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This publication is the result of concerns expressed regarding the definition and subsequent use of
ground cover in rangeland monitoring. We reviewed 20 monitoring publications. All publications
reviewed contained a definition of ground cover and/or direction on how to monitor ground cover. The
majority of these publications also defined bare ground. In all cases, bare ground was defined as the
opposite of ground cover.

We identified critical criteria of ground cover based on the role it plays in soil conservation as it relates
to water and wind erosion. Critical criteria identified included standing and nonstanding live vegetation,
standing and nonstanding dead vegetation including litter, and rock. We compared these critical criteria
to the 20 monitoring publications reviewed. We found 19 of these publications included the criteria
standing live vegetation or similar words and standing dead vegetation or similar words in their defi-
nition and/or use of ground cover. The one source where standing live or dead vegetation or similar
words were not included was “Indicators of Rangeland Health and Functionality in the Intermountain
West.” This publication was produced by the US Department of Agriculture, Forest Service, Rocky
Mountain Research Station. Ground cover was limited to basal vegetation, litter, moss/lichen, or rock. We
also found inconsistencies in the definition and subsequent use of ground cover in Forest Service
Handbook 2209.21eRangeland Ecosystem Analysis and Monitoring Handbook, Intermountain Region.

We contend a large volume of literature supports the inclusion of critical criteria as identified in this
report as ground cover. These criteria are essential components contributing to resistance of water and
wind erosion important to soil conservation. This review demonstrates the importance of accurately
defining and subsequently including critical criteria in rangeland attributes including ground cover. This
paper addresses standardizing terms and calculations used in determining ground cover.

Published by Elsevier Inc. on behalf of The Society for Range Management.
Introduction

Maintaining ground cover is one of the most efficient ways of
ensuring long-term sustainability of rangelands via soil conserva-
tion as 1) ground cover plays a direct role on the condition and
trend of soils and 2) ground cover may be directly affected through
land management activities including grazing (Bates et al. 2009;
Bork et al. 2012). Monitoring ground cover is also advantageous
Teton National Forest, USDA,
828-5115.
ell).

Society for Range Management.
from a cost-benefit point of view as it 1) requires comparatively
minimal training to collect data and 2) data can be obtained in a
fraction of the time when compared with some other rangeland
attributes.

Accurately defining and subsequent monitoring of rangeland
attributes is an essential component of rangeland monitoring.
Definitions of rangeland attributes that leave out critical criteria or
do not implement these criteria can result in data that inaccurately
describe conditions and trends of the rangeland attribute being
monitored. This could lead to the development of goals and ob-
jectives not consistent with the capability of the land. Such is the
case with “Indicators of Rangeland Health and Functionality in the
Intermountain West” (O’Brien et al. 2003). This publication omits
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Figure 1. Raindrop splash impact on bare ground and subsequent erosion (Research Gate, 2019). (A) Astrid Gast/shutterstock.com; (B) TRR/shutterstock.com.
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standing live and dead vegetation as factors for soil protection. No
explanation is given as to why these factors were omitted. This
paper provides rationale as to why standing live and/or dead
vegetation herein referred to simply as standing vegetation should
be included as critical criteria of soil protection. We contend that
critical criteria for ground cover includes rock, litter, and standing
vegetation, of which basal vegetation is a component. Dependent
upon the ecosystem being monitored, critical criteria can also
include biological soil crusts.
Ground CoverdTool for Soil Conservation

Water Erosion

One of the main roles ground cover plays in soil conservation is
protecting soil from rain-drop splash impact (Research Gate, 2019)
and subsequent soil displacement (Osborn 1955; Blackburn et al.
1986; Farmer 1999; Weber et al. 2013). Raindrop impact is also a
primary sediment contributor to shallow overland flow (Pierson
and Williams 2016). Soil surface protection and stabilization via
ground cover are paramount inminimizing initial soil displacement
and subsequent overland flow. Ground cover, which includes
standing vegetation, intercepts rain drops reducing the “energy” of
the rain-drop impact and subsequent displacement of soil parti-
clesdthe first stage of erosion. Ground cover also disperses surface
water flow directly (i.e., litter on the soil surface) or indirectly (i.e.,
standing vegetation), thereby minimizing overland flow (Fig. 1).

Standing vegetation influences the soil microclimate and the
recruitment of soil microbes and microfauna. This aids in nutrient
recycling and improves infiltration and water storage (Pierson and
Williams 2016). Value of standing vegetation by itself is demon-
strated in Pierson and Williams (2016). They showed 1.6� more
sediment movement from areas between standing vegetation
when compared with areas of standing vegetation. Litter accumu-
lation under standing vegetation is likely a factor in this. However,
the standing vegetation is the source of this litter. This reinforces
placing value on standing vegetation even when it is not in contact
with the soil surface. Plant roots also provide for soil conservation
by increasing infiltration rates (Pearse andWoolley 1936). The level
of increased infiltration rate varies by the root system. Kincaid and
Williams (1966) showed that as crown cover of plants increases,
surface runoff decreases significantly. This varied depending on the
plant species. For example, Singh (1969) found higher infiltration
rates on plots with mules ear (Wyethia amplexicaulis [Nuttall]
Nuttall) than on plots where other plant species were present. This
was attributed to the resistance offered by the broad leaves of this
species to raindrop impact.

Ground cover not directly on the soil surface also serves to
reduce the velocity of water on the soil surface as the energy of the
raindrop splash impact is intercepted by this vegetation. This water
then moves from one piece of plant material to another before
making contact with the soil surface. This effectively decreases the
velocity of water before making contact with the soil surface.
Goodrich and Cameron (2014) discussed this process stating: “…
plant cover close enough to the soil surface to absorb the impact of
rain drops and then release the water without it gaining velocity
sufficient to detach soil particles is ground cover.” In other words
and as stated by Forsling (1931), the amount of plant cover is a
primary factor influencing runoff and erosion.
Wind Erosion

Another role ground cover plays in soil conservation is pro-
tecting soil from wind erosion. The ease with which soil particles
are carried by wind depends on their size, shape, and density
(Fig. 2). Soils with a high proportion of fine sand are most sus-
ceptible to wind erosion. This is because the particles are small
enough to be carried by wind but large enough to not likely bind
themselves into larger aggregates not prone to movement by wind.
Standing vegetation in particular reduces soil loss via 1) sheltering
the soil surface from the erosive force of wind by covering a portion
of it; 2) reducing the force of the wind near the ground by
extracting momentum from the wind at a height above the soil
surface; and 3) trapping soil particles in transport, thus effectively
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Figure 2. The stabilizing role of vegetation (Wolfe and Nickling 1993).
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acting as a catchment for sediment deposition (Van de Ven et al.
1989). In contrast to live vegetation lying flat on the soil surface,
standing vegetation has been demonstrated as being several times
more effective in reducing soil loss via wind erosion (Siddoway
et al. 1965). Standing vegetation also traps snow during the winter
months. This increases soil moisture discharge in the spring (Wolfe
and Nickling 1993). Dead or partially defoliated vegetation also acts
to inhibit soil erosion. This is particularly true when dead material
persists for a year or more as this material acts as a sand trap similar
to naturally defoliated stems in the spring (Gibbens et al. 1983).
Similarly, Brazel and Nickling (1987) found plant cover can act as a
suppressant to dust emissions from the soil surface if not destroyed
by wind action, abrasion, or human disturbance. This is particularly
advantageous during droughts or other times of stress as dead or
partially defoliated vegetation is often important in stabilizing the
soil surface from wind erosion. Wolfe and Nickling (1993) also
discuss the protective role vegetation plays in protecting the soil
from wind erosion in arid environments and other places where
vegetation is sparse. Numerous publications indicate vegetation
cover to be one of the most important controllable factors for
limiting wind erosion (Woodruff et al. 1977; Herrick et al. 2005a;
Herrick et al. 2009b). The overall effectiveness of wind erosion
control via vegetation depends on the quantity, kind, and orienta-
tion of vegetation including areal distribution in relation to the soil
surface (Chepil 1944; Siddoway et al. 1965; Lyles and Allison 1976).

Methodology

We reviewed 20monitoring publications (Table 1). Seventeen of
these publications are commonly used in rangeland monitoring.
Gregory’s (1983) publication was also considered due to its rele-
vance to this paper (Bridger-Teton National Forest). We also
reviewed and included the two most recent definitions of ground
cover provided by the Society of Range Management (SRM 1998;
SRM 2005). Glossaries of these publications were reviewed to
determine if a definition of ground cover and bare ground was
provided. If provided, criteria commonly included in the definition
for ground cover were identified. Common criteria were defined as
having identical or nearly identical wordingwithin the definition of
ground cover. Common criteria for cobble, rock, stone, and/or
bedrock were grouped into one criterion. We herein refer to this
criterion as “rock.” Publications were also reviewed to determine if
a size requirement for rock had to be met to be considered ground
cover. Common criteriawere then summed by publication.We then
compared commonly used criteria to critical criteria for ground
cover by publication. An appendix to this report that further details
findings from Table 1 is available. This appendix is available on
request at the Kemmerer Ranger District (308 US HWY 189 North,
Kemmerer, WY 83101, USA).

We also reviewed 22 research papers to determine the use of
standing vegetation as an appropriate expression of soil stability.

FindingsdReview of Monitoring Publications and Review of
Research Papers

Review of PublicationsdCritical Criteria for Ground Cover

We found 18 of the 20 monitoring publications reviewed
included all of the critical criteria for ground cover. The only
monitoring publications that excluded one or more critical criteria
were Gregory (1983) and O’Brien et al. (2003). Gregory (1983) does
not expressly include litter in her definition of ground cover.
O’Brien et al. (2003) include only basal vegetation in their definition
of ground cover; this is unique as it is the only publication reviewed
that specifically excludes standing vegetation as critical criteria for
ground cover. It is also the only publication reviewed that was
considered a pilot study. No discussion as to why standing vege-
tation was excluded is provided. In addition, no attempt was made
at defining basal vegetation. The Society for Range Management
(SRM) defined basal vegetation as, “the cross-sectional area of the
stem or leaves of a plant or of all plants in a stand. Herbaceous and
small woody plants aremeasured at or near the ground level; larger
woody plants are measured at breast or other designated height”
(SRM 1998).

All 20 publications reviewed included rock as ground cover.
However, only half of the publications reviewed stated what size
rock must be to be considered ground cover. Of these publications,
five identified material as having a diameter > 5 mm (z¼”) as
adequate for ground cover. The publication Monitoring Manual for
Grassland, Shrubland, and Savanna Ecosystems and subsequent
versions (Herrick et al. 2005a; Herrick et al. 2005b; Herrick et al.
2009a; Herrick et al. 2009b; Herrick et al. 2015) are used exten-
sively with the Assessment, Inventory and Monitoring Program, a
joint monitoring effort between the JornadaeRangeland Research
Program and Bureau of Land Management (BLM). The other pub-
lication, Sage-Grouse Habitat Assessment Framework, is the identi-
fied assessment andmonitoring tool for land use plans within sage-
grouse habitats on US Forest Service (USFS), BLM, and other public
lands (Stiver et al. 2015). Five publications requiredmaterial to be�
19 mm (¾”) in diameter to be counted as ground cover. Three of



Table 1
Comparison of ground cover criteria of commonly use rangeland monitoring publications.

Publication Citation Vegetation Litter Rock Biological
crusts
including
cryptograms
and related
material

Minimal size
req. for rock
(Y/N)

Other

Standing
live

Basal Standing
dead

Rangeland Monitoring Trend Studies BLM 1985 X X X X N
Sampling Vegetation

AttributesdInteragency Technical
Reference

BLM 1996 X X X X N None

Utilization Studies and Residual
Measurements

Interagency Technical Reference

Coulloudon
et al. 1999

X X X X N None

Subalpine Forb Community Types of
the Bridger-Teton National Forest,
Wyoming

Gregory 1983 X1 X1 X N 1Vegetation canopy cover interpreted as live
vegetation and standing vegetation.
Vegetation canopy cover defined as "ground
not covered by vegetation canopy cover (p.
7-8). No mention of litter in publication;
however, likely included in vegetation
canopy cover.

Monitoring Manual for Grassland,
Shrubland, and Savanna
Ecosystems, vol. 1 Quick Start. 2nd
ed.

Herrick et. al.,
2015

X1 X1 X X X2 Y > 5 mm
(z1/4")

1See Herrick et al. 2009b
2Biological crusts are only excluded for NRI
reporting purposes.

Monitoring Manual for Grassland,
Shrubland, and Savanna
Ecosystems, vol. I and vol. II
1stdreprint

Herrick et. al.,
2009a; Herick
et. al., 2009b

X1 X X X X Y > 5 mm
(z1/4")

1Words "Standing Live" omitted from
vegetation (Herrick et al., 2009b). Standing
Live vegetation clearly shown to be included
in monitoringmethod (Herrick et al., 2009a)

Monitoring Manual for Grassland,
Shrubland, and Savanna
Ecosystems, vols. I and II

Herrick et al.,
2005a; Herrick
et al., 2005b

X1 X X X X Y > 5 mm
(z1/4")

1Words "Standing Live" omitted from
vegetation (Herrick et al., 2009b). Standing
Live vegetation clearly shown to be included
in monitoringmethod (Herrick et al., 2009a)

Indicators of Rangeland Health and
Functionality in the Intermountain
West

O’Brien et al.
2003

X X X X Y > 19 mm
(z3/4")

3/4" is z19 mm.

Interpreting Indicators of Rangeland
Health, version 5

Pellant et al.
2018

X X X X X N -None

Interpreting Indicators of Rangeland
Health, version 4

Pellant et al.
2005

X X X X X N -None

Interpreting Indicators of Rangeland
Health, version 3

Pellant et al.
2000

X1 X X X X N -1Words "Standing Live" omitted from
vegetation. Document clearly shown
standing live vegetation to be included in
ground cover.

Monitoring Rangeland Health … Riginos and
Herrick 2010

X1 X X X X Y > 5 mm
(z1/4")

1Live or dead plant material" interpreted as
including litter.

SRMdGlossary of Terms Used in
Range Management

SRM 2005 X X X X N None

SRMdGlossary of Terms Used in
Range Management

SRM 1998 X X X X N None

Sage-Grouse Habitat Assessment
Framework

Stiver et al.
2015

X1 X1 X1 X1 X1 Y > 5 mm
(z1/4")

1Interpreted using associated Line-Point
Intercept Data Form (p. 90-93) with the
publication stating, "The HAF site-scale
protocol for line-point intercept is the same
as the BLM’s core method. Directions for the
method are given below, but readers can
refer to Herrick (2005) or the most current
version) for more detail."

Rangeland Ecosystem Analysis and
Monitoring Handbook1

USDA 2003a X X X X X Y > 19 mm
(z3/4")

1Subsequent applications of ground cover
(USDA 2005) are inconsistent with the
provided definition but more appropriately
fit the definition provided by O’Brien et al.,
(2003).
3/4" is z19 mm.

Soil Management Handbook USDA 2003b X1 X1 X X Y > 19 mm
(z3/4")

1"word "standing" is omitted.
3/4" is z19 mm.

National Range and Pasture Handbook USDA 2003c X X X X N
Wyoming Rangeland Monitoring

Guide, version 2
UWYO 2008 X1 X X1 X X X Y > 19 mm

(z3/4")

1Live and standing dead vegetation to be
counted as ground cover as clarified in cover
by lifeform methods and associated
worksheet (see pg. 31 to 32).
3/4" is z19 mm.
1Live and standing dead vegetation to be
counted as ground cover as clarified in cover
by lifeform methods and associated
worksheet (see p. 31-32).
3/4" is z19 mm.
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Table 1 (continued )

Publication Citation Vegetation Litter Rock Biological
crusts
including
cryptograms
and related
material

Minimal size
req. for rock
(Y/N)

Other

Standing
live

Basal Standing
dead

Wyoming Rangeland Monitoring
Guide, version 1

UWYO 2001 X1 X X1 X X X Y > 19 mm
(z3/4")

1live and standing dead vegetation to be
counted as ground cover as clarified in cover
by lifeform methods and associated
worksheet (see p. 31-32).
3/4" is z19 mm.
1Live and standing dead vegetation to be
counted as ground cover as clarified in cover
by lifeform methods and associated
worksheet (see p. 31-32).
3/4" is z19 mm.

No. of times
used

19 3 19 19 20 12 10

Total 20 19 20 20 20 20 20
% Used 95% 15% 95% 95% 100% 60% 50%

HAF, Habitat Assessment Framework.
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these publications were produced by the USFS (O’Brien et al. 2003;
USDA 2003a; USDA 2003b). The last two publications were pro-
duced by the University of Wyoming via the Wyoming Range Ser-
vice team with member agencies including the USFS (University of
Wyoming et al. 2001; University of Wyoming et al. 2008). All of
these publications predate those where 5 mm (z¼”) is used as the
standard for ground cover.

Biological soil crusts including cryptograms were not identified
as a critical criteria of ground cover in this report. However, we
recognize the important role they can play in various ecosystems.
As such, biological soil crusts may also be considered critical criteria
dependent on the ecosystem being monitored. Biological soil
crusts, including cryptograms, were referenced 60% of the time in
the publications reviewed for definitions of ground cover. We did
not focus on biological soil crusts as a critical criterion as they have
relatively minor presence in the montane communities that we are
currently most interested in.

Review of Research PapersdApplicability of Standing Vegetation as
Expression of Ground Cover

We found ground cover that includes standing vegetation has a
broad usage in research as an expression of soil stability. This vege-
tation was commonly described as canopy or foliar cover. In none of
the research papers reviewed was standing vegetation excluded as a
component of ground cover with the exception of Packer (1963). In
addition to ground cover, we recognize the importance other factors
play in affecting erosion rates. These include but are not limited to
climate, parent material, soil including texture, gradient, aspect,
landscape position, species, and production. Hence a one-size fit all
approach necessary to provide for soil and hydrologic stability is
inappropriate as it relates to ground cover. Rather ground cover ob-
jectives should be set on the basis of the potential of the site to pro-
duce ground cover and inherent factors influencing erosion rates. The
following is a summary of our findings as it relates to ground cover
and levels required for soil and hydrologic stability.

Pierson et al. (2007a) found 50�60% ground cover (40�50% bare
soil) adequate for hydrologic stability or soil protection in various
ecosystems. Pierson et al. (2007b) found an increase from 16% to
36% ground cover greatly reduced rill erosion in western juniper
(Juniperus occidentalis Hooker) communities. Packer (1951) found
70% ground cover was about equal to 90% for control of overland
flow and erosion on perennial wheatgrass sites on gradients of
33�66%. He suggested 70% ground cover as a minimum require-
ment for watershed protection in perennial wheatgrass sites.
Marston (1952), Bailey and Copeland (1960), Packer (1963), and Orr
(1970) indicate 60�70% ground cover as adequate to limit erosion
levels to less than those of accelerated erosion or to recommended
levels for soil protection. Pierson et al. (2007a) cited a literature
review in which Gifford (1985) concluded that to maintain soil and
hydrologic stability, percentage of bare ground should not exceed
40�50%. In a Patagonian rangeland, Chartier and Rostagno (2006)
found 90% plant and litter cover was necessary to sustain soil
protection and long-term productivity.

In a sagebrush (Artemisia L.) landscape, runoff returned to near
preburn levels and sediment yield was greatly reduced when
ground cover recovered to 40% at 1 yr post fire. This would exclude
large rainfall simulations where accelerated erosion rates were
observed until ground cover reached 60% at two growing seasons
post disturbance (Pierson et al. 2009). Pierson et al. (2013) reported
similar results. Erosion rates stabilized following burning in Ashe
juniper (Juniperus ashei J. Buchholz)/oak (Quercus L. spp.) lands in
Texas when vegetative cover reached 63�68% (Wright et al. 1976)
andwhen vegetation and litter cover combined reached 64�72% on
slopes of 37�61% (Wright et al. 1982). Figure 3 in Meeuwig (1971)
indicates soil erosion on mountain rangelands is greatly reduced as
plant and litter cover approached 60% on slopes of < 15%. This figure
also indicates it requires about 85% plant and litter cover to achieve
the same amount of soil protection on slopes of 35%, as was pro-
vided by 60% cover on a 15% slope. On a subalpine range in central
Utah, Meeuwig (1965) found ground cover to be more closely
correlated with soil eroded than any other measured variable.
Meeuwig (1970a; 1971) subsequently found protection of the soil
surface from direct raindrop impact proved to be the most impor-
tant means of controlling erosion on intermountain ranges. The
importance of live plant cover in preventing damaging surface
runoff was also recognized by Meeuwig (1960). The importance of
plant and litter cover in relation to gradient was subsequently
demonstrated by Meeuwig and Parker (1976). Pierson et al. (2015)
attributed postburn improvement of hydrologic function to
recruitment of herbaceous cover. Petersen and Stringham (2008)
considered foliar cover a more informative indicator of infiltration
than basal cover. Kincaid et al. (1964) andWilcox et al. (1988) found
basal cover a poorer indicator of infiltration than aerial cover.

From a study that included numerous sites across much of the
western United States, Pierson et al. (2002) found that when all
sites were pooled together, infiltration and sediment production
were not correlated with any measured vegetation or soil charac-
teristic. They concluded difficulty in a “one-size-fits all approach for
modeling hydrologic response,” and they noted a need to develop a
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rationale tailored approach to different rangeland units. From our
review of literature, we have the impression that monitoring basal
cover might bemore applicable to bunchgrass communities than to
shrub and tall forb communities.

As previously indicated, all of the previously mentioned refer-
enced research papers include standing vegetation as a measure of
ground cover except Packer (1963). In addition, standing vegeta-
tion, often expressed as canopy and/or foliar cover, was used more
as an expression of soil protection when compared with basal
cover. This is not to say basal cover does not play a role in rangeland
monitoringdonly that it is a separate rangeland attribute. For
example, basal cover can be particularly useful for aiding in trend
determinations of plant species when compared with canopy cover
alone due to less variation in annual and season precipitation, other
weather events, and use by ungulates (Herrick et al. 2005a; Herrick
et al. 2009a; Herrick et al. 2009b; Herrick et al. 2015). This is
particularly important when comparing plant species with rela-
tively low canopy covers (Pilloid and Arkle 2013) and when using
Line-Point Intercept methodology. However, basal cover is not the
total contribution of vegetation to ground cover, and it does not
express the opposite of ground coverdbare ground. The numerous
references cited above provide ample evidence that standing
vegetation is a valid expression of condition and trend as it relates
to soil resources. As such, we accept basal cover as having value to
rangelandmonitoring andmore particularly as it relates to its value
for determining trend of plant species and other parameters of
interest. However, we reject the exclusion of standing vegetation as
critical criteria of ground cover.
Discussion

We suggest monitoring programs that do not include all of the
critical criteria for ground cover monitoring are misusing the term
ground cover and perpetuating an improper rangeland monitoring
practice. Furthermore, we contend rangeland monitoring programs
that exclude the critical criteria of standing vegetation but include all
of the other critical criteria are, in fact, measuring soil, not bare
groundda separate rangeland attribute not directly comparable
with ground cover. For example, Herrick et al. (2005a; 2005b; 2009a;
2009b; 2015) states “bare ground occurs only when Top Canopy ¼
NONE, Lower layers are empty (no L), Soil Surface ¼ S” with S being
previously defined as soil without any other soil surface codes, such
as rock, bedrock, moss, visible lichen crust, embedded litter; or duff.

We recognize researchers commonly treat standing vegetation
and on-the-ground cover as separate components in analysis of
infiltration and runoff. We recognize this separation is important to
this body of research as standing vegetation and on-the-ground
surface cover play different roles in soil protection as they relate to
soil and wind erosion. However, separation of these components is
not an exclusion of one or the other. Two papers we reviewed were
based on basal cover only (Johnson 1962; Eckert et al. 1986). In
these papers, basal measurements occurred in grassland commu-
nities (Johnson 1962) or were limited to grass species (Eckert et al.
1986). However, other research papers reviewed recognized the
value of standing vegetation, as well as on-the-ground surface
cover for soil protection (Chepil 1944; Marston 1952; Siddoway
et al. 1965; Kincaid and Williams 1966; Meeuwig 1970a, 1970b;
Tromble et al. 1974; Lyles and Allison 1976; Woodruff et al. 1977;
Gibbens et al. 1983; Brazel and Nickling 1987; Wilcox et al. 1988,
Van de Ven et al. 1989; Wolf and Nickling 1993; Farmer 1995;
Pierson et al. 2015). In addition, Pierson and Williams (2016)
include canopy as a factor in soil microclimate, evapotranspiration,
antecedent soil water, water transfer and storage, raindrop inter-
ception and detachment, infiltration, runoff, sediment transport,
and erosion.
Management Implications and Recommendations

Correctly defining and subsequently implementing terms in
rangeland management is essential to ensuring rangeland data; (1)
are collected consistently; (2) so that they accurately reflect con-
ditions on the ground; and (3) so they can be compared to estab-
lished goals and objectives. This is particularly important for public
lands where grazing is highly scrutinized. If definitions do not
include critical criteria, subsequent monitoring efforts may not
properly address the why behind monitoring a rangeland attrib-
utedin this case primarily for soil protection. In such a scenario,
data collected can be misleading and result in poor range man-
agement decisions.

Previous monitoring efforts not using all of the critical criteria
for ground cover should be modified to use them. This is particu-
larly important where ground cover goals and objectives are not
currently being met and where all critical criteria for ground cover
were not included. For example, use of O’Brien et al. (2003), which
excludes standing live and dead vegetation in its definition of
ground cover, has resulted in areas on the Bridger-Teton National
Forest not being at desired condition. Inclusion of standing live and
dead vegetation at these areas would likely have resulted in desired
conditions being met while still providing for ground cover
adequate for soil conservation.

We recommend following protocols that include all of the crit-
ical criteria for ground cover and rejecting those that do not. FSH
2209.21eRangeland Ecosystem Analysis and Monitoring Handbook’s
Intermountain Region definition contains all of the critical criteria
for ground cover (USDA 2003a). However, subsequent application
of ground cover in this handbook (USDA 2005) is inconsistent with
these critical criteria. This handbook should be updated so that
application of ground cover is consistent with its previously pro-
vided definition. Methodology for determining ground cover for
nested frequency in Chapter 40 of this FSH also does not follow
previously produced interagency technical manuals including
“Sampling Vegetation Attributes,” of which the Forest Service is a
co-author (BLM 1996), and the Rocky Mountain Region Rangeland
Analysis and Management Training Guide (USFS 1996). Relevant
portions of Chapter 40 of this FSH should also be amended to be
consistent with the previously produced interagency technical
reference (BLM 1996) and Rocky Mountain Region Rangeland
Analysis and Management Training Guide (USDA 1996). Imple-
menting these recommendations would serve to more closely align
this handbook with 18 of 20 sources cited in Table 1, including
protocols used by the BLM, NRCS, and other agencies.

We recommend following Herrick et al. (2005a, 2005b, 2009a,
2009b, 2015) where components of ground cover and methods of
measuring them are well defined. These publications dealing with
ground cover are commonly used in recent research papers (Toevs
et al. 2011; Pierson et al. 2013; Pilliod and Arkle 2013; Pierson et al.
2014; Roundy et al. 2014; Veblen et al. 2014; Pierson et al. 2015;
Stiver et al. 2015; Bybee et al. 2016; Carey and Paige 2016; Ott et al.
2016; Havrilla et al. 2017; Noelle et al. 2017; Ott et al. 2017; Perlinski
et al. 2017; Stonecipher et al. 2017; Swanson et al. 2018; and Wil-
liams et al. 2017).
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