smith (1983) stated that ecological sites (range sites) 

are subject to many natural and man-caused influences that modi

fy or even temporarily destroy vegetation but do not necessarily 

preclude recovery or reestablishment of a potential natural com

munity and that severe site deterioration may permanently alter 

the potential of the site. The change in potential does not 

necessarily imply just a lowering of total range forage 
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production; instead, the implication is that another plant com

munity or association with a defined potential may tend to de

velop on the disturbed sites. 

Connell and Slatyer (1977) indicated that vegetational 

communities are dynamic; even without man's influences, succes

sions in natural communities never stop. The sequence of spe-

.cies in successional change is determined by the life history 

characteristics of individual species. Connell and Slatyer also 

stated that, as individuals in a community die or are killed by 

disturbance, the space they once occupied in the community is 

filled by the vegetative growth of the surrounding vegetation 

or by its offspring. 

Klemmedson (1964) indicated that Stipa comata and Poa 

secunda historically occurred on southern slopes of a small hill 

in south central Idaho, but, due to past grazing, fire, or dis

turbances by man, these species are not presently components of 

southern slope communities. His data indicate that the Stipa 

and Poa communities on the north slopes produced 63 g/m2 , and 

the southern slopes supported annual species communities of 

Bromus and Salsola that produced 103 g/m2. Gardner (1950) 

found that, after 30 years of protection, a severely disturbed 

desert grassland in New Mexico did not achieve species composi

tion comparable to that of adjoining grazed and undisturbed 

rangelands. 

Vegetation on rangelands is respondent to various phy

sical and environmental characteristics and historical uses. 
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Changes within the vegetational communities are always occur

ring. The potential natural plant community that develops after 

disturbance or environmental change is dependent upon the sever

ity of the disturbance or change and on the genetic characteris

tics of remaining species. 



CHAPTER 4 

METHODS AND PROCEDURES 

The range site concept is a method of classifying 

rangelands based on the ability of soil and environmental re

sources to support a potential natural plant community. An 

understanding of the intricacies of relationships between indi

vidual constituents of range resources is essential. This study 

was designed to identify and characterize some of the factors 

that influence vegetational components of two range sites. 

Sampling Design 

Four sample locations were chosen for this study on two 

range sites, two soil series, two environmental zones, and two 

vegetational communities with similar aspects. Within each of 

the four sample locations, 16 subsample sites with a constant 

slope and similar mean annual incident radiation values were 

selected to represent 16 different physical exposures. Figure 2 

diagramatically illustrates the sampling design. All sample lo

cations in this research were located in Townships 5, 6, and 7 

South, Ranges 14 and 15 East, Gila and Salt River Base and 

Meridian, Pinal County, Arizona. 

15 
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General Range Site and Soil 
Series Selection 
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Two range sites within the Chihuahuan Semidesert Grass-

land Major Land Subresource Area (D41-3) were selected for the 

study. The criteria for selection of the range sites to be ex-

ami ned were: differences in soil morphology, climatological 

variation within a given range site, climatological similarity 

between the two range sites, apparent vegetative similarities 

within a given range site and between two range sites, and ap-

parent vegetative dissimilarities within the same range site. 

The Shallow Upland Range Site was selected for compari-

son with the Granitic Hills Range Site. 

The Schrap Soil Series, an Us tic Torriorthent soil that 

is associated with Precambrian Pinal schist, was chosen to ex-

amine vegetational variations in the Shallow Upland Range Site. 

This Shallow Upland Soil Series was selected because it is rep-

resentative of soils that are found on ~ecently eroding slopes 

and of soils that have the weak horizonal d8velopment, char-

acteristics that are not typical of mature soils. 

The Chiricahua Soil Series, an Ustollic Haplargid soil 

that has formed on Precambrian Ruin granite, was selected for 

the soils comparisons. The Chiricahuan Series has a well-

defined horizonal differentiation, is representative of other 

older soils in the area, and is representative of mature soils 

that may be found on these rangeland slopes. 
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The Ustic (Ust) component of the great group names im

plies adequate moisture to mature a range forage crop through 

one year, although their moisture regimes may be marginal in 

comparison to an Ustic moisture regime (U. S. Soil Conservation 

Service 1975a). The similarity between the two soil series 

limits macroenvironmental variability between the soil moisture 

regimes and allows investigation of microenviromental variabil

ity that may occur within similar sample sites. 

Climatological Zones 

Macroenvironmental variability was sampled by selecting 

sample sites with different precipitation and temperature re

gimes within the Shallow Upland Range Site. Potential incident 

radiation was held constant among sample sites by restricting 

the latitudinal distance between sample locations. Total annual 

potential insolations in Langleys received at each aspect sub

sample site slope surface were extrapolated from tables by Frank 

and Lee (1966). 

The high precipitation sites were located near the 

Flying U W Ranch weather station and had mean annual precipita

tion of 16 inches (406 ~). The low precipitation site located 

near the Kelvin weather station had a mean annual precipitation 

of 14 inches (356 mm), had a lower elevation, and was north of 

the higher precipitation areas. 
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Vegetational Communities Samples 

Two vegetative types were sampled. One vegetative type 

was composed of perennial grasses and half-shrubs with minor 

amounts of shrubby species (Figures 3 and 4). Areas on the 

Schrap Soil Series and the Chiricahua Soil Series with this 

vegetational aspect were designated, respectively, Schrap 1 and 

Chiricahua 4 sample sites. The second vegetational aspect sam

pled had a major composition of half-shrubs and shrubs with 

minor amounts of perennial grass species. Areas with this veg

etational aspect were restricted to the Schrap Soil Series with 

Schrap 2 designating the sample area with higher precipitation, 

snowfall, and cooler temperatures (Figure 5), climatically sim

ilar to Schrap 1 and Chiricahua 4. The Schrap 3 sample area 

supported the shrub aspect at the lower precipitation and warmer 

temperature zones (Figure 6). 

The Schrap 1 and Chiricahua 4 grass aspect sample sites 

were classed as low good condition when using the U. S. Soil 

Conservation range site guide for Shallow Upland and Granitic 

Hills range sites. The Schrap 2 and Schrap 3 shrub aSPect sam

ple sites were classed as fair to low fair condition using the 

Shallow Upland range site guide. The aforementioned condition 

classes were based on stated guidelines in the U. S. Soil Con

servation Service's National Range Handbook (1976) and the U. S. 

Soil Conservation range site guides (1982a, 1982b) for the re

spective range sites, and did not necessarily reflect the poten

tial for natural plant communities at those locations. 
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Figure 3. Typical view of a northern exposure on the Schrap 1 
sample location 
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Figure 4. Typical view of a north-northeastern exposure on the 
Chiricahua 4 sample location 
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Typical view of an east-southeastern exposure on the 
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Allowances for range forage production by the above guides did 

not well define the actual forage production on the study area 

which in most instances was greater than those set forth by the 

guides. 

Selection of Aspect Subsamples 

To sample the expression of environmental variables 

around slopes within each selected range site vegetational type, 

16 cardinal exposures were used to define the subsample sites. 

The selection of these exposures was based on true north bear

ings. At each cardinal direction location, areas of two acres 

(0.8 hectares) or more with fairly uniform surface gradients and 

slopes ranging between 11 and 17 degrees (20 to 30%) were chosen 

for the subsample sites. Marginal areas around the site were 

avoided to reduce variation due to the Hedge effect" and influ

ences that may have been expressed by other slopes and aspects. 

Reflectance and Soil Temperature 

To aid in the understanding of the energy relationships 

among the subsample sites, electromagnetic radiation reflectance 

was taken at each subsample site. Sellers (1974) stated that 

surface albedo, the ratio of light reflected to light received 

on a surface, of southwestern deser'ts varies only slightly from 

summer to winter. Buffo, Fritschen, and Murphy (1972) indicated 

that reflectance varies with slope and aspect. Reflectance de

creased on north, west, and south aspects as slope increased to 

30 degrees and reflectance increased with increasing slope up to 
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30 degrees on eastern aspects. By restricting the slope range, 

11 to 17 degrees, of the subsample sites, the amount of reflec

tance variability and the departure of reflectance values from 

those found on flat surfaces was held as low as possible. The 

field values obtained were representative throughout the year. 

Reflectance with wavelengths between 0.4 and 1.0 milli

microns was taken at each subs ample site with a Radiometrics 

RMR-IO Multispectral Radiometer. This radiometer displayed re

flectance as a percent which was standardized by using a Kodak 

R-27 Neutral Test Card. During the week of June 21, 1978, 

stratified samples were taken using a five degree angle aperture 

lens with the meter placed on a tripod and with the aperture 

located approximately one meter above and perpendicular to the 

bare soil surface. This setting gave a field of view at ground 

level of approximately 78 cm2 • Reflectance readings were taken 

perpendicular to the solar beam with the solar angle held be

tween 20 and 26 degrees to avoid errors suggested by Black et ale 

(1965). Sampling times were calculated for each subs ample site 

using aspect direction, solar zenith angle, landscape slope, and 

data presented by Sellers (1974). A minimum of five readings 

was made at different locations within each subsample site. If 

the standard deviation of the sample mean was greater than 1.75, 

additional measurements were taken until this restriction was 

met. Reflectance means for each subs ample site were then used 

in the statistical analysis. 



Landscape reflectance readings were taken by rotating 

the radiometer aperture to a horizontal position and making 

readings across the slope gradient. A minimum of 20 readings 

was made on each subsample site. If the above standard devia

tion guidelines were not met, additional readings were made. 
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The mean landscape reflectance value was used for representation 

of the sample site. 

Maximum bare ground soil temperatures of each subs ample 

site were taken at the five centimeter depth on or near March 20, 

June 21, September 23, and December 22, 1977 and 1978. Data 

presented by Baver, Gardner, and Gardner (1972) indicate that, 

at the five cm depth, maximum soil temperatures in loam soils 

occurred at 2:30 p.m. and that there was a ±3 degree centrigrade 

variation in temperature between 1:00 p.m. and 4:00 p.m. at this 

depth. Soil temperature samplings were then made within this 

time frame by inserting mercury-filled glass thermometers to the 

five cm depth. The lower portions of the thermometers, exclud

ing the mercury bulb, were wrapped with insulating tape to avoid 

thermal conductivity from the upper portion of the soil column, 

and other precautions suggested by Black et al. (1965) were fol

lowed. Eight readings were made at each subsample site, and the 

average of these readings was used to define the soil tempera

ture for the respective sample date. 
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Soil Descriptions 

After suitable subs ample sites were selected, soil pits 

were dug and full soil profile descriptions were made following 

the guidelines set forth by the U. S. Soil Conservation Service 

(1966, 1974). 

Surface fragments covering the soils of each subsample 

site were identified; their average size was determined as well 

as the percent soil surface covered by these fragments. The 

apparent color and/or color range of the surface was determined 

by using Munsell Soil Color Charts. 

For soil descriptions, the soil textural classes were 

defined on the standard USDA definition of sand, silt, and clay. 

The organic matter content of each of the first two soil 

horizons of each soil site description was estimated from their 

respective moist soil colors. Moist soil colors were determined 

in the field using the Munsell Soil Color Chart. Selected field 

samples were labeled as to their respective horizon and moist 

color and taken to the University of Arizona Soils, Water, and 

Plant Tissue Testing Laboratory for analysis of organic matter. 

The Munsell color notations were transformed into single numeri-

cal values following the method suggested by Hurst (1977). The 

following formula was used: M' = H~':....Y.... where M' is the single 
C 

numerical Munsell color value; 1-1": is the transformed Munsell hue 

notation; V is the Munsell color value; and C is the Munsell 

chroma notation. A linear regression was then made using the 

transformed moist soil color (M') versus percent organic matter 
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to develop a standard regression line for determination of per

cent organic matter on all subs ample sites. Only soil textural 

materials smaller than sand were used for moist color determina

tion. This method of generalized percent organic matter deter

mination was used because the analyses for organic matter of 

each subsample site was beyond the scope of this study. 

The pH of each in situ soil horizon at each subsample 

site was taken with a Kel Way soil pH and humidity tester, 

Model HB2. This device is an internally powerless resistance 

meter that measures electrometric potential between two dissim

ilar metals and registers pH in one-tenth intervals. All field 

readings were verified using pHydrion MIKRO 1 to 11 colormetric 

pH tape. 

In situ field capacities were made from five locations 

within each subsample site using methods set forth by Black 

et al. (1965). The percent moisture for all field samples was 

determined using the gravametric method. The average of the 

five moisture samples from each soil horizon was used to quanti

fy field capacity for the first two horizons. 

Vegetational Sampling 

Brown (1968) stated that sampling plot size influences 

the accuracy of measurements; small sample units require a 

larger number of samples and tend to pass over the less impor

tant species; large sample units require fewer samples and will 

include less prevalent species. An objective of this study was 
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to evaluate, as well as possible, the total plant community at 

each subsample site. To properly evaluate and compare one plant 

community with another, it is necessary to have actual represen

tation of both major and minor species components. 

Field samplings were made in the spring and early summer 

of 1977. This time period was selected because most of the warm 

season and cool season plants found in the study area were in an 

active stage of growth or their remains were recognizable. 

The entire chosen subsample site was considered to be 

the sample plot. A systematic pace transect was made on each 

plot to survey and quantify the presence of all vegetation that 

required more than one growing season to mature a seed crop. 

Three hundred or more paces (points approximately 6 feet, 1.8 m, 

apart were taken on each plot. The one closest plant species 

rooted within 30 inches (0.75 m) of the pace point was recorded. 

If no perennial species was present, that point was recorded as 

having no vegetation. Only one recording was made for each pace 

point. All perennial species observed, but not necessarily 

physically encountered, during the sampling were also recorded 

as being present on the site. After completion of the survey, 

all recordings were expressed as IIpercent frequency" or percent 

composition. Only established perennial plant species were in

cluded in the recorded data; current yearTs seedlings were 

ignored. 
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Statistical Analysis 

Most of the characterizations and descriptions of the 

subsample sites were in qualitative terms and required quantita

tive codings for statistical analysis. A standard coding form 

was devised for all sample locations, exposures, and non

quantitative soil terms. Where quantitative data were avail

able, their nurrlerical values were used; when percent data were 

available, the values were rounded to a full percent value \~th 

percent organic matter and pH being exceptions. 

All climatological data were analyzed by using their 

respective quantitative values. 

The vegetational composition data were analyzed by 

rounding the percent data to the nearest whole percent. The ob

served but not physically encountered species were entered as 

1% in the data. 

Regression analysis was made on the average surface 

fragment color using H* vic values of all subs ample sites and 

their respective average percent reflectance. This analysis was 

made to evaluate the relationship between surface fragment cov

erage and reflectance. 

Replication for the analysis of variance was accom

plished by grouping subsample sites into groups of two with each 

subsample in a group serving as replications. The following as

pect combinations were used for the replications of samples at 

each location: (1) N and NNE, (2) NE and ENE, (3) E and ESE, 



(4) SE and SSE, (5) S and SSW, (6) SW and WSW, (7) Wand WNW, 

and (8) NW and NNW. 

Analysis of Variance 

Analysis of variance was made on all field data using 

the model: 

Where: ).l = mean 

0:. = locationi l 
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S(i )j = directionj + (location x direction) .. 
lJ 

s. ·k lJ = error term 

The first step in the analysis of the data was to run 

condescriptive analyses on all the data variables. Variables 

with both small variances and small ranges between the minimum 

and maximum values were eliminated from further analysis. Anal-

yses of variance were then made on all the remaining selected 

variables. DuncanTs multiple range test was used for all mean 

separations. 

All 0 - I data were coded and condescriptive statistics 

were made. Analyses of variance were then made on all variables 

that gave large variances in the condescriptive analysis. 

Multiple regressions were made on selected environmental 

and vegetational variables. The dependent variables and inde-

pendent variables used varied for each regression. The selec-

tion of the independent variables was based on their 



significance in the analysis of variance and on observed rela

tionships between the dependent and independent variables. 

Cluster and Ordination Analyses 
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Reciprocal averaging ordinations were made on 131 spe

cies and on the 64 subs ample sites using the Decorana program 

(Hill 1979a) without detrended correspondence analysis and again 

with detrended correspondence analysis. Ordination using recip

rocal averaging of 100 species, which had 5% or more composition 

on anyone given subsample site, and of the 64 subsample sites 

was made using the Ordiflex program (Gaugh 1977) and also using 

the Decorana program without detrended correspondence analysis. 

The Twinspan program (Hill 1979b) was used to develop a 

hierarchal classification of the 100 selected species and of the 

64 aspects within each location. 



CHAPTER 5 

RESULTS AND DISCUSSION 

This research had three major phases of investigation: 

the climatic factors, the soils and soil factors, and the vege

tational communities found at each site. Therefore, the results 

and discussion will be divided into four major sections: (1) 

climate and soil climate, (2) soils and soil factors, (3) vege

tational composition, and (4) an integrated section involving 

all topic fields investigated. Within the following sections, 

significant or highly significant differences will only be re

ferred to as differences. 

Climate and Soil Climate 

Generalized climatic variables are included in the range 

site description guidelines set forth by the U. S. Soil Conser

vation Service National Range Handbook (1976), but these gen

eralized guidelines do not consider variations in climate 

brought about by exposure or slope. 

Slope is a major variable affecting microclimatological 

variables being considered in this study. Therefore, an attempt 

was made to keep the slope of each subsample location within a 

selected range, 20 to 30% (11 to 17 degrees). All subsample 

locations were within this guideline. There was no difference 

31 
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in mean slope among the Schrap 1 (25.1%), Schrap 2 (26.2%), and 

the Chiricahua 4 (26.2%) sample locations. The Schrap 3 sample 

location had a slightly greater mean percent slope of 28.0%. 

Potential Insolation 

The total mean annual potential incident radiation was 

not different for the four sample areas, but there was a dif

ference in total annual potential incident radiation among sub

sample sites within sample locations (Figure 7). This 

difference was a function of slope, exposure, and solar angle. 

When mean separations were made on all exposure means at 

the p = 0.01 level, there was a difference in total potential 

radiation received on two major exposure groups; total potential 

radiation on southern exposures between east and west-southwest 

was greater than total radiation on north exposure groups be

tween west and east-northeast (Appendix Table A-I), 

When mean separ'ations of all exposure means were made at 

the p = 0.05 level, there were three basic groupings of total 

annual potential incident radiation. Of all the exposures, 

south of east and west-southwest received the greatest annual 

potential radiation. The west and west-northwest exposures re

ceived potential radiation amounts that were similar to the 

northeast and east-northeast exposures. The least amount of 

annual potential radiation was received on the northwest, 

north-northwest, north, and north-northeast exposures. 
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The high amount of annual potential radiation on the 

south slopes (Figure 8), and the lack of radiation variation 

among south and adjacent exposures is explained in part by the 

amount of radiation received on these slopes between mid-fall 

and mid-spring. South exposures with average slopes of 25% re

ceive between 40 and 45% of their total radiation during this 

time period. The sun remains wholly in the southeast and south

west quadrants in fall, winter, and spring seasons, and ·the 

solar hour angle is greater on slopes between these quadrants 

than slopes north of these quadrants. 

Precipitation 

There was a difference in mean annual rainfall among 

sample locations. Rainfall for the Schrap 3 sample location was 

14 inches and was 16 inches for the other three locations. Al

though the monthly distribution coefficients "eigenvectors II 

patterns, the basic IIpattern ll of rainfall, of the sample sites 

have basic similarities (Figure 9), there are distinct differ

ences in variability of monthly rainfall. The higher elevation, 

higher precipitation zone (represented by the Flying UW Ranch 

station which is in close proximity to the Schrap 1, Schrap 2, 

and Chiricahua 4 sample locations) has a fairly consistent 

month-to-month distribution pattern for winter, spring, and sum

mer season periods; but the lower precipitation zone (repre

sented by the Kelvin station which is several miles west of the 

Schrap 3 sample location) has a variable month-to-month 
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Figure 8. Total rnidfall through rnidspring potential insolations 
on all exposures with 25% slopes in the study area 
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Figure 9. Annual rainfall pattern analysis of the two rainfall 
stations located near the sample sites with analysis 
based on the past 35 y.ear· record for both stations 
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distribution pattern. These distribution differences, then, can 

possibly influence some differences in species occurrences among 

the sample sites. Figure 9 shows that the Flying UW Ranch sta

tion receives the greatest monthly rainfall in September, while 

the Kelvin station receives its greatest monthly rainfall in 

August. The higher rainfall in September on the higher eleva

tion, higher precipitation zone could extend the fall growing 

season by removing soil moisture as a limiting factor for plant 

growth. 

The form of precipitation was also different; the 

Schrap 3 sample location received little of its precipitation in 

the form of snowfall. The other locations did receive snowfall. 

The winds in the study area were generally from the west in the 

winter months and blow snow accumulations were on the north, 

east, and south exposures. There was little difference in the 

amount of precipitation received on any exposure in the summer 

months. 

Reflectance 

There was a difference in mean soil surface reflectance 

among the sample locations (Figure 10 and Appendix Table A-l). 

The mean soil surface reflectance of the Schrap 1 and Schrap 2 

sample locations were similar but both were greater than the re

maining two sites. The Chiricahua 4 mean soil reflectance was 

greater than the reflectance of the Schrap 3 location but lower 

than the previous two sample sites. The Schrap 3 sample 
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Figure 10. Mean percent soil surface reflectance for the study 
sample locations 
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location had the lowest mean reflectance of all sample 

locations. 

The lack of a significant direction within location in

teraction for reflectance indicated a low reflectance variabil

ity due to slope effects, a constraint set forth in the 

experimental design. 

Percent reflectance differences among sample locations 

were a function of several physical factors at those locations. 

Lucas (1980) stated that reflectance can be used to separate 

Pinal Schist (on which Schrap soils form) from Ruin Granite (on 

which the Chiricahua soil is associated). The highly signifi

cant difference in soil surface color verifies this; all Schrap 

soils had hues in the 10 YR to lO Y range, and the Chiricahua 

soils had hues ranging from 10 R to 10 YR. 

The value and chroma for the Schrap 3 surface fragments 

were consistently lower than the other two Schrap sample loca-

tions and fell in the color range of brown to black. This color 

range appeared to result from mineral stains on the surface of 

large gravel fragments and may account for some of the differ

ence in reflectance of this sample location. There was a sig

nificant correlation (r = -0.43) between average soil surface 

color and percent surface reflectance. The darker surface soils 

had the least reflectance, and lighter surface soils had great

est reflectance values. The significant correlation (r = 0.59) 

between percent surface fragment coverage and percent surface 

reflectance indicated that soil surfaces heavily covered with 



large gravel fragments had the highest reflectance values, and 

soils that were sparsely covered with large gravel and cobble 

fragments had the lowest reflectance values. 
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There was a difference in mean landscape reflectance 

among sample locations. The Schrap 3 sample location had the 

lowest mean landscape reflectance. The remaining sample loca

tions had mean landscape reflectance values that were not dif

ferent from e~ch other. The recorded percent reflectance was a 

measure of the amount of radiation reflected from a soil surface 

between 0.4 and 1.0 millimicrons (m~). The amount of near in

frared radiation (0.7-1.0 m~), part of which may have been re

radiation, was not recorded. 

Soil Temperatures 

Winter maximum soil temperatures were not different 

among the four sample locations (Figure 11). The soil tempera

tures for all exposures in the four sample locations had similar 

trends (Figure 12) but there was a significant exposure within 

location interaction (Appendix Table A-2). All north exposure 

temperatures between the northwest and east-northeast were sig

nificantly lower than those on the remaining exposures. The 

Schrap 2 and Schrap 3 sample locations had higher maximum soil 

temperatures on the southeast through south-southwest exposures 

than did these same exposures at the other sample locations. 

The maximum winter soil temperatures were on southern exposures. 

This can be attributed to the amount of radiation received in 
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Figure 11. Mean annual and seasonal soil temperatures at 5 em 
depth for the four sample locations 
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winter on these slopes due to percent slope and solar angle 

(Figure 8). 
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There was a difference in maximum spring soil tempera

ture among the four sample locations (Figure 11 and Appendix 

Table A-2). The Schrap 3 sample location maximum mean soil 

temperature was significantly greater than the mean soil temper

ature of all the other sample locations; also, the maximum soil 

temperatures of all Schrap 3 location exposures were greater 

than the maximum soil temperatures of corresponding exposures of 

the other three sample locations (Figure 13). Schrap 1 and 

Schrap 2 maximum soil temperatures were similar throughout the 

different exposures. The Chiricahua 4 sample location maximum 

spring soil temperatures were lower than those of all other sam

ple locations. The highly significant exposure within location 

interaction compounds the differences among sample locations. 

The warmest soil temperatures for the Schrap 1 and Schrap 2 

sample locations were found on the southeast through the south

southwest exposures, and the warmest temperatures for the Schrap 

3 sample location occurred on the south through the west

northwest exposures. The warmest soil temperatures for all sam

ple locations occurred on the south and south-southwest 

exposures. In general, cooler soil temperatures for the Schrap 

1 and Schrap 2 sample locations were the same for all exposures 

north of the southwest through the east-southeast. Variability 

of soil temperature with exposure was much more evident within 

the Schrap 3 sample location; the exposures between north and 
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east-northeast had the coolest temperatures. For the Chiricahua 

4 sample location, soil temperatures were the same for exposures 

between the northwest and the east-northeast. 

The mean summer soil temperature for the Schrap 3 sample 

location was greater than mean summer soil temperatures for 

Schrap 1, Schrap 2, and Chiricahua 4 sample locations (Figure 11 

and Appendix Table A-2). As shown in Figure 14, there were ap

parent similarities in soil temperatures on all exposures for 

the Schrap 1, Schrap 2, and Chiricahua 4 sample locations. 

There are some apparent generalizations that can be made 

about soil temperatures of different exposures: for all sample 

locations, north exposures between northwest and east-northeast 

had the coolest soil temperatures; soil temperatures on expo

sures between east and south-southeast and on exposures between 

southwest and west-northwest are similar; and the south and 

south-southwest exposures had the warmest soil temperatures. 

In the fall, the differences among sample location mean 

maximum soil temperatures were highly significant (Figure 11 and 

Appendix Table A-2). The Schrap 3 sample location had the high

est mean maximum soil temperature with the other three sample 

locations having similar means (Figure 15). There was a highly 

significant exposure within location soil temperature interac

tion (Appendix Table A-2). For all sample locations, the 

southern exposures between southeast and west-southwest had the 

warmest fall soil temperatures, while the northern exposures 
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Mean fall soil temperatures on all exposures within 
the four sample locations 



between the northwest and the east-northeast had the coolest 

fall soil temperatures. 
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Multiple regression analyses of the winter soil tempera

tures verify the significance of potential insolation (Table 1). 

The coefficient of determination (R2) indicates that 76% of the 

variation in winter soil temperature is dependent on potential 

insolation. The regression analyses also indicated that average 

soil surface fragment size can significantly affect soil tempera

ture in winter. Soils which had surfaces that were covered with 

cobbles were cooler than the soils which had surfaces that were 

covered by gravel fragments. The influence of percent soil sur

face fragment coverage contributed little to increasing the co

efficient of determination, although the level of significance 

indicates that it was a factor. 

Spring soil temperatures were dependent on more complex 

relationships than were winter soil temperatures (Table 2). A 

reduction in the percent landscape reflectance gave an increase 

in soil temperature (R2 = 0.46). Mean potential insolation, 

average soil surface fragment size, and percent soil surface 

reflectance combined increased the coefficient of determination 

to 79%. This would indicate the importance of solar angle in 

spring and the increase in insolation on spring soil warmup. 

The results of the mUltiple regressions for summer and 

fall soil temperatures were similar (Tables 3 and 4). Total 

potential insolation was the most important factor for both 

seasons, second in importance was landscape reflectance, 
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Table 1. Stepwise multiple regression of selected variables 
that affect mean winter soil temperatures 

Significant Cumulative Beta 
Variable Level R2 Value 

Mean potential insolation 
(Ly) 0.00 O. 76 0.90 

Average soil surface 
fragment size (cm3 ) 0.00 0.83 -0.38 

Soil surface fragment 
coverage (%) 0.03 0.84 -0.21 

Soil textural class 0.36 0.85 -0.04 

Soil surface reflectance 
( %) 0.46 0.85 0.08 

Landscape reflectance (%) 0.69 0.85 -0.03 

Table 2. Stepwise multiple regression of selected variables 
that affect mean spring soil temperatures 

Significant Cumulative Beta 
Variable Level R2 Value 

Landscape reflectance (%) 0.00 0.46 -0.44 

Mean potential insolation 
( Ly) 0.00 0.62 0.42 

Average soil surface 
fragment size (cm3 ) 0.00 0.76 -0.46 

Soil surface reflectance 
( %) 0.01 0.79 -0.18 

Soil textural class 0.54 O. 79 0.04 

Soil surface fragment 
coverage ( %) O. 74 O. 79 -0.04 
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Table 3. Stepwise multiple regression of selected variables 
that affect mean summer soil temperatures 

Significant Cumulative Beta 
Variable Level R2 Value 

Mean potential insolation 
(Ly) 0.00 0.35 0.63 

Landscape reflectance (%) 0.00 0.65 -0.33 

Soil surface reflectance 
( %) 0.00 0.70 -0.22 

Soil textural class 0.09 O. 71 0.13 

Average soil surface 
fragment size (cm3 ) 0.17 0.72 -0.16 

Soil surface fragment 
coverage (%) 0.45 0.72 -0.10 

Table 4. Stepwise multiple regression of selected variables 
that affect mean fall soil temperatures 

Significant Cumulative Beta 
Variable Level R2 Value 

Mean potential insolation 
(Ly) 0.00 0.37 0.64 

Landscape reflectance (%) 0.00 0.65 -0.29 

Soil surface reflectance 
(%) 0.00 0.70 -0.28 

Average soil ·surface 
fragment size (cm3 ) 0.05 O. 72 -0.16 

Soil textural class 0.16 0.73 -0.10 

Soil surface fragment 
coverage (%) 0.87 O. 73 -0.02 
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followed by soil surface reflectance. Both summer and fall soil 

temperatures had cumulative coefficients of determination of 70% 

for these three factors. The influences of conductive heat flux 

from lower regions within the soil continuum would have to be 

considered and may account for the fairly high fall soil 

temperatures. 

There were differences in mean annual maximum soil tem

peratures (Figur·e 11 and Appendix Table A-2). The Schrap 1 and 

Schrap 2 sample locations' soil temperatures were not different 

from each other; they were significantly lower than the Schrap 3 

soil temperatures but were higher than the Chiricahua 4 soil 

temperatures. The Chiricahua 4 sample location had the lowest 

mean annual maximum soil temperature. Figure 16 shows that the 

mean annual soil temperature was greater on the Schrap 3 sample 

location, and this difference was consistent for all exposures 

within the sample location. This difference in mean annual 

maximum temperature may be explained in part by the significant 

correlation of the low reflectance of surface soils for that 

area (Table 5). 

Linear correlations were made on selected soil charac

teristics versus mean annual soil temperatures of each sample 

location and between mean annual soil temperatures of combined 

sample locations. Table 5 shows that insolation was the most 

important factor affecting mean annual soil temperatures at all 

sample locations. There was a significant correlation between 

percent surface fragment coverage and mean annual soil 
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Table 5. Correlations (r) of mean annual soil temperatures versus selected soil surface 
characteristics at different sample locations 

Mean Surface 
Soil Annual Fragment Reflectance 

Sample Temp Insolation Coverage Size Surface Landscape 
Location (oC) (Lys) (%) (cm) Texture Color (%) (%) 

Schrap 1 33.4 0.945~·d: 0.353 0.036 0.305 -0.242 -0.222 0.176 

Schrap 2 34.5 O. 975~':~': O. 563~': 0.200 -0.102 -0.329 0.381 0.255 

Schrap 3 38.2 O. 948~':~': -0.112 0.407 -0.425 -0.226 O. 788~'d: 0.091 

Chiricahua 4 31.1 0.857~·:~·: 0.171 0.019 0.365 0.236 -0.109 0.249 

Schrap 1 & 2 34.0 o. 927~'d 0.242 0.249 0.170 - O. 260 0.164 0.143 

All Schrap 35.4 0 .. 6 99~':~': -0. 589~':~': 0.273~·: 0.113 -0.163 -0. 513~':~': - O. 53 5~':~': 

All sample 
locations 34.3 O. 805~':~': -0.025 O. 394~':~': 0.042 0.167 -0.419 -0. 368~':~': 

~':Significant at the 0.05 level. 

~':~':Significant at the O. 01 level. 

lJl 
IN 
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temperature at the Schrap 2 sample location, and there was a 

highly significant correlation between percent soil surface re

flectance and mean annual soil temperatures at the Schrap 3 sam

ple location. There were no significant correlations between 

soil temperatures and soil factors when the two Schrap soils in 

the same climatic zone were combined. 

Data presented in Table 5 show that the correlations of 

soil surface variables that affect mean annual soil temperature 

at the soil series level are difficult to interpret. Only an

nual insolation was significantly correlated with soil tempera

ture in the Chiricahua soil series. Five soil variables had 

significant correlations in the Schrap soil series analysis. 

When correlations were made on all sample locations, soil sur

face fragment size and landscape reflectance were indicated as 

important factors affecting mean annual soil temperatures. 

The significant relationships between seasonal soil 

temperatures and specific soil surface properties (Table I 

through 4) and mean annual soil temperatures and the same vari

ables indicate errors that can occur when interpreting annual 

climatological data. Certain soil surface characteristics af

fect soil temperatures at different seasons but appear to be 

soil series related or unimportant when yearly means are 

considered. 
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Soil Moisture 

The infiltration rates and the amounts of moisture en

tering the soil can be influenced by soil surface characteris

tics. The gravelly surfaces of the Schrap 1, 2, and 3 sample 

locations provide for greater moisture infiltration than the 

loamy surface with scattered cobbles of the Chiricahua 4 sample 

location soils. The coarse, gravelly surface of the Schrap 

soils impedes runoff and allows more moisture infiltration. The 

loamy, scattered cobble surface of the Chiricahua soil may be 

affected by crusting and raindrop compaction. During high in

tensity rainfall, the impermeable cobbles would increase the 

amount of moisture on the soil surface and accelerate runoff. 

Environments 

The climate and soil climate data indicated that the 

local environments of the Schrap 1, Schrap 2, and Chiricahua 4 

sample locations were basically similar, while the local envi

ronment of the Schrap 3 sample location was different from the 

other three sample locations. 

The slope and aspect of each subs ample site within the 

sample locations influenced interactions among total insolation, 

seasonal soil temperaotures, soil moisture, and other climatic 

factors. These exposure induced variations produced four dif

ferent microenvironments. 

The first microenvironment occurred on southern expo

sures between the southeast and the west-southwest. This 
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microenvironment received the greatest amount of insolation and 

had the highest soil temperatures throughout the year. These 

southern exposures received between 40 and 45% of their total 

insolation in the fall and winter months. High fall and winter 

insolation coupled with warmer soil temperatures must have deci

sive effects on the vegetation that can utilize winter moisture 

more effectively. Snowfall and blow snow on south exposures 

melts sooner and this moisture would be available to physiologi

cally active vegetation. Spring and late fall soil temperatures 

and soil moisture would be the optimum for some plant species. 

High average midsummer soil temperatures (55.8 C) on south ex

posures would be optimum for germination of many plant species. 

In summer, droughty conditions on southern slopes may have fair

ly long durations that would be damaging to seedlings and plants 

that were not well established. 

The second microenvironment was on eastern exposures 

between the northeast and east-southeast. Total insolation on 

these exposures was variable and dissimilar from the south ex

posures. The soil temperatures throughout the year were cooler 

than those on the south slopes but were variable depending on 

the time of year and solar angle. Average spring soil tempera

tures (25 C) and fall soil temperatures (37 C) would be near 

optimum for germination and establishment of many range species, 

while summer temperatures averaging 54.5 C would be damaging to 

germination of many range species. 
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The western microenvironment was on the west and west

northwest exposures that were microenvironment ally similar to 

slopes on the east exposure. There was less variation in the 

factors monitored on these exposures than those on the east ex

posures. The generally northwesterly winter winds (those coming 

from the west) affect precipitation distribution patterns. Snow 

from the west slopes is partially removed as blow snow to other 

exposures making the west slopes somewhat more xeric during 

winter than other exposures. Spring and midfall average soil 

temperatures, 25.3 C and 28 C, respectively, coupled with ade

quate soil moisture would be optimum for germination and estab

lishment of range species; whereas summer soil temperatures of 

55 C probably would not be favorable to seed reproduction of 

range species. 

The last microenvironment consisted of the north slopes 

between the northwest and the north-northeast. Due to acute 

solar angle these exposures received the least amount of total 

insolation. These factors combine to cause the soils on the 

northern slopes to have the coolest winter temperatures. Field 

observations indicated that snowfall and blow snow are more 

persistent through time on these slopes. Because cooler tem

peratures can retard physical processes in warm season species, 

water uptake is reduced allowing more moisture to percolate much 

deeper into the soil column. Spring and midfall mean maximum 

soil temperatures were 23 C and 29 C, respectively, and would be 

optimum for germination of many of the range species. 
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The significant differences in climatic factors around 

sloping exposures are persistent through time and do not vary 

unless major disturbances occur. They are the intrinsic envi

ronmental variables that affect soil properties of different 

exposures and vegetative composition from one exposure quadrant 

to another. These variables must be interpreted on the specific 

location basis. The climatological variability within investi

gated exposures, within soil series, and between soil series in

dicates that range site considerations based upon general 

descriptions and annual means for a general area are not ade

quate for range climate interpretation. 

Soils and Soil Factors 

Soils are the medium upon which vegetation is dependent 

for physical processes necessary for establishment, active 

growth, and reproduction. Soil properties influence the soil 

atmosphere, mOisture, nutrient cycle, and other factors. Soil 

descriptive characters normally are used to name range sites. 

This implies that there is a reasonable uniformity of certain 

soil characters within a range site. Information given by other 

researchers generally indicates that specific relationships 

exist between range sites and soil series. 

In this study, complete soil descriptions were made for 

each subs ample site. Typical soil descriptions for each sample 

location are given in Appendix B. 
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For clarity and brevity in this section of the disserta

tion, only a brief discussion of significant soil factors for 

each sample location will be given, and specific soil character

istics of interest are summarized in Table 6. 

The Schrap soils were formed on highly fractured Pre

cambrian Pinal Schist, a quartz-spotted schist derived from al

tered igneous materials of rhyolitic to andesitic composition, 

some of which may have had characteristics of ash-flow tuffs 

(Krieger 1974a). The three Schrap sample locations used in the 

study were found to occur on three different lithologic units 

of the Pinal Schist formation. 

The Schrap 1 sample location soils were formed on 

quartz-sericite-spotted Pinal Schist that had regionally under

gone secondary metamorphosis to a weak slate by a geologic over

flow of rhyolite. The rhyolite geologic unit has eroded from 

the Pinal Schist geologic unit leaving only the slatey bedrock 

character (personal communications, Krieger 1978). The planar 

cleavage (Pirsson and Knopf 1953, Hurlbut 1957) of the decompos

ing slatey gravel and sand fragment was evident. Most weathered 

gravel and sand fragments were easily distinguishable within the 

moist soil matrix. When the fragments were removed, most were 

crushed during hand extraction. These crushed fragments dis

played strong planar cleavage characteristics in the resulting 

fine fragments. 

Ninety percent of the Schrap 1 sample location soil sur

face was covered with gravel-size rock fragments. The Al 



Table 6. Significant relationships between mean values of selected soil properties of 
the four sample locations ~': 

Soil Character 

Average surface fragment 
size 

Soil surface coverage 

Al horizon 
Depth 
Organic matter 
pH 
Field capacity 

Dry weight basis 
cm/average horizon 

depth 

Second horizon 
Depth 
Organic matter 
pH 
Field capacity 

Dry weight basis 
cm/average horizon 

depth 

Unit 

cm2 

% 

cm 
% 

% 

cm 

cm 
% 

% 

cm 

Schrap 1 

3.7b 

90.3a 

4.3 
1.24c 
6.3a 

lS.2 a 

1.24 

lS.9 
1.3Sc 
6.2 a 

13.6b 

2.6S 

Sample Location 
Schra~ 2~Schrap 3 

4.8b 

8S.9a 

4.3 
1.34b 

S.8b 

13.8a 

1.14 

14.8 
1.34c 
S.7b 

13.1b 

2.46 

4.4b 

43.7b 

4.S 
1.38b 
6.4a 

12.3b 

1. 08 

14.2 
1.40b 
6.3a 

11. 7b 

2.29 

Chiric-anua 4 

12.0a 

36.9b 

S.O 
1. SSa 
6.1a 

16.4a 

1. OS 

lS.6 
1.63a 
6.0a 

19.5a 

2.49 

*Values in the same row with different letters are significantly different at the 
0.01 level; second horizon was the Cl for the Schrap series and Bl for the Chiricahua 
series. 

Q) 

o 
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horizon had a skeletal gravelly coarse sandy loam texture with 

31% of the soil particles smaller than medium sand «0.5 mm) and 

had moderate-fine crumb stI'ucture. The Cl horizon had a skele

tal gravelly coarse sandy clay loam texture with 40% of the soil 

fragments greater than 2 mm. 

The Schrap 2 sample location soils formed on metamorphi

cally unaltered quartz-sericite-spotted Pinal Schist (Krieger 

1974a). The weathered facies of gravel and sand fragments dis

played strong schistosity (the muscovite and associated micas 

lie with their cleavage planes parallel to the fragment surface 

and align in fracture surfaces within the fragment [Pirsson and 

Knopf 1953, Hurlbut 1957]). The schistosity characteristics are 

easily distinguished from the rock mass on freshly fractured 

surfaces. A great majority of the moist gravel and sand frag

ments from the Al and Cl profiles were easily crushed under 

minimal hand pressure. 

The Schrap 2 sample location soils were 86% covered with 

gravel-size rock fragments that averaged 2.2 cm in diameter. 

The Al horizon had a gravelly loam texture with approximately 

37% of the soil particles smaller than medium sand and a moder

ate fine crumb structure. The texture of the Cl horizon was 

very gravelly coarse sandy clay loam with 42% of the soil frag

ments larger than 2 mm. 

The Schrap 3 sample location formed on a spotted schist 

lithologic unit of the Pinal Schist formation (Krieger 1974b). 

The sand and gravel of this sample location did not have the 
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strong schistosity or planar cleavage characteristics of the 

other sample locations. Some of the moist weathered fragments 

could be hand crushed with minimal force, but the majority of 

the fragments required mechanically aided force or could not be 

crushed. 

The Schrap 3 sample location soils were approximately 

44% covered with gravel-size rock fragments that averaged 2.lcm 

in diameter. These soils had a skeletal gravelly loam texture 

with approximately 43% of the soil particles smaller than medium 

sand. Gravel was the major particle component of the Al hori

zon. The Al horizon had a moderate medium crumb structure. The 

Cl horizon of the Schrap 3 sample location soils had skeletal 

very gravelly coarse sandy clay loam texture with 55% of the 

soil fragments larger than 2 mm. 

The lithologic units, i.e., quartz sericite to spotted 

schist, imply differences in parent material composition that 

may affect soil-nutrient relationships within the sample loca

tions. The planar cleavage and schistosity characters of the 

decomposing gravel and sand fragments provide pathways and chan

nels for soil moisture retention and possibly provide access to 

internal silt, clay, and mica particles that may affect soil 

fertility through cation exchange capacity. The sand, gravel, 

and smaller rock fragments (125 mm or less) in the Schrap 1 and 

Schrap 2 soils may function more like structural peds than true 

sands and gravels. 
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The Chiricahua soils formed on Precambrian Ruin Granite 

that has been intruded by dikes of aplite and associated rocks 

(Krieger 1974a). The surfaces of the Chiricahua soils were ap

proximately 37% covered with aplite cobbles that averaged 12 cm 

in diameter. These soils had cobbly loam textures. Approxi

mately 43% of the soil particles were smaller than fine sand. 

Chiricahua soils had moderate medium granular structure. The 

BI horizon had a cobbly coarse sandy clay loam textpre with ap

proximately 44% of the soil particles smaller than fine sand. 

The Chiricahua soils had B2lt and B22t argillic horizons while 

the Schrap soil series did not. 

Interrelationships between different variables in the 

upper soil horizons and the soil-atmosphere interface produce 

dissimilar environments within a given soil series and between 

different soil series. 

The Chiricahua soil series had upper horizon character

istics that were, in most cases, significantly similar to those 

in the Schrap 1 sample location soils; but the Chiricahua series 

was in the Granitic Hills range site and must be considered by 

range site classification as a separate unit. 

The Schrap 1, 2, and 3 sample locations are taxonomical

ly classed as the same soil series. There were highly signifi

cant differences in specific soil profile characters among the 

Schrap sample locations. In the study area, the Pinal schist 

parent material on which this soil series was associated had 

three lithologic units of differing minerological composition. 
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Each of the sample locations was placed on a different litho-

logic unit that had pronounced influences on the soils of the 

different Schrap sample locations. 

The soils data indicate that four distinct and well-

defined locations were sampled in this study; but, according to 

range site classifications, only two range sites were sampled. 

The reasonable uniformity of soils within the range site were 

not evident in the study area soils. 

Vegetational Composition and 
Species Relationships 

One of the experimental objectives was to identify fac-

tors that may affect change in the plant communities at differ-

ent sample locations and identify major factors that may 

influence vegetational composition on different exposures within 

the sample locations. A second objective was to identify spe-

cies associations within the sample locations and to discuss the 

ecological nitches within the associations. To discuss these 

objectives, the following five divisions are used in the discus-

sion section for vegetation: (1) sample location vegetation, 

(2) subsample communities, (3) vegetational associations, (4) 

biotopes, and (5) discussion of individual species. 

Sample Location Vegetation 

Sampling of two apparent vegetational types in the ex-

perimental design implies the separation of the 64 subs ample 

sites into two decisive vegetational communities. The first 
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level of separation on the dendrograph (Figure 17) of the 64 

subs ample sites indicates these two major vegetational group

ings. This dendrograph was developed by using the Twinspan 

Program on 100 selected species which occurred on the 64 sub

sample sites. The level of separation is consistent with the 

apparent vegetational type selection criterion set forth in the 

sampling design, with statistical separation based upon the per

cent composition of flattop buckwheat (Eriogonum fasciculatum) 

at each subs ample site. 

The incorporation of two dissimilar soil series with the 

two apparent vegetational types (range condition levels) in the 

experimental design suggests that there should be further sub

divisions of vegetational composition into three groupings that 

may be based to some degree on the selected range condition 

classes. Following established range site description guide

lines, these three groups should be granitic Hills Range Site

grassland vegetational type, good condition; Shallow Upland 

Range Site-grassland vegetational type, good condition; and 

Shallow Upland Range Site-half shrub/shrub vegetational type, 

fair condition. Statistical analysis of the field data in this 

study did not support the above analogy. 

In general, the second and third levels of separation in 

the dendrograph (Figure 17) indicate that each sample location 

had specific and well-defined plant communities irrespective of 

apparent vegetational type, and that these separations define 

the four sample locations. The Schrap 1 north subsample site 
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was the only exception. This subsample site was vegetatively 

similar to the Chiricahua 4 northern exposure subsample sites at 

the eighth level of separation and was based upon the absence of 

slim tridens (Tridens muticus) on the Chiricahua 4 subs ample 

sites. 

The second level of separation in Figure 17 between the 

Schrap 1 and Chiricahua 4 sample locations was based upon the 

presence or absence of curly mesquite (Hilaria belangeri). 

The third level of separation between the Schrap 2 and 

Schrap 3 sample locations was based on the presence or absence 

of yellow-spined hedgehog (Echinocereus ledingii), foothill 

palo verde (Cercidium microphyllum), sotol (Dasylirion wheeleri), 

sideoats grama (Bouteloua curtipendula), and fluffgrass (Tridens 

pulchellus). The Shallow Upland range site description indi

cates that, when determining range condition class, only 15% of 

the potential natural plant community can be sideoats grama or 

other grass species. The remaining four species are not con

sidered in range condition class determinations. 

The statistical separation of the four sample locations 

into distinct groupings was independent of present range condi

tion classification. There is a lack of homogeneity within the 

range sites. The four discrete vegetational communities re

sponded to environmental and physical influences that were ex

pressed at each sample location or were brought about by 

historical use. The four well-defined vegetational groupings 
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infer that range site guides were inadequate to properly identi

fy these four native perennial plant communities. 

Subsample Communities 

Each sample location was comprised of discrete assem

blages of plants that responded to different physical and en

vironmental expression that occurred within each sample 

location. The groupings of these plant assemblages were the 

subsample communities. 

The dendrograph (Figure 17) indicates that there was a 

separation of most northern exposures and the southern expo

sures into groups at the fourth through seventh levels of sta

tistical separation. This trend was verified when subsample 

site rank values from the detrended correspondence analysis of 

131 species that occurred on the subs ample sites were plotted 

(Figure 18). The similarities of subsample site groups within 

sample location by these two independent statistical methods 

indicate that distinct plant communities were present on differ

ent aspects at each sample location. 

The Decorana Program did not identify the variable(s) 

used to determine the cluster axis rankings. The determination 

of these variables was accomplished by systematically correlat

ing subsample site variables with subsample axis ranks. The 

resulting correlations, along with Tables 1 through 4, indi

cated that none of the axes was !!pure,!! one variable. All the 

axes were derived from complex interactions between 
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Clustering of the 64 subs ample sites based on spring-fall soil temperatures 
and relative soil moisture ranks 
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environmental and soil variables. Only the more evident and 

important variables are used in the following discussion. 

70 

The second axis, the Y axis (Figures 18, 19, and 20), 

was considered to characterize soil moisture. For axis 2, the 

sample correlation coefficients of selected variables versus 

axis rank (Table 7) show that, as the subsample site rank values 

became larger, there was a significant increase in surface frag

ment size, a highly significant decrease in the percentage of 

the soil surface covered by cobbles and gravels, a highly sig

nificant increase in soil surface crusting, and a significant 

increase in clay content in the A horizon. These factors may 

not necessarily increase total soil moisture but can function 

to conserve the moisture that gets into the soil continuum. The 

increase in clay content and the decrease in rock fragments 

would favor capillary movement of water into the surface hori

zon. The reduction in soil moisture due to evaporation and the 

movement of moisture within the soil continuum would favor plant 

growth. Table 8 shows soil temperature and soil properties 

means and their relationship to cluster rankings. 

Simple linear correlation coefficients (Table 9) compar

ing subs ample site ranks on the first axis (the X axis of 

Figure 18) and soil temperatures indicated a highly significant 

relationship between subsample ranks and spring soil tempera

tures and between subs ample ranks and fall soil temperatures. 

When the mean spring/fall soil temperatures were compared to 

their respective subsample site ranks, highly significant 
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Table 7. Simple correlation coefficients of selected soil factors versus soil moisture 
axis rankings for Figures 18 through 20 

Surface 
Fragment Surface Water 

% Horizon cm Field 
Cover- Surface Soil Textural Class Structure Horizon Capac-

Axis Size age Crust Texture Sand Silt Clay Size pH Depth ity 

1 -.70":;': +.09 -.30 +.02 -.22 -.10 +.20 -.29 +.00 -.36 -.66 ,':,': 

2 +.58": -.84":,': +.86":;': +.50 -.35 -.31 +.54": +.46 +.25 -.47 +.24 

3 -.15 -.04 +.22 -.39 +.33 +.44 -.28 -.01 +.49 +.36 -.42 

4 +.50 - . 72 ,':,': +.52 +.02 +.55": -.40 -.04 +.47 +.52 -.43 -.24 

,':Significant at the 0.05 level. 

**Significant at the 0.01 level. 
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Table 8. Relationships between axis rank value and mean physical values of the plotted 
axes in Figures 18 through 20 

Axis Variable 

1 Spring soil temp °c 
Fall soil temp °c 
Mean S/F soil temp °c 

2 Surface fragment size 
Fragment coverage % 
Clay % 
Field capacity % 
cm H20 for soil horizon 

3 Winter soil temp °c 
Spring soil temp °c 
Mean W/S soil temp °c 

4 Spring soil temp °c 

Cluster Ranks 
25 50 75· ·100-r2Sl50-175 200 225 25-0- 275 

16.0 17.6 19.3 20.9 22.5 24.2 25.B 27.4 29.0 30.7 32.3 
40.2 40.6 41.1 41.5 42.0 42.4 42.9 43.3 43.8 44.2 44.7 
29.8 30.6 31.4 32.1 32.9 33.7 34.5 35.2 36.0 36.8 37.5 

4.0 4.9 5.8 6.6 7.5 8.4 9.3 10.1 
87.6 78.4 69.1 59.9 50.7 41.5 32.3 23.1 
14.9 15.8 16.6 17.5 18.4 19.2 20.1 21.0 
13.3 13.6 13.9 14.2 14.5 14.8 15.1 15.4 

3.8 3.7 3.6 3.6 3.5 3.5 3.4 3.3 

11.6 12.7 13.8 14.9 16.0 17.1 18.1 19.2 
22.1 23.4 24.7 25.9 27.2 28.5 29.7 31.0 
16.8 18.0 19.2 20.4 21.6 22.8 24.0 25.2 

24.1 24.9 25.6 26.4 27.1 27.9 
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Table 9. Simple correlation coefficients and coefficients of determination of seasonal 
soil temperatures versus subsample site cluster axes rankings in Figures IS 
through 20 

Season 
Axis Winter Spring Summer Fall·· ----WlnferTSpring U_ -SprIng7Fall 

1 r +0.43 + o. S6i:~': +0.39 + o. S 7~':~': o. S6~b': 
R2 O.lS 0.74 0.15 0.76 O. 74 

2 r +0.46 +0.04 +0.49 +0.34 
R2 0.21 0.00 0.24 0.12 

3 r +0. 7S~'d: +0. 61~': +0.30 +0.35 +0. 74id: 
R2 0.61 0.37 0.09 0.12 0.54 

4 r -0.44 +0. 5S~': +0.36 +0.17 
R2 0.19 0.34 0.13 0.03 

*Significant at the 0.05 level. 

~':~':Significant at the 0.01 level. 
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correlations also were obtained. The correlations between sub

sample site ranks and winter soil temperatures and between 

subs ample site ranks and summer soil temperatures were not sig

nificant for axis 1. None of the correlation comparisons be

tween soil temperatures and subs ample ranks on the second 

clustering axis was significant, indicating that temperature was 

not a principal in rank determination for this axis. Table 8 

gives the mean seasonal soil temperatures for the cluster rank 

values for axis 1. 

The simple linear regression comparisons of subs ample 

site ranks on axis 3, the Z axis, with seasonal soil tempera

tures indicated that there was a highly significant relationship 

between winter soil temperatures and increase in subs ample site 

rank value, and that there was a significant relationship be

tween spring soil temperature and the increase in subsample site 

ranks (Table 9). This highly significant mean winter/spring 

soil temperature subsample site rank value relationship identi

fies the third axis (Figure 19). Figure 19 has been plotted 

from right to left to show its three dimensional relationship 

with Figure 18. Table 8 shows mean soil temperatures for the 

rank values of axis 3. 

There was a linear or near linear pattern of clusters 

among winter/spring soil temperatures (axis 3) and soil moisture 

(axis 2) involving all exposures in the Schrap 2 and Schrap 3 

sample locations and the east exposure of the Chiricahua 4 

sample location (Figure 19). Simple linear regression were made 
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comparing seasonal soil temperatures with the selected soil 

characters to verify proper identification of the axes vari

ables. Table 10 shows the significance among the different 

variables and verifies the identification of winter/spring soil 

temperatures on axis 3 and soil properties that may influence 

soil moisture on axis 2. 

Figure 20 illustrates the relationships among subsample 

vegetation clusters as a function of soil moisture and spring 

soil temperature. Figure 21 shows the relationships among sub

sample sites and spring/fall and winter/spring soil tempera

tures. Figure 21 is a plot of axis ]. (axis X of Figure 19) and 

shows the top view of the cluster analysis. 

Figures 18 and 21 show that spring/fall soil tempera

tures have decisive effects on the plant community that will 

occur on a rangeland. The grassland type vegetation required 

cooler spring and fall soil temperatures than shrubby type vege

tation. The lack of good clustering units in Figure 20 infers 

that spring soil temperatures alone were not sufficient to main

tain or favor establishment of a grassland vegetative type; 

relatively cool fall and winter soil temperatures were just as 

important as spring soil temperatures. The large number of 

cluster groups in Figure 19 indicates that winter soil tempera

tures and soil moisture also affect the species that were pres

ent on the subsample sites. 

The significant correlations of soil characteristics on 

the second axis in Figures 18, 19, amd 20 indicate that soil 



Table 10. Correlation coefficients and coefficients of determination of winter, spring, 
and mean winter/spring soil temperatures versus selected soil characteristics 
for Schrap 2, Schrap 3, and Chiricahua 4 east sample sites displayed in 
Figure 19 

Season 

Winter 

Spring 

Mean 
\tJinter/Spring 

r 
R2 

r 
R2 

r 
R2 

Surface Fragment 
Size 

+. 62 ~':<': 
.48 

+. 56~h': 
.31 

+. 61 ~':~': 
.37 

% Coverage 

- • 6 o~':~': 
.36 

- .42~': 

.18 

- • 49~':~': 
.24 

~':Significant at the o. 05 level. 

~':~':Significant at the 0.01 level. 

Surface 
Crust 

+. 5 7~':<': 
.32 

+. 39~': 
.15 

+. 51 ~':~': 
.26 

% Clay 

+. 46~h': 
.21 

+.:2 0 
.04 

+.26 
.06 

Structure 
Size 

-. 49~':~': 
.24 

-.32 
.10 

-. 37~': 
.14 

Field 
Capacity 

+. 69~':<': 
.48 

+. 61 ~':~': 
.37 

+. 66~h': 
.44 

Water 
cm-

Horizon 
Depth 

-.18 
.03 

+.02 
.00 

-.03 
.00 
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moisture relationships within the upper portion of the soil con

tinuum may have been more important to plant communities than 

was the total amount of moisture held within the soil unit, or 

that the soil properties associated with this axis may also in

fluence the seed implantation and germination of species present 

on the subsample sites. Consideration also should be given to 

the fact that grasses and some of the associated forbs and half

shrubs are shallow rooted and utilize moisture in the upper por

tion of the soil profile. Most shrubs and half-shrubs are 

deeper rooted and can utilize moisture from both the upper por

tion and from deeper within the soil profile. 

The dominant species within the community often have 

wide ecologic amplitudes and occupy a large sector of the en

vironmental gradient whereas minor species tend to respond to 

specific environmental influences (Kershaw 1964, Daubenmire 

1968). In this study, the inclusion of minor plant species in 

the statistical analyses gave the best clusterings and charac

terizations of the subsample site plant communities. 

The clusterings in Figures 18, 19, and 21 indicate that 

each sample location had specific groupings of subsample sites 

(exposures). To evaluate and verify the tendency for subsample 

sites to cluster together in Figures 17 through 21, clusterings 

on the same axis in the Decorana, Ordiflex, and Twinspan programs 

were used for comparisons. The number of times each subsample 

site clustered with other subs ample sites in all cluster pro

grams used was recorded and a chi-square matrix was developed 



for each sample location to determine subsample site relation

ships (Appendix C). This procedure was used to eliminate the 

possibility of interpretation errors that could have occurred 

using one program only. 
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The chi-square matrix for the Schrap 1 sample location 

(Appendix Table C-l) indicates that the vegetational composition 

on the southeastern and the southern subsample sites was similar 

and that the west-southwestern and the west-northwestern subsam

pIe sites had similar vegetational compositions. 

A review of the chi-square data for the Schrap 2 sample 

location (Appendix Table C-2) indicated that the southwestern 

subsample site was significantly different in vegetational com

position than any of the other subsample sites. The remaining 

15 subs ample sites were similar to other subs ample sites, but 

all subsample sites had different vegetational compositions. 

The chi-square matrix for the Schrap 3 sample location 

(Appendix Table C-3) shows that the northeastern, south

southeastern, and the northwestern subsample sites were signifi

cantly dissimilar from other sample sites. The other subsample 

sites in the Schrap 3 sample location were divided into four 

groups of similarity: the northern, north-northeastern, and 

west-northwestern group; the east-northeastern, north

northwestern group; the eastern, south-southwestern, west

southwestern, and western group; and the east-southeastern, 

southeastern, southern, southwestern group. 
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All the subs ample sites were different within the Chiri

cahua 4 sample location (Appendix Table C-4). The data indicate 

that the vegetational composition of these subs ample sites was 

very sensitive to exposure. 

Although there were trends for plant communities that 

occur on one exposure to be similar to plant communities that 

occur on adjacent exposures within sample locations, the vege

tational compositions of all the subsample sites were basically 

different. 

Exposure bias is often associated with range condition 

estimates on different exposures with the use of range site 

guides which are based upon relative percentage of total plant 

community by weight components. For example, the Granitic Hills 

12 to 16 inch range site 'guide for Chihuahuan Semidesert Grassland 

Major Land Subresource Area allows sideoats grama to make up 

35-50% by weight of the total plant community. In this study, 

the Chiricahua 4 sample location was in the Granitic Hills range 

site. Sideoats grama only occurred in abundance on northern 

slopes between the northwestern and the eastern exposures; side

oats grama was a minor component of the vegetational communities 

on southern exposures. Range pastures encompassing northern ex

posures with this soil type would continuously be classed in 

better condition than would pastures on southern exposures 

simply because the northern exposures were preferential habitats 

for sideoats grama. The net result of these interpretations 
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could be greater carrying capacity estimates on the north slope 

pasture irrespective of actual total forage production. 

Vegetational Associations 

Plant species with similar habitat requirements tend to 

be associated together on microenvironments that provide their 

optimum growing conditions. To evaluate the degree of associa

tion among species, the Decorana Program using detrended cor

respondence analysis was used in this study. The program, using 

100 major species, was selected to develop Figures 22, 23, 24, 

and 25. The other programs produced similar clusterings, but 

the resulting figures were too cluttered for clear identifica

tion of all the species used. Table 11 identifies by number the 

plant species that were used in Figures 22, 23, 24, and 25. 

The first axis (X) for Figure 22, the third axis (2) for 

Figure 23, and the fourth axis (X T) for Figure 24 were found to 

be spring/fall soil temperatures, winter/spring soil tempera

tures, and spring soil temperatures, respectively. The corre

lations of these axes rankings with soil temperatures for 

specific species supports the soil temperature relationships 

discussed in the subsample communities section. 

The soil moisture axis, the Y axis, for Figures 22, 23, 

and 24 appears to be more complex than the soil moisture axis 

found for subs ample sites. When simple linear regressions were 

made between individual species ranks and selected soil charac

teristics that may affect soil moisture, no apparent 
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Table 11. The identification of plant species with their numerical representations in 
Figures 22 through 25-:: 

Species 
Number Scientific Name Abbreviation Common Name 

1 Andropogon barbinodis ANBA Cane beardgrass 
2 Aristida glauca ARGL Blue threeawn 
3 Aristida hamulosa ARHA Mesa threeawn 
4 Aristida longiseta ARLO Red threeawn 
5 Aristida parishii ARPA Parish threeawn 
6 Aristida ternipes ARTE S pindergras s 
7 Aristida wrightii ARWR Wrights threeawn 
8 Bouteloua chondrosioides BOCH Sprucetop grama 
9 Bouteloua curtipendula BOCU Sideoats grama 

10 Bouteloua eriopoda BOER Black grama 

11 Bouteloua filiformis BOFI Slender grama 
12 Bouteloua hirsuta BOHI Hairy grama 
13 Bouteloua rothrockii BORO Rothrock grama 
14 Eragrostls lntermeaia ERIN Plains lovegrass 
15 Heteropogon contortus HECO Tanglehead 
16 Hilaria belangeri HIBE Curly mesquite 
17 Muhlenbergia porteri MUPO Bush muhly 
18 Setaria macrostacnya SEMA Plains bristlegrass 
19 Sitanion hystrix SIHY Squirreltail 
20 Stipa speciosa STSP Desert needlegrass 

21 Trichachne californica TRCA Arizona cottontop 
22 Tridens muticus TRMU Slim tridens 
23 Tridens pulchellus TRPU Fluffgrass 
24 Abutilon sonorae ABSO Indian mallow 
25 Anemone tuberosa ANTU Windflower 
26 Arabis perennans ARPE Rockcress 
27 Artemisia ludoviciana ARLU Wormwood OJ 

OJ 



Table 11. The identification of plant species with their numerical representations in 
Figures 22 through 25, Continued 

Species 
Number 

28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
52 

Scientific Name 

Astragalis nothoxys 
Calochortus kennedyi 
Cassia bauhinioides 

Dalea parryi 
Delphinium scaposum 
Ditaxis neomexicana 
Dlcfielostemma pulcfiellum 
Dyssodia porophylloides 
Erigeron divergens 
Euphorbia pediculifera 
Franseria confertiflora 
Haplopappus spinulosus 
Janusia gracilis 

Mirabilis bigelovii 
Penstemon parryi 
Perezia wrightii 
Porophyllum gracile 
Pseudocymopterus mont anus 
Senecio monoensis 
Sphaeraicea ambigua 
Stephanomeria pauciflora 
Slda neomeXlcana 
Tragia nepetaefolia 

Verbena wrightii 
Baccharis brachyphylla 

Abbreviation 

ASNO 
CAKE 
CABA 

DAPA 
DESC 
DINE 
DIPU 
DYPO 
ERDI 
EUPE 
FRCO 
HASP 
JAGR 

MIBI 
PEPA 
PEWR 
POGR 
PSMO 
SEMO 
SPAM 
STPA 
SINE 
TRNE 

VEWR 
BABR 

Common Name 

Sheep loco 
Desert mariposa 
Senna 

Indigo bush 
Larkspur 
Ditaxis 
Covena 
Dogbane dyssodia 
Fleabane 
Spurge 
Bursage ragweed 
Spiney haplopappus 
Slender janusia 

BigelovTs four-o!clock 
San Jose 
Pink perezia 
Yerba del venado 
Anise plant 
Groundsel 
Desert mallow 
Wire lettuce 
Sida 
Noseburn 

Verbena 
Shortleaf baccharis co 

t.O 



Table ll. The identification of plant species with their numerical representations in 
Figures 22 through 25, Continued 

Species 
Number 

53 
54 
55 
56 
57 
58 
59 
60 

6l 
62 
63 
64 
65 
66 
67 
68 
69 
70 

7l 
72 
73 
74 
75 
76 
77 
78 

Scientific Name 

Brickellia coulteri 
Calliandra eriophylla 
Menodora scabra 
Encelia farinosa 
Eriogonum fasciculatum 
Eriogonum wrightii 
Haplopappus laricifolius 
Haplopappus tenuisectus 

Krameria parvifolia 
Zinnia pumila 
Aloysla wrlghtii 
Berberis haematocarpa 
Celtis pallida 
Condalia lycioides 
Dasylirion wheele~i 
Ephedra nevadensis 
Ephedra fasciculata 
Larrea divaricata 

Lycium exsertum 
Lycium fremontii 
Mimosa biuncifera 
Nolina microcarpa 
Simmondsia chinensis 
Yucca baccata 
Acacia constricta 
Acacia greggii 

Abbreviation 

BRCO 
CAER 
MESC 
ENFA 
ERFA 
ERWR 
HALA 
HATE 

KRPA 
ZIPU 
ALWR 
BEHA 
CEPA 
COLY 
DAWH 
EPNE 
EPFA 
LADI 

LYEX 
LYFR 
MIBI 
NOMI 
SICH 
YUBA 
ACCO 
ACGR 

Common Name 

CoulterTs brickelbush 
Guajilla 
Twinberry 
Brittlebush 
Flattop buckwheat 
Shrubby buckwheat 
Turpentinebush 
Burroweed 

Range rat any 
Desert zinnia 
Spricebush 
Algerita 
Desert hackberry 
Gray thorn 
Sotol 
Nevada mormon tea 
Boundary mormon tea 
Creosotebush 

Wolf berry 
FremontTs wolfberry 
Wait-a-minute 
Sacahuista 
Jojoba 
Spanish dagger 
Whitethorn 
Catclaw 

ill 
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Table 11. The identification of plant species with their numerical representations in 
Figures 22 through 25, Continued 

Species 
Number 

79 
80 

81 
82 
83 
84 
85 
86 
87 
88 
89 
90 

91 
92 
93 
94 
95 
96 
97 
98 
99 

lOO 

Scientific Name 

Canotia halocantha 
Cercldlum mlcrophyllum 

Fouquieria splendens 
Juniperus monosperma 
Prosopis juliflora 
Carnegiea gigantea 
Echinocereus fasciculatus 
Echinocereus fendleri 
Echinocereus ledingii 
Ferocactus acanthodes 
Ferocactus wislinzenii 
Mammillaria microcarpa 

Opuntia acanthocarpa 
Opuntia bigelovii 
Opuntia fulgida 
Opuntia leptocaulis 
Opuntia phaeacantha 
Opuntia spinosior 
Opuntia versicolor 
Opuntia violacea 
Selaginella arizonica 
Atrichum spp. 

Abbreviation 

CAHO 
CEMI 

FOSP 
JUMO 
PRJU 
CAGI 
ECFA 
ECFE 
ECLE 
FEAC 
FEWI 
MAMI 

OPAC 
OPBI 
OPFU 
OPLE 
OPPH 
OPSP 
OPVE 
OPVI 
SEAR 
MOSS 

Common Name 

Crucifixion thorn 
Foothill palo verde 

Ocotilla 
One-seeded juniper 
Mesquite 
Saguaro 
Hedgehog 
Fendlerfs hedgehog 
Yellow-spined hedgehog 
Yellow-spined bisnaga 
Hook-spined bisnaga 
Pincushion 

Buckhorn cholla 
Teddybear cholla 
Chain-fruit cholla 
Christmas cactus 
Engelmannfs nopalea 
Cane cholla 
Staghorn cholla 
Pricklypear 
Resurrection fern 
Moss 

*All species names are from Flora of Arizona (Kearney and Peebles 1964), Grasses 
of Southwestern United States (Gould 1951), and The Cacti of Arizona (Benson 1969). 

l.D 
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relationship was evident. Significant correlations were found 

when simple linear regressions were made between species rank

ings in Figures 22, 23, and 24 and the selected soil character

istics, considering growth form and physiology of the selected 

species. Simple linear regressions were made between percent 

composition of individual species and selected soil characteris

tics. Tables 12, 13, 14, and 15 show the relationships between 

soil characteristics and percent composition of selected grass 

species, selected perennial forbs, selected half-shrubs, and 

selected shrubs. 

The data in Tables 12 through 15 show that the soil 

moisture axis of Figures 22, 23, and 24 was "compound" and that 

each growth form class had a separate ranking range. The in

clusion of data from different sample locations and species that 

occupy different habitat niches may also have contributed to the 

IIcompounding" of the soil moisture axis. The term "soil mois

ture," then, only implies a mesic to xeric relationship for the 

study area soils. The clusterings in Figures 22, 23, and 24 can 

only be used to infer soil moisture and temperature relation

ships among different species groupings. 

Based on spring/fall soil temperature and soil moisture, 

the clusterings in Figure 22 indicate that there were 14 differ

ent cluster groupings which had two or more species associated 

together. Seven of the 100 species were not grouped with other 

species. The species clusterings in the upper left hand portion 

of Figure 22 were favored by moist, fairly cool spring/fall 



Table 12. Correlation coefficients of percent composition of selected grass species 
versus selected soil characteristics affecting the soil moisture axes of 
Figures 22 through 24 

A Horizon 
Surface Fragment Field 

Species % Cov- Surface Textural Class Organic Capac- cm-
No_ Comnon Name Size erai!e Crust FlooHJ.er Sam silt cla;i Matter it;i Water 

16 Curly mesquite +.64** -.49** +.40** -.81** -.06 -.22* +.21* +.57** +.70** +.03 

8 Spruce top grama +.56** -.39** +.38** -.50** +.03 -.12 +.06 +.28* +.54** +.04 

4 Red threeawn +.18 -.26* +.29** -.33** -.09 +.02 +.07 +.18 +.40** +.09 

1 Canes beardgrass +.33** -.25* +.26* -.39** -.42** +.21* +.20 +.20 +.41** +.10 

12 Hairy grama +.37** -.20 +.22* -.43** +.12 +.02 -.12 +.21 +.39** +.07 

11 Slender grall'.a +.13 +.18 +.16 -.18 -.18 -.25* -.03 +.03 +.19 +.13 

9 Sideoats grama +.27* -.06 +.11 -.15 -.00 +.07 -.05 +.29* +.27* +.02 

2 Bl'le threeawn +.20 +.10 -.07 -.20 +.08 +.09 -.13 -.01 +.31** +.16 

17 Bush muhly -.14 +.31** -.21* +.20 +.08 +.24* -.25* -.38** -.05 +.23* 

5 Parish threeawn -.13 +.32** -.18 +.05 +.09 +.12 -.16 -.17 +.03 -.02 

20 Desert needlegrass -.16 +.22* -.27* +.25* -.13 -.11 +.19 +.04 -.16 +.06 

6 Spidergrass -.09 +.42** -.34** -.01 +.25* +.06 -.26* -.26* +.12 -.22* 

23 F1uffgrass _.351'* +.54** -.46** +.32** +.02 +.15 -.13 -.43** -.18 +.02 

22 Slim tridens -.27* +.50*1, -.44** +.33** +.03 +.26* -.22* -.36** -.16 +.03 

10 Black grama -.15 +.361,* -.28* +.09 +.19 +.18 -.29** -.40** +.02 +.27* 

13 Rothrock grama -.23* +.38** -.3::J** +.19 +.11 +.22* -.26* -.36** -.02 +.35** 

Total all grasses +.34** +.10 -.05 -.49** +.08 +.10 -.15 +.10 +.54** +.29** 

*Significant at the 0.05 level. 

*1'Significant at the 0.01 level. 
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Table 13. Correlation coefficients of percent composition of selected perennial forbs 
versus selected soil characteristics affecting the soil moisture axes of 
Figures 22 through 24 

A Horizon 
Surface Fra~ent Field 

Species % ov- Surface Textural Class Organic Capac- cm 
No. Common Name Size era9:e Crust HexhHer Sam slIt <:;Ia~ Matter it:t: Water 

29 Desert mariposa +.63** -.35** +.22* -.72** -.08 -.14 +.17 +.46** +.55** -.04 

42 San Jose +.37** -.22** +.30** -.45** +.08 +.04 -.10 +.30** +.12 -.11 

41 Bige1ov's four-o'clock -.13 -.45 +.45** +.17 +.08 -.01 -.06 +.01 -.32** ~.31** 

40 Slender janusia -.30** -.30** +.23* +.34** -.03 +.02 -.01 -.17 -.37** -.22** 

27 Wormwood +.42** -.27* +.29** -.44** +.16 -.09 -.07 +.18 +.40** +.08 

48 loJire lettuce +.22* -.07 +.11 _.30t:* +.05 -.07 +.01 +.13 +.13 -.07 

51 Verbena +.18 -.10 +.08 -.19 -.20 +.01 +.16 +.23* +.19 +.16 

99 Resurrection fern =.18 -.22* +.02 -.23* +.04 -.29** +.18 +.08 -.19 -.18 

39 Spiney hap10pappus -.02 +.28* -.24* -.09 +.03 +.10 -.09 -.10 +.13 +.17 

26 Rockcress -.02 +.18* -.18 +.09 -.07 -.11 +.14 +.06 -.07 +.15 

47 Desert mallow +.15 +.04 -.02 -.21* +.10 +.02 -.09 -.03 +.23 +.26* 

37 Spurge +.13 +.15 -.12 -.09 +.03 +.03 -.05 -.04 +.10 ~ 

Total forbs +.20 -.55** +.41** -.23* -.07 -.22* +.22* +.34** -.04 -.23* 

*Significant at the 0.05 level. 

**Significant at the 0.01 level. 

lD 
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Table 14. Correlation coefficients of percent composition of selected half-shrubs versus 
selected soil characteristics affecting the soil moisture axes of Figures 22 
through 24 

A Horizon 
Surface Fra~ment Field 

Species % Cov- Surface Textural Class Organic Capac- cm 
No. Corronon Name Size erage Crust HooiHer Sana: silt C1al: Matter itl: Water 

56 Brittlebush -.16 -.35** +.35* -.21* +.09 -.04 -. OS +.00 -.25'" +.01 

52 Shortleaf baccharus +.15 -.20 +.14 -.24* -.20 -.07 +.23* +.12 +.23* +.09 

59 Turpentinebush +.31** -.07 +.03 -.40"'* -.13 +. OS +.08 +.35""-' +.16 ·.·.00 

54 Guaji11a +.30** -.03 +.07 -.42** +.13 +.07 -.16 +.07 +.32** +.15 

87 Yellow-spined hedgehog -.24* -.38** +.38'" +.31*'-' +.07 -.18 +.08 +.02 -.36*'" -.17 

55 Twinberry -.30** -.11 +.04 +.36"<1, -.09 -.21 +.23* -.09 -.28"'* -.23* 

57 Flattop buckwheat -.38*'" +.23* -.26'" +.53":* -.23* -.01 +.20 -.19 -.39** -.13 

61 Range ratany -.19 +.34** -.28* +.17 +.09 -.03 -.05 -.22* -.04 -.02 

Total all half-shrubs -.38*'~ +.31** -.29"'''' +.54** -.04 +.01 +.03 -.35"'* -.42"'* -.12 

*Significant at the 0.05 level. 

**Significant at the 0.01 level. 

l.D 
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Table 15. Correlation coefficients of percent composition of selected shrubby species 
versus selected soil characteristics affecting the soil moisture axes of 
Figures 22 through 25 

No. 

95 

66 

83 

73 

96 

67 

81 

75 

69 

63 

93 

76 

Species 
Common Name 

Engelmann IS nopa1ea 

Gray thorn 

Mesquite 

Wait-a-minute 

Cane cholla 

Soto1 

Ocotillo 

Jojoba 

Boundary mormon tea 

Spicebush 

Chainfruit cholla 

Spanish dagger 

______________________ A Horizon ____________________ _ 

Surface Fragment Field 
% Cov- Surface Textural Class Organic Capac- cm' 

Size erage Crust MOdifier Sana Silt Clay Matter ity Water 

+.42** -.07 

+.40** -.ll 

+.35** -.18 

+.30** -.10 

+.27'" +.24* 

+.10 +.21* 

-.36** +.07 

+.02 

+.08 

+.23* 

+.06 

-.18 

-.17 

-.08 

-.39** -.16 +.02 +.12 +.31** +.21* +.03 

-.52** +.17 -.12 -.06 +.17 

-.34* +.10 +.07 -.13 +.02 

-.29** +.23** -.10 -.13 +.15 

-.25* +.20 +.23* -.34** -.04 

-.09 -.08 -.04 +.10 +.09 

+.37*'" -.19 +.07 +.12 -.11 

+.39*>" +.09 

+.22* +.04 

+.26* -.01 

+.13 +.02 

+.17 -.00 

-.39** -.03 

-.42** +.10 -.15 +.54** -.21* -.01 +.17 -.12 -.41** -.09 

-.42** +.39** -.39** +.34** -.14 +.07 +.07 -.35"'* -.21* +.09 

-.23* +.12 -.14 +.30"'* -.36"'''' +.11 +.23* -.13 -.17 +.04 

-.33*'" +.31** -.21'" +.34** +.22* +.14 -.29** -.41** -.27* -.10 

-.27* +.23* -.26* +.371:>', -.19 -.07 +.21* -.11 -.22* -.01 

Total all shrubs -.44*'" +.21 -.22>" +.54*'" -.18 +.03 +.13 -.18 -.41** -.08 

*Significant at the 0.05 level. 

**Significant at the 0.01 level. 

UJ 
(J) 
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soils, and the species clustered in the lower right hand portion 

of Figure 22 favored drier and warmer spring/fall soils. Simi

lar interpretations can be made for the other quadrants of 

Figure 22. 

There were 13 well-defined species clusters in Figure 23 

that were based on winter/spring soil temperature and moisture. 

The 15 cluster units in Figure 24 indicate the relationships 

among plant species, spring soil temperature and soil moisture. 

The species within the cluster units of one figure were not 

necessarily clustered together in other figures. The failure 

for species to continually cluster together at different sea

sonal groupings indicates the dependence of individual species 

on different seasonal soil temperatures. 

The relationships between plant species and different 

seasonal soil temperatures are illustrated in Figure 25. The 

species that are plotted in the upper left hand quadrant favor 

soils that are warm in the fall and cool during the winter. The 

species in the upper right hand quadrant favor soils that are 

warm throughout the fall, winter, and spring. The species oc

curring in the lower left hand quadrant favor cool soil tempera

tures during the fall, winter, and spring, and the species that 

occur in the lower right hand quadrant favor soils that are cool 

in the fall and warm during the winter months. 

The individual clustering groups in Figures 22, 23, 24, 

and 25 indicate association fragments with specific season soil 

moisture and temperature requirements. The species that are 
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clustered together have the same relative soil moisture and 

temperature relationships for that seasonal period in which they 

were grouped. The vegetational associations of each subs ample 

site were composed of several association fragments that have 

specific environmental requirements. 

Biotopes 

In Figures 22 through 25, there are 10 groups of species 

that were consistently clustered together (Table 16). The spe

cies within each of these cluster groups occupied the same fall/ 

wint8~/spring soil temperature and soil moisture habitat niches. 

The clustering in Figures 22 through 25 indicate that a group of 

species may cluster in one figure but individual species or 

groups of species within the cluster group will cluster with 

different species in another figure. The change in cluster 

groups by an individual species or group of species from one 

figure to another reflects a difference in habitat requirements. 

Based on these data, it appears that most species in the study 

had individual habitat niches. 

Individual Species 

The discussions in the subs ample communities, vegeta

tional associations, and biotopes sections indicate that indi

vidual species have specific habitat requirements which may be 

soil moisture and temperature dependent from one season to an

other. The significant exposure within location interactions 

in the analyses of variance indicates that 25 of the species 



99 

Table 16. Cluster groups of species that were found to be 
continuously associated in Figures 22 through 25 

Species 
Cluster Number Scientific Name Common Name 

A 17 Muhlenbergia porteri Bush muhly 
44 Porophyllum gracile Yerba del venado 
68 Epnedra nevadensis Nevada mormon tea 
77 Acacia constricta Whitethorn 
85 Echinocereus rascicu-

latus Hedgehog 

B 20 Stipa speciosa Desert needlegrass 
76 Yucca bacata Spanish dagger 

C 21 Trichachne californica Arizona cottontop 
93 Opuntia rulgida Chainfruit cholla 
98 Opuntia violacea Prickly pear 

D 33 Ditaxis neomexicana Ditaxis 
56 EnceJ:ia rarinosa Brittlebush 

E 36 Erigeron divergens Fleabane 
54 Calliandra eriophylla Guajilla 

F 49 Sida neomexicana Sida 
78 Acacia greggii Catclaw 

G 62 Zinnia pumila Desert zinnia 
72 Lycium rremontii FremontTs wolfberry 

H 71 Lycium exsertum Wolfberry 
81 Fouguieria spendens Ocotillo 
84 Carnegiea gigantea Saguaro 

I 83 Prosopis juliflora Mesquite 
86 Echinocereus fendleri FendlerTs hedgehog 
89 Ferocactus wislizeni Hook-spined bisnaga 

J 87 Echinocereus ledingii Yellow-spined hedgehog 
88 Ferocactus acanthOdes Yellow-spined bisnaga 
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that occurred on the sample locations had specific exposure as

pect requirements. To calculate a nlean composition for these 

species by aspect, the sample location or locations on which the 

individual species occurred were selected. The mean percent 

compositions of the species, one for each exposure within se

lected location(s), was then calculated by tallying the number 

of occurrences of that species (hits) and dividing the resulting 

sum by the total number of pace points, one for each exposure 

within location(s). 

Figure 26 shows the mean percent composition of nine 

species that tended to favor northern exposures and the mean 

percent composition of 12 species that tended to favor southern 

exposures. These composition values were calculated as above 

using the sum of the species groups. Three species were se

lected from the northern and three from the southern exposures 

to be considered in the following discussions. 

Sideoats grama, black grama (Bouteloua eriopoda), and 

shrubby buckwheat (Eriogonum wrightii) were selected for the 

northern exposure discussion. Figure 27 shows the relation

ships between mean percent composition of each species and 

exposure. 

Sideoats grama primarily occurred on the northern expo

sures between west/southwest and east and was only a minor com

ponent of the vegetational community on southern exposures 

(Figure 27). The greatest occurrence of sideoats grama was 

found on northwestern and north/northwestern exposures. 
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Figure 27. 
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Figures 22, 23, and 25 show that fall and winter soil tempera

tures may affect the occurrence of sideoats grama, but Figure 24 

indicates that warm spring soil temperatures were most favorable 

for sideoats grama. The fall, winter, and spring soil tempera

tures for the northern exposures on which sideoats occurred were 

40.7,12.0, and 21.1 C, respectively. The mean annual soil 

temperature of the northwestern and the north/northwestern expo

sures was 30.6 C, and the mean spring soil temperature on these. 

exposures was 19.8 C. 

In general, black grama primarily occurred on northern 

exposures between the southwest and the east/northeast and was 

only a minor component of the vegetational communities on south

ern exposures. Figures 22 through 25 indicate that winter and 

spring soil temperatures may favor black grama. The respective 

mean winter and spring soil temperatures of exposures on which 

black grama occurred were 12.3 and 21.0 C, the same as for side

oats grama. Table 12 indicates that black grama grew on soils 

that were covered with gravel fragments, that did not tend to 

crust, and that had fairly low clay and organic matter contents. 

The percent composition of shrubby buckwheat was vari

able on northern exposures between south-southwest and east. 

Figure 24 shows that shrubby buckwheat was favored by fairly 

warm spring soils. Shrubby buckwheat germinates and initiates 

growth in the fall and continues growth through the cool sea

sons. The respective fall, winter, and spring soil 
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temperatures for the exposures on which shrunny buckwheat com

monly occurred were 40.7,12.5, and 20.1 c. 

The trend was for these three species to occur on soils 

that had the same fall, winter, and spring soil temperatures, 

although the specific exposures differed on which they occurred 

in greatest abundance. 

Sideoats grama, black grama, and shrubby buckwheat are 

green or green up during the late winter or early spring and 

utilize soil moisture that is commonly available during these 

seasons. All three species occur on the sample sites that re

ceive a yearly average of 16 inches of rainfall. These sample 

locations receive reliable amounts of rainfall from January 

through March. The spring soil temperatures along with spring 

moisture provide favbrable habitats for these species. 

The variability of percent composition of Rothrock 

grama, covena (Dichelostemma pulchellum), and bursage ragweed 

(Franseria confertiflora) on different exposures is illustrated 

in Figure 28. 

Figures 24 and 25 indicate that Rothrock grama favored 

soils that were warm through the winter and cool during the 

spring. The average winter soil temperature of the exposures 

on which Rothrock grama occurred was 16.5 C, and the mean spring 

soil temperatures of these exposures was 20. 7 C. The trend for 

Rothrock grama to grow on eastern and southern exposures with 

its primary growing season in summer implies that summer soil 

temperatures had the greatest influence on vegetational 
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development. The mean summer soil temperature for the expo

sures on which Rothrock grama occurred was 54.1 C. 
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Covena, a winter and early spring growing species, was 

found on all exposures of the four sample locations. Figure 28 

shows that the greatest percent composition of covena occurred 

on southern slopes between the eastern exposure and the west 

exposure. Figures 22 through 25 indicate that covena favors 

warm moist fall, winter, and spring soils. Since covena is a 

summer dormant species, summer soil temperatures would probably 

have little effect on the exposure distribution of this species. 

The mean fall, winter, and spring soil temperatures of the ex

posures on which the density of covena was greatest were 43.4, 

16.8, and 30.2 C, respectively. The winter and early spring 

growing season would indicate that covena was cool-soil depen

dent, but that cold, northern exposure soils affected the growth 

or development of this species. 

Bursage ragweed also occurs on all exposures in the 

Schrap 1 and Chiricahua 4 sample locations and, to minor 

amounts, on the other sample locations. Bursage ragweed had a 

late spring through fall growing season and initiates growth 

during this time period when adequate soil moisture becomes 

available. The composition of burs age ragweed was greatest on 

southern slopes between the southeastern and south/southwestern 

exposures (Figure 28). Figures 23 through 25 indicate that 

burs age ragweed was found on soils that were fairly cool in 

fall, winter, and spring. These data would be contrary to the 
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growing season of bursage ragweed. Bursage ragweed is frost 

susceptible and remains dormant during cool season months. The 

plottings of this species on Figures 22 through 25 must have 

been based upon something other than cool season soil 

temperatures. 

The data show that exposure soil temperatures were one 

determining factor in the distribution of certain species but 

soil temperature alone cannot be used to explain the distribu

tion and density of all species. Other factors function in 

relationship with soil temperature to make an optimum environ

ment for each species. The implication that range sites have a 

fairly homogeneous environment would therefore be in error. 

Within each site there are habitat niches that are variable for 

specific species which have the genetic capability to occupy 

the niche. 

Climate, Soils and Plant Relationships 

Annual rainfall alone cannot be used to reliably define 

range sites. Plant communities respond to many different phy

sical and environmental factors that interact to form habitat 

niches that are occupied by one or several species. 

The annual rainfall and the monthly precipitation vari

ability of the Schrap 3 sample location and the other three sam

ple locations were significantly different. It is questionable 

that these two precipitation factors were sufficient to make the 

plant communities of the subs ample sites within the three Schrap 
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sample locations significantly different. Monthly variability 

of precipitation may be a factor in the growth and development 

of specific species, but this variability should be coupled with 

other environmental and physical factors. The four lithological 

units on which the Schrap and Chiricahua soils formed contrib

uted indirectly to the vegetative compositions of the four dif

ferent vegetational types. 

The Schrap 3 sample location subs ample sites were sig~ 

nificantly warmer than the other three sample locations during 

the spring, summer, and fall seasons. With mean annual poten

tial incident radiation a constant for all sample locations, the 

significantly warmer soils on the Schrap 3 sample location may 

have been the result of greater energy absorption. The low re

flectance of the Schrap 3 sample location soils may, in part, 

account for the warmer soil temperatures. During the summer and 

fall, the warm Schrap 3 soils would lower effective precipita

tion (the amount of precipitation available for plant use) 

through evaporation loss. The significantly low moisture hold

ing capacity of the Schrap 3 soils also tended to lower the 

amount of moisture available for plant use in the upper hori

zons. The skeletal gravelly loam soil texture over highly frac

tured parent material allowed moisture infiltration on the 

Schrap 3 subsample sites to be rapid. This moisture was un

available to shallow-rooted species. Slope and exposure com

pound the soil temperature and moisture relationships of the 

Schrap 3 subsample sites and favor species that can effectively 
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grow during the cooler seasons. These different slope exposure 

soil temperature and soil moisture relationships were major fac

tors that produced the significantly different vegetational com

munities that occurred on the Schrap 3 subs ample sites. 

The Schrap 1, Schrap 2, and Chiricahua 4 sample loca

tions had similar precipitation totals, monthly precipitation 

patterns, and precipitation forms. The soil moisture holding 

capacities of these soils. were similar, as were the mean annual 

incident radiations. The significant differences in the plant 

communities that occurred on these three sample locations were 

related to soil property differences brought about by the dif

ferent lithological units on which these sample location soils 

formed and the time length of soil formation. The reflectance 

values for the Chiricahua 4 sample location soils were signifi

cantly lower than the reflectance values for the Schrap 1 and 

Schrap 2 soils. The Chiricahua 4 sample location soils had 

cooler mean spring soil temperaturs than did the Schrap 1 and 

Schrap 2 soils; but the mean winter, summer, and fall soil 

temperatures were similar for the three sample locations. The 

highly significant differences in vegetational compositions 

among these three sample locations and between exposure sub

sample sites within sample locations were soil temperature de

pendent. Interactions between surface soil characteristics, 

precipitation, and temperature appeared to favor soil moisture 

conservation (the major difference among locations), rather than 

soil moisture holding capacity. 
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Slope and exposure affect the soil temperature and daily 

incident radiation. Soil temperature, which was dependent upon 

incident radiation, soil surface reflectance and soil moisture 

conservation, was the major factor to which plant compositions 

respond. 



CHAPTER 6 

CONCLUSIONS 

The research data set forth in this dissertation indi

cates that each slope exposure on the study rangelands had a 

well-defined plant community that was composed of species that 

responded to the different physical and environmental conditions 

that were expressed on that exposure. 

The major soil factor affecting plant communities on 

different exposures was the soil parent material, i.e., the 

geological lithologic unit on which the soils were formed. The 

four different lithologic units had different vegetational 

types. 

In this study, conventional pedon descriptions provided 

little information to explain soil-vegetational relationships 

that occur on different exposures. Soil surface and upper soil 

surface horizon characteristics were factors that influenced 

vegetational communities on different exposures. Interactions 

among incident radiation, soil surface reflectance, and solar 

angle were primary factors that affected soil temperatures. The 

interrelationships between soil surface properties and radiant 

energy were different among sample locations and among different 

exposures. 

111 
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Small differences in mean seasonal precipitation did not 

control the general vegetational aspect, but monthly variability 

of precipitation (reliability of precipitation) and precipita

tion form affected soil moisture availability on different expo

sures with similar slopes and influenced composition of the 

specific plant communities. 

Soil temperatures varied among the different sample lo

cations and among different exposures within each sample loca

tion during all seasons of the year. Soil temperatures were 

slope and exposure dependent. The sample locations in the lower 

rainfall area (Schrap 3) had the warmest soil temperatures 

throughout the year. 

Plant composition differences on different exposures 

were soil temperature dependent. Fall/spring soil temperatures 

interacting with relative soil moisture were the most important 

factors influencing vegetational communities occurring on dif

ferent exposures. Winter/spring soil temperatures coupled with 

relative soil moisture were also important in influencing vege

tation. Warm summer soil temperatures may have been an impor

tant limiting factor affecting vegetational communities on 

southern exposures. 

All the exposures in the study area had well-defined 

vegetational communities that were dynamically responding to 

expressions of physical and environmental factors. For practi

cal application, these vegetational communities should be 



divided into phases and/or subphases of current range site 

descriptions. 
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Range species occupy specific habitat niches that are 

slope and exposure dependent. Adjustments in rangeland classi

fication and evaluation must be made to compensate for vegeta

tional changes due to slope and exposure. 

Currently, range site descriptions are based upon poten

tial natural plant communities ("climax" plant communities) that 

have developed without abnormal disturbances to their specific 

environmental and soil characteristics. The extrapolation of 

these potential natural plant communities from one location to 

another should not be done without taking into account varia

tions in microenvironment, soil properties, and historical use. 

Range technicians must recognize the differences in 

rangeland vegetation, microenvironments, and soil properties and 

make objective adjustments in their range site classifications 

before implementing resource management programs if the full 

potential productivity of our rangeland resources is to be 

realized. 



APPENDIX A 

SOIL CLIMATE DATA 

Summarization and presentation of mean climatological 

data and some climate-affecting factors on all exposures within 

all sample locations. Capital letters indicate significant dif

ferences between sample location means at the alpha level given. 

Lower case letters indicate significant differences for exposure 

within location interactions at alpha level given. 
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Table A-l. Summary of the climatological and climatologically-related data* 

Total Annual 
Potential Mean Reflectance Average Soil 

Insolation xl04 Surface Landscape Surface Color 
Location Exposure Ly % % ~MT 2 

Schrap 1 Mean 26.9 27.1A 23.1A 52.9A 
N NNE 23.1b 30.0 20.5 50.0 
NE ENE 25.2 b 25.5 22.5 34.0 
E ESE 27.Sa 26.0 22.5 46.5 
SE SSE 30.1a 26.5 23.0 95.0 
S SSW 29.9a 2S.5 23.0 29.0 
SW WSW 29 la 24.0 26.0 44.5 
W WNW 

• b 
2S.5 22.5 61. 5 26.5

b NW NNW 23.6 27.5 24.5 26.5 

Schrap 2 Mean 27.0
b 

2S.0A 22.3A 56. SA 
N NNE 23.5

b 
29.5 24.0 64.5 

NE ENE 24.9 25.5 22.5 41. 5 
E ESE 2S.5a 30.0 23.0 74.0 
SE SSE 29.9a 30.5 23.5 25.0 
S SSW 30.5a 27.5 23.0 53.5 
SW WSW 29 la 29.5 22.0 30.0 
W WNW 

• b 
25.5 20.0 65.5 26.3

b NW NNW 23.3 26.0 20.5 92.0 

Schrap 3 Mean 26.S lS.3C 15.9B 57.3A 

NNNE 22.5~ lS.5 15.5 46.5 
NE ENE 24.9 19.0 15.5 74.5 
E ESE 27.Sa 19.0 17.0 3S.5 
SE SSE 30.1a lS.O 16.0 39.5 
S SSI,v 30.6a lS.5 16.5 44.0 

I-' 
I-' 
Vl 



Table A-I, Continued 

Total Annual 
Potential Mean Reflectance Average Soil 

Insolation xl04 Surface Landscape Surface Color 
Location Exposure LZ- % % eMf) 

SW WSW 29.2~ 18.5 15.5 43.5 
W WNW 26.2 17.0 14.5 86.5 
NW NNW 23.3b 18.0 16.5 85.0 

Chiricahua 4 Mean 26.9
b 

24.8B 23.8A 19.6B 

N NNE 23.l
b 

26.5 24.0 25.5 
NE ENE 24.8 24.5 20.5 15.5 
E ESE 27.9a 24.5 29.5 15.5 
SE SSE 29.9a 23.5 21. 0 30.0 
S SSW 30.6a 26.0 23.0 23.5 
SW wsw 29.1~ 22.5 27.5 16.5 
W WNW 26.5

b 
26.0 27.5 14.0 

NW NNW 23.7 24.5 27.5 17.0 

Grand means 26.9 24.5 21.3 46.6 

*Values with different letters are significantly different at the 0.01 level; 
capital letters indicate significant differences for location means; lower case letters 
indicate significant differences for location exposures. 

I-' 
i-' 
m 



Table A-2. The summary of mean soil temperature data for all exposures on the four 
sample locations* 

Average Maximum Soil Temperatures 
Annual Winter Spring Summer Fall 

Location Exposure °c °c °c °c °c 
Schrap 1 Mean 33.2B 14.2

b 
24.5B 52.9B 41.1B 

NNNE 30 4c 10.5
b 

22.0c 50.0c 39 Oc 
NE ENE · b 23.5c b • b 

32.9
b 

12.5
b 

53.5
b 

42.0
b E ESE 34.0

b 
14.5 24.5c 54. Sb 42.0

b SE SSE 35.5 17.5a 27.5c 54.0 43.0 
S SSW 36.2b 18.0a 29.5b 55.0b 42.5b 
SW WSW 33.8b 15.5b 25.0c 53.0c 41.0b 

WWNW 32.4b 13.5b 23.0c 52.5c 40.5b 

NW NNW 30.7c 11. 5b 21. Od 50.5c 39.0c 

Schrap 2 Mean 34.5B 15.1 24.7B 54.8B 42.4B 
NNNE 31.4c 9.5b 23.5c 52.0c 40.0c 
NE ENE 32 9b 12.0b 24.5c 53. O~ 41 5b 

E ESE • b 16.5a 26. O~ 
. b 

35.2
b 

55.5
b 

42.5
b SE SSE 37.0 19.5a 29.0 56.0 44.0 

S SSW 38.0a 20.5a 29.5b 57.0b 45.0a 

SW WSW 35 8b 16.5a 27.0c 56.5b 43.0b 

WWNW · b 14.5b 24.0c 55.0b 42.0b 33.7
b NW NNW 39.0 12.0b 22.0c 53.0c 41. Ob 

Schrap 3 Mean A 15.5 A A A 

N NNE 
38.2

b c 
34.1

b 
58.2

b 
44.9

b 34.3
b 

8.5
b 31. 0b 55.0

b 
42.5

b NE ENE 35.2 11. 5 30.5 55.5 43.5 
E ESE 37.9a 17.0a 33.0b 57.5b 44.5b 

SE SSE 41. Oa 22.0a 34.5a 60.5a 47.0a 
S SSW 42.4a 22.5a 37.0a 62.5a 48.0a 

I-' 
I-' 
-....J 



Table A-2, Continued 

Average Maximum Soil Temperatures 
Annual Winter Spring Summer 

Location Exposure °c °c °c °c 
SW WSW 40.Ba IB.Oa 3B.5a 60. Sa 
WWNW 3B.la 14.0b 35.0a 57.5b 
NW NNW 35.7b 10.5b 32.5b 56.5b 

Chiricahua 4 Mean 31.1C 12.3 lS.5C 53.1B 

N NNE 2B.7c 9.0c 14.5e 51. 5c 
NE ENE 2S.Sc b 15. 5~ 50.5c 9.5

b E ESE 29.9c 11.5 IB.5 53.0c 
SE SSE 32.7b 13.5b 21.5d 54.0b 
S SSW 34.2b 17.0a 23.0c 55.0b 
SW WSW 33.5b 14. 5~ 20.~ 56.0~ 
WWNW 31.2c 12.5

d 
lS.5 54.0 

NW NNW 29.5c 10.5 16.5e 51.0c 

Grand means 34.3 14.3 25.7 54.7 

Location 0.01 0.01 0.01 0.01 
Significance level Exposure O.OS o:cIT 0.01 0.01 

~':Values with the same letter are not significantly different. 

Fall 
°c 

46.5a 
44.5b 
43.0b 

40. gB 
39.5c 

39.5~ 
41. 0 
41. 5b 
42.0b 
43.5~ 
41. 5 
39. Dc 

42.3 

0.01 
0.01 

I-' 
I-' 
co 
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Schrap 1 

All exposures sampled had slopes ranging between 20 and 
28% with an average slope of 25%. Approximately 90% of the soil 
surface was overlain with Pinal Schist fragments averaging 
1.9 cm in diameter. Dry surface fragment colors were mainly 
pale brown (10 YR 6/3) to light yellowish brown (2.5 Y 6/4) 
with a range between weak red (10 R 4/4) to white (5 Y 8/2). 
These soils formed on the metamorphosed quartz-sericite-spotted 
Pinal Schist lithologic unit of the Pinal Schist formation. 
Soil fragments displayed good planar cleavagel characteristics. 

Al 

o to 4 cm; yellowish brown (10 YR 5/4) dry, skeletal, 
gravelly coarse sandy loam, dark yellowish brown (10 YR 4/4) 
moist; moderate fine crumb structure; loose, very friable, non
sticky, slightly plastic; 36% schist fragments of gravel size; 
slightly acid (pH 6.3) nonreactive; abrupt smooth boundary; 
field capacity = 15.2%. 

Cl 

4 to 16 cm; reddish yellow (7.5 YR 6/6) dry, skeletal, 
weathered (decayed) schist, gravelly clay loam, strong brown 
(7.5 YR 5/6), moist; moderate medium subangular blocky struc
ture; slightly hard, very friable, stocky, plastic; 40% schist 
and weathered schist fragments of gravel size; slightly acid 
(pH 6.2), nonreactive; clear very irregular boundary; field 
capacity = 13.6%. 

R 

39 cm down: olive (5 Y 4/2 to 5 Y 4/3) to yellowish 
brown (10 YR 5/6) clay skins on fragment surfaces brown (7.5 YR 
4/4) moist; rock below this horizon is highly fractured and 
tends to have characteristics of slate with bedded cleavages 
with a general 45 degree northerly dip; soils are well drained. 

IThis alteration from Pinal Schist occurred due to re
gional metamorphism. The rock is still classified as Pinal 
Schist and still has comparable minerology (Krieger 1978). 
Slate differs from schist by its planar cleavage characteristics 
(slatey cleavage) while schist has lamination (schistosity) 
planes along which the rock may fracture (Pirsson and Knopf 
1953, Hurlbut 1957). 
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Schrap 2 

All exposures sampled had slopes ranging between 23 and 
29% with an average slope of 26%. Approximately 86% of the soil 
surface was overlain with Pinal Schist fragments averaging 2.2 
cm in diameter. The dry surface fragment colors were mainly red 
(2.5 YR 5/8) to very pale brown (10 YR 7/4); but color ranged 
between weak red (10 R 5/4) to white (5 Y 8/1). These soils 
formed on quartz-sericite-spotted Pinal Schist lithologic unit 
of the Pinal Schist formation. Rock fragments in the SDil dis
played strong to moderate schistocity characters. 

Al 

a to 4 cm; strong brown (7.5 YR 5/8) dry; gravelly loam 
brown (7.5 YR 5/6) moist; moderate fine crumb structure; loose 
very friable, nonstocky slightly plastic; 32% schist fragments 
of gravel size; medium acid (pH 5.7) nonreactive; abrupt smooth 
boundary; field capacity = 13.8%. 

Cl 

4 to 15 cm; reddish yellow (7.5 YR 6/6) dry, skeletal 
weathered (decayed) schist gravelly clay loam strong brown 
(7.5 YR 5/6) moist; moderate medium subangular blocky structure; 
slightly hard, very friable, sticky, plastic; 43% schist and 
weathered schist fragments of gravel size; medium acid (pH 5.8) 
nonreactive; gradual very irregular boundary; field capacity = 
13.1%. 

C2 

15 to 24 cm; light brown (7.5 YR 6/4) dry, skeletal, 
weathered Pinal Schist very gravelly silty clay brown (7.5 YR 
4/4) moist; structureless massive; slightly hard, friable, 
stocky plastic; numerous fine roots in soils between rock frag
ments, heavy clay skins; rock fragm8nts crush fairly easily and 
have mineral stains on facies (limonite and pyrolusite); medium 
acid (pH 5.8) nonreactive; gradual very broken boundary. 

R 

24 cm; down olive (5 Y 4/2) dry, to light red (2.5 YR 
6/2) dry, fractured Pinal Schist fragments; clay skins on some 
particles fair, brown (7.5 YR 4/4) moist; underlaying rock mass 
was highly fractured to depth. Soils are well drained. 
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Schrap 3 

All exposures in this sample location had slopes ranging 
between 22 and 30% with an average of 2S%. Approximately 44% of 
the soil surface was overlain with Pinal Schist fragments aver
aging 2.1 cm in diameter. These dry fragments had colors that 
were mainly grays (2.5 YR 4/0-5 YR 5/1) with some red (10 R 4/6) 
that ranged to whites (2.5 Y S/O). Surface fragments had miner
al stains of limonite (5 YR 5/4) and pyrolusite (2.5 Y 3/0). 
These soils formed on the spotted schist lithologic unit of the 
Pinal Schist formation. 

Al 

o to 4.5 cm; strong brown (7.5 YR 5/S) dry, skeletal 
gravelly loam brown (7.5 YR 5/4) moist; moderate medium crumb 
structure; loose very friable nonsticky slightly plastic; 49% 
schist fragments of gravel size; slightly acid (pH 6.4) nonreac
tive; abrupt smooth boundary; field capacity = 12.3%. 

Cl 

4.5 to 14 cm; reddish yellow (7.5 YR 6/6) dry, skeletal 
weathered very gravelly clay loam brown (7.5 YR 4/4) moist; 
moderate medium subangular blocky structure; hard friable sticky 
plastic; 55% schist and weathered schist fragments of gravel 
size; slightly acid (pH 6.3) nonreactive; abrupt very irregular 
boundary; field capacity = 11.7%. 

R 

29 cm; down olive (5 Y 4/2) to yellowish red (5 YR 5/6 
and 5 YR 4/6) on fractured Pinal Schist facies; mineral stains 
on rock surfaces very dark gray (2.5 Y 3/0) and yellow (10 YR 
S/S); thin clay skins present, brown (7.5 YR 5/6) moist; rock 
masses below horizon highly fractured but fractures decrease 
with depth. 

Chiricahua 4 

The exposures in the sample area had slopes varying be
tween 23 and 29% with an average slope of 26%. Approximately 
37% of the soil surface was overlain with aplite cobbles that 
averaged 12 cm in diameter. The aplite component of the soil 
indicated that, in part, it may have been colluvial in nature. 
The shrink swell capacity of the soil appeared to have been 
fairly high and may have been vertic in nature as attested to 
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by the accumulation of aplite on the surface and the lack of 
even distribution of the cobbles throughout the soil continuum. 
The dry cobbles were red (2.5 YR 4/6) to reddish yellow (5 YR 
6/8); but color ranged between light red (2.5 YR 6/8) to pink 
(7.5 YR 8/4). 

Al 

o to 5 cm; yellowish red (5 YR 5/8) dry, cobbly loam 
yellowish red (5 YR 4/6) moist; moderate medium granular struc
ture; loose very friable nonsticky slightly plastic; 26% quartz 
and feldspar fragments of gravel size; slightly acid (pH 6.1) 
nonreactive; abrupt wavy boundary; field capacity = 16.4%. 

Bl 

5 to 16 cm; reddish brown (5 YR 5/3) dry, cobbly clay 
loam reddish brown (5 YR 4/3) moist; moderate medium subangular 
blocky structure; hard very friable sticky plastic; 23% quartz 
and feldspar fragments of gravel size; medium acid (pH 6.0) non
reactive; abrupt wavy bounda~l; field capacity = 19.5%. 

B2lt 

16 to 29 cm; red (2.5 YR 5/6) dry cobbly sandy clay red 
(2.5 YR 4/6) moist; strong coarse subangular blocky structure; 
hard friable sticky plastic; good clay films; numerous roots be
tween soil peds; medium acid (pH 6.0) nonreactive; abrupt wavy 
boundary. 

B22t 

29 to 47 cm; red (2.5 YR 5/8) dry cobbly sandy clay red 
(2.5 YR 4/6) moist; moderate medium subangular blocky structure; 
very hard firm sticky plastic; clay films continuous thick and 
appear glazed on peds; numerous roots between peds, no roots 
within ped unit; slightly acid (pH 6.2) nonreactive; abrupt 
slightly wavy boundary. 

Cl 

47 to 68 cm; red (2.5 YR 5/6) dry skeletal cobbly sandy 
clay red (2.5 YR 4/6) moist; structureless massive; very hard 
firm plastic; heavy clay skins between massive soil units; few 
roots; appears to be large amount of squeeze and churning 
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because of high shriru( swell capacity; neutral (pH 6.7) nonre
active to slightly effervescent; abrupt very irregular' boundary. 

R 

68 cm; down pi~ (5 YR 8/4) to olive (5 Y 4/4) depending 
on rock type2 ; clay skins between rock fragments variable in 
thickness red (2.5 YR 4/6) moist; slightly to strongly efferves
cent occurring over dibase and dibase porphyry. 

2These soils form from up-slope colluvial materials and 
in place on intrusive igneous rocks. Major rock classes in
volved were aplite, Ruin Granite, dibase, and dibase porphyry. 
The aplite on the soil surface came from dikes and sills within 
the geologic unit. 



APPENDIX C 

CHI-SQUARE MATRICES 

Chi-square matrices of relationships between different 

subsample sites for all sample locations and for each sample 

location. The chi-square values are based upon the number of 

times the 64 subsample sites were clustered together by all or

dination analyses used in the statistical analysis of the field 

data. 
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Table C-l. Chi-square matrix of subsample site relationships in the Schrap 1 sample 
location 

N NNE NE ENE E ESE SE SSE S SSW SW wsw W WNW NW NNW 

N 5.8* 17.0* 17.0* 17.0* 17.0* 17.0* 17.0* 17.0* 17.0* 17.0* 13.2* 5.9* 12.3* 11.5>': 13.2* 

NNE 17.0* 17.0* 17.0* 17.0* 17.0* 17.0* 17.0* 17.0* 17.0* 13.2* 7.0* 15.1* 15.1* 15.1* 

NE 15.1* 17.0* 17.0* 17.0* 17.0* 17.0* 17.0* 15.1* 15.1* 17.0* 15.1* 15.1* 15.1* 

ENE 13.2* 13.2* 9.9* 8.5* 7.0* 8.5* 11.5* 15.1* 15.1>" 15.1>" 15.1* 15.1* 

E 11.5* 11.5* 1l.5* 8.5* 9.9* 15.1* 17.0* 17.0* 17.0* 17.0* 17.0* 

ESE 8.5* 5.9* 8.5* 7.0* 7.0* 13.2* 17.0* 15.1* 17.0* 17.0* 

SE 7.0* 3.7 4.8* 11. 5* 17.0* 17.0* 17.0* 17.0* 17.0>" 

SSE 4.8'~ 4.8'~ 11.5* 17.0* 17.0* 15.1* 17.0* J 7.0* 

S 4.8* 7.1* 17.0* 17.0* 17.0>': 17.0* 17.0* 

SS"I 15.1* 17.0* 17.0* 17.0": 17.0'" 17.0>': 

SW 15.1* 17.0* 13.2'~ 15.1* 15.1* 

WS\~ 7.1* 3.7 11.5* 9.9* 

W 8.5* 13.2* 13.2* 

WNW 11. 5>': 7.1* 

NW 4.8>" 

NNW 

*Significant at the 0.05 level; underlined values are not significantly different. 

f-' 
~ 
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Table C-2. Chi-square matrix of subsample site relationships in the Schrap 2 sample 
location 

N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW 

N 0.2 3.7 4.8* 0.2 4.8* 5.9* 2.1 4.8* 2.1 8.5'" 7.1* 2.9 3.7 3.7 8.5* 

NNE 3.7 4.8* 2.1 3.7 5.9* 2.1 4.8* 2.1 8.5* 8.5* 2.9 3.7 3.7 8.5* 

NE 0.5 3.7 4.8* 4.8* 4.8* 3.7 4.8* 8.5* 2.9 2.1 0.2 2.1 7.1* 

ENE 4.8* 4.8* 4.8* 3.7 3.7 3.7 8.5* 3.7 2.9 0.5 2.9 7.1* 

E 3.7 5.9* 2.9 5.9* 2.1 11.5* 7.1* 3.7 2.9 3.7 11.5* 

ESE 8.5* 1.5 4.8* 2.9 ll.S* 8.5* 4.8* 3.7 4.8* 17.0* 

SE 7.1* 2.9 5.9* 5.9* 5.9* 2.9 4.8* 4.8* 8.5* 

SSE 5.9* 1.5 8.5* 8.5* 3.7 5.9* 5.9* 11.5* 

S 3.7 5.9* 8.5'" 1.5 2.9 2.9 11.5* 

SSW 5.9'" 8.5'" 2.9 5.9* 5.9* 11.5* 

SW 8.5* 5.9* 5.9* 8.5* 8.5'" 

WSW 7.1* 4.8'" 7.1* 2.1 

W 2.9 2.1 7.1'" 

WNW 2.1 7.1* 

NW 5.9* 

NNW 

"'Significant at the 0.05 level; underlined values are not significantly different. 

I--' 
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Table C-3. Chi-square matrix of subsample site relationships in the Schrap 3 sample 
location 

N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW tM NNW 

N 0.0 7.1* 4.8* 7.1* 15.1* 8.5* ll.5* 9.9* 7.1* 8.5* 7.1'" 8.5* 0.5 4.8* 7.1'" 

NNE 7.1* 4.8* 7.1* 15.1* 8.5* 11.5* 9.9* 5.9* 8.5* 7.1* 8.5* 0.5 4.8* 7.1* 

NE 4.8* 15.1* 17.0* 15.1* 15.1* 15.1* 15.1* 15.1* 15.1* 15.1* 5.9* 11.5* 11.5* 

ENE 13.2* 17.0* 13.2* 13.2* 13.2* 13.2* 13.2* 13.2* 13.2* 7.1* 7.1* 3.7 

E 11.5* 7.1* 5.9* 5.9* 0.2 5.9* 2.9 4.8* 7.1* 11.5* 11. 5* 

ESE 4.8* 11.3* 2.9 11.5* 3.7 13.2* 13.2* 15.1* 15.1* 15.1* 

SE 7.1* 1.5 5.9* 0.5 7.1* 5.9* 8.5·" 9.9* ll.5* 

SSE 5.9'" 7.1* 5.9* 7.1* 11.5'" 11.5* ll.5"" 11.5'" 

S 5.9* 0.2 8.5* 7.1* 8. 5'~ 9.9* 11.5* 

SSW 7.1* 2.1 3.7 7.1* ll.5* ll.5* 

SW 8.5* 4.8* 8.5* 9.9* 11.5* 

WSW 5.8* 7.1* 11.5* 11.5* 

W 7.1'" 7.1'" 8.5* 

WNW 7.1* 7.1* 

NW 3.8* 

NNW 

*Significant at the 0.05 level; underlined values are not significantly different. 
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Table C-4. Chi-square matrix of subsample site relationships in the Chiricahua 4 
sample location 

N NNE NE ENE E ESE SE SSE S SSVl SVl WSW W WNW NW NNW 

N 17.0* 17.0* 17.0* 17.0* 17.0* 17.0* 17.0* 17.0* 17.0'" 17.0* 17.0* 17.0* 17.0* 17.0* 17.0'" 

NNE 17.0* 8.5* 11.5* 15.1* 17.0* 17.0* 15.1* 15.1* 15.1* 13.2'" 17.0* 17.0'" 17.0* 15.1* 

NE 17.0* 17.0* 17.0* 17.0* 17.0* 17.0* 17.0* 17.0* 17.0* 17.0* 13.2'" ll.s* 17.0* 

ENE 15.1* 15.1* 17.0* 17.0* 15.1* 15.1* 15.1* 13.2* 17.0* 17.0* 17.0* 15.1* 

E 17.0* ls.l'~ 17. O'~ 17.0* 17.0'" 17.0* 17.0* 17.0* 15.1* 17.0* 17.0* 

ESE 15.1* 13.2* 9.9* 4.8* 11.5* 11.5* ll.s* 17.0* 17.0* 13.2* 

SE 15.1* 15.1* 15.1* 15.1* 13.2* 11.5* 17.0'" 17.0* 15.1* 

SSE 15.1* 13.2* 15.1* 15.1* 15.1* 15.1* 17.0* 13.2* 

S 7.1* 11.5* 7.1* 8.5* 17.0* 17.0* 11.5* 

SSW 8.5* 5.9'" 13.2* 17.0* 17.0* 9.9* 

SW 13.2* 17.0* 17.0* 17.0* 7.1'" 

WSW 8.5* 17.0* 17.0* 8.5* 

W 17.0* 17.0* 15.1* 

WNW 13.2'" ll.s* 

NW ll.s* 

NNW 

"'Significant at the 0.05 level. 
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