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Part 645 – National Range and Pasture Handbook
Subpart C – Resource Concerns and Trends on non-Federal Grazing Lands:
National Resource Inventory (NRI) Analyses and Implications
for Conservation Planning
645.0301 Introduction
Identifying resource concerns on rangelands and pasturelands is vital to developing strategically
focused NRCS rangeland conservation programs. From an agency perspective, the rangeland NRI can
identify resource concerns at national, regional, and State levels. In addition, conservation planners
can identify and prioritize resource concerns at the farm and ranch.
Resource concerns, disturbances, interpreting indicators of rangeland health, similarity index
trends, and apparent rangeland trend summaries in this subpart are derived from the rangeland onsite NRI study (2004–2018). Due to the current limited number of NRI pastureland points, this
subpart outlines only the resource concerns, disturbances, and rangeland trend measures on nonFederal rangeland. As additional pastureland points become available and the data are analyzed,
we will update this subpart.

645.0302 Rangeland Resource Concerns
A. Rangeland Resource Concerns (on-site NRI study).
In analyzing resource concerns with the on-site NRI study (2004–2018), 20 resource concerns are
assessed in the field. The instructions in the handbook specify that the 20 concerns be determined
for the conservation management unit (CMU) (USDA-NRCS 2020). The CMU is equivalent to
the field (fenced or delineated by other means) where the NRI point resides. If no field boundary
exists, a distance of 1,000 feet is used as a boundary. Public roads, railroads, or obvious
ownership boundaries are not crossed within the 1,000-ft distance. Assessments of resource
concerns are made for current use and conditions at the time of the sample: N=no resource
concern and Y= specific resource concern exists. The resource concerns and definitions are given
in table C-1.
B. In figure C-1, the rangeland resource concerns are ranked from highest to lowest based on
disturbance=yes. Each NRI point has an acre weighting factor. The NRI point represents an area in
acres, and the weighting factors are used to calculate total acres in the following figures. Nine
resource concerns were identified as occurring on more than 10% of the total rangeland acres. The
number one concern based on acres was noxious and invasive plants identified on 59% of the NRI
points, representing 236 million acres. The second, third, and forth concerns were production health,
and vigor. Forage quality palatability concerns were present on 40% or greater of the total rangeland
acres. Although these data represent the entire NRI data set representing national conditions, data can
be reported upon request for specific States, regions, major land resource areas, and ecoregions.
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Table C-1. NRCS Resource Concerns Definitions (USDA-NRCS 2020).
Natural
Resource

Resource
Concern

Soil

Erosion

Resource Problem

Sheet and Rill
Wind
Classic Gully

Streambank
Shoreline

Mass Movement
Condition

Quantity

Water

Quantity

Quality

Plants

Animals

Condition

Domestic
Animals

Organic Matter
Depletion
Compaction

Damage from Soil
Deposition
Excessive Runoff,
Flooding, or Ponding
Reduced Storage of
Water Bodies by
Sediment
Accumulation
Insufficient Flows in
Water Courses
Excessive Nutrients
and Organics in
Surface Water
Excessive Suspended
Sediment and
Turbidity in Surface
Water
Plant Not Adapted or
Suited
Productivity, Health
and Vigor
Noxious and Invasive
Plants
Forage Quality and
Palatability
Wildfire Hazard

Inadequate Stock
Water

Definition

Detachment and transport of soil particles caused by rainfall
splash and runoff degrade soil quality.
Detachment and transport of soil particles caused by wind
degrade soil quality and damages plants.
Deep, permanent channels caused by the convergence of surface
runoff degrade soil quality. They enlarge progressively by headcutting and lateral widening.
Accelerated loss of streambank soils restricts land and water use
and management.
Soil is eroded along shorelines by wind and wave action,
causing physical damage to vegetation, limiting land use, or
creating a safety hazard.
Soil slippage, landslides, or slope failure, normally on hillsides,
result in large volumes of soil movement.
Soil organic matter has or will diminish to a level that degrades
soil quality.
Compressed soil particles and aggregates caused by grazing
and/or mechanical compaction. Compaction effects adversely
affect hydrology and soil moisture relationships.
Sediment deposition damages or restricts land use/management
or adversely affects ecological processes.
Water from runoff, flooding, or ponding having an adverse
effect on land use and management.
Sediment deposits in waterbodies reduce the desired volume
capacity.

Water flows are not consistently available in sufficient
quantities to support ecological processes and land use and
management.
Pollution from natural or human induced nutrients, such as N, P,
and organics (Including animal and other wastes), degrades
surface water quality.
Pollution from mineral or organic particles degrades surface
water quality.

Plants are not adapted or suited to site conditions.
Plants do not produce the yields, quality, and soil cover to
protect the resource.
The site has noxious or invasive plants present.
Plants do not have adequate nutritive value or palatability for
the intended use.
The kinds and amounts of fuel loadings (plant biomass, dry
litter) pose a wildfire risk to human safety, structures, and land
resources.
The quantity, quality, and distribution of drinking water are
insufficient to meet the production goals for the kinds and
classes of livestock.
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Figure C-1. (a) Rangeland resource needs data from on-site study (2004–2018). Resource concerns
are ranked from highest to lowest (N=no concern, Y=concern), based on approximately 10% of total
non-Federal acres. (b) Resource concerns are ranked from highest to lowest based on percent of total
non-Federal acres affected by concern, < 10%.
(a)
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(b)

645.0303 Resource Concern: Noxious and Invasive Plants
A. Since noxious and invasive plants were estimated on almost 60% of non-Federal rangeland acres,
figure C-2 shows the ranking of introduced species, introduced grasses, and shrubs and trees on
United States non-Federal rangeland. Plants in figures C-2a and b are all introduced species. Figure
C-2c shows the dominant 22 species of shrub and tree species, which are native plants, with an
estimate of > 5% of non-Federal rangeland acres. Although these 22 species are classified as native
plants, many can be invasive and can increase to undesirable levels.
B. The geographic spread and the number of invasive plant species have increased significantly over
the past 200 years as a result of human activities (di-Castri 1989). On rangelands, exotic annual grass
invasion has been especially dramatic and has transformed many native plant community types
throughout the United States (Mack 1981). This transformation has been rapid and ubiquitous; and
when annual grass dominance occurs, ecosystem function can be compromised (Vitousek et al.,
1997). On United States rangelands, non-native plants can negatively impact biotic integrity;
ecosystem stability, composition and structure, natural fire cycles, diversity; soil biota, vegetation
production, forage quality, wildlife habitat, soil physical properties, carbon balance, nutrient and
energy cycles, and hydrology and erosion dynamics (Chapin et al., 2000; Evans et al., 2001; Pierson
et al., 2002; Ehrenfeld 2003; Ogle et al., 2003, 2004; Brooks et al., 2004; Belnap et al., 2005; Hooper
et al., 2005; Sommer et al., 2007, Boxell and Drohan 2008; and Herrick et al., 2010).
C. Generally, native grasses and forbs are preferred species for livestock and wildlife over exotic
introduced species (DiTomaso 2000; Keane and Crawley 2002; and Smith et al., 2012). Invasive
exotic weedy species impact livestock production, grazing practices, and lower yield and quality of
forage. They increase costs for livestock management and production; diminish animal weight gains;
reduce meat, milk, wool, and hide quality; and can poison livestock (DiTomaso 2000).
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(1) Cheatgrass (Bromus tectorum) was the most frequently occurring invasive species and
occurred on 29% of the NRI sample points (63.8 million acres). Kentucky bluegrass (Poa
pratensis) (45.6 million acres) ranked second, and smooth bromegrass (Bromus inermis)
ranked third (24.3 million acres). These are commonly introduced perennial cool season
invasive sod-forming species in the northern Great Plains (Murphy and Grant 2005;
Travnicek et al., 2005; Toledo et al., 2014; DeKeyser et al., 2015) (figure C-2b). Specific
invasive species lists are available upon request for states, major land resource areas,
ecoregions, and ecological sites where sufficient samples are available.
(2) Native invasive plant species can also be problematic on rangelands and can affect the
rangeland ecosystem similarly to invasive exotic plant species (DiTomaso 2000).
Mismanagement, particularly overgrazing and suppression of fire, can set the stage for native
species encroachment above and beyond levels that are indicated in the ecological site
description. In addition, many native species invade rangelands and are not endemic to the
ecological site. Some of the most common invasive native species are cactus (Opuntia spp.),
honey mesquite (Prosopis glandulosa), broom snakeweed (Gutierrezia sarothrae), and
juniper (Juniperus spp.) (figures C-2c and d). Specific invasive species lists are available
upon request for states, major land resource areas, ecoregions, and ecological sites.
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Figure C-2. (a) Ranking of introduced non-native species (> 3% constancy of acres) on non-Federal
rangeland (USDA-NRCS rangeland NRI 2009–2018). Right and left Y axes show millions of acres
and percent constancy of NRI points and acres sampled, respectively. (b) Ranking of introduced
grasses on United States non-Federal rangeland (>2.0% constancy of acres) (NRI data 2009–2018).
(c) Ranking of dominant shrub and tree species (> 5% constancy of acres). (d) Ranking of dominant
forb/herb and subshrub species (>8% constancy of acres). G=graminoid, FH=forb herb, S=shrub,
T=tree, V=vine, A=annual, B=biennial, P=perennial, N=native, I=introduced, and NI=possible
native/introduced. Constancy is the percentage of NRI points (acres) on which the plant species
occurred. A plant species occurring on all plots would have a 100-percent constancy.
(a)

Symbol
BRTE G,A,I
POPR G,P,NI
TRDU FH,A,I
ACMI2 FH,P,NI
TAOF FH,P,NI
SAKA FH,A,I
BRIN2 G,P,NI
AGCR G,P,I
MEOF FH,A,I
BRAR5 G,A,I
LEDE FH,A,NI
CHAL7 FH,A,NI
LASE FH,A,I

Sci Name

Bromus tectorum
Poa pratensis
Tragopogon dubius
Achillea millefolium
Taraxacum officinale
Salsola kali
Bromus inermis
Agropyron cristatum
Melilotus officinalis
Bromus arvensis
Lepidium densiflorum
Chenopodium album
Lactuca serriola

Common Name

cheatgrass
Kentucky bluegrass
yellow salsify
common yarrow
common dandelion
Russian thistle
smooth brome
crested wheatgrass
sweetclover
field brome
common pepperweed
lambsquarters
prickly lettuce

Growth
Habit
Class

Duration

Native/Intro
Status

G
G
FH
FH
FH
FH
G
G
FH
G
FH
FH
FH

A
P
A
P
P
A
P
P
A
A
A
A
A

I
NI
I
NI
NI
I
NI
I
I
I
NI
NI
I
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Symbol
SIAL2 FH,A,I
ERCI6 FH,A,I
COAR4 V,P,I
MESA FH,A,I
SALSO FH,A,I
SATR12 FH,A,I
BRHO2 G,A,I
BOIS G,P,I

Sci Name

Common Name

Growth
Habit
Class

Duration

Native/Intro
Status

Sisymbrium altissimum
Erodium cicutarium
Convolvulus arvensis
Medicago sativa
Salsola
Salsola tragus
Bromus hordeaceus
Bothriochloa ischaemum

tall tumblemustard
redstem stork's bill
field bindweed
alfalfa
Russian thistle
prickly Russian thistle
soft brome
yellow bluestem

FH
FH
V
FH
FH
FH
G
G

A
A
P
A
A
A
A
P

I
I
I
I
I
I
I
I

(b)

Symbol

BRTE G,A,I
POPR G,P,NI
BRIN2 G,P,NI
AGCR G,P,I
BRAR5 G,A,I
BRHO2 G,A,I
BOIS G,P,I
POBU G,P,I
CYDA G,P,I
TACA8 G,A,I
BRRU2 G,A,I
BRDI3 G,A,I
BOLA2 G,P,NI
POCO G,P,I

Scientific Name

Growth
Habit
Class

Duration

Native
Status
Class

cheatgrass
Kentucky bluegrass
smooth brome
crested wheatgrass
field brome
soft brome
yellow bluestem
bulbous bluegrass
Bermudagrass
medusahead

G
G
G
G
G
G
G
G
G
G

A
P
P
P
A
A
P
P
P
A

I
NI
NI
I
I
I
I
I
I
I

red brome
ripgut brome
silver beardgrass
Canada bluegrass

G
G
G
G

A
A
P
P

I
I
NI
I

Common Name

Bromus tectorum
Poa pratensis
Bromus inermis
Agropyron cristatum
Bromus arvensis
Bromus hordeaceus
Bothriochloa ischaemum
Poa bulbosa
Cynodon dactylon
Taeniatherum caputmedusae
Bromus rubens
Bromus diandrus
Bothriochloa laguroides
Poa compressa
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(c)

Symbol

Scientific Name

OPUNT S,P,N
OPPO S,P,N
PRGL2 T,P,N
ERNA10 S,P,N
ARTRW8 S,P,N

Opuntia
Opuntia polyacantha
Prosopis glandulosa
Ericameria nauseosa
Artemisia tridentata ssp.
wyomingensis
Chrysothamnus viscidiflorus
Atriplex canescens
Larrea tridentata
Ziziphus obtusifolia
Symphoricarpos
occidentalis
Acacia greggii
Mahonia trifoliolata
Rhus trilobata
Artemisia tridentata
Opuntia fragilis
Artemisia tridentata ssp.
vaseyana
Cylindropuntia leptocaulis
Juniperus monosperma
Juniperus virginiana
Sarcobatus vermiculatus
Juniperus ashei
Diospyros texana
Opuntia macrorhiza

CHVI8 S,P,N
ATCA2 S,P,N
LATR2 S,P,N
ZIOB T,P,N
SYOC S,P,N
ACGR T,P,N
MATR3 S,P,N
RHTR S,P,N
ARTR2 S,P,N
OPFR S,P,N
ARTRV S,P,N
CYLE8 S,P,N
JUMO T,P,N
JUVI T,P,N
SAVE4 S,P,N
JUAS T,P,N
DITE3 T,P,N
OPMA2 S,P,N

Growth
Habit
Class

Duration

Native
Status
Class

pricklypear
plains pricklypear
honey mesquite
rubber rabbitbrush
Wyoming big
sagebrush
yellow rabbitbrush
fourwing saltbush
creosote bush
lotebush
western snowberry

S
S
T
S
S

P
P
P
P
P

N
N
N
N
N

S
S
S
T
S

P
P
P
P
P

N
N
N
N
N

catclaw acacia
algerita
skunkbush sumac
big sagebrush
brittle pricklypear
mountain big
sagebrush
Christmas cactus
oneseed juniper
eastern redcedar
greasewood
Ashe's juniper
Texas persimmon
twistspine
pricklypear

T
S
S
S
S
S

P
P
P
P
P
P

N
N
N
N
N
N

S
T
T
S
T
T
S

P
P
P
P
P
P
P

N
N
N
N
N
N
N

Common Name
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Symbol

SYOR S,P,N
JUPI T,P,N
MIAC3 T,P,N

Scientific Name

Common Name

Symphoricarpos orbiculatus
Juniperus pinchotii
Mimosa aculeaticarpa

coralberry
Pinchot's juniper
catclaw mimosa

Growth
Habit
Class

Duration

Native
Status
Class

S
T
T

P
P
P

N
N
N

(d)

Symbol

Scientific Name

Common Name

GUSA2 SS,P,N
AMPS FH,A,N
SPCO SS,B,N
ARFR4 SS,P,N
TRDU FH,A,I
ACMI2 FH,P,NI
PLPA2 FH,A,N
ARLU SS,P,N
RACO3 FH,P,N

Gutierrezia sarothrae
Ambrosia psilostachya
Sphaeralcea coccinea
Artemisia frigida
Tragopogon dubius
Achillea millefolium
Plantago patagonica
Artemisia ludoviciana
Ratibida columnifera

CIUN FH,B,N
SYER FH,P,N
LIPU FH,P,N
YUGL SS,P,N
GRSQ FH,A,N
TAOF FH,P,NI
PHHO FH,P,N
PSTE5 FH,P,N

Cirsium undulatum
Symphyotrichum ericoides
Liatris punctata
Yucca glauca
Grindelia squarrosa
Taraxacum officinale
Phlox hoodii
Psoralidium tenuiflorum

broom snakeweed
Cuman ragweed
scarlet globemallow
prairie sagewort
yellow salsify
common yarrow
woolly plantain
white sagebrush
upright prairie
coneflower
wavyleaf thistle
white heath aster
dotted blazing star
soapweed yucca
curlycup gumweed
common dandelion
spiny phlox
slimflower scurfpea

Growth
Habit
Class

Duration

Native
Status
Class

SS
FH
SS
SS
FH
FH
FH
SS
FH

P
A
B
P
A
P
A
P
P

N
N
N
N
I
NI
N
N
N

FH
FH
FH
SS
FH
FH
FH
FH

B
P
P
P
A
P
P
P

N
N
N
N
N
NI
N
N
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SAKA FH,A,I
ERIOG FH,P,N
SOEL SS,P,N
HEVI4 SS,P,N
COCA5 FH,A,N
MEOF FH,A,I

Salsola kali
Eriogonum
Solanum elaeagnifolium
Heterotheca villosa
Conyza canadensis
Melilotus officinalis

Russian thistle
buckwheat
silverleaf nightshade
hairy false goldenaster
Canadian horseweed
sweetclover

FH
FH
SS
SS
FH
FH

A
P
P
P
A
A

I
N
N
N
N
I

645.0304 Rangeland Disturbance
A. Rangeland Disturbance Indicators (on-site NRI study).
(1) During the evolution and development of rangeland ecological systems, various stresses,
perturbations, and disturbances are natural (Archer and Stokes 2000). In human-influenced
rangeland ecosystems, new disturbances and stressors are commonly introduced over time.
Their frequency, intensity, duration, and spatial extent are often more frequent compared to
the natural disturbance regime. Natural and anthropogenic disturbances co-occur, and the
interaction and impacts on hydrologic function, soil and site stability, and biotic integrity in
rangeland ecosystems are complex. Ecological site descriptions and state-and-transition
models can provide some information relative to ecological state trends and changes and site
resistance and resilience to disturbances. Anthropogenic activities can alter ecosystem
attributes where state changes may be irreversible; however, positive and rapid feedbacks
may also occur (Archer and Stokes 2000; Weltz and Spaeth 2012; Williams et al. 2016).
Altered ecosystems occur when natural and anthropogenic disturbances are of “sufficient
magnitude to affect ecosystem processes, causing long-term loss or displacement of native
community types and loss of productivity” (Bunting et al., 2002). Understanding the effects
of stressors and disturbances on specific rangeland ecological types can help conservationists
and resource managers to:
(i) identify critical thresholds of ecological state changes.
(ii) mitigate anthropogenic disturbances before undesirable and irreversible state changes
occur.
(iii) improve the successful application of management actions, conservation practices, and
rehabilitation or restoration activities.
(2) The on-site rangeland NRI study examines the field macro plot and conservation
management unit level (CMU) for 35 disturbance indicators (table C-2).
(3) The NRI instructions specify identification of disturbances that are easily and readily
observed for the sample. One important note regarding the NRI is that the degree of
displacement or dislocation of the natural state–either from human induced, natural events, or
other occurrences–are not identified. However, the implication is that the disturbance factor
has intensified beyond what is expected for the natural or reference state. Degree of
displacement of the current plant community with the reference plant community as
described in ecological site descriptions is measured by the similarity index (see subpart E).
Rangeland health indicators and assessments can provide information about the degree of
departure from a reference state of the existing plant community (see subpart E). Similarity
indices and apparent rangeland trend can also be used to detect plant composition changes in
the current plant community compared to the historic plant community or designated
reference state (see below for respective discussions and data analysis).
B. NRI Definitions: Disturbance.
(1) NRI defines disturbance indicators as follow: displacement or dislocation of the natural state
of a sample site resulting from human-induced, natural events, or other occurrences.
Thirty-five visually observable features are rated for the degree of disturbance evident within
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the 0.40-acre (150-foot diameter circular) sample area and the expanded conservation
management unit plot (CMU) (USDA-NRCS 2020). The CMU is considered equivalent to
the field where the NRI point resides (fenced or delineated by other means). If no field
boundary exists, use a distance of 1,000 feet as a boundary. Do not cross public roads,
railroads, or obvious ownership boundaries within the 1,000-ft distance.
(2) Identified disturbances on approximately 20% or greater of the NRI points sampled (figures
C-3a and b) included livestock grazing, livestock grazing heavy use, wildlife grazing, water,
livestock tanks, small rodents, non-rodent animals, and insects. Although these data are from
the entire NRI data set representing National conditions, data can be reported upon request
for specific States, major land resource areas, and ecoregions.
Table C-2. List of rangeland disturbance indicators used in on-site rangeland NRI (USDA-NRCS
2020).
Disturbance Indicators

1. Cultivation (plowing, disking, cultivator, etc.)
2. Mowing (clipping)
3. Hay removal
4. Heavy machinery (soil disturbance from)
5. Seedbed preparation (tillage implements, drill)
6. Livestock tanks, spring development
7. Livestock heavy use area
8. Livestock grazing
9. Insects
10. Rodents
11. Non-rodent animals
12. Wildlife grazing impacts
13. Mining/Energy/equip. and operations
14. Recreation (trails, foot traffic)
15. Recreation (vehicles, bikes)
16. Livestock walkway, trailing
17. Roads/Lanes (dirt)
18. Roads/lanes (gravel)

19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.

Roads/lanes (paved)
Drainage or field ditch
Underground Utilities
Overhead transmission
Construction activities fence, pipeline, terraces etc.)
Water, flooding/ponding
Soil Deposition-water
Soil Deposition-wind
Water erosion
Wind erosion
Transported fill material
Wildfire
Prescribed Fire
Fire Fighting (machinery, clearing)
Brush control (chemical)
Brush control (mechanical)
Brush mgt. biological treatment
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Figure C-3. (a) Rangeland disturbance data from on-site study (2004–2018). Resource concern,
Y=yes), constancy of occurrence and total non-Federal acres. (b) Continuation of disturbance
concerns. Disturbance is defined as displacement or dislocation of the natural state of a sample site
resulting from human induced, natural events, or other occurrences.
(a)

(b)
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645.0305 Rangeland Assessment Measures (NRI Data)
A. The science of assessing rangelands has evolved over time (Briske et al., 2005). Specific models
(qualitative) and indices (quantitative) are available to examine different environmental aspects of
plant communities. The USDA-NRCS uses several assessment methods which address different
aspects of rangeland conditions and health. These methods include similarity index, apparent
rangeland trend, and interpreting indicators of rangeland health for assessing rangeland. Similarity is
a quantitative measure based on comparisons of plant species composition (actual production,
reconstructed production, cover, density, see subpart E). Apparent trend can be determined
qualitatively as well as measured (see subpart E). Interpreting indicators of rangeland health can be
assessed qualitatively (exception of soil surface resistance to erosion (Herrick et al. 2001). Indicators
are visually assessed according to the reference sheet and departure determined from the matrix
defining none to slight to extreme to total departure. Qualitative assessment provides a rapid
observation of multiple factors related to each indicator within the evaluation area. Qualitative
assessments are often supported by quantitative assessment methods (see Pellant et al. 2020, Section
6).
B. Similarity Index
(1) The use of similarity indices in plant ecology has been used since the early 1900s (GriegSmith 1964; Pielou 1969; Mueller and Ellenberg 1974; Egghe 2010; Chiclana et al., 2013).
Similarity indices are used to quantitatively measure the degree to which species composition
between quadrats, releves, stands of vegetation, communities, or sites are alike, or conversely
different (see subpart E). The similarity index is used by the NRCS to assess current plant
species composition with a reference community. The reference state is typically the historic
plant community (HPC) as described in the ecological site description. However, another
community state may be used or developed if the historic plant community is not documented
or does not realistically exist due to long-term land use changes. Similarity indices can also
be used to compare plant community composition between individual ecological sites to
establish species similarities or differences. One strong point regarding the use of similarity
index calculations from historic plant community composition is that the methodology is a
quantitative measure of composition and status of native plants. The importance of
quantifying native plants on rangelands is becoming increasingly important because of
changing rangeland conditions. Degraded rangeland conditions have been implicated and
correlated with declines of certain wildlife species, including a number of insects (many are
pollinating species) and bird species. In contrast, stable or restored rangelands display upward
plant community trends which support a variety of wildlife species (Monsen et al. 2004).
(2) Similarity indices are mathematical comparisons, based on the presence or absence of a
species in a stand or specific plant composition (foliar cover, production, density, frequency
of individual species). The USDA-NRCS typically uses similarity index to compare the
present state of the vegetation on an ecological site (composition by dry weight) with the
historic plant community or designated reference plant community for the site. Subpart E of
this handbook details various methods for calculating similarity index. One important note
needs to be emphasized with respect to similarity indices: they are a means to mathematically
compare current specific species presence or absence, or individual species composition, with
a reference plant community.
(i) Using similarity indices to establish overall rangeland condition is an inappropriate use.
For example, if the similarity index of the current stand composition based on
reconstructed production in relation to the ecological site composition by weight is 35%,
compared to the historic plant community (e.g., reference state 1A), the interpretation is
that the current stand composition of native plants is 35% similar to what would be
expected from the reference state. Note that this is a measure of native plant composition
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because rangeland ecological site descriptions list dry weight production values and/or
foliar cover for native plants. Invasive or other exotic plant species may be discussed in
the ESD, but allowable production values are zero in the similarity index calculation.
(ii) Using similarity indices to make inferences about soil health, soils and site stability,
hydrology, or other health assessments is inappropriate. Some of these environmental
factors may be correlated with increasing or decreasing similarity index measures, but
other assessment tools such as IIRH can evaluate overall environmental aspects of the
plant community in a more direct manner.
(3) In figure C-4, similarity was grouped into four categories: 0–25%, 25–50%, 50–75%, and
75–100%. The group, SI 0–25%, accounted for 49% of the total acres of non-Federal
rangeland; SI 26–50%, 36%; SI 51–75%, 12%; and SI 76–100%, 2.3%. During the 1960s–
1980s, percent similarity was associated with assessing rangeland conditions, and the
respective SI classes were ranked poor, fair, good, and excellent condition (USDA-NRCS
1976).
(i) Similarity index is no longer used as a singular factor in evaluating rangeland condition
because rangeland ecologists recognize that many environmental factors are relevant to
the concept of rangeland health (Pellant et al., 2020). However, native plant composition
is a very important consideration because native biodiversity is an important ecological
concern (West 1993). Similarity indices are relevant because the measure does
specifically represent, in mathematical terms, the percent similarity or dissimilarity of
native plants of an existing stand of vegetation, compared with HPC or a defined
reference condition. Obtaining information about native plants on rangeland sites during
the planning and monitoring process with landowners is extremely important. The
similarity index focuses on composition changes in the context of the historic plant
community or designated reference state.
(ii) The use of similarity indices in conservation planning has decreased since the rangeland
health model (Interpreting Indicators of Rangeland Health Pellant et al., 2020) has been
introduced. However, it has become increasingly important to monitor native species on
rangeland because they are, on the whole, more desirable by livestock and wildlife
(DiTomaso 2000; Keane and Crawley 2002; and Smith et al., 2012). Conceptually,
Interpreting Indicators of Rangeland Health focuses on plant structural functional groups;
whereas, similarity index is specific to native plant species from the respective ecological
site description. Note that introduced grasses and legumes on pastureland are a separate
issue because they are the mainstay of forage in those land uses. Many native forbs
comprise the majority of beneficial nectar sources for native butterflies (namely the
monarch), and bees are native species (USDA-NRCS 2016; Agrawal 2017).
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Figure C-4. Summary of similarity index on non-Federal rangeland. USDA-NRCS National
Resource Inventory Data 2004–2018. Constancy is the percent of NRI points. Acres (M) are also
shown for the respective similarity index classes.

C. Rangeland Health
(1) In 1994, the National Research Council discussed the concept of rangeland health as an
alternative to range condition (NRC 1994). Since then, several versions of Interpreting
Indicators of Rangeland Health (IIRH) have been published (Pellant et al., 2020). Both the
determination of similarity, apparent trend, and IIRH are valuable in defining the status of
rangeland from two perspectives. Determining similarity indices and apparent trend in NRCS
are based on native plant composition listed in the ecological site description; whereas, IIRH
focuses on functional plant groups as a whole. However, specific native dominant species can
be stated in the IIRH plant functional group worksheet. These species then become the basis
for the assessment for this indicator. IIRH is a qualitative approach that can be augmented
with quantitative data and is designed to assess soil and site stability, hydrologic function,
and biotic integrity (See Subpart E of this handbook for more details). The challenge is to
translate rangeland health assessments into terms land managers and the public can
comprehend and use.
(2) The IIRH assessment provides information about how ecological processes, such as the water
cycle, energy flow, and nutrient cycle, are functioning, relative to the ecological site.
“Rangeland health is the degree to which the integrity of the soil, vegetation, water, and air,
as well as the ecological processes of the rangeland ecosystem, are balanced and sustained.
Integrity is defined as the maintenance of the functional attributes characteristic of a local,
including normal variability” (Pyke et al., 2002).
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The evaluation process in the field uses 17 indicators, as shown in table C-3, to assess
three ecosystem attributes at each NRI sample point (soil and site stability, hydrologic
function, and biotic integrity). Pellant et al., 2020 defines the three assessments as follow:
• “Soil/site stability: the capacity of an area to limit redistribution and loss of soil
resources (including nutrients and organic matter) by wind and water and to recover
this capacity when a reduction does occur.
• Hydrologic function: the capacity of an area 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 when a reduction does occur.
• Biotic integrity: the capacity of the biotic community to support ecological processes
within the natural range of variability expected for the site, to resist a loss in the
capacity to support these processes, and to recover this capacity when losses do
occur. The biotic community includes plants (vascular and nonvascular), animals,
insects, and microorganisms occurring both above and below ground.”
Table C-3. Rangeland health indicators used to assess three ecosystem attributes: soil and site
stability (SSS), hydrologic function (HF), and biotic integrity (BI).
Rangeland Health Indicators

1. Rills
2. Water-flow patterns
3. Pedestals and/or terracettes
4. Bare ground
5. Gullies
6. Wind-scoured and/or deposition areas
7. Litter movement (wind or water)
8. Soil surface resistance to erosion
9. Soil surface loss and degradation
10. Effects of plant community composition and distribution on infiltration
11. Compaction layer
12. Functional/structural groups
13. Dead or dying plants or plant parts
14. Litter cover and depth
15. Annual production
16. Invasive plants
17. Vigor with an emphasis on reproductive capability of perennial plants

Applicable
Ecosystem
Attributes

SSS, HF
SSS, HF
SSS, HF
SSS, HF
SSS, HF
SSS
SSS
SSS, HF, BI
SSS, HF, BI
HF
SSS, HF, BI
BI
BI
HF, BI
BI
BI
BI

(3) A reference sheet is developed for each Ecological Site by experts with knowledge of soil,
hydrology, and plant relationships to facilitate consistent application by integrating all
available sources of data and knowledge for each of the 17 Range Health indicators (Pyke et
al., 2002). The range of expected conditions is based on the natural variation within the
historic plant community. The 17 indicators are evaluated on degree of departure (none-toslight, slight-to-moderate, moderate, moderate-to-extreme, and extreme-to-total) from the
expected levels in the ecological site description (Pellant et al., 2020). The three rangeland
health attributes (soil and site stability, hydrologic function, and biotic integrity) are
summarized from the preponderance of evidence from the 17 indicators.
Interpreting indicators of rangeland health does not produce an overall condition or
numeric score for a site and should be used in association with other quantitative
monitoring approaches (Herrick et al 2005). The IIRH protocol is intended to
communicate ecological concepts to the public and landowners, help identify possible
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land monitoring areas for more comprehensive conservation programs and provide “early
warnings” of potential problems.
(4) Figure C-5 provides a summary of rangeland health determinations. Degrees of departure are
shown for biotic integrity, soil and site stability, and hydrologic function. None to slight
departure from reference for biotic integrity was determined on 55.2% of the NRI points,
comprising 194 million acres; none to slight on 74.8% of sampled NRI points (266.2 million
acres); and none to slight on 70.2% of NRI points (246.5 million acres). Correspondingly, the
moderate of worse ratings for biotic integrity was 16.6% of NRI points (77.4 million acres);
moderate or worse rating for soil and surface stability was 7.4% (38.4 acres); and moderate or
worse rating for hydrologic function was 9.5% (49 million acres).
D. Apparent Trend
(1) Apparent trend is an assessment of the perceived direction of successional status of a plant
community occurring over time in relation to an ecological site reference state (typically
historic plant community) or another identified plant community state. Apparent trend
encompasses seedling and young plant abundance; perceived changes in plant composition,
plant litter, plant vigor, and condition; and status of the soil surface (erosion) in determining
if the site is appearing to move toward or away from the desired plant community. Apparent
trend is typically a subjective assessment; however various aspects of trend can be
quantitatively measured, such as production or cover composition by species-similarity
index). These quantitative measures give an indication of trend, but the dynamics of the
drivers of successional status or change are not implied. This is the challenge of rangeland
specialists and ecologists, evaluating plant communities from a multivariate perspective.
What are the effects of current climate, soil health, disturbances (anthropogenic and natural),
plant composition) coupled with past and current management? Apparent trend is a point in
time determination of the direction of potential or projected change. The categories of
apparent trend in the National Range and Pasture Handbook and the rangeland NRI are:
“toward” – toward historic plant community (HPC), “notapp” – trend not apparent , “away” –
away from HPC, and “NA” – annual rangeland/no ESD. Changes in apparent trend indicators
can assist managers in determining the potential direction of change in the plant community.
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Figure C-5. Summary of rangeland health assessments on non-Federal rangeland. USDA-NRCS
National Resource Inventory Data, 2004–2018. Constancy is the percent of NRI points. Acres (M) are
also shown for the respective rangeland health assessments. BI=Biotic Integrity; SSS-Soil and Site
Stability; and HF=Hydrologic Function. N–S=none to slight departure from reference conditions; S–
M=slight to moderate departure; M=moderate departure; M–E=moderate to extreme departure; and
E–T=extreme to total departure.
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(2) Determining apparent trend is an important part of the rangeland resource inventory process
during conservation planning. It is significant when planning the use, management, and
treatment needed to maintain or improve the resource. Existing and projected trend should be
considered when making adjustments in grazing management. Apparent trend is only
applicable on rangelands that have ecological site descriptions identifying the reference
historic plant community state and phases.
In figure C-6, on non-Federal rangeland, 2.3% of the NRI points sampled were identified as
not applicable (either no ecological site of annual grassland), 43.9% of the points were
classified as away from historic plant community, 39.2% not apparent trend, and 14.5%
toward historic plant community.
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Figure C-6. Apparent trend (USDA-NRI 2004–2018). NA=not applicable; Away=moving away
from the historic plant community; Not apparent=no change detectable; Toward=moving towards the
historic plant community.
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