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a b s t r a c t
Mesic meadows provide valuable water and forage resources for wildlife and livestock in the arid western
United States. Greater sage-grouse (Centrocercus urophasianus), a species of conservation concern, rely on
these habitats because they support forb species of high importance to broods during late brood rearing. Because mesic meadows comprise a small fraction of the landscape, identifying grazing strategies
compatible with maintenance and production of mesic resources is vital to balancing livestock production with suitable conditions for sage-grouse. We evaluated relationships between short-duration grazing
treatments and habitat components important to sage-grouse in mesic meadows. In 2019 and 2020, we
implemented short-duration (16 d) grazing treatments that varied by season (Early: early June; Late: early
August) and intensity (control: 0%, moderate: 30−40%, high: 70−80% relative use). We evaluated cover
and biomass percentages of high importance forbs (HIF), soil moisture, and noxious weed cover before
and after grazing and again after pasture regrowth (Early: ≈13 wk, Late: ≈6 wk). Short-duration treatments did not reduce HIF cover or biomass. Early-season (P = 0.018) and high-intensity (P = 0.04) grazing
increased HIF cover during the pregrazing sample period from 2019 to 2020, suggesting positive effects
of these treatments on HIF cover during the pregrazing sample period. Postgrazing HIF cover and biomass
percentages remained similar across treatments. Percentages of HIF biomass after regrowth were greater
(P = 0.04) in early-season than late-season treatments in 2020. Seasonal declines in soil moisture from
pregrazing to regrowth sample periods were greater (P < 0.001) in early-season treatments than lateseason treatments but not associated with grazing intensity (P = 0.60). Cover of noxious weeds remained
unchanged under short-duration treatments. Our study emphasizes the potential of early-season, highintensity grazing to increase HIF cover and biomass for brood-rearing sage-grouse in mesic meadows
over short time intervals.
© 2022 Published by Elsevier Inc. on behalf of The Society for Range Management.

Introduction
Understanding ecological responses of mesic meadows to livestock grazing in rangelands is essential to the management of
these unique systems and their associated resources. Mesic meadows, the transitional zones between wet and dry ecosystems
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(Svejcar 1997; Stringham and Repp 2010), typically comprise < 3%
of the total landscape in the arid western United States (Kauffman
and Krueger 1984). Variation in adjacent topography directs surface and subsurface water ﬂow patterns to mesic areas, resulting in elevated soil moisture (Naiman and Décamps 1997; Patten
1998). This underlying hydrology inﬂuences soils and vegetation
communities, creating stark contrasts between mesic meadows
and adjacent uplands (Elmore and Bestcha 1987; Castelli et al.
20 0 0). During summer months in arid landscapes, mesic meadows
can produce and sustain green forage while upland vegetation production slows and plants desiccate (Gillen et al. 1985; Parsons et al.
2003). This difference in production, coupled with increased water
availability, provides abundant resources that attract wildlife and
livestock to mesic meadows (Swanson et al. 2015).
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Greater sage-grouse (Centrocercus urophasianus; hereafter, sagegrouse), a species of conservation concern, are drawn to mesic
habitats during late-season brood rearing because these areas can
support more abundant and diverse communities of essential dietary forbs relative to upland habitats (Wallestad 1971; Drut et al.
1994; Schroeder et al. 2004). This group of dietary forbs (hereafter, preferred forbs) consists of native and non-native species
and serves as an important source of protein, which aids in the
growth and survival of adult sage-grouse and their young (Johnson
and Boyce 1991; Drut et al. 1994). On the basis of the utility and
value of speciﬁc forbs to sage-grouse, such as when and which portions of the plant are available, palatable and nutritive, preferred
forbs can be further classiﬁed into categories of moderate or high
importance (Luna et al. 2018). Many factors inﬂuence sage-grouse
population dynamics, including the availability and production of
mesic habitats and wetland complexes that harbor important food
items during late-brood rearing (Atamian et al. 2010; Blomberg et
al. 2012). For instance, Casazza et al. (2011) documented greater
brood success among female sage-grouse that used habitat closer
to wet meadow edges with greater plant and forb species diversity. Due to the reliance of sage-grouse on these portions of the
landscape, conservation and restoration of mesic meadow habitats
for sage-grouse are critical to the species’ recovery (Atamian et al.
2010; Donnelly et al. 2016). However, characteristics of mesic areas, such as greater forage and water availability, make these limited portions of the landscape critical to many other species as well
(Belsky et al. 1999), including elk (Cervus canadensis) and livestock
(Kauffman and Krueger 1984; Beck and Peek 2004).
In the western United States, livestock grazing occurs on >
121 million ha of federal land and 80 million ha of private land
(Armour et al. 1994). Within lands occupied by livestock, grazing does not occur uniformly across the landscape (Bailey et al.
1996; Bailey 2005). Landscape resources and features, such as water (Bailey 2005), higher-quality vegetation (Zengeya et al. 2012),
and gentler topography (Bailey et al. 1996), can inﬂuence livestock distributions and use of available forage. These traits serve as
the deﬁning characteristics of mesic habitats, often translating into
the congregation of livestock within these areas (Kauffman and
Krueger 1984). This congregation of animals and associated heavy
grazing pressure can result in changes to the structure and composition of mesic meadow vegetation (Bullock et al. 2001; Boyd et
al. 2014) and soils (Naeth et al. 1991), which may inﬂuence the
ability of mesic meadows to provide wildlife habitat (Krausman et
al. 2009). The complexities of grazing management systems require
controlled experiments to document how variation in the application of grazing affects mesic habitats that support vital preferred
forb communities for sage-grouse during late brood rearing (Beck
and Mitchell 20 0 0; Pennington et al. 2016).
Adjusting the season, intensity, and duration of grazing provides
land and livestock managers the opportunity to use grazing as a
management tool (Swanson et al. 2015; Bailey et al. 2019). When
appropriately applied, livestock grazing can alter species composition and the productivity of herbaceous plant communities to
meet managers’ objectives (Rosenthal et al. 2012; Boyd et al. 2014).
Such manipulations in grazing strategy may beneﬁt sage-grouse
when preferred forbs, such as common dandelion (Taraxacum ofﬁcinale F.H. Wigg.), become more abundant in response to grazing
(Tueller 1962; Klebenow and Gray 1968; Drut et al. 1994). Alternatively, improperly managed grazing and other land management
practices can degrade sage-grouse habitat by degrading wet meadows through the disruption of hydrologic processes and soil erosion (Belsky et al. 1999) or by increasing invasive plants species
presence (Beck and Mitchell 20 0 0, Jones et al. 2011). Because livestock grazing can beneﬁt or degrade wildlife habitat depending on
factors inherent to both current and past management and associated environmental conditions (Krausman et al. 2009), grazing
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can elicit site-speciﬁc responses (Hayes and Holl 2003a; Oles et al.
2017), which are essential to address in the context of an experiment.
When determining the inﬂuence of grazing on sage-grouse
habitat, a complicating factor is the interaction of grazing with pasture conditions and environmental variables such as existing plant
community composition or soil moisture. For instance, non-native
perennial grasses, introduced to improve forage quantity and quality for livestock, can displace other plant species and prevent
future recolonization (Kulmatiski 2006; Averett et al. 2020), potentially replacing important sage-grouse food resources and affecting the outcome of grazing. Alternatively, overgrazing can result
in soil compaction and lead to decreases in water holding capacity (Villamil et al. 2001; Zhao et al. 2011), which could inﬂuence
the ability of mesic sites to produce and sustain succulent forbs
important to sage-grouse. Further, soil moisture depends on the
interaction among environmental variables, such as temperature,
precipitation, and grazing treatments (Weber and Gokhale 2011).
Lastly, other characteristics such as abundant herbaceous litter can
increase soil moisture (Weber and Gokhale 2011) and subsequently
increase plant biomass production (Deutsch et al. 2010). Because
plant communities and soil moisture are associated with characteristics of livestock grazing management, such as season (Naeth
et al. 1991; Davis et al. 2014) and intensity (Naeth et al. 1991;
Papanikolaou et al. 2011; Souther et al. 2019), speciﬁc information
is needed to determine how livestock grazing can be best implemented to maintain or enhance mesic meadow resources crucial
to sage-grouse.
Our objective was to determine how variation in season and
intensity of livestock grazing inﬂuences forbs preferred by sagegrouse and soil moisture within mesic meadow habitats used for
late-season brood rearing. We hypothesized that the responses of
foliar cover and herbaceous biomass of preferred forbs would vary
with grazing management because differences in season and intensity of grazing would disproportionately reduce competitive forage
grasses, thereby creating opportunities for preferred forbs to establish or increase in size. We hypothesized that seasonal depletion
rates of soil moisture would vary as a function of grazing management because the season and intensity of grazing would create
dissimilarity in litter accumulation and herbaceous cover among
pastures, resulting in differential moisture loss over the summer
among grazing treatments. In addition to evaluating effects on preferred forbs and soil moisture, we evaluated responses to grazing
treatments from noxious weeds to address concerns about potentially increasing the abundance of undesirable plants with altered
grazing management. We established pastures and applied shortduration experimental grazing trials to evaluate responses of preferred forbs, soil moisture, and noxious weeds before and after
grazing and following a regrowth period to address our hypotheses.
Methods
Location
We conducted our study at the Rinker Rock Creek Ranch
(RRCR), a biological ﬁeld station operated by the University of
Idaho in Blaine County, Idaho. Ecoregions across the ranch include
Idaho Batholith and Snake River Plain (McGrath et al. 2002). Over
the past 30 yr, mean annual precipitation ranged from 30.5 to 40.6
cm; 30-yr average temperatures ﬂuctuated from −10.5°C in December to 31.1°C in July and August (PRISM Group and Oregon
State University 2020). Common land uses include cattle grazing,
mountain biking, hunting, and horseback riding.
Mesic meadows and adjacent uplands across RRCR are categorized as priority habitat for sage-grouse (Makela and Major 2012).
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Figure 1. Distribution of experimental grazing pastures established at the Rinker Rock Creek Ranch in Blaine County, south-central Idaho. Pastures were stocked with yearling
heifers to achieve control (ungrazed: 0%), moderate (30−40%), or high (70−80%) relative use of available forage during 16-d trials in either the early season (early June) or
late season (early August).

Sampling occurred in mesic meadows near the lower reaches of
Rock Creek, a second-order perennial stream, and Little Rock Creek,
a ﬁrst-order ephemeral stream (Fig. 1). These meadows were dominated by poorly drained Bruneel and Marshdale-Bruneel loams and
well-drained Simonton loam, which are characteristic of a ﬂood
plain and fan remnants, respectively (USDA and NRCS 2021). Elevation across the meadows from south to north ranged from
1 470 to 1 485 m. Historically, these meadows were used for
hay production and livestock grazing. Meadow foxtail (Alopecurus
pratensis L.), an introduced perennial forage grass, was the dominant grass species spanning the entirety of our study pastures.
Other less abundant grasses included smooth brome (Bromus in-

ermis Leyss.) and Kentucky bluegrass (Poa pratensis L.). Common
grasslike species included Baltic rush (Juncus balticus Willd.) and
Nebraska sedge (Carex nebrascensis Dewey). Woody plant species
were willows (Salix L.); however, Woods’ rose (Rosa woodsii Lindl.)
and mountain big sagebrush (Artemisia tridentata Nutt.) had encroached upon the meadow in small, isolated areas. Common forbs
of high importance to sage-grouse included common dandelion
(Taraxacum oﬃcinale F.H. Wigg.), yellow salsify (Tragopogon dubius
Scop.), and clover (Trifolium L.) (Luna et al. 2018). Other preferred
forbs present across the site but not considered of high importance included povertyweed (Iva axillaris Pursh), shaggy ﬂeabane
(Erigeron pumilus Nutt.), and camas (Camassia Lindl.). We encoun-
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tered noxious weeds (hereafter, weeds) including ﬁeld bindweed
(Convolvulus arvensis L.), diffuse knapweed (Centaurea diffusa Lam.),
and Canada thistle (Cirsium arvense [L.] Scop.) throughout our
study pastures (Prather et al. 2018).
Experimental design
We used a completely random design to evaluate shortduration (16 d) grazing effects on percentage responses of
high-importance forb (HIF) cover and biomass proportions, weed
cover, and seasonal decline in soil moisture. We established 15
pastures for short-duration grazing (≈1.7 ha each) from May
to August at RRCR and stocked with yearling heifers during 2
consecutive yr (2019 and 2020), which we incorporated into the
designs of all models (see Fig. 1). We designed grazing treatments
using a 2 × 3 factorial describing levels of season (early or late)
and intensity (control, moderate, or high; described later). During
the regrowth sampling period (described later), treatments were
designed as a 2 × 2 factorial plus control to allow for untreated
pastures to serve as controls for both early- and late-season
observations. Heifers (n = 75 in 2019; n = 73 in 2020) were stocked
into six pastures for early-season (June 4−20, 2019; June 2−18,
2020) and six pastures for late-season (July 30–August 15, 2019;
July 28–August 13, 2020) grazing (n = 3 pastures per treatment).
Heifers grazed pastures west of Rock Creek during the early
season and pastures east of Rock Creek during the late season
to simplify sorting and transport. Stocking rate for each pasture
was calculated 2 d before grazing during early and late seasons in
each year using forage biomass measurements. We estimated total
grass availability per pasture and cattle body weight to estimate
daily intake using methods described by Ellison et al. (in review).
Within seasonal treatments, pastures were randomly assigned
to moderate (30−40% relative utilization; x̅ = 5.7 heifers in 2019,
x̅ = 5.3 heifers in 2020) or high (70−80% relative utilization;
x̅ = 18.5 heifers in 2019, x̅ = 14.2 heifers in 2020) grazing intensities (Frost et al. 1994). To ensure that we achieved target values of
relative use, we collected grazing utilization measurements using
stubble height methods (USDA and USDOI 1999) immediately
after removal of livestock from experimental pastures. We also
included control pastures (n = 3) that were fenced but remained
ungrazed by cattle throughout the study (see Fig. 1). A single watering location was made available along Rock Creek within each
pasture.
Vegetation sampling
We sampled all pastures using 50-m transects distributed
across each pasture using a stratiﬁed random sampling approach;
strata were different vegetation cover types. To determine the appropriate number of transects required to accurately capture community composition, we created species accumulation curves using transects as the sampling unit (Moreno and Halffter 2001).
Species accumulation curves resulted in n = four transects per
pasture.
We sampled foliar cover and biomass three times yearly for
pastures treated with short-duration grazing. First, transects were
sampled before grazing initiation (≤ 7 d; hereafter, pregrazing
sampling period) to understand baseline plant community composition and structure. Second, to evaluate the responses of plant
communities to grazing, we sampled the same transects again
within 7 d of heifers being removed from pastures (postgrazing
sampling period). Third, to assess changes in plant communities after regrowth within the same growing season, transects were sampled again in late September or early October (regrowth sampling
period).
We collected data along each transect, including foliar cover
using line-point intercept (LPI), measurements of plant height,
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herbaceous litter depth, and clippings for biomass estimation
(Mackinnon et al. 2011; Stiver et al. 2015; Herrick et al. 2016).
Across all sampling, forbs were identiﬁed to genus. Using the sagegrouse preference designations of table A.1. from Luna et al. (2018),
we assigned forbs into categories of moderate and high importance
to sage-grouse. We collected LPI and vegetation height measurements at 1-m intervals (n = 50 measurements per transect). Individual plant heights were collected for the tallest grass or grasslike,
forb, and woody plant species within a 15-cm radius of each LPI
interval along the transect (n = 50 height measurements per transect; Herrick et al. 2016). We recorded height measurements as the
distance between the soil surface and maximum natural height of
the plant (Stiver et al. 2015). We collected herbaceous litter depth
at the 10-, 20-, 30-, 40-, and 50-m marks of transects. To determine litter depth, we measured from the soil surface to the top of
an accumulated litter proﬁle.
Effects of grazing on aboveground biomass were measured
by mechanically clipping and collecting vegetation within 1-m2
square plots (n = 4 per pasture) placed approximately 0.5 m from
each transect tape to avoid clipping vegetation sampled during LPI.
Clipping took place at the 10-, 20-, 30-, 40-, and 50- m marks
of transects during pre−early season, post−early season, pre−late
season, post−late season, and regrowth sampling periods, respectively. Biomass was clipped to ground level and stored in paper
bags if the plant from which biomass was being collected was alive
and rooted within the plot, separating forbs from other herbaceous
material. Samples were weighed to the nearest gram using a digital scale to determine wet weight. After attaining wet weight values, samples were dried in a forced-air oven at 65.6°C for 48 h
and then reweighed to determine dry weight (g). We calculated
biomass dry matter (%) for each plot by dividing the dry weight by
the wet weight and multiplying by 100. Dry matter (DM) within
plots (g DM/m2 ) were averaged to determine DM on a pasture basis. Total pasture production was estimated by converting DM production within plots to kilograms per hectare and then extrapolating to the pasture scale.

Soil moisture sampling
Pastures were subjected to periodic ﬂood irrigation depending
on water availability; however, the lateral extent and temporal inﬂuence of this irrigation was minimal and therefore not quantiﬁed except as represented in our direct measures of soil moisture. We estimated soil moisture using two different methods to
account for temporal and spatial heterogeneity within pastures.
To collect information from all pastures through time, we used
sensors (Decagon: 5TM and EC-20 probes, Pullman, WA; METER
group: Teros 10 soil moisture sensors, Pullman, WA) and data loggers (Decagon EM-50 and EM-5 loggers, Pullman, WA) deployed
before early-season livestock grazing began (2019: June 2; 2020:
June 1). Sensors collected measurements every 24 h until regrowth
sampling was complete in September/October. In short-duration
grazing pastures, we measured soil moisture (%) with sensors at
a 10-cm soil depth at a single location (n = 1 measurement per
pasture) placed between 130 and 150 m directly east or west of
the main channel of Rock Creek (Stringham and Repp 2010). Placement varied to ensure sensor locations were uniform with respect
to soil type and vegetation communities (Sample et al. 2016). Additionally, to describe spatial variation in soil moisture within each
pasture, we also measured moisture (%) at 10-cm soil depth coinciding with the 10-m and 40-m marks of each transect (n = 8
measurements per pasture) during each sampling period using soil
moisture probes (DSMM500 Precision Digital Soil Moisture meter,
General Tools, Secaucus, NJ).

70

K.J. Randall, M.J. Ellison and J.V. Yelich et al. / Rangeland Ecology & Management 82 (2022) 66–75

Statistical analysis

Results

For all analyses, we applied linear mixed-effects models (LMMs)
using the package lme4 in R (Bates et al. 2015; R Core Team 2020).
We evaluated the inﬂuence of ﬁxed effects and interactions on
dependent variables using analysis of variance. We adjusted error degrees of freedom using the Satterthwaite method. To judge
model ﬁt, we evaluated diagnostic plots of residuals versus ﬁtted
values and quantile-quantile plots to ensure homogeneity of variance and normality of data, respectively. To identify where differences occurred within signiﬁcant effects, we applied contrasts only
between levels of explanatory variables relevant to our underlying hypotheses. We conducted all contrasts using the package emmeans (Lenth 2021). We applied a Bonferroni adjustment to control for type II error when conducting multiple comparisons. Statistical signiﬁcance was evaluated at P ≤ 0.05. Estimates reported
here represent least-squared means plus or minus 1 standard error
derived from LMMs.

Foliar cover

Foliar cover
To evaluate how the season and intensity of short-duration
grazing affected cover (%) of HIF and weeds in pastures that
experienced short-duration grazing, transect response values were
averaged to the pasture level during pregrazing, postgrazing, and
regrowth sampling periods in each year. Analysis of cover for moderate importance forbs was limited to summary analysis due to
low response levels and sparse information. The remaining cover
data were arcsine square root transformed to meet assumptions
of normality (e.g., Schulz and Leininger 1990; Rhodes et al. 2010;
Souther et al. 2019). Models incorporated the 2 × 3 factorial treatment structure for season (early or late) and intensity (control,
moderate, or high) and accounted for yr (2019, 2020) in designs.
Years, grazing treatment effects, and their two- and three-way
interactions were assumed as ﬁxed effects, while pasture was
considered a random effect. Pregrazing and postgrazing data were
modeled separately. For the regrowth measurement period, the
control pastures were common for both early- and late-season
observations. In this case, the regrowth data were modeled assuming a 2 × 2 factorial plus control treatment structure. Foliar
cover, herbaceous litter depth, and yearly soil moisture during
pregrazing (hereafter, initial soil moisture) were evaluated as
potential covariates in each model.
Biomass of high-importance forbs
We modeled HIF biomass (% of total biomass) following the
same LMMs described earlier to evaluate the effects of shortduration grazing treatments on forbs of high importance to
sage-grouse. When necessary, these data were log-transformed
(log[x+1]) to meet assumptions of normality. We evaluated herbaceous litter depth and initial soil moisture as candidate covariates
in these models.
Soil moisture
We used LMM models to evaluate the response of seasonal decline in soil moisture on the basis of volume (%) between pregrazing and regrowth sampling periods within short-duration grazing
treatments. We calculated seasonal decline of soil moisture as the
difference between pregrazing and regrowth measurements at the
pasture scale during 2019 and 2020. We included year, season, and
grazing intensity in addition to their three-way and two-way interactions as ﬁxed effects, whereas pasture was considered a random effect. The difference in litter depth between pregrazing and
regrowth samples was evaluated as a potential covariate.

In total, we detected 28 genera of sage-grouse preferred forbs
during our study (2019: 21 genera, 2020: 18 genera, 2019 and
2020: 15 genera). Of these genera, 18 were considered HIF for sagegrouse (see Appendix A). Across all treatments, average pregrazing
foliar cover of HIF was 5.36% ± 1.45% in 2019 and 6.25% ± 1.71%
in 2020. Average postgrazing HIF cover was 3.28% ± 0.97% in 2019
and 2.64% ± 0.77% in 2020. Following a period of regrowth, HIF
cover was 2.47% ± 1.04% in 2019 and 4.08% ± 1.33% in 2020.
Before grazing, there was a year-by-season (P = 0.003) and yearby-intensity (P = 0.001) interaction on HIF cover. Pregrazing cover
of HIF increased (P = 0.018) from 5.00% ± 2.14% before the application of short-duration grazing in 2019 to 8.44% ± 2.14% following 1 yr of grazing in 2020 across early-season treatments (Fig. 2).
Alternatively, HIF cover was similar (P = 0.49) before grazing during the late season in 2019 (5.72% ± 2.14%) and following 1 yr of
grazing in 2020 (4.06% ± 2.14%; see Fig. 2). Cover of HIF before
grazing did not change (P = 1.00) between 2019 (1.50% ± 3.59%)
and 2020 (0.67% ± 3.59%) in ungrazed controls (Fig. 3). Likewise,
pregrazing cover of HIF was similar (P = 0.83) under moderateintensity grazing in 2019 (8.92% ± 2.62%) and 2020 (6.67% ± 2.62%;
see Fig. 3). Pregrazing HIF cover increased (P = 0.004) under highintensity grazing from 5.67% ± 2.62% in 2019 to 11.42% ± 2.62% in
2020 (see Fig. 3). Weed cover before grazing was similar between
years and did not respond to short-duration grazing treatments
(see Figs. 2−3). There was no evidence for HIF or weed cover covariate adjustment by foliar cover (P = 0.95, P = 0.43, respectively);
herbaceous litter depth (P = 0.18, P = 0.58, respectively); or initial
soil moisture (P = 0.40, P = 0.13; respectively) during pregrazing
sampling.
After grazing, there was no evidence (P = 0.28) of a year-byseason interaction on HIF cover. There was a year-by-intensity interaction (P = 0.02) on postgrazing HIF forb cover; however, custom contrasts did not detect any differences (P > 0.05) in cover
across grazing intensities between years. Postgrazing effects of year
by season (P = 0.68) and year by intensity (P = 0.39) on weed cover
were not evident (see Figs. 2−3). Neither HIF nor weed cover were
found to vary as a function of covariates for foliar cover (P = 0.95,
P = 0.17, respectively), herbaceous litter depth (P = 0.91, P = 0.28, respectively), or initial soil moisture (P = 0.42, P = 0.15, respectively)
during the postgrazing sampling period.
During the regrowth sampling period, there was no evidence of
year-by-season (P = 0.16), year-by-intensity (P = 0.08), or season-byintensity (P = 0.24) interactions on HIF cover. Regrowth weed cover
was greater (P = 0.05) in 2019 (1.01% ± 0.56%) than 2020 (0.51% ±
0.39%) across treatments (see Figs. 2−3); however, there was no
evidence for year-by-season (P = 0.45), year-by-intensity (P = 0.48),
or season-by-intensity (P = 0.79) interactions on weed cover. Again,
neither HIF nor weed cover were inﬂuenced by covariates of foliar cover (P = 0.54, P = 0.78, respectively); herbaceous litter depth
(P = 0.67, P = 0.71, respectively); or initial soil moisture (P = 0.42,
P = 0.83, respectively) during regrowth sampling.
Biomass
Before grazing, there was a year-by-season interaction
(P = 0.006) on the percentage of HIF biomass; however, there
were no differences between biomass percentages within seasons
across years (Table 1). There were no changes in HIF biomass
percentages associated with grazing intensity (P = 0.21) or the
interaction between year and intensity (P = 0.81) during the
pregrazing sampling period. There was no evidence to support
the inclusion of foliar cover (P = 0.81), herbaceous litter depth
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Figure 2. Untransformed least-squares means ± standard error of foliar cover (%) for preferred forbs of high importance to greater sage-grouse (Centrocercus urophasianus)
and noxious weeds (cumulatively, ﬁeld bindweed [Convolvulus arvensis L.], diffuse knapweed [Centaurea diffusa Lam.], and thistle [Cirsium arvense {L.} Scop.]) by grazing
season during the pregrazing (< 7 d), postgrazing (< 7 d), and regrowth (late September) sampling periods in early-season (early June) and late-season (early August)
short-duration grazing treatments during 2019 and 2020 at the Rinker Rock Creek Ranch in Blaine County, Idaho.

Figure 3. Untransformed least-squares means ± standard error of foliar cover (%) for preferred forbs of high importance to greater sage-grouse (Centrocercus urophasianus)
and noxious weeds (cumulatively, ﬁeld bindweed [Convolvulus arvensis L.], diffuse knapweed [Centaurea diffusa Lam.], and thistle [Cirsium arvense {L.} Scop.]) by grazing
intensity during the pregrazing (< 7 d), postgrazing (< 7 d) sampling periods), and regrowth (late September) over early-season (early June) and late-season (early August)
short-duration grazing treatments during 2019 and 2020 at the Rinker Rock Creek Ranch in Blaine County, Idaho.

(P = 0.79), or initial soil moisture (P = 0.86) as covariates in
pregrazing HIF biomass models.
On the basis of observation of residuals, we censored data
during postgrazing analysis of HIF biomass percentages when a
low number (n = 3 observations) of extreme values (> 1.5 standard deviations above mean) in early-season, high- and moderateintensity treatments clearly drove estimated relationships between
total vegetation cover and the percent of HIF biomass. Postgraz-

ing HIF biomass percentage depended on year (P < 0.001) and
season (P = 0.04). The percent of postgrazing HIF biomass was
greater (P ≤ 0.01) in 2019 (0.059% ± 0.035%) than 2020 (0.003%
± 0.002%) across all short-duration grazing treatments (see
Table 1). Additionally, the percent of HIF biomass was greater
(P = 0.04) after early-season treatments (0.035% ± 0.025%) than following late-season treatments (0.005% ± 0.003%) across years (see
Table 1). Potential covariates were deemed unnecessary for model-
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Table 1
Least-squares means estimates ± standard error of the percent (%) of total herbaceous biomass composed of preferred forbs of high importance to greater sage-grouse
(Centrocercus urophasianus) during the pregrazing (< 7 d) and postgrazing (< 7 d) sampling periods in the early season (early June) and late season (early August), as
well as the regrowth sampling period (late September) in 2019 and 2020 at the Rinker Rock Creek Ranch in Blaine County, Idaho.1
Yr × season
Yr (Y)

Season (S)

Sample period

2019

2020

Early

Pregrazing: percent
of HIF biomass2
Postgrazing:
percent of HIF
biomass2
Regrowth
sampling: percent
of HIF biomass2

0.161 ± 0.125

0.109 ± 0.084

2019

Early

Late

0.540 ± 0.490 a 0.033 ± 0.029 b 0.258 ± 0.256

0.101 ± 0.100

1.130 ± 1.122

0.011 ± 0.010

0.059 ± 0.035 a 0.003 ± 0.002 b 0.035 ± 0.025 a 0.005 ± 0.003 b 0.156 ± 0.122

0.022 ± 0.017

0.008 ± 0.008

0.001 ± 0.001

0.043 ± 0.039

0.211 ± 0.271

Early

2020
Late

0.024 ± 0.022

Late

0.005 ± 0.006

0.034 ± 0.050 ax 0.008 ± 0.011 ax 1.290 ± 1.860 ax 0.003 ± 0.004 ay

1

Pastures were grazed for 16 d in 2019 and 2020.
Contrasts were conducted within each sampling period.a,b Means within a sample period and year, season, or year × season category with different letters are different
(P ≤ 0.05).x,y Means within a sample period and year in year × season categories with different letters are different (P ≤ 0.05).
2

Table 2
Least-squares means estimates ± standard error for change in volumetric water content (%) between early-season (early June) and late-season (early August)
pregrazing sample periods and the regrowth sampling period (late September) in mesic meadow pastures during 2019 and 2020 at the Rinker Rock Creek
Ranch in Blaine County, Idaho.1
Yr (Y)

Change in volumetric water content (%)
1

Season (S)

2019

2020

Early

Late

−11.53 ± 1.24 a

−5.51 ± 1.24 b

−14.93 ± 1.31 a

−2.12 ± 1.31 b

Pastures were grazed for 16 d in 2019 and 2020.a,b Means within yr or season categories with different letters are different (P ≤ 0.01).

ing of foliar cover (P = 0.37), herbaceous litter depth (P = 0.65), or
initial soil moisture (P = 0.45).
Following regrowth, there was a year-by-season interaction
(P = 0.031) on HIF biomass percentage. The regrowth percentage
of HIF biomass remained similar (P = 0.07) from 2019 (0.034% ±
0.050%) to 2020 (1.290% ± 1.860%) in early-season treatments (see
Table 1). Late-season HIF biomass percentages also remained similar (P = 1.00) during regrowth sampling periods from 2019 (0.008%
± 0.011%) to 2020 (0.003% ± 0.004%; see Table 1). In 2019, HIF
biomass percentages were similar (P = 1.00) between early-season
and late-season treatments (see Table 1). However, after 2 yr of
grazing, regrowth HIF biomass percentages were greater (P = 0.04)
in early-season treatments than late-season treatments (see
Table 1). There was no evidence for including potential covariates
with foliar cover (P = 0.62), herbaceous litter depth (P = 0.42), or
initial soil moisture (P = 0.23) for regrowth models of HIF biomass
percentages.

Soil moisture
In 2019, pregrazing soil moisture ranged 20.3%−50.0% in earlyseason treatments, whereas pregrazing soil moisture in late-season
treatments ranged 6.1%−23.0%. In 2020, pregrazing soil moisture
in early-season treatments ranged 13.4%−44.8%, while pregrazing
soil moisture in late-season treatments ranged 4.1%−15.1%. Declines in soil moisture coinciding with our pregrazing to regrowth
sampling periods varied by year (P = 0.001) and season of grazing
(P < 0.001); however, declines were not dependent on grazing
intensity (P = 0.60) or the interaction between year and intensity
(P = 0.78; Table 2). Soil moisture decline from pregrazing to regrowth sampling periods was greater (P ≤ 0.01) in 2019 (−11.53%
± 1.24%) than 2020 (−5.51% ± 1.24%; see Table 2). As expected because of timing and onset of seasonal hydrologic patterns, earlyseason treatments (−14.93% ± 1.31%) experienced greater (P ≤
0.01) pregrazing to regrowth declines in soil moisture than lateseason treatments (−2.12% ± 1.31%; see Table 2). Lastly, there
was no evidence for adjusting soil moisture declines by change in
herbaceous litter depth (P = 0.13).

Discussion
Our objectives were to determine how differences in the season and intensity of livestock grazing inﬂuence forbs important
to sage-grouse and soil moisture within mesic habitats used for
late-season brood rearing. Short-duration grazing that provides adequate periods for vegetation regrowth serves as viable means for
maintaining functioning condition and minimizing adverse effects
of livestock grazing in mesic areas (Dalldorf et al. 2013; Swanson
et al. 2015). Results from our study suggest that short-duration
grazing applications in mesic meadows can also serve as a helpful management tool to maintain or enhance sage-grouse food
resources. Despite variation between the responses of cover and
biomass percentage of HIF likely attributed to differences between
the evaluated measurements (Chiarucci et al. 1999), patterns were
similar for both variables, suggesting we observed increased abundance of HIF and not simply trade-offs between cover and biomass.
Despite low values of HIF cover (2019: 0.17–5.83%; 2020: 0.33–
6.00%) and biomass (2019: 0.015–0.52%; 2020: 0.00–0.03%) immediately after all grazing treatments, early-season grazing facilitated improvements in pregrazing cover of HIF from 2019 to 2020
and produced greater regrowth biomass percentages of HIF compared with late-season treatments. We attribute this pattern to
the ability of early-season grazing to improve HIF resources by delaying their maturation and allowing adequate regrowth opportunity compared with late-season treatments (Vavra 2005). Additionally, early-season grazing can curtail the yield of competitive forage grasses like meadow foxtail (Wenick et al. 2008), which might
otherwise displace or suppress less competitive forbs that are important to wildlife like sage-grouse. Competition from established
plants is a primary driver of individual plant success and plant
community composition in productive habitats (Geho et al. 2007).
For instance, the establishment and persistence of dandelion, a primary component of the HIF community at our study site, requires
disturbance regimes capable of mitigating competition exerted by
tall, rhizomatous grasses (Mølgaard 1977; Supek et al. 2017; Gaisler
et al. 2019). Because meadow foxtail is an early maturing species
(Wenick et al. 2008), late-season grazing was unable to suppress
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plants before they reached maturity, produced seed, and entered
a state of semidormancy due to low moisture conditions (Schoth
1945). Therefore, disturbance caused by early-season grazing and
the associated suppression of meadow foxtail likely explains improvements in HIF metrics in pastures subjected to early-season
grazing treatments. In contrast, no changes were detected between
late-season grazing treatments or ungrazed controls in the absence
of disturbance during meadow foxtail maturation.
Although season of short-duration grazing was identiﬁed as a
more consistent factor affecting HIF cover and biomass, intensity
of short-duration grazing also inﬂuenced pregrazing HIF cover. Under this context, increases in HIF responses are likely attributed to
decreased height of competitive vegetation throughout the growing season, which is a mediating factor in the richness and cover
of forb groups such as native and exotic annuals (Hayes and
Holl 2003b). Further, dandelion and other smaller, less competitive plants have responded positively to increases in grazing intensity in pastures dominated by perennial grasses (Harker et al.
20 0 0) and systems dominated by tall, rhizomatous grasses (Jones
et al. 2010). In contrast to measurements collected before grazing,
we did not detect differences among any grazing treatments in HIF
cover or biomass immediately after grazing. This lack of change is
likely a function of increased height of meadow foxtail in control
treatments inhibiting the growth of understory forbs and removal
of palatable HIF, such as clover, in grazed treatments.
During the regrowth sampling period, early-season grazing
treatments had greater percentages of HIF biomass than lateseason grazing treatments in 2020; however, there were no
changes in HIF cover or biomass among treatments from 2019 to
2020. One partial explanation for the lack of variation among grazing treatments following a regrowth period is that it is an artifact
of our sampling design. Because measurements on HIF cover and
biomass during the regrowth sampling period may have fallen outside of a viable phenological window conducive for detection, early
senescing forbs may have been diﬃcult to detect. Alternatively,
observed differences before grazing may have been small enough
to be lost following grazing and the regrowth period. Regardless, early-season and high-intensity grazing improved HIF metrics within mesic meadows, particularly when evaluating changes
from 2019 to 2020. Finally, it should be noted that although statistical differences were observed between HIF cover and biomass
percentages among treatments, effect sizes were generally small in
the scope of total pasture composition. However, forbs were generally rare in our pastures at the beginning of our experiment, and
we interpret increases in HIF metrics, although small, as evidence
that early-season short-duration grazing may have the potential to
improve the availability of dietary resources for sage-grouse.
Livestock grazing can degrade sage-grouse habitat through the
introduction of alien weeds (Young and Longland 1996; Beck and
Mitchell 20 0 0). However, this degradation is often the result of
overgrazing or improperly managed grazing (DiTomaso 20 0 0). In
our study, short-duration grazing treatments did not elicit a response in cover of weeds. Although not a primary objective of this
study, livestock grazing can be implemented in a manner that does
not affect (Davis et al. 2018) or even reduces (De Bruijn and Bork
2006) the abundance of weeds. However, the short nature of this
2-yr study limits our ability to attest to long-term trends in the
cover of weeds with respect to short-duration grazing treatments.
Instead, our results provide evidence that short-duration grazing
can be applied in a manner conducive to late brood rearing dietary
resources for sage-grouse without promoting the cover of weeds in
the short term, which would compromise pasture condition.
Seasonal declines in soil moisture from before grazing to regrowth sampling periods were greater in 2019 than 2020 and, as
expected, were greater in early-season treatments than late-season
treatments. We attribute both observations to differences in pre-
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grazing soil moisture, which aligns with the ﬁndings of other studies that describe decreases in moisture metrics, such as plant available water, as spring transitions into summer months (Mitchell
et al. 2017). However, contrary to our hypothesis, the intensity
of short-duration grazing did not inﬂuence soil moisture declines
from before grazing to regrowth sampling. Generally, increasing
grazing intensity has been linked with lower water content and
storage capacity in the top layer of soils because trampling reduces
porosity, inhibiting the ability of soils to store water (Villamil et
al. 2001). Further, heavier grazing intensities can promote greater
evaporation rates at the soil surface by removing protective vegetation when compared with light or moderate grazing intensities
(Zhao et al. 2011). However, grazing can also decrease the leaf area
index of plants compared with ungrazed controls, which can lead
to a lower cumulative level of evapotranspiration (Bremer et al.
2001). In our experiment, it is possible that a combination of factors such as increased plant transpiration in ungrazed controls and
evaporation rates occurring at the soil surface in grazed treatments
resulted in similar patterns of soil moisture loss at the evaluated
10-cm depth (Yan et al. 2018).
Mesic resources have been identiﬁed as a critical component
to sage-grouse brood-rearing success (Wallestad 1971; Atamian et
al. 2010; Donnelly et al. 2016), and sage-grouse have shown an
aﬃnity for meadows grazed by livestock over ungrazed meadows (Evans 1986). Our study provides evidence for the eﬃcacy
of short-duration livestock grazing to promote HIF resources in
mesic meadow pastures. Consistent with our hypothesis, cover and
biomass percentages of HIF did not respond similarly across all
short-duration grazing treatments. In particular, early-season grazing was a constant component of short-duration grazing treatments that elicited a positive response in HIF cover and biomass
percentages when competing with dominant forage grasses. The
ﬁndings of this study add to a growing body of literature documenting the ability of livestock grazing to be implemented as a
tool to help reach speciﬁc vegetation management objectives (Frost
and Launchbaugh 2003; Bailey et al. 2019).
Implications
In arid rangelands, mesic meadows provide essential forage and
water resources to livestock and wildlife. This shared dependence
provides an opportunity to integrate agricultural and conservation practices to maintain aspects of ecosystem function, such as
increasing forb abundance and plant diversity to beneﬁt wildlife
and pollinators. Despite low initial measurements of HIF cover and
biomass percentages, our results suggest that short-duration livestock grazing during the early summer may sustain or enhance
forbs preferred by sage-grouse in mesic meadows dominated by
competitive forage grasses. Late-summer grazing did not improve
HIF cover or biomass percentages in the short term but importantly did not reduce HIF metrics relative to pastures with no cattle
grazing, suggesting that short-duration grazing later in the summer
may not be detrimental to HIFs in mesic meadow communities.
Although not as consistent as early-season grazing, high-intensity
grazing may also facilitate positive responses in HIF communities.
Changes in soil moisture and weed cover were not attributed to
short-duration grazing, suggesting that short-duration grazing is
compatible with the overall functioning of mesic meadows. With
consideration of initial pasture conditions and environmental variables, short-duration grazing during the early season can be a valuable tool to help enhance dietary resources of sage-grouse without
compromising pasture condition over short time intervals.
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