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Abstract
Over a 3-yr period, the qualitative assessment protocol ‘‘Interpreting Indicators of Rangeland Health’’ was used to evaluate the
status of three ecosystem attributes (soil/site stability, hydrologic function, and biotic integrity) at over 500 locations in and
adjacent to Grand Staircase–Escalante National Monument (Utah). Objectives were to provide data and interpretations to
support the development of site-specific management strategies and to investigate broad-scale patterns in the status of different
rangeland ecological sites. Quantitative data on ground cover, plant community composition, and soil stability were collected to
aid the evaluation of qualitative attributes and improve consistency of the assessment process. Ecological sites with potential
vegetation dominated by varieties of big sagebrush (Artemisia tridentata Nuttall) had the highest frequencies (46.7%–75.0%) of
assessments with low ratings (moderate or greater departure from expected reference conditions) for all three ecosystem
attributes. In contrast, sites with potential vegetation characterized by Utah juniper ( Juniperus osteosperma [Torrey] Little) and/
or Colorado pinyon (Pinus edulis Engelmann) had low frequencies (0.0%–7.8%) of assessments with low ratings for all
attributes. Several interacting factors likely contributed to the development of patterns among ecological sites, including 1)
potential primary production and thus long-term exposure to production-oriented land uses such as livestock grazing; 2) the
presence of unpalatable woody plants capable of increasing and becoming persistent site dominants due to selective herbivory,
absence of fire, or succession; 3) soil texture through effects on hydrologic responses to livestock grazing, trampling, and other
disturbances; and 4) past management that resulted in high livestock use of ecological sites with sensitive fine-loamy soils
following treatments designed to increase forage availability. This case study illustrates an extensive application of an
assessment technique that is receiving increasing use worldwide, and results contribute to an understanding of factors
contributing to patterns and processes of rangeland degradation.

Resumen
Durante un perı́odo de tres años, se siguió el protocolo de interpretación de Indicadores de Salud de Pastizales, para evaluar el
estado de tres atributos del ecosistema (Suelo /Estabilidad del Sitio, función hidrológica e integridad biótica) en mas de 500
áreas del Grand Staircase–Escalante National Monument (en Utah USA) y en áreas adyacentes. Con los objetivos de
proporcionar datos e interpretaciones que apoyen el desarrollo de estrategias de manejo a sitios especı́ficos, y para investigar los
patrones a gran escala del estado de diferentes sitios ecológicos de pastizal. Se recolectaron datos cuantitativos sobre cobertura
de suelo, composición vegetal de la comunidad, y estabilidad del suelo para ayudar a la evaluación de los atributos cualitativos y
para mejorar la consistencia en el proceso de evaluación. Sitios ecológicos con la vegetación potencial dominada por el arbusto
(Artemisia tridente Nuttall) tuvieron las mayores frecuencias con los ı́ndices de evaluación mas bajos (46.7%–75%) con una
diferencia moderada a grande en relación a la esperada con las áreas de referencia, para los tres atributos del ecosistema. En
contraste, sitios con vegetación potencial caracterizados por el táscate ( Juniperus osteosperma [Torrey] Little) y/o el Piñón
colorado (Pinus edulis Engelmann) presentaron bajas frecuencias (0.0%–7.8%) de evaluación con bajos ı́ndices para todos los
atributos del ecosistema. La interacción de algunos factores probablemente contribuyó al desarrollo de patrones entre los sitios
ecológicos, incluyendo 1) producción potencial primaria y por lo tanto largo tiempo que estas áreas estuvieron expuestas a la
producción orientada del ganado en pastoreo; 2) la presencia de plantas leñosa de baja palatabilidad capaces de incrementar su
población, llegando a ser dominantes y permanentes del sitio, debido al pastoreo selectivo, ausencia de fuego, o sucesión; 3) las
textura del suelo y su efecto sobre respuesta hidrológica al pastoreo, pisoteo y otros disturbios; y 4) Historial de manejo, que da
como resultado un alto grado de uso por el ganado en sitios ecológicos con suelos susceptibles de textura fina, seguidos por
tratamientos diseñados para incrementar la disponibilidad de forraje. Este estudio ilustra una extensiva aplicación de una
técnica de evaluación que está siendo utilizada más y más en todo el mundo y cuyos resultados contribuyen a un mejor
entendimiento de los factores y patrones que causan la degradación de las áreas de pastizal.
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INTRODUCTION
Over the past 15 yr, there has been a focused effort to develop
new methods for assessing the status of rangeland ecosystems.
This effort has been driven by increased recognition that 1) the
dynamics of such ecosystems often are much more complex
than previously assumed and 2) sustainable management
requires consideration of a broader suite of ecosystem
attributes than production of key forage species and similarity
of the existing plant community to a single idealized climax
community (see reviews by Pyke et al. 2002; Pyke and Herrick
2003; and Briske et al. 2005 for historical perspectives). In the
United States, much of this effort directly followed recommendations made by expert panels convened by the National
Research Council (NRC; NRC 1994) and the Society for Range
Management Task Group on Unity in Concepts and Terminology Committee (SRM Task Group; SRM Task Group
1995). The NRC panel recommended that rangeland assessments should focus on indicators of soil stability, watershed
function, nutrient cycling, energy flow, and recovery mechanisms (NRC 1994). The SRM Task Group observed that
because the sustainable management of rangeland ecosystems
depends primarily on soil conservation, assessments should
evaluate rangeland plant communities in terms of their ability
to protect a site against accelerated soil erosion (SRM Task
Group 1995). Both panels recommended that assessments
should be conducted and interpreted on the basis of a common
system for classifying land units on the basis of soil, landscape
setting, and climate analogous to the ecological site concept of
the US Department of Agriculture Natural Resources Conservation Service (NRCS; NRCS 2003).
Both in the United States and in Australia, there has been
rapid growth in research focusing on conceptual and applied
aspects of rangeland assessment and monitoring, with a strong
emphasis on indicators of ecosystem or landscape capacity to
capture and retain soil and water resources. The majority of
this work has focused on field-based indicators (Whitford et al.
1998; de Soyza et al. 2000a; Pyke et al. 2002; Rosentreter and
Eldridge 2002; Tongway and Hindley 2004; Herrick et al.
2005; Pellant et al. 2005), but the need for approaches that can
be applied affordably and effectively across expansive landscapes also has led to efforts focused on the development of
indicators that can be reliably detected with remotely sensed
imagery (de Soyza et al. 2000b; Ludwig et al. 2002, 2007).
Rather than being a stand-alone activity, assessment increasingly is recognized as a key component of an integrated
framework designed to support science-based management of
rangeland ecosystems (Herrick et al. 2006).
To date, the most widely adopted assessment approach in the
United States has been the technique ‘‘Interpreting Indicators of
Rangeland Health’’ (IIRH; Pellant et al. 2000, 2005; Pyke et al.
2002). In this technique, an interdisciplinary team of resource
specialists evaluates three ecosystem attributes (soil/site stability, hydrologic function, and biotic integrity) on the basis of a
suite of qualitative indicators. IIRH is widely applied by NRCS,
the Bureau of Land Management (BLM), and the National
Park Service (NPS), and protocols have been translated into
Spanish, Chinese, and Mongolian (J. Herrick, personal
communication, August 2007).
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Despite its widespread adoption and increasing use worldwide, there are no published examples of how the IIRH
technique has been applied to evaluate the status of rangeland
ecosystems across broad spatial extents characteristic of public
lands in the western United States. The purpose of this paper is
to describe one such project as a case study in which the
technique was applied at over 500 locations in and adjacent to
Grand Staircase–Escalante National Monument, Utah (hereafter, the Monument), over a 3-yr period. Objectives of this
assessment project were 1) to provide data and interpretations
to support the development of site-specific management
strategies for the improvement of resource conditions and 2)
to investigate broad-scale patterns in the status of different
rangeland ecological sites across the entire Monument. The
second objective is the focus of this paper. This case study
illustrates an extensive application of the IIRH technique, and
results provide insights into factors affecting patterns and
processes of rangeland degradation.

METHODS
Study Area
The Monument covers approximately 760 000 ha in southern
Utah and the west-central portion of the Colorado Plateau
physiographic province (Hunt 1974) between lat 37uN, lat
38uN, long 111uW, and long 112.5uW. Elevation ranges from
1 164 to 2 625 m, and mean annual precipitation (MAP; 1961–
1990) ranges from 17 to 61 cm. (Precipitation estimates are
based on the PRISM model, http://www.ocs.orst.edu/prism;
Daly et al. 1994.) Approximately 90% of the Monument
receives less than 36 cm MAP. As a proportion of MAP, May–
September precipitation varies from 33.1% in Kanab (1 509 m
elevation, 37.9 cm MAP, 16 km west of the Monument
boundary) to 44.2% in Escalante (1 771 m elevation, 25.4 cm
MAP, north-central edge of the Monument). Tremendous
geologic and topographic heterogeneity (Doelling et al. 2000),
as well as gradients in elevation and precipitation, together are
responsible for generating a diversity of soils and ecological
settings across the Monument. In a recent soil survey for the
Monument, the NRCS described 136 distinct soil types and 50
distinct ecological sites (NRCS 2005).
Livestock grazing has been an important economic activity
on lands within the Monument since the time of EuroAmerican settlement in the 1870s (Bradley 1999), and it
remains the most extensive land use on the Monument today.
Monument lands are subdivided into 91 grazing allotments,
some of which extend onto adjoining public lands managed by
the NPS (Glen Canyon National Recreation Area) and the US
Department of Agriculture Forest Service (Dixie National
Forest). Allotments are divided into two or more fenced
pastures to facilitate livestock management. Pastures represent
the smallest management units in the Monument, although
they are typically larger than 5 000 ha and range in size up to
54 288 ha.
Sampling Design
A major objective of the assessment project was to collect data
that would contribute to an evaluation of resource conditions
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in grazing allotments and to the development of future strategies
for meeting resource-management objectives. As a consequence,
assessments were conducted in all pastures and allotments across
the Monument. Within these management units, it was assumed
that ecosystem conditions could vary among different soils and
ecological sites due to potential differences in past livestock use
and in ecosystem responses to livestock use, management
activities, and climate variability. Thus digital spatial data
delineating soils and ecological sites were used to stratify each
pasture into soil-based sampling units.
Within sampling units in pastures, specific assessment
locations were identified subjectively rather than probabilistically. This approach was chosen because time and resources
were judged to be inadequate for obtaining a statistically
adequate number of randomly located assessments for each
sampling unit in all pastures and allotments, given the overall
scope of the project. For each pasture, soil map units were
ranked in descending order according to their total area in the
pasture, and at least one assessment was conducted in the
predominant ecological site in the soil map units that
cumulatively accounted for at least 75% of the pasture area.
Assessments also were conducted in areas expected to receive
relatively high livestock use even where these areas were
associated with minor soil components or soil map units that
fell below the 75% cut-off in a particular pasture. Water
sources and similar areas with concentrated livestock use were
excluded from sampling. The assessment team selected one or
more representative assessment locations associated with each
targeted ecological site, with representativeness evaluated by
examining aerial photographs with superimposed soil map unit
delineations and by surveying conditions on the ground prior to
conducting assessments. Assessment locations were approximately 0.5–1.0 ha in size.

Field Methods
Assessments were conducted following the technique IIRH,
version 3 (Pellant et al. 2000; Pyke et al. 2002). The standard
technique calls for the evaluation of three ecosystem attributes
(soil/site stability, hydrologic function, and biotic integrity;
Table 1) on the basis of 17 qualitative indicators (Pellant et al.
2000; Pyke et al. 2002; Table 2). Indicators and attributes for a
particular assessment area are evaluated and rated according to
the degree to which they depart from benchmark (reference)
conditions described in ecological site descriptions prepared by
NRCS and/or observed at one or more ecological reference
areas (Pellant et al. 2000; Pyke et al. 2002), and on the basis of
the combined experience and professional judgment of the
interdisciplinary assessment team. In all cases, benchmark
conditions are identified and applied on an ecological-site basis,
thus requiring assessment teams to properly identify soil types
and ecological sites. An ordinal, five-class rating system is used,
with degree of departure rated as none to slight (NS), slight to
moderate (SM), moderate (M), moderate to extreme (ME), or
extreme (E). In the project described here, assessment teams
identified relatively few reference areas. Thus ratings primarily
were based on NRCS ecological site descriptions for those
indicators related to plant community composition, ground
cover, and potential primary production. For indicators not
described in existing site descriptions (e.g., frequency and
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Table 1. Three attributes of rangeland health and their definitions (from
Pellant et al. 2000; Pyke et al. 2002).
Attribute
Soil/site stability

Definition
The capacity of a site to limit redistribution and loss
of soil resources (including nutrients and organic
matter) by wind and water.

Hydrologic function

The capacity of a site to capture, store, and safely
release water from rainfall, run-on, and snowmelt
(where relevant), to resist a reduction in this
capacity, and to recover this capacity following

Biotic integrity

degradation.
Capacity of a site to support characteristic
functional and structural communities in the
context of normal variability, to resist loss of this
function and structure due to a disturbance, and
to recover following such disturbance.

spatial distribution of erosional features such as rills, pedestals,
and terracettes), indicator ratings primarily were based on team
members’ collective field observations and experience. Interdisciplinary assessment teams ranged in size from two to five
members, with botanists, ecologists, geologists, wildlife biologists, and rangeland management specialists serving as the
primary team members.
The IIRH protocol allows for the use of additional indicators
where necessary to meet local assessment needs (Pellant et al.
2000). For this project, the integrity of biological soil crusts
(BSCs) was included as an 18th indicator applicable to all three
ecosystem attributes (Table 2) because of important BSC
contributions to soil stabilization (Belnap 1995; Williams et
al. 1995a, 1995b), hydrologic processes (Warren 2003; Belnap
et al. 2005), nutrient cycling (Evans and Lange 2003), and
biological diversity (Rosentreter and Belnap 2003) in rangeland
ecosystems on the Colorado Plateau. Ratings for this indicator
were based on the distribution and abundance of soil lichens,
soil mosses, and dark cyanobacterial crusts in comparison with
reference areas and team members’ collective field observations
and experience (Table 3). During the 2002 field season, ratings
for biological soil crusts also were informed by preliminary
results from a concurrent project being conducted to develop a
spatial predictive model of BSC cover, composition, and
function in relation to precipitation and substrate characteristics (Bowker et al. 2006).
To inform the evaluation of qualitative indicators and
increase consistency of the assessment process, quantitative
data on ground cover (e.g., percentage of cover of bare
ground/mineral soil, BSC, litter, plant bases, and rock), plant
community composition (percentage of live and dead canopy
and basal cover by species and plant functional groups), and
soil stability were collected prior to evaluating indicators and
attributes (Pyke et al. 2002). Data on ground cover and plant
community composition were collected following the steppoint technique (Coulloudon et al. 1999). Cover data were
recorded for 50–100 subsample points (approximately 1-mm
diameter) placed at 4-pace intervals along a pace transect walked
by one or two team members. The pace transect crossed the
assessment area three to five times, with total transect length
ranging from 150 to 300 m. Surface and subsurface soil stability
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Table 2. Brief description of 18 rangeland health indicators, their applicability to rangeland health attributes, and associated quantitative data
collected during assessments conducted on Grand Staircase–Escalante National Monument (adapted from Pyke et al. 2002).
Attributes1
S

H

B

1. Rills – frequency and spatial distribution of linear erosional rivulets

Indicator and brief description

X

X

—

Quantitative data
—

2. Water flow patterns – amount and distribution of overland flow paths that are identified by litter

X

X

—

—

X

X

—

—

4. Bare ground – size and connectivity among areas of soil not protected by vegetation, biological soil

X

X

—

crusts, litter, standing dead vegetation, gravel, or rocks
5. Gullies – amount of channels cut into the soil and the amount and distribution of vegetation in the

X

X

—

—

X

—

—

—

7. Litter movement – frequency and size of litter displaced by wind and overland flow of water

X

—

—

8. Soil surface resistance to erosion – ability of soils to resist erosion through the incorporation of organic

X

X

X

material into soil aggregates
9. Soil surface loss or degradation – frequency and size of areas missing all or portions of the upper soil

X

X

X

—

X

—

X

X

X

—

—

X

distribution and visual evidence of soil and gravel movement
3. Pedestals and/or terracettes – frequency and distribution of rocks or plants where soil has been eroded
from their base (pedestals), and/or occurrence of erosional terracettes
Percentage of bare ground

channel
6. Wind-scoured areas, blowouts, and/or deposition areas – frequency of areas where soil is removed from
under physical or biological soil crust or around vegetation OR frequency of accumulation areas of soil
associated with large structural objects, often woody plants
—
Soil aggregate stability
—

horizons that normally contain the majority of organic material of the site
10. Plant community composition and distribution relative to infiltration and runoff – the community
composition or distribution of species that restrict the infiltration of water on the site
11. Compaction layer – thickness and distribution of the structure of the soil near the soil surface

Percentage of composition by
functional group
—

(# 15 cm)
12. Functional / structural groups – the number of groups, the number of species within groups, or the rank
of order of dominance of groups

Relative composition and
dominance of functional groups
(based on cover)

13. Plant mortality/decadence – frequency of dead or moribund (dying) plants

—

—

X

Percentage of standing-dead cover

14. Litter amount – deviation in the amount of litter

—

X

X

Percentage of cover of litter

15. Annual aboveground production – amount relative to the potential for that year based upon recent

—

—

X

—

—

X

—

climatic conditions
16. Invasive plants – abundance and distribution of invasive plants regardless if they are noxious weeds,
exotic species, or native plants whose dominance greatly exceeds that expected for the ecological
site
17. Reproductive capability of perennial plants – evidence of the inflorescences or of vegetative tiller

Percentage of cover and relative
composition of invasive plants

—

—

X

X

X

X

—

production relative to the potential for that year based upon recent climatic conditions
18. Biological soil crusts – amount, spatial distribution, and degree of development

Percentage of cover and relative
composition of biological soil
crusts

1

S indicates soil/site stability; H, hydrologic function; and B, biotic integrity.

beneath plant canopies and in interspaces among plants was
measured using a soil aggregate stability field kit (Herrick et al.
2001). Nine pairs of surface and subsurface samples were
collected from three to six interspace locations and three to six
subcanopy locations that were selected as visually representative
of conditions across the assessment area.

Assessments were conducted from July 2000 through
December 2002, with about 80% of the field work conducted
during April–October periods in 2001 and 2002. Amounts of
precipitation received in Kanab and Escalante respectively were
32% and 43% below the 1971–2000 average during the 2000
water year, 13% and 27% above average during the 2001

Table 3. Evaluation matrix for biological soil crusts (from Pellant et al. 2000).
Degree of departure from ecological site description and/or ecological reference area(s)
Indicator

Extreme

Biological soil crusts Found only in protected
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Moderate to extreme
Largely absent, occurring

Moderate
In protected areas and

Slight to moderate

None to slight

Evident throughout the

Largely intact and nearly

areas; very limited suite

mostly in protected

with a minor component

site, but continuity is

matches site capability

of functional groups

areas

in interspaces

broken
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water year, and 53% and 64% below average during the 2002
water year (Western Regional Climate Center 2007).

Data Analyses
Chi-square analysis (Zar 1999) was used to examine whether
the three attributes of rangeland health had different rating
distributions for all assessment locations combined (507
assessments and 1 521 attribute ratings). For ecological sites
with five or more assessments, x2 analyses also were used to
determine whether some ecological sites were characterized by
ecosystem conditions that were better (i.e., a greater proportion
of assessments with a small degree of departure from expected
reference conditions) or worse (greater proportion of assessments with a large degree of departure from expected reference
conditions) than typical conditions described on the basis of the
combined data set for all 507 assessment locations. For each
ecological site, separate x2 analyses were conducted for each of
the three attributes of rangeland health.
Extensive areas within the Monument were mechanically
treated in the past to reduce the cover of unpalatable woody
vegetation such as big sagebrush (Artemisia tridentata Nuttall),
Utah juniper (Juniperus osteosperma [Torrey] Little), and
Colorado pinyon (Pinus edulis Engelmann). In conjunction
with mechanical treatments, treated areas (hereafter referred to
as ‘‘seedings’’) generally were seeded with nonnative forage
grasses such as crested wheatgrass (Agropyron cristatum [L.]
Gaertner) and Russian wildrye (Elymus junceus Fischer).
(Taxonomic nomenclature follows Welsh et al. 2003.) For
ecological sites with five or more assessments in seedings and in
comparable untreated areas, separate x2 analyses were conducted to examine whether there was a tendency for seedings or
untreated areas to be characterized by better or worse
ecosystem conditions in comparison with all 507 assessments
combined. For all x2 analyses, rating classes E and ME were
combined into a single class (E–ME) because of the infrequent
occurrence of E ratings. Multivariate analysis of variance
(MANOVA) also was used to test for differences between mean
values of selected quantitative measures for seeded and
comparable untreated ecological sites. Dependent variables
were log-transformed [x9 5 ln(x + 1)] prior to analysis because
variances were proportional to means (Zar 1999). Stepwise
multiple regression analysis was used to examine potential
factors contributing to general patterns in ecosystem condition
among ecological sites (Zar 1999).
Ecosystems dominated by varieties of big sagebrush are of
particular interest to resource managers on the Colorado
Plateau and throughout the Intermountain West because of
their diversity and habitat value, and because they have been
widely degraded by cumulative effects of land use, invasive
exotic plants, and altered fire regimes (Knick et al. 2003;
Connelly et al. 2004; Welch 2005). Five of the 50 distinct
ecological sites found in the Monument are characterized by
potential vegetation dominated by varieties of big sagebrush
(Table 4; NRCS 2005). Of these five sites, the Semidesert Loam
(Wyoming big sagebrush) site had a relatively large sample size
(n 5 55) and was characterized by a wide range of rangelandhealth conditions. For these reasons, data for this ecological site
were examined in greater detail to evaluate relationships
between quantitative data and qualitative ratings of rangeland
health. Principal components analysis (PCA; McCune and
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Grace 2002) with varimax normalized factor rotation was used
to describe variability among the 55 assessments in terms of 12
quantitative variables: interspace soil aggregate stability;
percentage of total live cover; total plant cover; percentage of
bare ground; percentage of BSC cover; percentage of litter
cover; percentage of relative cover of annual exotic plants, total
exotic plants, and woody plants; functional group richness;
diversity (H9); and evenness (J9; Zar 1999). Spearman’s rank
correlation coefficients (Zar 1999) were calculated to describe
relationships between quantitative variables and ordinal
qualitative ratings assigned to the three rangeland-health
attributes. MANOVA was used to test whether log-transformed mean values for selected quantitative variables were
significantly different among rating classes for individual
rangeland health attributes. For rangeland health attributes
determined to have significant effects by MANOVA, Tukey’s
honestly significant difference (HSD) post hoc analysis was
used to test for differences between mean quantitative measures
associated with different attribute rating classes (Zar 1999).
With the exception of the x2 analyses, all statistical analyses
were conducted using the software package STATISTICATM
version 6.1 on a WindowsH platform (Statsoft 2004). For all
analyses, results with P # 0.05 were considered statistically
significant.

RESULTS
Overall Patterns Among Ecological Sites
For all 507 assessments combined, SM was the modal rating
class for each of the three rangeland health attributes (Fig. 1).
The rating distributions for all three attributes were similar, but
the distribution for biotic integrity was significantly different
than the distribution for all 1 521 attribute ratings combined.
Overall, biotic integrity tended to receive NS ratings less
frequently and M and SM ratings more frequently than soil/site
stability and hydrologic function attributes (Fig. 1). Of the 507
assessments, 226 (44.6%) were assigned a low rating (moderate
or greater departure from expected reference conditions) for at
least one of the three attributes, and 100 (19.7%) were assigned
low ratings for all three attributes.
Of the 26 ecological sites with five or more assessments
(including seeded and untreated areas for two ecological sites),
10 had one or more attributes with rating distributions that
were significantly different than the overall distributions for all
507 assessments (Tables 4 and 5). Of the five ecological sites
with significantly higher frequencies of low ratings relative to
the overall distributions, four were deep-soil ecological sites
with high potential production and potential vegetation
dominated by varieties of big sagebrush (Tables 4 and 5). In
contrast, all five ecological sites with significantly lower
frequencies of low ratings relative to the overall distributions
were shallow-soil ecological sites with relatively low potential
production and potential vegetation characterized by the
presence of juniper and/or pinyon. Only the seeded Upland
Loam and seeded and untreated Semidesert Loam ecological
sites had rating distributions that were significantly different
from overall distributions for all three rangeland health
attributes. Potential dry-weight production (Table 4; b 5 0.447,
P 5 0.003) and treatment (seeded vs. untreated, from Table 4;
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035XY219UT
035XY212UT
035XY215UT

Semidesert Sandy Loam3 (black grama)

Semidesert Sand (fourwing saltbush)

Semidesert Sandy Loam (fourwing saltbush)

035XY321UT

Deep

Deep

Shallow
Shallow

Shallow

Shallow

Shallow

Shallow

Shallow

Shallow

Shallow
Deep

Deep

Deep

Deep

Shallow

Shallow

Shallow

Deep
Deep

Deep

Deep

Deep

Deep

Deep

Deep

Soil-depth
class

504
357

399

213

986

378

378

504

Palatable

560

644

252
252

420

168

252

616

252

196

504
672

532

644

532

213

364

140

226

101
88

273

101

126

216

88

59

151
202

453

451

426

32

73

No data No data

1009
476

532

532

1793

757

757

1009

Total

336

354

113
139

84

50

101

277

139

118

303
336

0

32

27

138

255

No data

403
0

80

266

628

227

227

403

Unpalatable

11

5

8
9

15

5

5

34

16

30

64
15

12

32

14

6

5

5

15
5

15

7

15

31

24

20

n

5.1

2.7

1.5
7.5

2.6

2.5

2.8

13.5**

4.9

4.9

7.6*
1.8

1.7

0.6

7.1

5.8

1.7

6.9

4.6
0.7

6.5

13.2**

3.2

49.3***

25.5***

22.8***

Soil/site
stability x2

3.6

2.1

1.9
12.7**

6.0

5.4

2.2

6.2

5.2

2.9

5.7
3.2

2.1

3.0

5.8

2.0

1.9

1.3

5.7
0.3

4.4

2.9

5.2

33.8***

31.3***

29.0***

Hydrologic
function x2

2.4

2.6

1.9
23.5***

5.5

4.7

0.9

11.2*

20.4***

11.3*

12.8**
4.7

4.7

2.3

4.8

2.1

1.2

3.5

3.1
2.8

2.0

11.1*

18.2***

25.9***

23.7***

26.2***

Biotic
integrity x2

0.0

0.0

0.0
0.0

0.0

0.0

0.0

2.9

6.3

6.7

7.8
6.7

8.3

12.5

14.3

16.7

20.0

20.0

26.7
20.0

33.3

42.9

46.7

58.1

62.5

75.0

Assessments with
moderate or greater
departure from expected
for all attributes (%)

Scientific names of associated plant species: mountain big sagebrush (Artemisia tridentata var. vaseyana [Rydberg] B. Boivin), Wyoming big sagebrush (A. tridentata var. wyomingensis [Beetle & A. Young] S. Welsh), basin big sagebrush (A. tridentata
Nuttall), blackbrush (Coleogyne ramosissima Torrey), fourwing saltbush (Atriplex canescens [Pursh] Nuttall.), mat saltbush (Atriplex corrugata S. Watson), black grama (Bouteloua eriopoda [Torrey] Torrey), Utah juniper (Juniperus osteosperma
[Torrey] Little), pinyon (Pinus edulis Engelmann), shadscale (Atriplex confertifolia [Torrey & Frémont] S. Watson), Cutler Mormon tea (Ephedra viridis var. viscida [Cutler] L. Benson).
2
Potential production in normal-precipitation years, with plant community composition similar to that described by the Natural Resources Conservation Service (NRCS) as the historical climax plant community (data from NRCS 2005 unless otherwise
noted).
3
Production estimates from NRCS ecological site description.
4
Production estimates from draft ecological site description prepared by the Bureau of Land Management.
*P # 0.05; **P # 0.01; ***P # 0.001.

1

Upland Stony Loam (pinyon-Utah juniper)

—

Semidesert Shallow Sand (Utah juniper–pinyon)
Semidesert Shallow Shale (Utah juniper–pinyon)

Upland Loam4 (pinyon-Utah juniper)

035XY225UT
035XY227UT
—

Semidesert Shallow Sand (Cutler Mormon tea)

—

035XY130UT

Desert Shallow Sandy Loam3 (shadscale)

Semidesert Shallow Clay (shadscale–Utah juniper)

035XY315UT

—

Semidesert Steep Shallow Loam (Utah juniper–pinyon)

Upland Shallow Loam (pinyon-Utah juniper)

035XY311UT

Upland Shallow Dissected Slope3 (pinyon–Utah juniper)

—
—

035XY223UT

Desert Shallow Clay (mat saltbush)

Semidesert Shallow Loam (Utah juniper–pinyon)
Upland Sand (mountain big sagebrush)

035XY233UT

Semidesert Shallow Sandy Loam (blackbrush)

—

035XY308UT
035XY215UT

Upland Loam (mountain big sagebrush) – untreated
Desert Sandy Loam (fourwing saltbush)

Semidesert Gravelly Shallow Breaks

035XY218UT
035XY214UT

035XY011UT

Loamy Bottom (basin big sagebrush)

Semidesert Sandy Loam (Wyoming big sagebrush)

035XY209UT

Semidesert Loam (Wyoming big sagebrush) – untreated

Semidesert Sandy Loam (blackbrush)

035XY308UT
035XY209UT

Upland Loam (mountain big sagebrush) – seeded

Site no.

Semidesert Loam (Wyoming big sagebrush) – seeded

Ecological site1

Potential dry-weight production
(kg ? ha21?yr2)2

Table 4. Soil-depth class, potential dry-weight production by ecological site, and x2 values by ecological site and rangeland health attribute (soil/site stability, hydrologic function, and biotic
integrity) for sites with five or more rangeland health assessments (n), Grand Staircase–Escalante National Monument. Chi-square values were calculated to test the hypothesis that the distribution
of ratings for a particular ecological site and rangeland health attribute was not different than the overall distribution of ratings for all 507 assessment locations. Values in bold type are statistically
significant. Ecological sites are ranked in descending order according to the percentage of assessments that received ratings of moderate or greater departure from expected reference conditions
for all three attributes of rangeland health. Palatable production includes perennial grasses and shrubs that provide livestock forage. Unpalatable production includes unpalatable woody and
suffrutescent plants.

Figure 1. Overall distributions (gray bars) of ratings assigned to three
rangeland-health attributes at 507 assessment locations on Grand
Staircase–Escalante National Monument. Numerals in gray bars indicate
numbers of assessments that received associated ratings. Black bars
behind each rating distribution indicate the overall distribution of all
1 521 ratings and the null distributions that were used in x2 analyses for
each of the three attributes (reflected by x2 statistics above each rating
distribution; *P , 0.05). For attribute ratings, E indicates extreme
departure; ME, moderate to extreme departure; M, moderate departure;
SM, slight to moderate departure; and NS, no departure to slight
departure from expected reference conditions.

b 5 0.556, P 5 0.0004) both were significant in a stepwise
multiple regression model predicting for each ecological site the
percentage of assessment locations that was assigned low ratings
for all three attributes of rangeland health (adjusted R2 5 0.62, df
2,22, F 5 20.34, P 5 0.00001). Log-transformed means for
percentage of bare ground, BSC cover, and interspace soil
aggregate stability were not significantly different between seeded
and untreated Semidesert Loam (Wilks’ l 5 0.94, F 5 0.94, df
3,46, P 5 0.43) and Upland Loam (Wilks’ l 5 0.84, F 5 1.70, df
3,27, P 5 0.19) ecological sites.

Patterns Within the Semidesert Loam Ecological Site
Two PCA axes explain 49.3% of the variability in 12
quantitative variables sampled in conjunction with 55 assessments of the Semidesert Loam ecological site (seeded and
untreated areas combined; Fig. 2). Axis 1 represents a gradient
of decreasing bare ground and increasing total plant cover,
total live cover, and functional group richness and diversity
(Fig. 2a). Axis 2 represents a gradient of decreasing relative
cover of exotic plants (including nonnative forage grasses,
which accounted for 72.0% of total exotic cover, on average)
and increasing interspace soil aggregate stability and cover of
BSCs (Fig. 2a). Qualitative ratings assigned to the three
attributes of rangeland health tended to be higher (lesser
degree of departure from expected reference conditions) at
assessment locations characterized by higher scores for PCA
axes 1 and 2, but there was considerable variability in PCA
scores among assessment locations that were assigned the same
qualitative rating for a particular attribute (Figs. 2b–2d).
Ratings for the three attributes of rangeland health were more
strongly correlated with site scores for PCA axis 2 than with
site scores for PCA axis 1 (Table 6).
Seven of twelve quantitative variables were significantly
correlated with ratings assigned for one or more rangeland
health attributes (Table 6). Measures of functional group
richness and diversity (H9) were important in the PCA but
not correlated with assigned ratings for any of the three
attributes (Table 6). However, both variables were significantly
correlated with assigned ratings for the individual indicator
pertaining to functional and structural groups (richness:
r 5 0.42, P , 0.01; diversity: r 5 0.38, P , 0.01). Percentage
of bare ground, total live cover, BSC cover, and interspace soil
aggregate stability had the highest rank correlations with
assigned attribute ratings (Table 6). MANOVA results for
these four variables were statistically significant for each of the
three rangeland health attributes (soil/site stability: Wilks’
l 5 0.26, F 5 6.28, effect df 5 12, error df 5 114.1, P , 0.001;
hydrologic function: Wilks’ l 5 0.29, F 5 5.63, effect df 5 12,

Table 5. Percentages of assessments by rating class1 for three rangeland health attributes (soil/site stability, hydrologic function, and biotic
integrity) at 10 rangeland ecological sites and for all sites combined, Grand Staircase–Escalante National Monument. Values are only reported for
those ecological sites and attributes with rating distributions that are significantly different than the associated distribution for all sites combined (see
Table 4 for significant x2 values). Bold, underlined print indicates percentages that exceed corresponding percentages for all sites combined.
Soil/site stability
Ecological site
All sites combined

n

E–ME

M

Hydrologic function

SM

NS

E–ME

M

Biotic integrity

SM

NS

E–ME

M

SM

NS

507

6.1

25.8

46.2

21.9

4.7

23.7

51.3

20.3

5.7

28.8

52.7

12.8

Upland Loam (mountain big sagebrush) – seeded

20

20.0

60.0

20.0

0.0

20.0

60.0

20.0

0.0

5.0

80.0

15.0

0.0

Semidesert Loam (Wyoming big sagebrush) – seeded

24

16.7

62.5

20.8

0.0

16.7

62.5

16.7

4.2

25.0

45.8

29.2

0.0

Semidesert Loam (Wyoming big sagebrush) – untreated
Loamy Bottom (basin big sagebrush)

31
15

35.5
—

29.0
—

19.4
—

16.1
—

22.6
—

45.2
—

22.6
—

9.7
—

22.6
13.3

48.4
73.3

22.6
13.3

6.5
0.0

7

0.0

85.7

14.3

0.0

—

—

—

—

0.0

85.7

14.3

0.0

64

1.6

17.2

48.4

32.8

—

—

—

—

0.0

14.1

67.2

18.8

Upland Shallow Dissected Slope (pinyon–Utah juniper)

30

—

—

—

—

—

—

—

—

3.3

3.3

80.0

13.3

Semidesert Steep Shallow Loam (Utah juniper–pinyon)

16

—

—

—

—

—

—

—

—

0.0

12.5

37.5

50.0

Upland Shallow Loam (pinyon–Utah juniper)

34

0.0

8.8

47.1

44.1

—

—

—

—

2.9

5.9

67.6

23.5

9

—

—

—

—

0.0

0.0

33.3

66.7

0.0

11.1

22.2

66.7

Semidesert Sandy Loam (Blackbrush)
Semidesert Shallow Loam (Utah juniper–pinyon)

Semidesert Shallow Shale (Utah juniper–pinyon)
1

E–ME indicates extreme or moderate-to-extreme departure; M, moderate departure; SM, slight to moderate departure; and NS, no departure to slight departure from expected reference
conditions.
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Figure 2. Principal components analysis (PCA) results for data associated with 12 quantitative variables measured at 55 Semidesert Loam
assessment locations, Grand Staircase–Escalante National Monument. a, vectors indicate loadings (Pearson correlation coefficients, r) of eight
variables on axes 1 and 2 (only those variables with r $ 0.60 are shown; F-group indicates functional group). In the remaining panels, numbers 1–5
indicate attribute ratings (1 and E indicate extreme departure; 2 and ME, moderate to extreme departure; 3 and M, moderate departure; 4 and SM,
slight to moderate departure; and 5 and NS, no departure to slight departure from expected reference conditions) assigned for b, soil/site stability; c,
hydrologic function; and d, biotic integrity at each of the assessment locations. Underlined ratings are for assessments associated with seedings.
Coordinates of the attribute ratings in ordination space indicate PCA scores associated with the corresponding assessment location. Points indicate
centroids (mean PCA scores 6 1 SE) for each set of assessment locations receiving the same attribute rating.

error df 5 114.1, P , 0.001; biotic integrity: Wilks’ l 5 0.32,
F 5 3.62, effect df 5 16, error df 5 128.9, P , 0.001), but
Tukey’s HSD analyses found relatively few significant differences among log-transformed mean values for different
attribute rating classes because of the high degree of variability
in quantitative measures among assessments that were assigned
the same rating for a particular attribute (Fig. 3). Mean
quantitative measures for assessment locations that were
assigned NS ratings for rangeland health attributes were
statistically different than means associated with locations that
were assigned lower rangeland health ratings in most cases,
whereas means for locations that were assigned ME, M, or SM
ratings were statistically different from one another less
frequently (Fig. 3). This finding is consistent with PCA results
showing that centroids for locations that were assigned ME, M,
or SM ratings tended to be clustered together in the center of
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the ordination space defined by the quantitative variables,
whereas the centroids for locations assigned NS ratings were
relatively distinct in ordination space (Fig. 2).

DISCUSSION
Results of this broad-scale assessment project indicate patterns
in qualitative attributes and quantitative measures of rangeland
health across a 760 000-ha landscape that represents a
significant proportion of the Colorado Plateau physiographic
province. Because of the large numbers of assessment locations
and ecological sites included in the project, data resulting from
this effort represent a valuable resource for examining general
patterns in ecosystem condition among and within different
ecological sites, and for developing hypotheses about factors
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Table 6. Spearman rank correlations between 12 quantitative variables
included in the principal components analysis (PCA; Fig. 2), site scores for
PCA axes 1 and 2, and ordinal qualitative ratings (extreme, moderate-toextreme, moderate, slight-to-moderate, and none-to-slight departure from
expected reference conditions ranked 1–5, respectively) for rangeland
health attributes soil/site stability, hydrologic function, and biotic integrity
at 55 Semidesert Loam assessment locations on Grand Staircase–
Escalante National Monument (n 5 50 for interspace soil aggregate
stability). Bold type indicates statistically significant relationships.
Variable
Bare ground %
Total live cover %
Total plant cover %

S

H

B

20.65***

20.65***

20.40**

0.54***
0.35**

0.55***
0.38**

0.48***
0.31*

Biological soil crust cover %

0.52***

0.47***

0.57***

Litter cover %

0.16

0.19

0.15

Interspace soil aggregate stability

0.50***

0.40**

0.50***

Functional group richness

0.09

0.19

0.19

Functional group diversity (H9)

0.15

0.24

0.17

Functional group evenness (J9)

0.05

0.02

Relative annual exotic cover %
Relative total exotic cover %

0.01
20.18

20.10
20.20

20.42**
20.31*

Relative woody plant cover %

20.05

20.06

20.11

20.15

PCA axis 1 site scores

0.33*

0.33*

0.13

PCA axis 2 site scores

0.38**

0.42**

0.58***

1
S indicates soil/site stability; H, hydrologic function; and B, biotic integrity.
*P # 0.05; **P # 0.01; ***P # 0.001.

that may have contributed to the development of these
patterns.

Factors Contributing to Patterns Among Ecological Sites
Production Potential and Relative Use. At the scale of the
entire Monument, upland ecological sites with the greatest
production potential tended to be the most degraded, as
measured by percentages of assessment locations that were
assigned low ratings for all three attributes of rangeland health.
Productivity has been widely cited as a factor affecting
ecosystem responses to grazing by large herbivores (Milchunas
et al. 1988; Cingolani et al. 2005; Lunt et al. 2007) and to
disturbance in general (Huston 1979). In the Monument,
production potential likely was an indirect factor contributing
to general patterns of ecosystem status among different
ecological sites because of correlations with land use and plant
community composition.
In this rocky dryland environment characteristic of much of
the Colorado Plateau, ecological sites with the greatest
production potential account for a relatively small proportion
of the landscape and thus have tended to receive a disproportionate level of use for livestock grazing—the predominant
production-oriented land-use activity on the Monument. For
example, estimates based on soil-survey data (NRCS 2005)
indicate that productive Upland Loam, Semidesert Loam, and
Loamy Bottom ecological sites cumulatively account for
approximately 7.4% (56 461 ha) of the total Monument area.
In contrast, relatively unproductive ecological sites with low
frequencies of low rangeland health ratings (those with
signficant x2 values in Table 4) account for approximately
33.8% (257 378 ha) of the total Monument area. Relative to
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the productive big sagebrush ecological sites, the unproductive
ecological sites typically have received low levels of use for
livestock grazing or other land-use activities except on a very
localized basis. On the basis of existing data, it is difficult to
quantify differences in livestock use among ecological sites
because use is recorded by allotment and allotment boundaries
do not correspond with ecological site boundaries.
Plant Community Composition. The relative abundance of
different plant functional types is an important factor that
affects ecosystem responses to drivers such as livestock grazing
(Dı́az et al. 2002; Lunt et al. 2007). In the Monument,
rangeland ecological sites with the greatest production potential are characterized by the presence of big sagebrush, with
that species accounting for a significant proportion of standing
biomass and annual production (20%–30%) in historic climax
plant communities described by NRCS (2005). Except for some
formerly grazed reference areas and seedings where sagebrush
was removed or thinned in the past, most assessments
conducted in big sagebrush ecological sites found much higher
ratios of sagebrush to perennial grasses than expected on the
basis of NRCS ecological site descriptions—a factor that
contributed to the assignment of low ratings for biotic integrity
at such locations.
Big sagebrush is relatively unpalatable to livestock, and
livestock grazing (selective herbivory) has long been cited as a
process that has facilitated increases in shrub:grass ratios in
sagebrush ecological sites throughout the Intermountain West
due to effects of grass removal on competitive relations and fire
frequency (USDA Forest Service 1937; Miller et al. 1994). But
successional trends resulting in increasing shrub:grass ratios
have been reported for ungrazed sagebrush ecosystems in some
settings, a pattern that may be attributable to landscape
characteristics that naturally protect such sites from fire (West
and Yorks 2006). Baker (2006) reviewed the evidence for
natural fire regimes in sagebrush ecosystems and concluded
that fire exclusion (whether due to grazing or fire suppression)
probably has had little effect on vegetation trends in most
sagebrush systems because of natural fire-return intervals that
are likely to be much longer than commonly assumed. In a
study conducted on the Monument, Harris et al. (2003) found
significantly higher sagebrush:grass ratios in a grazed area
relative to a comparable area on an ungrazed mesa top (both
associated with the Upland Loam [mountain big sagebrush]
ecological site), suggesting that livestock grazing has played a
role in increasing shrub:grass ratios in some settings.
No matter the cause, increases in shrub density can be
accompanied by a greater concentration of soil impacts in
interspaces among shrubs if such areas are used by livestock
and/or large numbers of mule deer (Odocoileus hemionus). In
many sagebrush-dominated areas associated with the Semidesert Loam ecological site in the Monument, trampling of
interspaces has resulted in erosion and the loss of relatively
sandy surface horizons, the exposure of relatively fine-textured
subsurface horizons, and the subsequent development of
‘‘playettes’’ (Eckert et al. 1986) with vesicular structure (M.
Miller, personal observation, August 2001). Interspace playettes have been reported for sagebrush settings elsewhere
(Eckert et al. 1986; Pierson et al. 1994), and their presence can
indicate altered hydrologic functioning (i.e., transition from
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Figure 3. Relations between qualitative ratings assigned for rangeland health attributes (soil/site stability, hydrologic function, and biotic integrity)
and quantitative measures (means 6 1 SE) of a, percent bare ground; b, percent total live cover; c, percent biological soil crust cover; and d,
interspace soil aggregate stability for 55 Semidesert Loam rangeland health assessments, Grand Staircase–Escalante National Monument. In a,
numbers indicate sample sizes for multivariate analysis of variance and numbers of assessments that received particular ratings for particular
attributes. For each quantitative measure and rangeland health attribute, means annotated with the same letter (a–d) are not significantly different.
(Attribute ratings: E indicates extreme departure; ME, moderate to extreme departure; M, moderate departure; SM, slight to moderate departure; and
NS, no departure to slight departure from expected reference conditions.)

infiltration to runoff generation; Pierson et al. 1994), accelerated
erosion, and diminished potential for seedling establishment
(Eckert et al. 1986). All of these were factors that contributed to
low ratings for the three attributes of rangeland health.
Assessment results for big sagebrush ecological sites contrast
with those for several ecological sites characterized by
grassland physiognomic structure (Desert Sandy Loam [fourwing saltbush], Semidesert Sand [fourwing saltbush], Semidesert Sandy Loam [black grama], and Semidesert Sandy Loam
[fourwing saltbush]). These grassland sites also tend to receive
preferential use by livestock in the Monument because of high
levels of forage production relative to production of unpalatable woody plants, but they all had lower frequencies of low
rangeland health ratings than all of the big sagebrush ecological
sites except the Upland Sand site (Table 4). This result may be
due to the fact that these grassland ecological sites differ from
many other semiarid grasslands (e.g., Van Auken 2000) in that
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they generally lack unpalatable, long-lived woody plants that
have the capacity to increase and become persistent site
dominants due to succession, absence of fire, or selective
herbivory by livestock. In some settings where palatable shrubs
such as winterfat (Ceratoides lanata [Pursh] J.T. Howell) and
fourwing saltbush (Atriplex canescens [Pursh] Nuttall) are
major components in these ecological sites, moderate livestock
grazing actually tends to maintain grassland physiognomic
structure whereas release from grazing can result in conversion
to shrubland structure (Rasmussen and Brotherson 1986; Floyd
et al. 2003).
Soil Texture. Among the five big sagebrush ecological sites,
assessment results varied systematically in relation to soil
texture. Sagebrush sites primarily associated with fine-loamy
soils (seeded Upland Loam and seeded and untreated Semidesert Loam) had higher frequencies of assessments with low
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ratings for all rangeland health attributes than sites primarily
associated with coarse-loamy (Loamy Bottom and Semidesert
Sandy Loam [Wyoming big sagebrush]) or sandy (Upland Sand)
soils (Table 4; soil textural family classes from NRCS 2005).
Livestock grazing and trampling can have adverse impacts on
rangeland hydrologic processes and erosion where they cause
reductions in ground cover, soil aggregate stability, soil
structure, and soil-surface roughness (Thurow 1991; Spaeth
et al. 1996; Ward and Trimble 2004). Assessment results
reported here for sagebrush ecological sites are consistent with
Walker’s (2002) proposition that relatively sandy soils are
inherently more resistant to livestock impacts on hydrologic
processes than soils with lots of silt and clay because infiltration
rates are inherently greater in relatively sandy soils. Grassland
ecological sites in the Monument also are characterized by
coarse-loamy or sandy soils, thus this same soil-hydrologic
principle may have contributed to the finding that these sites
had relatively low frequencies of low ratings for all three
attributes of rangeland health.
Management. Seeded areas associated with the two sagebrush
ecological sites on fine-loamy soils had the highest frequencies of
low ratings for all three attributes of rangeland health (Table 4).
This suggests that past vegetation treatments associated with
these two ecological sites generally have not provided long-term
ecological benefits compared with untreated areas, although
without further research it is difficult to know the relative degree
to which degraded conditions in seedings are attributable to
pretreatment land uses, long-term effects of mechanical treatments themselves, or posttreatment management. However, it is
likely that interactions between soil properties and posttreatment management played a role in the development of poor
rangeland-health conditions documented in Semidesert Loam
and Upland Loam seedings on the Monument.
Allotment management plans in the past typically have
allowed higher levels of forage utilization by livestock in
seedings than in comparable untreated areas (P. Chapman,
personal communication, June 2007), largely because nonnative forage grasses such as A. cristatum are more tolerant of
heavy grazing than some native grasses (e.g., Richards and
Caldwell 1985). This high-use management strategy inadvertently may have contributed to the relatively degraded
conditions found in seedings because of the inherent sensitivity
of fine-loamy soils to adverse hydrologic changes, as well as
their susceptibility to compaction caused by trampling or other
compressive forces (Hillel 1998). Of the ecological sites in
Table 4, the seeded Upland Loam, untreated Semidesert Loam,
and seeded Semidesert Loam sites had the highest frequencies
of assessments with low ratings (moderate or greater departure
from reference conditions) for soil compaction (35.0%, 22.5%,
and 20.8%, respectively), which is one of the four qualitative
indicators that applies to all three attributes of rangeland health
(Pellant et al. 2000; Pyke et al. 2002). On the Monument, the
typical seasons of livestock use are winter and spring (when
soils are most likely to be moist and thus most susceptible to
compaction) for the Semidesert Loam site and summer and fall
for the Upland Loam site. Because of elevational differences,
winter mule deer use of the Semidesert Loam ecological site
also tends to be greater than that of the Upland Loam
ecological site. Drier soils during summer and fall use may
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explain why low ratings for soil compaction were less frequent
(13.3%) for untreated Upland Loam assessments than for
untreated Semidesert Loam assessments.

Patterns Within the Semidesert Loam Ecological Site
Multivariate Gradients in Ecosystem Condition. Analyses of
quantitative data collected during assessments of the Semidesert Loam (Wyoming big sagebrush) ecological site describe two
multivariate gradients in ecosystem condition (Fig. 2a). Interspace soil aggregate stability and BSC cover tended to vary
independently of total plant cover, functional-group richness
and diversity, and percentage of bare ground (Fig. 2a). These
results support approaches to rangeland assessment and
monitoring that focus on multiple indicators of soil stability,
hydrologic function, and biotic integrity rather than on plant
community composition alone (Pellant et al. 2000, 2005;
Herrick et al. 2005). Soil aggregate stability is related to several
ecosystem processes associated with concepts of soil quality
and rangeland health including erosion resistance, infiltration
capacity, and soil biotic activity (Herrick et al. 1999, 2001).
Likewise, BSCs are important contributors to soil stability
(Belnap 1995; Williams et al. 1995a, 1995b), nutrient cycling
(Evans and Lange 2003), and biological diversity (Rosentreter
and Belnap 2003). Because soil-surface roughness increases
residence time of runoff on hillslopes (Ward and Trimble
2004), roughness attributable to well-developed BSCs also has
been cited as a factor that can enhance runoff retention and
infiltration relative to comparable soils without well-developed
BSCs (Belnap 2003; Warren 2003). This provides strong
rationale for including BSCs (abundance, spatial continuity,
and degree of roughness) as indicators of hydrologic functioning for ecological sites with high BSC potential.
Consistent with results of Bowker et al. (2006), data reported
here (Fig. 3c) indicate the high BSC potential of soils associated
with the Semidesert Loam ecological site. Three distinct soils
(Barx series; Progresso series, cool phase; and Ruinpoint series)
were found to have BSC cover greater than 40%, with
maximum BSC cover of 56% on the Barx series, which is the
dominant soil associated with this ecological site in the
Monument. Because of the hydrologic sensitivity and high
BSC potential of fine-loamy soils associated with this ecological
site, the functional significance of BSCs for runoff retention and
erosion resistance is particularly high. The steep decline in
mean BSC cover between assessment locations assigned NS
ratings and those assigned SM ratings for the three attributes of
rangeland health (Fig. 3c) also indicates the low resistance and
resilience of well-developed BSCs to disturbance (Belnap and
Eldridge 2003). In combination, these factors suggest that BSC
loss and the degradation of hydrologic and soil-stabilization
functions performed by BSCs on fine-loamy soils likely played a
role in the development of poor rangeland-health conditions
documented for this ecological site.
Relations Between Quantitative and Qualitative Data. Quantitative data exhibited a large degree of variability among
Semidesert Loam locations that were assigned the same
qualitative ratings by assessment teams (Figs. 2b–2d). Some
of this variability probably reflects the fact that ratings for the
three qualitative attributes were based on suites of multiple
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indicators, several of which are difficult to measure and thus
were not addressed by the quantitative sampling (Pellant et al.
2000; Pyke et al. 2002). Accordingly, variations in the status of
indicators that were evaluated solely on a qualitative basis
could have caused variations in rangeland-health ratings among
assessment locations that might have been similar with respect
to the quantitative variables.
It is also probable that the assessment process was not as
consistent as it might have been had qualitative ratings been
linked more explicitly with the quantitative data. Although
quantitative data certainly were useful during the assessment
process, they would have been more effective in improving
assessment consistency on a real-time basis if thresholds
between rating classes (NS, SM, M, ME, and E) were defined
by ranges in values for one or more quantitative variables. The
reference worksheet included in version 4 of the IIRH
technique (Pellant et al. 2005) is a significant improvement
that seeks to establish such a quantitative framework for rating
indicators. This approach will work well for indicators that are
easily quantified (e.g., percentage of bare ground) but will be
less effective for indicators that are difficult to quantify (e.g.,
amount and distribution of overland flow paths; Table 2).
Ideally, quantitative rating frameworks would be developed
through process-based studies conducted on an ecological-site
basis, but resources are insufficient to support this work for
more than a small number of rangeland ecological sites. An
alternative is to develop quantitative rating frameworks for
specific ecological sites on the basis of existing, published
research and through the use of standardized sampling
techniques (e.g., Herrick et al. 2005) to acquire regional data
sets describing ranges of variability across gradients of land use
and condition, including sites heavily impacted by human
activities as well as relatively unimpacted reference sites
(Whitford 1998; Tongway and Hindley 2004). Quantitative
data describing ecosystem-specific condition gradients (e.g.,
Figs. 2a and 3; Bosch and Kellner 1991) would be of utility to a
wide range of institutions and stakeholders involved in
assessment, monitoring, and sustainable management of
rangeland ecosystems (e.g., Parrish et al. 2003), as well as to
scientists engaged in related research activities (Herrick et al.
2006; Vavra and Brown 2006). The absence of such contextual
data sets constrains the interpretation of data from moment-intime ecological assessments, whether based on qualitative or
quantitative techniques.

Additional Lessons Learned From Application of the Technique
As applied in this project, the IIRH technique had two
important and related strengths. First, it was effective in
broadening many practitioners’ perspectives concerning the
number and types of ecological attributes encompassed by the
notion of ‘‘rangeland health.’’ Staff who had previously focused
primarily on key forage species or measures of plant
community composition became attuned to soil and hydrologic
processes and their importance for evaluating the status of
rangeland ecosystems. Second, the technique proved valuable
as a tool for facilitating discussion among diverse practitioners
and stakeholders about ecological processes in rangelands.
Four factors would improve application of the IIRH
technique relative to its application in this project. As discussed
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above, consistency would be improved by greater integration of
quantitative data in the assessment technique. Second, a
probabilistic sampling design (e.g., Theobald et al. 2007)
would enable spatial analyses and inferences not possible with
the judgment-based design used in this project. Third, the
prominence of soil and hydrologic indicators in the IIRH
technique calls for practitioners to have greater professional
knowledge of these topics. Soil expertise is lacking in most
BLM field offices (B. Ypsilantis, personal communication, July
2007), and a trained soil scientist participated in only 7 of 507
assessments in this project. As a consequence, it is probable that
there was a tendency for assessment teams to understate the
degree to which particular soil indicators (e.g., soil instability,
soil surface degradation, and compaction) were expressed
across the project area. Finally, conceptual models of ecosystem
dynamics (e.g., Bestelmeyer et al. 2004) need to play a stronger,
more explicit role in the assessment process to enhance the
information content of assessment results and thus their value
for informing the development of effective strategies for
management and restoration (Briske et al. 2005; Herrick et
al. 2006; Hobbs 2007).

MANAGEMENT IMPLICATIONS
The qualitative IIRH technique used in this project yielded
meaningful data regarding the status of three ecosystem
attributes (soil/site stability, hydrologic function, and biotic
integrity) and how the status of these attributes varied among
and within a large number of ecological sites across a 760 000ha landscape. Patterns among ecological sites in terms of the
frequency of assessments with low ratings for all three
attributes appear attributable to several interacting factors
including 1) potential primary production and long-term
exposure to production-dependent land-use activities such as
livestock grazing; 2) the presence of unpalatable woody plants
that have the capacity to increase and become persistent site
dominants due to selective herbivory, absence of fire, or
succession; 3) soil texture through effects on hydrologic
responses to grazing, trampling, and other disturbances; and
4) past management that resulted in high livestock use of
ecological sites with sensitive fine-loamy soils following
treatments designed to increase forage availability. In particular, results indicate that big sagebrush ecological sites with
relatively high production potential had high frequencies of
assessments with low ratings for all three ecosystem attributes,
whereas shallow-soil ecological sites with relatively low
production potential and the presence of Utah juniper and/or
Colorado pinyon had low frequencies of assessments with low
ratings for all three attributes. Areas where fine-loamy big
sagebrush ecological sites were seeded in the past to increase
livestock forage were characterized by frequencies of low
rangeland health ratings that were higher than or similar to
comparable untreated areas, suggesting that these treatments
have not provided long-term ecological benefits relative to
untreated areas. For seeded areas, it is likely that interactions
between soil properties and posttreatment management played
a role in the development of poor rangeland-health conditions
documented by assessments. These results—that sites with the
greatest production potential tended to be the most degraded,
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and that net effects of past management treatments have not
been ecologically beneficial—suggest that ongoing management, restoration treatments, and posttreatment management
of these ecological sites should be tailored to account for their
sensitivity to degradation.
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