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Ground cover, species composition, average distance between perennial 

plants, standing biomass, frequency of bare quadrats, and site stability rating were 

evaluated as predictor variables in determining the degree of site protection from 

accelerated soil erosion on a clay loam upland range site. Interpretations of range 

condition, species diversity, and the WEPP model predicted sediment yield were 

analyzed to determine their usefulness in detecting a threshold of site protection. 

Standing biomass, basal cover, average distance between plants and 

frequency of bare quadrats demonstrated strong correlations to the site stability 

rating and were useful in examining thresholds of site protection. The WEPP 

model was useful in determining a threshold of protection with the site stability 

rating. The diversity index and range condition rating showed poor relationships 

with the stability indices and plant community attributes measured. Thus, 

individually, these ratings do not provide and adequate assessment of the degree 

of site protection. 
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Traditional range condition assessment methods have been criticized for not 

truly representing the "health" of the rangeland. Range condition has commonly 

been used to refer to the present state of vegetation in relation to the "climax" plant 

community. It is an ecological rating of the plant community, not necessarily an 

assessment of the stability or sustainability of an area. There is also a lack of 

uniformity among agencies in their methods and reporting of "range condition." 

This study is based upon the concepts proposed by the SRM Task Group 

on Unity in Concepts and Terminology (1991, p. 1). The task group proposed 

" . . . that the effectiveness of present vegetation in protecting the site against 

accelerated erosion should be assessed independently of the actual or proposed 

use of the site." A site protected from accelerated erosion would be satisfactory, 

while a site not protected would be unsatisfactory. 

A method must be developed and utilized across agencies that will indicate 

whether the productive capability of a given site is being maintained. This study 

was approached from the theory that based on experience and professional 

judgement a resource manager can subjectively assess the stability of a site. 

Since this subjective assessment would be open to a great deal of questions, 

there needs to be some objective measurements which can reflect the stability of 

a site. 
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The objectives were to: 

1) Develop a rating system for determining the degree of site protection. 

2) Determine which attributes can be objectively measured to reflect the rating 

system. 

3) Determine if it is possible to identify a site conservation threshold. 

4) Examine the usefulness of using the WEPP model in determining the site 

conservation threshold. 
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Range Condition 

The concept of range condition has been discussed at length by many, so 

only a brief overview will be presented. Definitions of range condition and use of 

the concept vary among agencies, but historically range condition assessment has 

been approached in one of two ways, climax-based or productivity-based (Smith 

1989). The climax or ecological approach discussed by Dyksterhuis (1949) is 

commonly used and based on the similarity of present vegetation to that of the 

climax plant community for the ecological site. This approach assumes that climax 

vegetation can be defined and is the most stable and productive (Pickup 1989). 

The productivity approach (Humphrey 1947) is based on current forage production 

relative to potential production for a particular use, which allows different ratings 

for each proposed use. Both approaches depend on assessment in relation to 

the potential or capability of the ecological site and on the amount and 

composition of the vegetation (Smith 1988). Ecological sites are the basic units 

into which a landscape is divided for study, evaluation, and management 

(Pendleton 1989). The Society for Range Management (SRM) Task Group on 

Unity in Concepts and Terminology (1991, p. 1) defines an ecological site as "a 

kind of land with specific physical characteristics which differs from other kinds of 

land in its ability to produce distinctive kinds and amounts of vegetation and in its 

response to management." 
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The purpose of assessing range condition is based on a concern for long-

term productivity and stability (Wilson and Tupper 1982). Traditional range 

condition assessment methods have been criticized for not truly representing the 

"health" of the rangeland. Smith (1979) pointed out several problems with the 

climax approach as: (1) climax is not always useful in management terms and is 

not always the most desirable condition; (2) the difficulty in defining what is the 

"climax" for any given site; and (3) it does not allow for non-native and introduced 

native species to be considered components of a stable ecosystem. Ellison (1949) 

stated that soil stability is of paramount importance in assessing range condition 

and that forage values are secondary. Ellison advocated separate evaluation of 

soil and vegetation condition as did the SRM Range Inventory and Standardization 

Committee (RISC) (1983) and the SRM Task Group on Unity in Concepts and 

Terminology (1991). The need for separate evaluation is further supported by 

Gifford (1984) who found species composition relatively unimportant in terms of 

site protection. One of the basic objectives of range condition analysis should be 

to determine if the capability of the land to produce vegetation is being maintained 

(Smith 1989). At minimum range condition should focus on sustainability of a site. 

Soil Erosion and Site Protection 

Soil erosion is a natural process, but the rate of erosion may be altered 

through management. Accelerated erosion is defined by SRM Task Group on 

Unity in Concepts and Terminology (1991, p. 13) as "an increase in the rate of 

erosion which is the result of land use and/or management and which significantly 



increases the rate or probability of loss of site potential from these influences." A 

site can not be expected to continue to have the potential to produce the same 

types of vegetation if it is losing soil at an accelerated rate. Measuring erosion 

rates directly in the field is difficult and only gives a measure of what has 

happened, not what is happening or is going to happen. 

The Universal Soil Loss Equation (USLE) was originally developed for 

croplands and was updated in 1978 to include rangelands (Renard et al. 1991). 

USLE is an empirically based equation that estimates average annual soil loss by 

sheet and rill erosion. Some of the limitations of USLE are that it doesn't estimate 

deposition, it doesn't account for variability in slope steepness, and it does not 

describe the great variation in experimental data (Foster 1991). In 1985 a new 

generation of erosion prediction technology was conceptualized - the Water 

Erosion Prediction Project (WEPP) (Laflen et al. 1991). WEPP models soil erosion 

as a process of rill and interill detachment and transport. Interill erosion is the 

detachment and transport of soil particles by raindrops and shallow overland flow, 

while rill erosion is detachment and transport of soil particles by concentrated 

flowing water (Laflen et al. 1991). The hillslope profile version of the model is 

intended to be a direct replacement for USLE. The model may be used in the 

single storm mode, or in the continuous simulation mode (Elliot et al. 1991). With 

the single storm mode the rainfall characteristics and vegetation parameters (plant 

density, percent rock and litter cover, and biomass in kg/m2) are user inputs, while 

model outputs of interest are runoff volume (mm) and sediment yield (kg/m2). The 
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continuous simulation option runs on a daily time schedule for a chosen length of 

time. This model is intended to provide range managers increased information to 

manage rangeland watersheds. 

Attempts have been made to establish soil cover guidelines required for site 

protection. Packer (1951) found ground cover density the most influential in 

affecting overland flow, and soil erosion was most affected by the size of maximum 

bare openings. He suggested 70% cover was required for adequate protection. 

Orr (1970) concluded that for maximum soil stability plant and litter cover must be 

greater than 60%. Gifford (1984) suggested that 50-60% cover is probably 

sufficient. Gifford further found that various cover types (vegetation, litter, rock, 

erosion pavement) offer differing degrees of soil protection, and the cover impact 

will also vary with the sampling date and within a given storm. 

New Approaches to Range Condition Assessment 

New approaches to range condition assessment have been offered by 

Westoby et al. (1989), Friedel (1991), Laycock (1991), and the SRM Task Group 

on Unity in Concepts and Terminology (1991) among others. Westoby et al. 

proposed the use of a state-and-transition model. The model would describe 

rangelands through a catalogue of possible alternative states or stages of the 

system, a catalogue of possible transitions from one state to another, and a 

catalogue of opportunities and hazards. Friedel (1991) and Laycock (1991) 

focused on thresholds of change from one state to another. A threshold has two 

characteristics: it is the boundary in space and time between two states, and the 
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initial shift across the boundary is not reversible without substantial intervention 

(Friedel 1991). Emphasis is placed on vegetation response being non-linear and 

lack of reversibility once a threshold is crossed. Laycock (1991) cited examples 

where multiple stable states appear to be present. The successional approach to 

range condition allowed for only one stable state, climax (Westoby et al. 1989). 

These new approaches recognize the possibility of more than one stable state. 

In 1978 the SRM formed RISC to provide leadership and promote a uniform 

methodology and terminology for rangeland inventories and assessments (RISC 

1983). The committee developed a framework within which compatible range 

inventories could be conducted. SRM formed a Task Group on Unity in Concepts 

in Terminology to continue their effort in reaching commonality and unity in 

technology and methodology in relation to rangeland condition assessment in 

1989. One of the major recommendations from this task group is as follows (SRM 

Task Group on Unity in Concepts and Terminology 1991, pp. 1-2): 

SRM should adopt as its official position that the effectiveness of present 
vegetation in protecting the site against accelerated erosion by water and/or 
wind should be assessed independently of the actual or proposed use of 
the site. This assessment should be called a Site Conservation Rating 
(SCR). The SCR at which accelerated erosion begins should be called the 
Site Conservation Threshold (SCT). Any site rated below the SCT would be 
considered in unsatisfactory condition and those above it, satisfactory. The 
trend in SCR should be interpreted to indicate whether present 
management is accomplishing the goal of attaining or maintaining the site 
conservation rating above the site conservation threshold. 

This concept, as with the previous new approaches, allows for multiple stable 

states. 
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SCR rates the ability of a vegetation community in protecting the 

ecological site from accelerated erosion. The SCT is the point at which 

accelerated erosion occurs. Vegetation and litter should continue to be the focus 

in assessing the effects of management (SRM Task Group on Unity in Concepts 

and Terminology 1991). Development of criteria is needed for the evaluation and 

establishment of site conservation thresholds. The characteristics chosen to be 

measured must be specific for the site (SRM Task Group on Unity in Concepts 

and Terminology 1991). 
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Description of Study Area 

The study area is an alluvial terrace located 27 km west of Willcox, Arizona 

in the Major Land Resource Area, 41-3 (Chihuahuan Semi-desert Grassland). 

Long term average annual precipitation in Willcox is 293 mm. The soil surface 

slope of the area is 3 to 4 percent, with an average elevation of 1500 meters. The 

study area consists of only one ecological site, clay loam upland, with a multitude 

of ecological classes. The soil series is a Whitehouse. The Whitehouse soils are 

deep and well drained. They have high available water capacity, slow permeability, 

runoff is slow to medium, and the hazard of erosion is moderate (Hendricks 1985). 

The current vegetation is dominated by warm season perennial grasses such as 

Hilaria mutica (Buckl.) Benth. (tobosa), Hilaria belanqeri (Steud.) Nash, (curly 

mesquite), Bouteloua curtipendula (Michx.) Torr. (sideoats grama), Bouteloua 

eriopoda Torr. (black grama) and Aristida spp. (three-awns) (nomenclature follows 

Kearney and Peebles 1951). 

Plot Design 

Sixteen macroplots, all on the same ecological site, were selected to 

represent the diversity of plant communities and site stabilities which could occur 

on the site. This selection was done to evaluate which characteristics were mainly 

responsible for influencing the erosional stability of the plant community. Plant 

communities were chosen to be as uniform as possible to restrict internal variation. 



The macroplots were also chosen relatively close to one another to minimize the 

differences in soil and rainfall, thus, to have the same potential to produce 

vegetation. Within each plant community a 15 X 15 m macroplot was designated. 

Within each macroplot, 100 quadrats were located on a systematic grid with ten 

transects of ten quadrats each, spaced 1.5 m apart (Figure 1). A 60 m rope was 

used to outline the macroplot and a 15 m length rope, marked at 1.5 m intervals, 

was used as the transect line. The ropes facilitated the location of the 

systematically placed quadrats. A nested frame with 3 quadrat sizes (40 X 40 cm, 

20 X 20 cm, and 10X10 cm) was used in sampling. 

Figure 1: Systematic macroplot design, 15 X 15 m, with 10 transects of 10 
quadrats each, spaced 1.5 m apart. 

Data Collection 

Data were collected during two periods, the winter of 1991 and the summer 

of 1992. The growing season precipitation, collected in Willcox (NOAA 1989-92), 



for the last four years is shown in Table 1. The winter sampling period followed 

a particularly dry summer with only 118 mm of growing season precipitation. This 

produced some uncertainty in the results obtained for species composition and 

yield. The following summer there was above normal precipitation (238 mm). It 

was decided to repeat collection of data during the late summer of 1992 because 

of the below normal precipitation and plant production in 1991. 

Table 1. Growing season precipitation 1989-1992 in Willcox. 

Year Long Term 
Station 

Month 1989 1990 1991 1992 Average 
mm 

May 8.4 2.5 1.3 62.0 3.8 

June 0.0 21.3 7.1 15.7 9.9 

July 84.8 93.0 26.7 58.2 69.6 

August 14.7 132.1 44.5 82.8 66.0 

September 3.8 35.3 30.5 1.5 28.4 

October 81.5 32.5 7.9 17.3 19.6 

Total 193.2 316.7 118.0 237.5 197.3 

Winter 1991 Measurements 

Percent ground cover was determined by visually estimating the percentage 

of basal vegetation, litter, rock ( > 2 mm), and bare ground in each of the 40 X 40 

cm quadrats. The "dry-weight rank method" (t'Mannetje and Haydock 1963) was 

used to estimate species composition by weight in the 40 X 40 cm quadrat. 

Composition provides a measure of the importance of individual plants in the 
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community. Annual plants were not included due to the time of the year. 

Frequency was recorded for perennial plants only. The "comparative yield 

method" (Haydock and Shaw 1975) was used to compare relative production in 

each of the macroplots. Two sets of five standards each were utilized for 

reference standards. They were later harvested, dried and weighed with standard 

double-sampling techniques used to convert the ranks to dry-weight for an 

estimate of total yield. Average distance between perennial plants was determined 

by the point-centered quarter method. This method involves distances that are 

measured from a point (point located on frame) to the nearest plant in each of four 

90"sectors. The 400 distance measures were then averaged for each macroplot 

to obtain the average distance. The nested quadrats (40 X 40 cm, 20 X 20 cm, 

and 10 X 10 cm) were used to determine the frequency of quadrats with no 

perennial plant rooted in them. The three quadrat sizes were important to 

determine the best size for sampling this attribute, since frequency is a function of 

quadrat size. This frequency measure was used as a possible alternative to 

distance measures. The site stability rating (SSR) was determined for each of the 

nested quadrats on a scale of 1 to 5. Figures 2 through 7 illustrate characteristic 

samples of the site stability ratings. The site stability ratings and descriptions 

(Table 2) were adapted from the Region Three Range Analysis Forest Service 

Handbook (U.S. Forest Service 1970). Each quadrat size was rated on stability 

and an average for the macroplot was determined to use as an indicator of 

stability. 
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Figure 2. An example of a number 1 site stability rating. 

Figure 3. An example of number 2 site stability rating. 



Figure 4. An example of a number 2 site stability rating, cover 
is mainly surface gravel. 

Figure 5. An example of a number 3 site stability rating. 

22 
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Figure 6. An example of a number 4 site stability rating. 

Figure 7. An example of a number 5 site stability rating. 



24 

Table 2. Winter 1991 site stability rating scale. 

Rating Description 

1 Plant cover and litter sparse, patchy, and definitely not effective in 
preventing soil movement. Bare spaces frequent, commonly 
coalesced with a definite runoff pattern; large bare spaces common. 
Erosion pavement may be well developed in bare spaces. Soil 
movement prominent. Majority of plants pedestaled. 

2 Intermediate between 1 and 3. 

3 Plant cover and litter thin or discontinuous and not well distributed. 
Bare spaces often coalescing but with no continuous runoff pattern, 
large spaces less common than small ones. Soil movement 
discernible on less than half the area. Pedestaling common. 

4 Intermediate between 3 and 5. 

5 Plant cover and litter well distributed; appears effective in protecting 
the soil. Bare spaces small, well dispersed, occasionally coalescing. 
No erosion pavement. Soil movement none or very slight and 
patchy. Pedestaling little, close to bare spaces. 

Summer 1992 Measurements 

Percent ground cover was determined using a point-frequency method, with 

the number of hits recorded for basal vegetation, litter, gravel, and bare ground 

using 200 points. The same methods were utilized as in the winter to estimate 

species composition, production, and frequency of quadrats with no perennial 

plant. Frequency of plant species was not measured in the summer. Distance 

measures were not made because little change was expected in the number or 

type of perennial plants. The site stability rating methodology was altered 

(effective cover rating - ECR) for the summer sampling period to reflect the 
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sensitivity of the WEPP model to rock and litter cover. A second perceived benefit 

was that the ECR methodology was more quantifiably definable and repeatable. 

The ECR's were determined on a scale of one to five (Table 3). 

Table 3. Summer 1992 effective cover rating scale. 

Rating Description 

1 Greater than 50% bare soil, no litter or vegetation. 

2 Greater than 50% gravel, no litter or vegetation. 

3 Less than 50% covered by vegetation and/or litter. 

4 More than 50% covered by vegetation and/or litter. 

5 No bare soil, 100% covered by vegetation and litter. 

The data were used to make several interpretations: 1) range condition; 2) 

erosion prediction; and 3) species diversity. Soil Conservation Service (SCS) 

range condition ratings were calculated using the clay loam upland range site 

guide (Appendix A) and the species composition by weight data (Appendix B and 

C). A sample range condition worksheet is shown in Appendix D. Sediment yield 

was predicted using the WEPP model, from the data variables collected at the site. 

Litter (kg/ha) was estimated from the ocularly estimated percent litter on the soil 

surface by utilizing the equations available in the WEPP model. Percent rock cover 

was input directly. Plant density (number of plants per 100 m) was calculated by 

dividing the average distance between plants by 10,000. Standing biomass 
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(kg/ha) was estimated by the comparative yield method (Haydock and Shaw 

1975). The species composition was utilized to obtain a Hill's Diversity Index 

(Ludwig & Reynolds 1988). The diversity index incorporated both species richness 

and evenness into a single value. A potential problem with this index is that a 

community low in richness and high in evenness may have the same value as for 

a community with high richness and low evenness. 

Statistical Analysis 

The independent variables measured for use in linear, non-linear and 

multiple regression analysis were: ground cover (basal vegetation, litter, gravel, 

and bare ground), species composition on a dry-weight basis, frequency, 

production, distance from a point to the nearest perennial plant, and frequency of 

quadrats that had no perennial plant rooted in them. SSR, ECR, ecological range 

condition, erosion prediction and the diversity index were utilized as dependent 

variables. 

Confidence limits (P < 0.95) were utilized to determine if a significant 

difference existed between winter and summer ground cover (Cochran 1977). 

Correlation coefficients (P < 0.95) were utilized to demonstrate the 

interrelationships between ground cover, standing biomass, distance between 

plants, ecological range condition, and the Hill's diversity index, both within a 

sampling period and across seasons (Cochran 1977). Linear regression was 

utilized to develop predictive relationships between SSR and ECR and to evaluate 

the relationship between ecological range condition and Hill's diversity index. 
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Stepwise multiple regression was utilized to develop predictive relationships 

between both stability rating techniques, sediment yield and vegetation 

characteristics. Non-linear regression techniques were employed to determine if 

a threshold of site stability could be determined based on estimated sediment yield 

from the WEPP model. 
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Macroplot Characteristics 

The sixteen macroplots were chosen to represent a wide range of species 

composition, ground cover, biomass, and apparent soil stability in order to find out 

which of these could be used to evaluate the site conservation status. Table 4 

illustrates the botanical composition by weight, for the major species, for each of 

the macroplots. Through use of the cluster analysis program COMPCLUS (Gauch, 

1979) the macroplots were divided into four plant community types based on 

species composition. The percent dissimilarity distance measure was used, with 

approximately four clusters desired, for the cluster analysis. The four plant 

community types obtained include: 1) Bouteloua curtipendula. 2) Hilaria mutica. 3) 

Hilaria belanaeri. and 4) other grass types. 

Range condition and diversity ratings for each of the macroplots, grouped 

by plant communities are shown in Table 4. The four macroplots where the other 

grass types were dominant, all rated high poor, mainly because of the large 

amount of shrub species and Aristida species. The major difference between the 

two macroplots dominated by Hilaria belanaeri was the richness of species; 

macroplot 4 had nine species and macroplot 12 had 13 species. Macroplot 4 was 

primarily Hilaria belanaeri at 92.5%, with eight other species identified. Macroplot 

12 was 75.1% Hilaria belanaeri. with 12 other species. The other two plant 

community types, Bouteloua curtipendula and Hilaria mutica. tended to be in the 



Table 4. Composition by weight of major species grouped by cluster analysis, into similar stands. 

BOCUMP HIMUMP Other MP HIBEMP — 

Species 6 1 5 7 8 2 3 11 14 16 13 10 9 15 4 12 

Eriogonum wrightii 3.4 10.9 4.0 10.9 2.4 7.6 7.0 2.2 2.1 

Yucca baccata 7.2 4.5 55.7 

Guterrezia sarothrae 1.9 30.9 10.5 1.6 1.3 47.1 34.7 .5 3.8 

Haplopappus tenuisectus 1.0 2.2 .1 2.2 1.3 2.2 1.7 1.3 3.2 6.0 

Lycium pallidum 1.6 3.7 1.2 9.3 2.0 

Prosopis juliflora 10.6 9.8 1.8 7.4 11.4 2.6 .7 1.2 4.8 

Hoffmanseggia densiflora .2 1.5 .9 .2 .5 1.4 .8 1.4 4.5 3.7 1.2 .4 

Hilaria mutica .9 20.9 27.1 6.8 26.5 '87.9 63.2 44.8 45.2 50.9 
•T 

1 1.1 
.-1 

11.4 
i 
'25.9 i 

n 
i 3.4 2.9 

Bothriochloa barbinoides 4.7 .1 7.7 4.4 .2 

Bouteloua curtipendula •67.8 31.5 37.7 17.9 38.0 
•T 

i 8.1 30.0 5.5 13.3 7.5 9.1 .1 4.5 .1 2.5 

Eragrostis intermedia 1.6 6.8 4.4 2.6 .6 9.8 .6 1.4 .7 .2 1.2 2.4 3.7 

Bouteloua gracilis 1.7 1.0 16.6 5.2 

Hilaria belangeri 12.3 21.4 .5 18.6 3.3 2.8 4.1 3.3 6.2 2.5 .1 [92.5 75.1 ] 

Panicum obtusum .4 12.7 .2 1.2 .3 

Aristida spp. .1 1.3 7.8 .9 2.2 1.5 2.5 8.8 
i— 
'58.8 24.1 

l 
• 3.2 3.4 

i 
.1 

-I 
.1 

Bouteloua eriopoda 2.3 1.6 18.3 11.8 5.4 •31.0 
k. 

1 
.j 

Sitanion hystrix .4 10.7 .8 .2 1.3 

Range Condition Class8 G G F G E G G F F F P P P P P F 

Range Condition Percent8 58 56 42 54 80 53 68 43 43 45 23 22 24 24 21 28 

Diversity (N1) Value 2.35 7.03 5.20 7.38 4.77 1.62 2.38 6.67 5.03 3.91 3.24 4.04 2.83 3.71 1.19 1.91 

MP = macroplot 
a Excellent, 76-100; Good, 51-75; Fair, 26-50; Poor, 0-25. 
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higher range condition classes, with a variety of grass species present. Only one 

non-native species, Eraarostis lehmanniana. was found on the macroplots, but it 

had little or no effect on range condition ratings. 

The data in Table 5 illustrates the range of vegetation characteristics found 

on each of the macroplots. The macroplots are arrayed from least to most stable, 

based on the winter SSR. The major vegetation changes between winter and 

summer were shown by litter, standing biomass, and bare ground. Litter increases 

ranged from 4 to 243%, standing biomass increases ranged from 8 to 107%, and 

bare ground decreases ranged from 0 to 137%. Even though different techniques 

were used to measure cover in the winter and summer, they seemed to agree well 

and reflected the changes in precipitation. The winter sampling followed a low 

rainfall year and represented the site at an apparently lower level of site stability. 

The summer sampling followed a high rainfall spring and summer, and 

represented the site at an increased level of site protection (i.e., stability) from 

winter erosion. No significant differences were found in basal vegetation between 

winter and summer except on macroplot 12. Figures 8 through 12 illustrate the 

spectrum of vegetation characteristics sampled on this clay loam upland site. 

The correlation coefficients of the variables measured for winter and 

summer are shown in Table 6. Range condition and bare ground variables overall 

showed the lowest correlations to the other variables. Production and average 

distance had the highest correlations to basal vegetation. 



Table 5. Vegetation characteristics for winter 1991 and summer 1992 sampling periods, ordered 
from least to most stable, based on SSR. 

Data Measurements 

Basal Vegetation Litter Gravel Bareqround Production Distance 

MP 1991 1992 1991 1992 1991 1992 1991 1992 1991 1992 1991 

% + % % + % + % + % ± % ± % + kg/ha — mm 

5 3 1 5 3 8 1 28 6 17 3 23 6 72 3 46 7 258 536 24 2.1 

9 3 2 2 2 9 3 23 6 48 5 42 7 40 5 33 7 507 650 86 6.7 

11 4 1 3 3 10 2 32 5 32 4 35 7 54 4 21 6 580 599 36 2.8 

10 4 1 7 4 8 2 19 5 51 4 56 7 37 3 19 5 458 867 25 2.1 

7 7 1 10 4 16 4 25 6 22 1 24 6 55 4 41 7 653 1116 14 .7 

14 3 1 4 3 16 4 18 5 33 5 36 7 48 5 42 7 605 657 38 3.2 

1 7 2 10 4 13 4 24 6 23 3 35 7 57 4 32 4 595 746 24 2.4 

15 7 1 12 5 13 2 17 5 20 3 11 4 60 3 61 7 731 880 17 1.5 

16 6 1 9 4 10 2 21 6 34 5 23 6 50 5 48 7 653 848 16 1.2 

8 7 13 11 4 21 4 22 6 20 4 20 6 52 5 48 7 639 1020 15 1.3 

6 12 2 14 5 19 3 36 7 5 1 4 3 64 4 46 7 999 1186 9 .7 

4 17 12 23 6 5 1 16 5 47 3 41 7 31 3 20 6 722 822 5 .3 

13 7 1 12 5 10 2 28 6 51 3 47 7 32 3 14 5 751 937 13 .9 

3 13 1 19 5 23 4 35 7 15 3 12 4 49 4 35 7 1155 1390 8 .6 

12 14 1 26 6 18 4 36 7 10 2 3 3 58 4 35 7 839 1167 5 .3 

2 24 2 24 6 47 4 53 7 8 2 7 4 21 4 17 5 1575 2512 9 .8 

Data underlined within rows are significantly different at P £ 0.95 for the confidence intervals (±). 
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Figure 8. Macroplot 9 in the winter 1991 (above) and the summer 1992 (below) , 
dominated by Hilaria mutica and Yucca baccata. Judged to be unstable 
and in poor range condition with low diversity. 
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Figure 9. Macroplot 7 in the winter 1991 (above) and the summer 1992 (below) , 
dominated by Guterrezia sarothrae, Hilaria belangeri, and Bouteloua 
curtipendula. Judged to be unstable and in good range condition with high 
diversity. 
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Figure 10. Macroplot 8 in the winter 1991 (above) and the summer 1992 (below) , 
dominated by Bouteloua curtipendula and Hilaria mutica. Judged to be 
borderline in stability and in excellent range condition with medium diversity. 
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Figure 11 . Macroplot 12 in the winter 1991 (above) and the summer 1992 (below) , 
dominated by Hilaria belangeri. Judged to be stable and in fair range 
condition with low diversity. 
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Figure 12. Macroplot 2 in the winter 1991 (above) and the summer 1992 (below) , 
dominated by Hilaria mutica. Judged to be stable and in good range 
condition with low diversity. 



Table 6. Correlation coefficients (r) of the variables measured. 

Wbv Sbv Wit Sit Wgr Sgr Wbg Sbg Wsb Ssb ds rc 

Sbv .95* 

Wit .52* .48 

Sit .38 .35 .55* 

Wgr -.50* -.74* 

Sgr -.58* -.54* .94* 

Wbg -.14 -.08 .12 .19 -.52* 

Sbg -.20 -.11 .21 -.23 -.50* .68* 

Wsb .86* .87* .64* .45 -.51* -.60* -.14 -.03 

Ssb .77* .81* .75* .48 -.55* -.58* -.10 -.01 .86* 

ds -.90* -.93* -.35 -.36 .45 .50* .06 .07 -.81* -.73* 

rc .14 .03 .51* .34 -.62* -.47 .28 .32 .31 .32 -.30 

div -.78* -.65* -.36 -.42 .06 .3 .54* .25 -.64* -.48* .26 .26 

* Significant at the .05 level. 

W = winter; S = summer; bv = % basal vegetation; It = % litter; gr = % gravel; bg = % bareground; sb = kg/ha standing biomass; 
ds = cm distance to nearest plant; rc = range condition; div = Hill's diversity index. 
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Range Condition and Diversity 

Range condition ratings are determined based on the amount of each species, 

expressed in kilograms per hectare or as a percentage of the total production of 

the plant community (USDA-SCS 1976a). Condition ratings based on the weight 

of species provides a preferred expression of ecological condition; however, the 

percentage of the total production is the method commonly utilized. Both methods 

were used to determine range condition for the winter and the summer (Table 7). 

Table 7. Range condition ratings for the winter of 1991 and the summer of 
1992, determined on a percent and kilograms per hectare basis. 

Macroplot Winter % 
Winter 
kg/ha Summer % 

Summer 
kg/ha 

1 72 64 78 56 

2 43 55 42 53 

3 69 73 67 68 

4 18 18 23 21 

5 80 25 83 42 

6 64 59 66 58 

7 61 57 57 54 

8 91 80 89 80 

9 42 30 42 24 

10 30 18 33 22 

11 65 49 64 43 

12 26 16 28 28 

13 26 19 33 23 

14 73 54 61 43 

15 27 23 32 24 

16 50 39 61 45 



As shown, the ratings are fairly consistent between seasons for each 

method, but differ between methods. For example, macroplot 2 has a 43 and a 

42 rating using the percent method and a 55 and 53 rating using the pounds per 

acre method. The kilograms per hectare method did adjust the rating from a fair 

to a good condition class. Ecological range condition showed low to moderate 

(.03 to .47) correlations with cover, production, and distance variables (Table 6). 

Hill's Diversity Index (Ludwig and Reynolds, 1988) was used as a potential 

measure of stability with slightly higher correlation results than that of SCS range 

condition. 

A low correlation of .26 was found for range condition and the diversity 

index. Figure 13 demonstrates this poor relationship with a r2 of 0.082. Range 

condition ratings are dependent upon the ratio of the desired percent of species 

present and/or the quantity of standing biomass listed within the range site 

description guide. A few species (tobosa, sideoats, and curly mesquite) tend to 

dominate the range condition ratings on this site. If these three species are well 

represented within the range site, the range condition rating will be in the good or 

excellent class rating. However, if these are the only species represented within 

the range site the diversity index is very low. Increasing biodiversity of an area is 

not necessarily correlated to increasing the ecological range condition or the 

stability as demonstrated by macroplot 7, in Figure 9. Macroplot 7 has a high 

diversity index of 7.38 and a low good range condition, but the apparent stability 

of the site is low. 
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Figure 13. Regression of the range condition rating in relation to the diversity 
index for the summer sampling period. 



Site Stability Rating and Effective Cover Rating 

The site stability rating (SSR) was used for the winter sampling. The SSR 

is a subjective rating procedure developed to determine if quadrats could be used 

to quantify the mean stability within a macroplot. It was based on the amount and 

patchiness of ground cover and evidence of past soil movement. This rating 

procedure was changed for the summer sampling to increase the objectivity and 

repeatability of the rating system. The summer rating system was called the 

effective cover rating. 

The nested quadrat was used to examine the affect of quadrat size on the 

site stability ratings. Quadrat size was found to have little affect on the average 

site stability ratings for a macroplot. The three quadrat sizes (10 X 10, 20 X 20, 

and 40 X 40 cm) were highly correlated (.93 to .98) to one another for the average 

ratings. The frequency of the ratings and the effect of quadrat size was not 

analyzed. The SSR and ECR were found to be highly related as demonstrated in 

Figure 14. Due to the high correlation of quadrat sizes, the 40 X 40 cm quadrat 

size was chosen, based on its desirability for other measures, to use for further 

analysis between other site stability indices and variables measured. SSR and 

ECR were both positively correlated to basal vegetation, litter and production 

(Table 8). Range condition showed a very poor relationship to the stability indices. 
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Figure 14. Regression of the average winter site stability rating in relation to 
average summer effective cover rating for each macroplot. 
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Table 8. Correlation (r) of variables measured with SSR and ECR. 

Basal 
Cover Litter Gravel 

Bare 
ground 

Standing 
Biomass 

Range 
Condition 

SSR* .91 .79 -.37 -.56 .94 .17 

ECR* .84 .82 -.62 -.31 .89 .25 

*SSR is correlated with the winter data, ECR is correlated with the summer data. 

Sediment Yield Estimated bv the WEPP Model 

Predictions of sediment yield for each macroplot were made using the 

WEPP model. Soil and slope variables were constant for all macroplots. The 

variables used to predict erosion for each macroplot were: litter, plant density, 

standing biomass, and gravel cover. Rainfall intensity with return frequencies of 

5, 10, 25, 50 and 100 years (42.67 mm, 60.49 mm, 76.20 mm, 88.90 mm and 

107.95 mm per hour, respectively) were used to estimate the effects of storm size 

on predicted erosion. 

Utilizing vegetation data collected in the winter of 1991, the predicted 

erosion rates were as shown in Table 9. Erosion rates were highly variable among 

macroplots. As storm intensity increases, sediment yield increases. There is a 

sharp increase in erosion rates when "rilling" begins, or when the model adds rill 

erosion to interrill erosion. Examination of the data in Table 9 shows that five 

macroplots initiated rilling with a 10 year storm intensity, seven more started rilling 

at a 25 year storm intensity, two rilled with a 100 year storm and one did not rill 

even with a 100 year storm. Based on these results, it was hypothesized that the 
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Table 9. Winter WEPP model sediment yield, listed in order of decreasing 
erosion for the 25-year storm event. 

Storm Event 

Plot No. 5 Year 10 Year 25 Year 50 Year 100 Year Average 

Sediment Yield kg/ha 

5 5030 *28640 89400 146580 234880 100910 

9 370 *10770 41250 69470 113530 47080 

15 1790 * 4640 30400 66880 128400 46420 

11 1050 * 2790 26600 62190 119690 42460 

16 850 * 2360 25300 59960 116880 41070 

1 1540 3980 *23320 56180 112360 39480 

4 470 1340 *20430 52200 106260 36140 

10 340 950 *13330 41190 88700 28900 

6 2630 6680 *13040 31400 77230 26200 

12 2150 5470 *11070 29060 73160 24180 

7 1190 3010 * 8460 28010 70780 22290 

13 230 660 * 7970 30700 75210 22950 

8 880 2440 4600 6940 *23340 7640 

3 750 2140 4020 6090 *13860 5370 

14 520 1490 * 3310 17160 52470 14990 

2 230 640 1200 1820 3200 1420 

* Rilling begins at this storm event. 



storm intensity required to cause rilling (a threshold increase in erosion rate) might 

be a way to identify the site conservation threshold (SCT) for a range site. For 

example, those which rill with a 10 year storm or less would be below the SCT, 

those which rill with a 25 year storm might be borderline, and those which will only 

with a 50 year storm or greater would be above the SCT. Table 10 lends some 

support to that hypothesis, although the correspondence is far from perfect. 

However, when vegetation data (biomass, litter, and gravel) collected in the 

summer were run through the WEPP model, the results were drastically different 

than obtained with the winter data (Table 11). Rilling did not occur with a 10 year 

storm for any macroplot, only one rilled with a 25 year storm and two with a 50 

year storm. Obviously, the seasonal change in some of the input variables greatly 

altered not only the amount of erosion for a given storm size on each macroplot, 

but also the relative amounts of erosion among macroplots to some extent. 

Reference to Table 5 shows that the principal seasonal changes were in litter and 

biomass, due both to the time of year and the doubling of precipitation during the 

summer 1992 growing season. The WEPP model is highly sensitive to seasonal 

changes in litter and biomass. 

The minimum expected vegetative and rock cover (%) should be utilized to 

define SCT for long term sustainability of the site. This conservative approach will 

result in some sites substantially exceeding the minimum canopy cover and 

ground cover needed to prevent soil erosion which exceeds the site conservation 

threshold in years with above average precipitation. In the arid and semi-arid 



Table 10. Macroplots arrayed based on SSR from least to most 
stable. 

Winter 

MP SSR Visual Sediment Yield8 Storm Event to Rill 

5 1.42 Below 89400 10 

9 1.83 Below 41300 10 

11 1.89 Below 26600 10 

10 2.09 Above 13300 25 

7 2.19 Below 8500 25 

14 2.24 Below 3300 25 

1 2.25 Below 23300 25 

15 2.32 Below 30400 10 

16 2.33 Borderline 25300 10 

8 2.39 Borderline 4600 100 

6 2.58 Above 13000 25 

4 2.70 Above 20400 25 

13 2.72 Above 8000 25 

3 2.99 Above 4000 100 

12 3.13 Above 11100 25 

2 4.01 Above 1200 > 100 

a Sediment yield (kg/ha) during the 25-year storm event. 
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Table 11. Summer WEPP model sediment yield, listed in order of decreasing 
erosion for the winter 25-year storm event. 

Storm Event 

Plot No. 5 Year 10 Year 25 Year 50 Year 100 Year Average 

- Sediment Yield kg/ha — 

5 440 1260 2360 3570 6290 2320 

9 150 430 810 1220 *2220 800 

15 2220 5640 * 15940 41280 93010 26350 

11 140 390 730 1100 1940 720 

16 580 1640 3090 4680 * 16710 4450 

1 210 600 1130 1710 3010 1110 

4 260 730 1360 * 8870 37770 8170 

10 70 200 370 560 * 8440 1610 

6 580 1640 3090 4680 8240 3040 

12 630 1780 3350 5080 8940 3300 

7 340 960 1810 2750 4830 1780 

13 60 170 330 490 870 320 

8 600 1710 3210 4860 * 14010 4070 

3 330 930 1750 2650 4660 1720 

14 340 960 1810 * 4730 26800 5770 

2 120 330 600 930 1640 600 

* Rilling begins at this storm event. 



regions of the Southwest, annual productivity can vary from 500 kg/ha to 1350 

kg/ha for this range site (Appendix A). This variability in production is illustrated 

in the significant contrast in percent litter and standing biomass across sample 

dates. As defined by the SRM Task Group on Unity in Concepts and Terminology 

(1991, p. 25) "the site conservation threshold is the kind, amount, and/or pattern 

of vegetation needed as a minimum to prevent accelerated erosion." Therefore, 

the winter data will be used for further analysis and interpretation, since it 

represents the minimum ground cover and vegetative production. The winter 25-

year storm event was utilized for further analysis because of the relationship to site 

stability and because of its high correlation to the other storm events. 
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Plant Density 

Plant density is one parameter used to predict erosion in the WEPP model. 

The average distance between plants was used to calculate the density of plants 

per 100 m2 within the WEPP model. To evaluate the sensitivity of predicted 

erosion to distance between plants, three macroplots (2, 5, and 9) were utilized. 

All other WEPP model parameter values for the 25-year storm event were held 

constant. These three macroplots were chosen because they represent the 

spectrum of diversity within the range site of sediment yield; highly erodible (5), 

moderately erodible (9), and slightly erodible (2). Sediment yield was predicted 

by varying distance between plants from 0.04 m to 100 m. Figure 15 illustrates 

that a threshold in accelerated erosion rates occurs when distance between plants 

exceeds 0.34 m. Once distance between plants exceeds 5 m the effect of 

distance between plants on rill formation is insignificant. 

The WEPP model partitions soil erosion into rill and interrill erosion. Interrill 

erosion is a function of raindrop splash detachment. The amount of soil erosion 

from splash detachment is proportional to rainfall intensity and amount of bare 

ground (Lane and Nearing 1989). Rill erosion is a function of velocity of the water 

and the sediment concentration within the water. Rilling and/or detachment of soil 

particles by concentrated flow is a function of the hydraulic sheer force of the 

water. The hydraulic sheer of the flowing water is inversely proportional to the 

hydraulic roughness of the surface and velocity of the water. Hydraulic roughness 

on rangelands within the WEPP model is estimated as a function of rock, litter, 
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basal cover, standing biomass, random roughness and soil texture. (Weltz, et al. 

1992). 
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Figure 15: WEPP model sensitivity to average distance between plants. 

As ground cover and standing biomass increase, hydraulic roughness 

increases, and a proportional decrease of hydraulic sheer results. In order for 

rilling to be initiated, the hydraulic sheer force has to exceed the critical sheer force 

of the soil surface horizon (Lane and Nearing 1989). The amount of litter and 

standing biomass in macroplot 2 results in hydraulic sheer force less than the 

critical sheer force to initiate rilling. Therefore, this site was stable for all distances 
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evaluated. For macroplots 5 and 9, ground surface cover was not sufficient to 

prevent hydraulic sheer force from exceeding critical sheer force. Therefore, rilling 

was initiated. On very stable sites, such as macroplot 2, the change in distance 

did not affect the sediment yield. However, with sites which are at risk of 

accelerated erosion or are actively eroding, the distance values become critical. 

The number and width of rills across the landscape is in part a function of plant 

density. 

Measuring distance between plants is tedious, time consuming, and 

expensive. Data on the frequency of quadrats without perennial plants was 

evaluated as a possible substitution for distance between plants as a method of 

estimating SSR (Table 12). Three quadrat sizes (10 X 10, 20 X 20, 40 X 40 cm) 

were used to identify which size best related to the distance of plants. The 40 X 

40 cm and 20 X 20 cm quadrat sizes showed the highest correlations (.98 and .93, 

respectively). The 10 X 10 cm quadrat had a lower correlation of .79. The 

frequency of quadrats without a perennial plant remained fairly constant from 

winter to summer. 



Table 12. Frequency of quadrats without perennial plants for three quadrat 
sizes and average distance between plants. Macroplots are listed by 
increasing SSR. 

Quadrats Without a Perennial Plant 

Winter Summer Average 

Plot No. 10cm 20cm 40cm 10cm 20cm 40cm Distance 

% cm 

5 62 42 10 67 49 20 24 

9 89 83 67 83 72 53 86 

11 78 56 21 73 59 29 36 

10 67 37 15 51 23 5 25 

7 34 14 0 40 22 4 14 

14 77 54 33 67 55 28 38 

1 53 35 16 49 34 14 24 

15 57 21 6 42 18 5 17 

16 56 19 2 41 19 0 16 

8 44 22 1 48 23 10 15 

6 14 2 0 20 7 1 9 

4 2 0 0 6 0 0 5 

13 36 12 1 16 2 0 13 

3 18 2 0 14 3 0 8 

12 0 0 0 1 0 0 5 

2 14 5 0 9 3 0 9 
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Site Stability Assessment 

A stepwise multiple regression procedure was used to assess which of the 

independent variables (basal cover, litter, gravel, bare ground, production, average 

distance between plants, and frequency of quadrats without a rooted perennial 

plant) best predicted the indices of stability. Table 13 lists those variables which 

were found to best predict the indices and the amount of variation explained by 

them. Both SSR and ECR were highly related to plant biomass and basal cover. 

There was a significant relationship of sediment yield to SSR, but the relationship 

was improved by adding basal cover. SSR and basal cover are highly correlated 

(r = .91). Inclusion of both variables indicated a possible curvilinear relationship 

of SSR to sediment yield. 

Table 13. Independent variables selected through stepwise multiple 
regression to predict SSR, ECR, and sediment yield. 

Dependent 
Variable Independent Variable Chosen r2 

SSR Production .881 
Production + Basal Cover .918 

ECR Production .785 
Production + Basal Cover .896 
Production + Basal Cover + Litter .948 

Sediment yield, SSR .531 
winter SSR + Basal Cover .709 

Plots were ranked from least stable (1) to most stable (16) based upon a 

number of potential indices of stability (Table 14). The rank order correlations 

among indices are shown in Table 15. SSR and ECR were highly correlated with 
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the visual assessment of above, borderline, or below the SCT, average distance, 

frequency of quadrats without a perennial plant, basal vegetation and production 

rankings. Ecological range condition was not highly correlated with other indices 

evaluated. The WEPP model sediment yield showed moderate correlations with 

all the indices except range condition. 

Table 14. Macroplots ranked from least (1) to most stable (16) for each of 
several indices of stability. Macroplots listed in order of SSR. 

MP SSR ECR SED VIS SB DIS BQ BV RC 

5 1 2 1 1 1 5 6 3 7 

9 2 1 2 2 3 1 1 1 11 

11 3 6 4 3 2 3 3 4 12 

10 4 5 8 10 8 4 5 5 5 

7 5 11 11 7 12 10 11 8 16 

14 6 3 15 4 4 2 2 2 13 

1 7 7 6 5 5 6 4 7 8 

15 8 4 3 6 9 7 7 10 10 

16 9 8 5 8 7 8 8 6 4 

8 10 10 13 9 11 9 9 9 14 

6 11 14 9 12 14 12 13 12 2 

4 12 12 7 13 6 15 15 15 1 

13 13 9 12 11 10 11 10 11 9 

3 14 13 14 14 15 14 14 13 6 

12 15 15 10 15 13 16 16 14 15 

2 16 16 16 16 16 13 12 16 3 

MP=macroplot; SSR=site stability rating; ECR=effective cover rating; SED=sediment yield 25-
year storm; VIS=above or below threshold ranking; SB=standing biomass; DIS=average distance 
between plants; BQ=frequency of quadrats with no perennial plant; BV=basal vegetation cover; 
RC=ecological range condition. 
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Table 15. Rank order correlations (r) among stability indices. 

SSR ECR SED VIS RC DIS BQ BV 

ECR .85 

SED .65 .61 

VIS .91 .89 .64 

RC -.27 -.23 .08 -.37 

DIS .87 .91 .47 .88 -.27 

BQ .81 .89 .43 .86 -.26 .99 

BV .91 .89 .49 .90 -.34 .94 .91 

SB .79 .84 .69 .85 -.12 .77 .76 .79 

SSR=site stability rating; ECR=effective cover rating; SED=sediment yield 25-year storm; 
VIS=above or below threshold ranking; RC=ecological range condition; DIS=average distance 
between plants; BQ=frequency of quadrats with no perennial plant; BV=basal vegetation cover. 

The relationship between the WEPP model predicted sediment yield and the 

SSR were examined using non-linear regression techniques (Figure 16). This 

regression shows an exponential increase (threshold) in predicted sediment below 

an SSR of about 2.5 - 3.0. In an effort to establish some objective means of 

determining a threshold value for SSR, soil loss tolerance factors (T-values) were 

used. T-values are currently estimated to vary from 4,491 kg/ha/yr (2t/ac/yr) in 

very shallow soils to 11,227 kg/ha/yr (5t/ac/yr) on deep soils (El-Swaify et al. 1983). 

The Whitehouse soil found on the clay-loam upland range site is given a T-value 

of 11,227 kg/ha/yr (USDA-SCS 1976b). Using the T-value for the Whitehouse soil 

gives a threshold value for SSR of 2.5 (Figure 16). Reference to Table 16 shows 

that all macroplots with SSR of 2.5 or higher were visually rated in the field as 

"above" the SCT. Only one macroplot with a SSR less than 2.5 (macroplot 10) was 

rated as above the SCT. 
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Figure 16. A threshold relationship of the site stability rating to the WEPP model 
sediment yield. 
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Table 16. Summary of the threshold variables and the values for each of the 
macroplots. 

SED DIS BQ BC SB 
MP SSR SCT kg/ha cm % % kg/ha 

5 1.42 Below 89400 24 42 3 258 

9 1.83 Below 41300 86 83 3 507 

11 1.89 Below 26600 36 56 4 580 

10 2.09 Above 13300 25 37 4 458 

7 2.19 Below 8500 14 14 7 653 

14 2.24 Below 3300 38 54 3 605 

1 2.25 Below 23300 24 35 7 595 

15 2.32 Below 30400 17 21 7 731 

16 2.33 Borderline 25300 16 19 6 653 

8 2.39 Borderline 4600 15 22 7 639 

6 2.58 Above 13000 9 2 12 999 

4 2.70 Above 20400 5 0 17 722 

13 2.72 Above 8000 13 12 7 751 

3 2.99 Above 4000 8 2 13 1155 

12 3.13 Above 11100 5 0 14 839 

2 4.01 Above 1200 9 5 24 1575 

MP=macroplot; SSR=site stability rating; SCT=site conservation threshold; 
SED=sediment yield, 25-year storm; DIS=average distance between plants; 
BQ=frequency of bare 20cm quadrats; BC=basal cover %; SB=standing biomass 
kg/ha. 



The relationship of SSR and the threshold value of 2.5 to vegetation 

attributes on the macroplots were then examined using curvilinear regression 

techniques. Standing biomass in the winter shows a close and almost linear 

relationship to SSR (Figure 17). The threshold SSR value of 2.5 corresponds to 

about 750 kg/ha of standing biomass, indicating that macroplots having less 

biomass than this may be below the SCT. Table 16 shows that all macroplots 

visually rated as above the SCT had in excess of 750 kg/ha except for macroplot 

4, which was slightly lower. No macroplots rated as borderline or below the SCT 

had more than 731 kg/ha. The relationship of SSR to standing biomass might be 

highly affected by season of the year, current weather, and grazing effect. The 

values used here were the result of below normal summer production, grazing and 

measurement in the winter season. 

A curvilinear plot of SSR versus basal vegetation cover (Figure 18) shows 

that about 8% basal cover corresponds to the threshold of 2.5 SSR. Table 16 

shows that all macroplots visually rated as above the SCT had basal cover in 

excess of 8% except macroplot 13 (7%). All macroplots rated borderline or below 

the SCT had basal cover of 7% or less. These figures agree closely with estimates 

of required basal cover for a similar range site (loamy upland) of 5% by a SCS 

range conservationist (Dan Robinette, personal communication). Basal cover is 

somewhat affected by seasonal changes or weather conditions, but is much less 

sensitive to these short term effects and to grazing than standing biomass. 

Regression of SSR versus distance to nearest perennial plant (Figure 19) 
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Figure 17. A threshold relationship of the site stability rating to winter standing 
biomass. 
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Figure 18. A threshold relationship of the site stability rating to basal cover. 
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Figure 19. A threshold relationship of the site stability rating to distance to nearest 
perennial plant. 
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shows a threshold distance of about 15 cm corresponding to a SSR of 2.5. 

Reference to Table 16 shows that none of the macroplots visually rated above the 

SCT had distances in excess of 15 cm and only one of those rated below had a 

distance less than 15 cm (macroplot 7). As previously mentioned, the frequency 

of quadrats which have no perennial plant rooted in them is highly correlated with 

distance to nearest plant, and thus might be employed as an objective surrogate 

measure for plant spacing in the field. Figure 20 shows the curvilinear relationship 

between SSR and frequency of bare quadrats 20 X 20 cm in size. The threshold 

SSR of 2.5 corresponds to a 13% frequency of quadrats having no perennial plant 

rooted. Table 16 shows that all macroplots rated as above the SCT had less than 

13% bare quadrats and all those rated borderline or below the SCT had more than 

13%. Frequency of bare quadrats 40 X 40 cm in size did not show a good 

relationship to SSR when a curvilinear regression was calculated. This result was 

caused by a significant number of zero values for frequency of bare 40 X 40 cm 

quadrats. Table 12 shows the relationship of frequency of bare quadrats for three 

sizes with the macroplots listed by SSR. It can be seen that, for practical 

purposes, any occurrence of bare 40 X 40 cm quadrats is associated with 

macroplots that were visually rated as borderline or below the SCT. This 

relationship was consistent from winter to summer which would give it some 

advantages over standing biomass and distance measures, that require more time 

and expertise to estimate. Both basal cover and frequency of bare quadrats are 

fairly rapid measurements, with the frequency of bare quadrats requiring little expertise. 
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Figure 20. A threshold relationship of the site stability rating to frequency of bare 
quadrats. 
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The major objective for management of rangelands should be site 

protection. In order to meet this objective, resource managers must be able to 

evaluate whether the potential of a site is being maintained. They can not go out 

and measure soil erosion, so they must rely on vegetation characteristics. 

Measuring plant communities in relation to their similarity to "climax" vegetation has 

been found in this study and by Gifford (1984) to have little value in terms of site 

protection. SCS ecological range condition does not always provide an adequate 

assessment of the degree of protection afforded a site. Ecological range condition 

and diversity were poorly related to all of the stability indices and with the variables 

measured. 

The WEPP model was used as on objective index of stability to look at the 

possibility of defining an approach to assess the degree of site protection. Due 

to the high variability of vegetation characteristics found from one point in time to 

another, the time of sampling is critical. A one point in time analysis is not 

recommended in the southwest U.S. due to the large amplitude in production 

possible. A conservative approach would be to sample at a time when the least 

amount of production is expected. If the site is stable during this time, then it 

should be sustainable year round. Measurements would need to be site specific. 

One can not expect to apply the same parameters to all ecological sites due to the 

complex interactions occurring. The WEPP model was useful in defining a site 
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conservation threshold for SSR. The SCT agreed well with the subjective visual 

assessment in the field. 

The objective measures of standing biomass, basal cover, average distance, 

and frequency of quadrats without a perennial plant showed strong relationships 

to our subjective site stability rating. SCT's were found for standing biomass (750 

kg/ha), basal cover (8%), average distance between perennial plants (15 cm), and 

frequency of quadrats (20 X 20 cm) without a perennial plant (13%). 
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APPENDIX A: CLAY LOAM UPLAND RANGE SITE DESCRIPTION. 

UNITED STATES OF AGRICULTURE 
SOIL CONSERVATION SERVICE 

, ARIZONA FIELD OFFICE 

Clay Loam Upland 12-16PZ 
RANGE SITE DESCRIPTION 
Major Land Resource Areas:41-3 
SITE NUMBER:041 XC306AZ 

Date: March 3. 1988 
Approved bv: Keith Wadman 

A. PHYSICAL CHARACTERISTICS 

1. Physiographic Features 
This site occurs on fan terraces and stream terraces. Slopes are from 1 to 15%. 
Elevations range from 3200 feet to 5200 feet. 

2. Soils 
a. These are deep soils which have formed in clayey alluvium of mixed origin. Surface 

textures are very gravelly clay loam to clay loam. Subsoils are clayey but not 
predominated by montmorillonite. Soil cracking and churning are not features of these 
soils. Plant-soil moisture relationships are good. Soil surfaces are dark colored. 

b. Major soils associated with this site are: 
Soil Taxonomic Unit 
Bernardino CL 
Whitehouse CL 
Enzian CL 
McNeal CL 
Gadwell GRV-CL 
Forrest CL 

Additional information may be found in Section II of the Field Office Technical Guide. 

This range site description is based upon the following documentation: 
Samolina techniaue EC GC FC PC 
SCS-Range417 3 8 8 2 
SCS Az-Range-1 2 8 2 
Permanent transect —9 

locations 
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3. Climatic Features 
a. Precipitation in the subresource area ranges from 12-16 inches yearly in the eastern 

part with elevations from 3600 to 5000 feet. Precipitation in the western part ranges 
from 13 to 17 inches yearly with elevations from 3300 to 4500 feet. Winter-summer 
rainfall ratios are 40-60% in the west side of the resource area to 30-70% in the 
eastern portion of the area. Summer rains fall July-September, originate in the Gulf 
of Mexico and are convective, usually brief, intense thunderstorms. Cool season 
moisture tends to be frontal, originates in the Pacific and Gulf of California, and falls 
in widespread storms with long duration and low intensity. Snow rarely lasts more 
than one day. May and June are the driest of the year. Humidity is usually very low. 

b. Temperatures are mild. Freezing temperatures are common at night from December 
through April; however, temperatures during the day are frequently above 50° F. 
Occasionally in December to February, brief 0° F. temperatures may be experienced 
some nights. During June and rarely during July and August some days may exceed 
100° F. Frost free days range from 170 to 220 days. 

c. The cool season plants start growth in early spring and mature in early summer. The 
warm season plants take advantage of the summer rains and are growing and 
nutritious from July through September. Warm season grasses may remain green 
throughout the year. 

4. Native (potential or climax) Vegetation 
a. The potential plant community on the site is dominated by warm season perennial 

grasses. Most of the major perennial grass species on the site are well dispersed 
throughout the plant community. However tobosa, vine mesquite and curly mesquite 
tend to occur in patches on this site. These patches appear to be well dispersed and 
are small in size. Perennial forbs are well represented on the site as well as a few 
species of low shrubs. The aspect is open grassland. 

b. With continuous heavy grazing, palatable perennial grasses like plains lovegrass, blue 
and sideoats grama decrease and species like tobosa and curly mesquite increase. 
With severe deterioration, shrubby species like mesquite, burroweed, snakeweed, 
threadleaf groundsel, ocotillo, and prickly pear can increase to dominate the plant 
community. Due to heavy surface textures this site can become an inefficient user of 
intense summer rainfall when the perennial grass cover has been removed or greatly 
reduced. Mesquite, when present on the site, tends to be shrubby due to the 
presence of clay horizons at shallow depths. Natural fire may have been important 
in the development of the potential plant community. 

c. The following is a list of plants that are found in the potential plant community. Range 
condition of areas within this site is determined by comparing the present plant 
community. Count as potential no more than the maximum percent shown on the 
guide for any species. Four condition classes are used to express this degree of 
comparison of the present plant community to that of the potential: 

Basal Cover of Perennial Grasses 
12 in. ppt. 16 in. ppt. 

Excellent 76-100 15% 25% 
Good 51- 75 10% 20% 
Fair 26-50 7% 15% 
Poor 0- 25 3% 8% 



Relative percentage of total plant community by weight: 

Grasses and Grasslike (75-85)% 

20-30% 
tobosa HIMU2 

30-40% 
sideoats grams BOCU 
cane beardgrass BOBA3 
plains lovegrass ERIN 

10-15% 
blue grama BOGR2 
curly mesquite HIBE 
vine mesquite PAOB 

5-10% 
green sprangletop LEDU 
Arizona cottontop DICA8 
plains bristlegrass SEMA5 
tanglehead HEC010 
crinkle awn TRSE 
purple muhly MURI 

1-5% 
sixweek threeawn ARAD 
annual threeawn AROL 
six week grama BOBA2 
needle grama BOAR 
six week fescue VUOC 
Arizona panicum PAAR 
Arizona brome BRAR4 
red sprangletop LEFI 
Mexican sprangletop LEUN2 
desert lovegrass ERAR 
spreading lovegrass ERDI 
featherfinger grass CHVI 
little barley HOPU 

1-5% 
spidergrass ARTE3 
mesa threeawn ARHA 
poverty threeawn ARDI5 
red threeawn ARL03 
Harvard threeawn ARBA 
Wooten threeawn ARPA9 

1-5% 
bottlebrush squirreltail SIHY 
Hall's panic PAHA 
sacaton SPAIW 
fall witchgrass LECO 
purple grama BORA 
Rothrock grama B0R02 
sand dropseed SPCR 
spike dropseed SPC04 
aparejo grass MURE 
burrograss SCBR2 
sprucetop grama BOCH 
hairy grama BOHI2 
wolftail LYPH 
Pima pappusgrass PAMU3 
fluffgrass TRPU2 
bush muhly MUP02 
black grama BOER4 



Forbs (5-15%) 

5-10% 
hairy evolvulous EVAR 
spreading dychoriste DYDE 
desert globemallow SPAM2 
cudweed GNWR 
snake cotton FRAR2 
hog potato HODE 
covena BRPU2 
sida SIPR2 
spiny haplopappus HASP2 
taiinum TAAU 
evening primrose OEPR 

1-5% 
small matweed BRDE 
leatherweed croton CRC011 
perennial ragweed AMC03 
wild daisy ERDI4 
blue flax LILE 
locoweed ASTRA 
vetch VIEX, VIAM 
spurge EUPHO 
patota MONU 
mares fat LOSAB 
pursley PORTU 

Shrubs and Trees (5-10%) 

1-5% 
spreading ratany KRLA 
false mesquite CAER 
range ratany KRPA 
shrubby buckwheat ERWR 
Texas zinnia ZIGR 
yerbe-de-pasmo BAPT 

1-3% 
datil yucca 
ocotillo FOSP2 
pencil cholla OPAR2 
staghorn cholla OPVE 
jumping cholla OPFU 
Engleman prickly pear OPEN 
Santa Rita prickly pear OPBA2 
fishook barrel cactus ECWI 
desert agave AGDE 
Parry agave AGPA 

wild onion ALLIO 
silverleaf niteshade SOEL 
desert holly PENA 
anoda ANODA 
green eyes BELY 
mariposa CAKE, CANU2 
jatroph JAMA 
annual goldeneye VIAN 
peppergrass LELA, LEVIM 
phlox PHLOX 
tansy mustard DEPI 
summer poppy KAGR 
careless weed AMPA 
skeleton weed ERDE6 
annual buckwheat ERIOG 
spiderling BOEHR 
blanket flower GALLI 
Gordon's bladderpod LEGO 
lambsquarter CHENO 
ball clover GONI 
wild bean PHASE 
thistle CINE 
indian wheat PLIN3 
rayless gumweed GRAP 

1-2% 
soaptree yucca YUEL 
longleaf morman tea EPTR 
mesquite PRJU 
whitethorn acacia ACC02 
tarbush FLCE 
winter fat EULA5 
snakweed GUSA2 
burroweed HATE 
pale wolfberry LYPA 
greythorn ZIOB 
velvet-pod mimosa MIDY 
catclaw acacia ACGR 
wolfberry LYCIU 
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This list of plants and their relative proportions are based on near normal years. Fluctuations in 
species composition and relative production may change from year to year dependent upon 
abnormal precipitation or other climatic factors. 

The potential (climatic) plant community has been determined by study of range relict areas, or 
areas protected from excessive grazing. Trends in plant communities going from heavily grazed 
areas to lightly grazed areas, seasonal use pastures and historical accounts have also been used. 

5. Total Annual Production 

In excellent condition this site will produce approximately the following amounts of air dry 
herbage per acre in : 

favorable year 
normal year 
unfavorable year 

B. MAJOR USES 

1. Livestock 

a. Site factors influencing management 
The plant community on this site is suitable for grazing at any season by all classes 
of cattle. Clayey soils release moisture to plants slowly making for a long summer 
green season. Care must be taken to avoid overuse of the palatable perennial 
grasses in attempts to utilize tobosa grass on site. Fencing and grazing systems are 
needed to adequately manage the plant community which consists of nearly equal 
amounts of palatable perennial grasses and, the very unpalatable, tobosa grass. Dark 
colored soils with good organic matter and quantities of exchangeable bases produce 
good quality herbaceous forage. Protein will be deficient in the winter on this site. 

b. Forage preference by season-for cattle 

Plant soecies Dec.-Feb. Mar.-Mav June-Aua. Sent.-Nov. 
tobosa P P F P 
sideoats grama P G VG VG 
cane beardgrass P F G F 
plains lovegrass F VG VG VG 
blue grama F G VG VG 
curly mesquite F VG G G 
vine mesquite F F VG G 
mesa threeawn P F F P 
poverty threeawn P F P P 
perennial forbs G VG G VG 
soaptree yucca P G G P 
shrubby buckwheat VG VG G F 
mesquite P (leaves) F(new leaves) G (beans) G(beans) 
prickly pear (fruits) P P G G 

VG-Very Good G-Good F-Fair P-Poor 

1500 lbs 
1000 lbs 
600 lbs 
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c. Guide to Initial Stocking Rate 

The following stocking rates may be used as a guide to establish a safe starting 
stocking. Figures shown assume full grazing distribution and some type of grazing 
management (deferred or rest-rotation). They are for the upper end of the 
precipitation range, 14-15 inches. These figures should be evaluated and livestock 
numbers adjusted based upon actual use, distribution, average yearly rainfall and 
elevation. 

Class Climax Vegetation AC/AUM AUM/AC 
Excellent 76-100 4 .25 
Good 51-75 6.5 .15 
Fair 26-50 9 .11 
Poor 0-25 12 .08 

2. Wildlife 

a. Site Factors Influencing Wildlife 
Water developments are very important to wildlife species on this site. Being open 
grassland, this site is home to a variety of small herbivores, birds and their associated 
predators. With the exception of antelope, larger wildlife species use this site mainly 
as a foraging area. 

b. Guide to Site Plant Use by Wildlife Species 
Selected Wildlife Species 

Plant Species Desert mule deer 
Pronghorn 
antelope Gambels quail Scaled quail 

Kangaroo 

rat 

Perennial grasses 2.5% ann. diet 3% ann. diet G)seed G)seed G)seed 

Annual grasses 2.5% ann. diet 3% ann. diet G)seed, green G)seed, green G)seed 

Annual forbs G)green G)green G)seed, green G)seed, green G)seed 

Globemallow G)foliage G)foliage G)seed G)seed 

Cudweed G)foliage G)foliage 

Snake cotton G)foliage G)foliage 

Hog potato G)seed G)seed G)seed 

Vetch G)foliage G)foliage G)seed G)seed G)seed 

Locoweed G)foliage G)foliage G)seed G)seed G)seed 

Soaptree yucca F)flowers GJflowers G)seed 

Mesquite G) leaves, beans G) beans G)seed (G)seed G)seed 

Wolfberry G)fruit G)1ruit 

Prickly pear G)fruit G)flowers, fruit G)fruit, seed G)fruit, seed G)seed 

G=Good F=Fair P=Poor X=Used, but degree of utilization not known 
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C. LOCATION OF TYPICAL EXAMPLE OF THE SITE 

1. State location -
Cochise Co. - Douglas-Bisbee Int. Airport Sec.4 T23S R27E 
Cochise Co. - Warbonnet Ranch Sec.33 T13S R22E 

D. FIELD OFFICES 
Douglas 
Safford 
San Carlos 
Tucson 
Willcox 

1976 W.H.N. 
1987 D.G.R. 
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APPENDIX B: SPECIES COMPOSITION BY WEIGHT, MACROPLOTS 1-8. 

Percent Composition 

Species 1 2 3 4 5 6 7 8 

Baccharis pteroriioides 3.0 1.4 

Eriogonum wrightii 10.9 3.4 4.0 

Agave spp. 2.2 

Opuntia engelmannii .2 .1 2.2 1.8 

Opuntia spp. .1 

Yucca baccata 7.2 

Acacia greggii .3 

Guterrezia sarothrae .5 1.9 30.9 

Haplopappus tenuisectus 1.0 2.2 .1 

Lycium pallidum 1.6 3.7 1.2 

Prosopis juliflora 10.6 9.8 1.8 

Cirsium spp. .1 .3 

Hoffmanseggia densiflora 1.5 .5 1.4 1.2 .2 .9 .2 

Lotus spp. 

Sida spp. 

Solanum spp. trace 

Sphaeralcea spp. .7 1.5 .3 .2 

Talinum aurarttiacum .7 .4 .9 .3 trace 

Hilaria mutica 20.9 87.9 63.2 2.9 27.1 .9 6.8 26.5 

Bothriochloa barbinoides 4.7 .1 7.7 

Bouteloua curtipendula 31.5 8.1 30.0 .1 37.7 67.8 17.9 38.0 

Eragrostis intermedia 1.6 .6 2.4 6.8 4.4 2.6 

Bouteloua gracilis 1.7 

Hilaria belangeri 21.4 2.8 4.1 92.5 .5 12.3 18.6 3.3 

Panicum obtusum .2 1.2 .4 12.7 

Aristida spp. 1.3 .1 7.8 .1 .9 2.2 

Bouteloua eriopoda 2.3 

Bouteloua hirsuta 

Muhlenbergia spp. .2 

Sitanion hystrix .4 

Tridens muticus 1.4 

Eragrostis lehmanniana trace 
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APPENDIX C: SPECIES COMPOSITION BY WEIGHT, MACROPLOTS 9-16. 

Percent Composition 

Species 9 10 11 12 13 14 15 16 

Baccharis pteronioides .7 

Eriogonum wrightii 2.2 7.0 2.4 2.1 7.6 

Agave spp. .8 

Opuntia engelmannii .1 .2 .9 2.0 

Opuntia spp. 

Yucca baccata 55.7 4.5 

Acacia greggii 

Guterrezia sarothrae 47.1 3.8 1.3 10.5 34.7 1.6 

Haplopappus tenuisectus 3.2 1.3 1.3 2.2 6.0 1.7 

Lycium pallidum 2.0 9.3 

Prosopis juliflora .7 7.4 4.8 2.6 11.4 1.2 

Cirsium spp. 

Hoffmanseggia densiflora 3.7 .8 .4 4.5 1.4 

Lotus spp. .3 

Sida spp. .2 

Solanum spp. 1.7 .4 trace 

Sphaeralcea spp. .5 .5 .5 .7 .6 .1 .2 

Talinum aurantiacum 1.0 .1 

Hilaria mutica 25.9 11.4 44.8 1.1 45.2 3.4 50.9 

Bothriochloa barbinoides .2 4.4 

Bouteloua curtipendula 4.5 .1 5.5 2.5 9.1 13.3 7.5 

Eragrostis intermedia .2 9.8 3.7 .7 .6 1.2 1.4 

Bouteloua gracilis 1.0 5.2 16.6 

Hilaria belangeri .1 3.3 75.1 6.2 2.5 

Panicum obtusum .3 

Aristida spp. 3.2 24.1 1.5 .1 58.8 2.5 3.4 8.8 

Bouteloua eriopoda 5.4 11.8 1.6 31.0 18.3 

Bouteloua hirsuta .1 

Muhlenbergia spp. 

Sitanion hystrix .2 trace 10.7 1.3 .8 

Tridens muticus .1 .2 

Eragrostis lehmanniana .4 
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APPENDIX D: SAMPLE RANGE CONDITION WORKSHEET. MACROPLOT 1. 

Potential Present Production 

Allowable Production bEstimated Allowable 

Species Percent Ibs./acre Ibs./acre Ibs./acre 

Baccharis pterinoides 

Eriogonum wrightii 

Agave spp. 

Opuntia Engelmannii 

Opuntia spp. 

Yucca baccata 

Acacia greggii 

Guterrezia sarothrae 

Haplopappus tenuisectus 

Lycium pallidum 

Prosopis iuliflora 

Cirsium spp. 

Hoffmanseggia densiflora 

Lotus spp. 

Sida spp. 

Solanum spp. 

Sphraeralcea spp. 

Talinum aurantiacum 

Hilaria mutica 

Bothriochtoa barbinoides 

Bouteloua curtipendula 

Eragrostis intermedia 

Bouteloua gracilis 

Hilaria belangeri 

Panicum obtusum 

Aristida SOD. 

Bouteloua eriopoda 

Bouteloua hirsuta 

Muhlenbergia spp. 

Sitanion hystrix 

Tridens muticus 

Digitaria californica 

Setaria leucopila 

Eragrostis Lehmanniana 

Total 

Range Condition 

Range Condition Class 

10 

25 

35 

15 

0 
100 

30 

10 

10 

100 

250 

350 

150 

20 

30 

50 

0 
1000 

48 

89 

20 

140 

222 

144 

0 
672 

0 

10 

10 

20 

140 

222 

144 

0 
555 

d56% 

Good 

a Based on total annual production in a normal year of 1,000 lbs. 
b Calculated by multiplying lbs/acre by the percent composition. Based on 672 Ibs./acre. 
c Can be equal to, but not in excess of the potential production. 
d Total allowable lbs/acre divided by potential production lbs/acre. 
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