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a b s t r a c t 

In temperate landscapes, habitat selection is constrained by resource availability during winter. Most 

studies of habitat selection by greater sage-grouse ( Centrocercus urophasianus “sage-grouse”) have fo- 

cused on breeding and summer rather than winter habitat. We focused on winter microhabitat when 

available habitat was influenced by snow conditions. Our objectives were to 1) identify what micro- 

habitat characteristics sage-grouse select during winter and 2) evaluate whether sage-grouse selected 

microhabitat at the home range (third order) or the population range (second order) scale. In summer 

2020, we measured shrub characteristics and herbivore dung counts at 90 sage-grouse locations from 

the previous 2019/2020 winter in northwest Colorado and southcentral Wyoming and compared them 

with 90 paired, available locations within sage-grouse home ranges and 90 unpaired, available locations 

within the population range. We found strong support for sage-grouse selecting for winter microhabi- 

tat at the home-range scale because we observed similar differences in shrub characteristics between 

sage-grouse use locations and available locations at both scales and no differences between randomly 

available habitat. Compared with available locations within home ranges, wintering sage-grouse selected 

areas of 57.1% greater big sagebrush ( Artemisia tridentata spp. Nutt.) canopy cover, 23.7% taller big sage- 

brush, and 110.6% more visual obstruction at use locations. Sage-grouse dung piles were 7.1 × higher at 

used locations than available locations within home ranges, further indicating that habitat use was less 

random within home ranges. In winter, microhabitat selection focused on higher cover and height of big 

sagebrush like previous observations from nearby studies of microhabitat selected by sage-grouse during 

nesting and brood-rearing. 

© 2024 The Society for Range Management. Published by Elsevier Inc. All rights reserved. 
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Limited resource availability makes habitat selection during 

inter challenging for temperate wildlife species. Most studies of

abitat selection by greater sage-grouse ( Centrocercus urophasianus

sage-grouse”) have focused on breeding and summer ( Connelly

t al. 2011 ) instead of winter habitat selection, especially for mi-

rohabitat (but see Hagen et al. 2011 ). We focused on microhabitat

uring winter when sage-grouse habitat selection is often limited

o above-snow vegetation (mainly shrubs). We designed our study

o characterize winter microhabitat selection at the population

second order) and home range (third order) scales ( Johnson

980 ). We had two research objectives. The first was to identify
∗ Correspondence: Jeffrey L. Beck, Dept of Ecosystem Science and Management, 

ollege of Agriculture, Life Sciences and Natural Resources, University of Wyoming, 

ept 3354, Laramie, WY 82071, USA. 
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hat shrub microhabitat characteristics sage-grouse select during 

inter. The second was to evaluate whether they were mostly

electing this habitat at the home- or population-range scale

sing habitat measurements at grouse-use locations, home-range 

vailable locations, and population-range available locations. We 

ropose four possible hypotheses (and lines of evidence for each;

able 1 ) representing the scale of grouse habitat selection in our

tudy: 1) no selection at either the home range or population

cale, 2) selection predominately at the population scale (second

rder), 3) selection predominately at the home-range scale (third

rder), and 4) significant selection at both scales. Incorporating

 multiscale hierarchical framework is the widely recommended

ethod for studying habitat selection ( Mayor et al. 2009 ), though

t is often lacking in microhabitat studies ( McGarigal et al. 2016 ).

nformation about winter habitat selection by sage-grouse will

etter inform conservation of this imperiled rangeland species. 
ts reserved. 
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Table 1 

Hypothetical example of possible outcomes for comparison of sagebrush cover at greater sage-grouse use, home range available, and population range available 

locations representing four hypotheses of scale of selection. In this example, grouse preferentially select for sagebrush cover. 

Hypothesis Use vs. home range available Use vs. population available Home range vs. population available 

No selection at either scale No difference No difference No difference 

Selection at population scale No difference Cover higher at use Cover higher at home range available 

Selection at home range scale Cover higher at use Cover higher at use No difference 

Selection at both scales Cover higher at use Cover higher at use Cover higher at home range available 

Figure 1. Study area map depicting locations of sage-grouse use and random available locations within home-range and population scales, southwestern Wyoming and 

northwestern Colorado, United States, winter 2019/2020. Home and population ranges estimated with a 99% kernel density estimator (KDE). 
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tudy area 

Our study area was located near the intersections of Sweet- 

ater and Carbon counties, Wyoming, and Moffat County, Col- 

rado, with 67% of the study area located in Wyoming ( Fig. 1 ).

he 4 660-km2 study area was mostly composed of Bureau of 

and Management−managed land (85%) and included private (10%) 

nd state (5%) land. Our study area was categorized as cold arid-

teppe ( Kottek et al. 20 06 ) with elevation ranging from 1 80 0

o 2 500 m (USGS 2016) and the 30-yr (1991–2021) mean core

inter (1 Dec–28 Feb) precipitation ranged from 11.7 to 39.8 cm

 PRISM Climate Group 2022 ). During the core months of winter

019/2020, mean accumulated precipitation (24.3 cm) was in the 

1st percentile compared with the 30-yr average and in the 31st

ercentile for mean winter temperature (−6.4 °C; PRISM 2022 ).

age-grouse locations were clustered in the flat, lower elevations 

t elevations between 1 850 and 2 200 m. Snow depth ranged

rom 0 to 48 cm with a mean of 19 cm at use locations, ac-

ording to snow depth values modeled using SnoModel from our 
aded From: https://bioone.org/journals/Rangeland-Ecology-and-Management on 04 Jun
f Use: https://bioone.org/terms-of-use	Access provided by University of Wyoming
tudy period ( Liston et al. 2020 ). In microhabitat plots we iden-

ified 21 shrubs to species or genera. Dominant shrubs included 

ig sagebrush ( Artemisia tridentata Nutt.), greasewood ( Sarcobatus 

ermiculatus [Hook.] Torr.), shadscale saltbush ( Atriplex confertifolia 

Torr. & Frém.] S. Watson), and yellow rabbitbrush ( Chrysothamnus 

iscidiflorus [Hook.] Nutt.). We identified seven subshrub species, 

ith birdsfoot sagebrush ( A . pedatifida Nutt.), Gardner’s saltbush 

 Atriplex gardneri [Moq.] D. Dietr.), and winterfat ( Krascheninnikovia 

anata [Pursh] A. Meeuse & Smit) most common. 

apture and monitoring 

We captured and radiomarked adult female sage-grouse using 

potlight and hoop-net methods ( Giesen et al. 1982 ; Wakkinen

t al. 1992 ) during all seasons of the year. Sage-grouse captur-

ng and monitoring protocols were approved by the University of 

yoming Institutional Animal Care and Use Committee (proto- 

ol 20170324AP00266) and Wyoming Game and Fish Department 

hapter 33-1160 permit. We fitted yearling and adult female sage- 

rouse with rump-mounted Global Positioning System (GPS) trans- 

itters (22-g GPS PTT [GeoTrack, King George, VA] or 15-g Bird
 2024
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Table 2 

Mean ( ± standard of error) of winter microhabitat characteristics at locations used by sage-grouse, available locations within home ranges, 

and available locations within the population range. We recorded shrub characteristics and dung counts at winter 2019/2020 plots in 

summer 2020, northwest Colorado and southcentral, Wyoming, United States. 

Microhabitat characteristics Grouse use Available 

Home range Population range 

Dung counts (piles/400 m2 ) 

Cattle 7.57 ± 0.79 4.86 ± 0.74 6.49 ± 1.16 

Horse 3.29 ± 0.61 3.43 ± 0.70 3.90 ± 0.87 

Native ungulate 1 52.08 ± 4.24 51.75 ± 5.75 46.07 ± 4.49 

Sage-grouse 14.80 ± 1.62 2.10 ± 0.48 1.49 ± 0.58 

Canopy cover (%) 

Big sagebrush 24.25 ± 1.07 15.44 ± 1.22 12.14 ± 1.07 

Nonsagebrush shrub 3.74 ± 0.60 3.85 ± 0.86 5.66 ± 0.75 

Sub-shrub 0.86 ± 0.17 1.52 ± 0.30 2.82 ± 0.46 

Overall (shrub + subshrub) 28.86 ± 1.03 20.81 ± 1.27 20.62 ± 1.14 

Height (cm) 

Big sagebrush 37.82 ± 0.55 30.58 ± 0.41 33.48 ± 0.55 

Nonsagebrush shrub 37.58 ± 0.96 30.21 ± 0.75 30.61 ± 0.84 

Overall (shrub + subshrub) 35.01 ± 0.48 26.04 ± 0.39 26.61 ± 0.51 

Other shrub attributes 

Shrub species richness (no.) 2.72 ± 0.15 2.81 ± 0.14 3.37 ± 0.19 

Visual obstruction (dm) 1.79 ± 0.13 0.85 ± 0.08 0.98 ± 0.12 

Sagebrush presence (0/1) 1.00 ± 0.00 0.94 ± 0.02 0.89 ± 0.03 

1 Native ungulates included elk, mule deer, and pronghorn. 
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olar [e-obs GmbH, Grunwald, Germany], total weight ∼32 g) that

ecorded at least four locations per day. 

icrohabitat measurements 

To obtain microhabitat conditions, we sampled vegetation at

age-grouse winter use locations from winter 2019/2020. We de-

ned winter as 1 December–March 14 to be consistent with the

yoming Greater Sage-Grouse Executive Order ( State of Wyoming

019 ), and we only used grouse location data within these dates if

age-grouse were confirmed to be on winter range based on move-

ent behavior ( Pratt et al. 2017 ). We used winter 2019/2020 snow

epth data from the Cow Creek Wyoming weather station (Bureau

f Land Management NWS ID 482011) to broadly categorize days

etween 1 December and 14 March as low, moderate, and high

now depth (0–25, 26–75, and 76–99 percentile, respectively). For

ach marked sage-grouse, we randomly selected a location from at

east one day during each snow-depth period. This approach pro-

ided greater temporal independence between locations. For each

se point we paired an available point randomly generated within

hat bird’s winter home range, which we estimated using a 99%

ernel density estimator in the “adehabitatHR” package of R (ver-

ion 4.1.2; Calenge 2011 ; see Fig. 1 ). We estimated the popula-

ion range using a 99% kernel density estimator for all bird loca-

ions and then randomly generated an equal number of available

oints at the population scale (see Fig. 1 ). In generating available

ocations, we first excluded any areas we defined as “nonhabitat”

uch as exposed rock, open water, human development, and forest

 LANDFIRE 2016 ). 

Sampling microhabitat locations during winter is not logisti-

ally feasible due to impassable roads, safety concerns for field

ersonnel, disturbance to winter-stressed wildlife, and annual vari-

bility in snow depth that may limit field data collection only to

ccessible areas. We also assumed that measuring average shrub

haracteristics during summer is more comparable with spatial

roducts, which are based on summer measurements (e.g., Xian

t al. 2015 ). To assess the assumption that shrub heights mea-

ured during summer would be correlated with heights measured

uring winter, we compared shrub height measurements taken

rom National Land Cover Database remotely sensed products ( Xian

t al. 2015 ) at sage-grouse locations and overlaid them with aver-
d From: https://bioone.org/journals/Rangeland-Ecology-and-Management on 04 Jun 20
se: https://bioone.org/terms-of-use	Access provided by University of Wyoming
ge snow level synthesized from SnowModel ( Liston et al. 2020 ).

hen we paired base shrub height with mean protruding shrub

eight above snow at 16 376 sage-grouse locations across winters

018/2019 and 2019/2020, we found a Pearson’s correlation coef-

cient ( r ) of 0.573 (t16,374 = 89.4, P value < 0.001). This assessment

ith remotely sensed data confirmed our assumption that shrub

eights measured with and without snow are correlated. Further,

easuring shrubs during snow-free periods is most practical be-

ause snow depth constantly changes within and between years,

aking winter sampling prone to mismatches between shrub char-

cteristics sage-grouse encountered when they used locations and

he dates those locations are sampled. Furthermore, postwinter

ampling of sagebrush characteristics is measurable by managers

 Connelly et al. 20 0 0 ). Thus, during summer 2020 (26 May–20 Au-

ust), we visited each location to measure shrub characteristics

nd dung counts at microhabitat plots. We did not measure herba-

eous vegetation because sage-grouse consume sagebrush exclu- 

ively in winter ( Wallestad and Eng 1975 ) and select winter mi-

rohabitat for shrub-meditated structural characteristics and nutri- 

ional quality ( Hagen et al. 2011 ; Frye et al. 2013 ). 

We assessed winter microhabitat characteristics at sage-grouse 

se and available plots using two 50-m transects (100-m total) that

ntersected at the center and extended in the cardinal directions.

e defined subshrubs as shrub species with typical height at ma-

urity < 3 dm. We measured canopy cover by species along each

0-m transect using the line-intercept method ( Canfield 1941 ). Ev-

ry 2.5 m along the transect line, we recorded the height of the

earest shrub. To estimate species richness, we recorded every

hrub to species or genus rooted within 1 m of the right side of

ach transect line (100 m2 total). Shrub characteristics included

verall shrub height (shrubs and subshrubs combined), big sage-

rush height, nonsagebrush height (shrubs and subshrubs com-

ined), overall canopy cover (all shrubs and subshrubs), sagebrush

anopy cover, nonsagebrush shrub canopy cover, subshrub canopy

over, species richness, and whether big sagebrush was present

0 or 1) at the location ( Table 2 ). We considered big sagebrush

eparately because it is the most important attribute characteriz-

ng sage-grouse winter habitat ( Connelly et al. 2011 ; Dzialak et al.

013 ; Smith et al. 2014 , 2021 ). We used a Robel pole to mea-

ure visual obstruction to the nearest 0.5 dm by visually observing

hrub obstruction of the pole from 4 m away and 1 m from the
24
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round along the transect at 0-, 10-, 15-, 20-, 25-, 30-, 35, 40-, and

0-m intervals ( Robel et al. 1970 ). 

At each sampling location we recorded piles of dung from 

age-grouse, native ungulates (elk [ Cervus elaphus ], mule deer 

 Odocoileus hemionus ], and pronghorn [ Antilocapra americana ]); 

ree-roaming horses ( Equus ferus caballus ); and cattle within 2 m

n each side of each 50-m transect line (400 m2 total). For dung

iles to represent general degree of use during winter, we did not

nclude fresh dung that we considered to be deposited after spring.

e recorded dung piles as a signal to verify relative use by sage-

rouse and to compare grouse use of the landscape with that of

ngulate use during the winter. 

tatistical analysis 

For each habitat variable we conducted three comparisons: 

rouse use versus home range available, grouse use versus popu- 

ation range available, and home range available versus population 

ange available (see Table 1 ). Within home ranges, we compared

egetation characteristics and dung counts between sage-grouse 

se locations and home range available locations using paired t -

ests. We used two-sample t -tests to compare the means of micro-

abitat characteristics at used and home range available locations 

o those characteristics measured at population range available lo- 

ations. We used chi-square tests to compare presence of big sage-

rush at sage-grouse use locations compared with available loca- 

ions within home and population ranges. We conducted all sta- 

istical analyses in R and set statistical significance at alpha = 0.05.

e adjusted P values generated for t -tests and chi-square tests us-

ng the Bonferroni correction to correct the experiment-wise error 

ate inherent in multiple tests ( Dunn 1961 ). We report effect sizes

s Cohen’s d for t -tests, Cohen’s g for paired chi-square tests, and

ohen’s w for unpaired chi-square tests ( Cohen 1992 ). If there were

o significant difference results for all three tests, then we inter-

reted that as evidence for the hypothesis that grouse were not

electing habitat relative to that variable at either the population- 

r home-range scale (see Table 1 ). Population-scale selection is se-

ecting home ranges within habitat available to the greater pop- 

lation. The home range available locations represented habitat 

ithin grouse home ranges, so we interpreted significant differ- 

nces between home range available and population range avail- 

ble habitat as evidence for habitat selection at the population

cale. Grouse use locations represented the habitat used within 

rouse home ranges, so we interpreted significant differences be- 

ween grouse use habitat and home range available habitat as evi-

ence for selection at the home range scale. The collective results

or the three tests provided evidence for which scale of habitat se-

ection hypothesis best matched our observations (see Table 1 ). If

esults of the three tests did not match one of our four proposed

ypotheses, then we interpreted it as inconclusive evidence. 

esults 

We used 90 use locations from 24 GPS−marked sage-grouse, 90 

ome range available, and 90 population available locations (see 

ig. 1 ). With a statistical significance of 0.05 (Bonferroni-corrected 

ignificance = 0.01667) and statistical power of 0.80, this sample 

ize allowed us to detect medium and larger effect sizes (Co-

en’s d ≈ 0.34). Five of 10 shrub characteristics measured—height 

nd canopy cover of big sagebrush and overall shrubs, and visual

bstruction—were greater at use locations compared with avail- 

ble locations within the home range ( Tables 2 and 3 ). At grouse-

se locations, big sagebrush canopy cover and height were 57.1% 

nd 23.7% greater, respectively, compared with available locations 

ithin the home range (see Table 2 ). At use locations, visual ob-
aded From: https://bioone.org/journals/Rangeland-Ecology-and-Management on 04 Jun
f Use: https://bioone.org/terms-of-use	Access provided by University of Wyoming
truction was 110.6% greater than within the home range (see 

able 2 ). 

Five of the 10 shrub characteristics measured—canopy cover 

f big sagebrush and overall shrubs, height of big sagebrush, vi-

ual obstruction, and probability of big sagebrush presence—were 

reater at use locations compared with available locations within 

he population range (see Tables 2 and 3 ). Big sagebrush canopy

over was 99.8% higher at use locations compared with available

opulation-scale locations (see Table 2 ). Big sagebrush height and 

isual obstruction were 13.0% and 82.7% higher at use locations 

ompared with available population-scale locations (see Table 2 ). 

n contrast, two shrub characteristics, subshrub canopy cover and 

hrub species richness, were 69.5% and 19.3% lower at use loca-

ions than at available population-scale locations (see Table 2 ). 

We found no difference (0 of 10 characteristics) in shrub char-

cteristics or dung counts between available locations within the 

ome range compared with the population range (see Table 3 ) for

age-grouse or any ungulate. Sage-grouse dung counts at use loca- 

ions were 7.1 × greater compared with home range available loca- 

ions and 9.9 × greater compared with population range available 

ocations (see Table 2 ). Higher use of these areas by sage-grouse

ather than ungulates further confirmed higher use of these winter 

ites, specifically by sage-grouse and mostly irrespective of ungu- 

ate use (see Tables 2 and 3 ). The pattern of grouse use relative to

attle use was inconclusive (see Table 3 ). 

Of the eight habitat microhabitat features for which we ob- 

erved significant selection, four provided evidence for the hy- 

othesis that sage-grouse were selecting these features within the 

ome-range scale (see Tables 1–3 ). For the other four features the

vidence was inconclusive. The variation in sage-grouse dung was 

imilar, further suggesting that habitat use was less random within 

ome ranges. 

iscussion 

We found a lack of differences in microhabitat characteristics 

etween random available locations at the population and home 

ange scales, suggesting that sage-grouse selected home ranges 

ith similar microhabitat as what was widely available within the 

opulation range. However, significant differences between use lo- 

ations and available locations at both scales (and the direction 

nd magnitude of the differences between use and available loca- 

ions were similar) indicate that sage-grouse selected winter mi- 

rohabitat within the home-range scale over the population scale. 

icrohabitat studies frequently either compare use locations with 

vailable locations within the home range or to available locations 

cross the study area (e.g., Dinkins et al. 2016 ). In our study, both

omparisons gave similar conclusions on identifying the habitat 

eatures sage-grouse were selecting (there were inconsistent con- 

lusions for 4 of 10 features) because when the grouse were select-

ng winter home ranges, on average, the microhabitat within home 

anges was like that in the greater population range. The con-

lusion of grouse selecting microhabitat at the home-range scale 

ay not hold in other study areas, so it is worth repeating. With-

ut previous studies collecting data on available habitat at multi- 

le scales, it is not possible to parse out what scale sage-grouse

ere selecting habitat in those study areas. Sage-grouse conserva- 

ion effort s designed at the population scale may unintendedly as-

ume approximate homogeneity within home ranges. Selection for 

hrub microhabitat at the home range scale supports management 

f shrub characteristics within home range scales. 

Our microhabitat results demonstrated the reliance of sage- 

rouse wintering in this region of Wyoming for taller sagebrush 

nd greater sagebrush canopy cover consistent with findings from 

esource selection function models using remotely sensed shrub 

ata in the same region ( Dzialak et al. 2013 ; Smith et al. 2014 ,
 2024
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Table 3 

Paired t -tests for microhabitat characteristics and dung counts between grouse-use locations and paired home range randomly available plots. Student’s t- tests comparisons between population range available plots and home 

range available and use plots. We used McNemar’s chi-square ( χ 2 ) test to assess presence of big sagebrush between paired grouse-use locations and home range available plots and Pearson’s χ 2 test to compare unpaired 

available plots. We recorded microhabitat characteristics and dung counts at winter 2019/2020 habitat plots in summer 2020, northwest Colorado and southcentral, Wyoming, United States. Bolded P values are significantly 

different at alpha = 0.05. 

Microhabitat characteristics Grouse use versus random home range Grouse use versus random population range Random home range versus random population range 

diff. 1 d 2 t 3 P 4 diff. d t DF P diff. d t DF P 

Dung counts (piles/400 m2 ) 

Cattle 2.71 0.29 2.78 0.020 1.08 0.11 0.77 156.9 1.0 0 0 −1.63 0.18 −1.19 151.1 0.711 

Horse −0.14 0.02 −0.21 1.0 0 0 −0.61 0.09 −0.58 160.0 1.0 0 0 −0.47 0.06 −0.42 170.4 1.0 0 0 

Native ungulate 5 0.34 0.01 0.05 1.0 0 0 6.00 0.15 0.98 177.6 0.992 5.66 0.12 0.78 167.5 1.0 0 0 

Sage-grouse 12.70 0.79 7.49 < 0.001 13.31 1.15 7.72 111.2 < 0.001 0.61 0.12 0.81 171.9 1.0 0 0 

Canopy cover (%) 

Big sagebrush 8.81 0.62 5.92 < 0.001 12.12 1.19 7.99 178.0 < 0.001 3.31 0.30 2.04 175.3 0.128 

Nonsagebrush shrub −0.11 0.01 −0.11 1.0 0 0 −1.92 0.30 −2.00 168.9 0.142 −1.81 0.24 −1.58 175.1 0.347 

Subshrub −0.66 0.21 −2.00 0.146 −1.96 0.60 −4.03 112.9 < 0.001 −1.30 0.35 −2.38 154.7 0.056 

Overall (shrub + subshrub) 8.04 0.56 5.31 < 0.001 8.24 0.80 5.35 176.0 < 0.001 0.20 0.02 0.11 176.2 1.0 0 0 

Height (cm) 

Big sagebrush 10.15 0.51 4.79 < 0.001 8.56 0.51 3.42 170.7 0.002 −1.59 0.09 −0.61 175.5 1.0 0 0 

Nonsagebrush 4.43 0.15 1.40 0.494 −0.05 0.00 −0.01 150.9 1.0 0 0 −4.48 0.17 −1.11 155.6 0.810 

Overall (shrub + subshrub) 9.87 0.53 5.00 < 0.001 7.00 0.34 2.26 135.6 0.076 −2.87 0.14 −0.94 131.1 1.0 0 0 

Other shrub attributes 

Shrub species richness −0.09 0.05 −0.49 1.0 0 0 −0.64 0.40 −2.71 168.3 0.022 −0.56 0.35 −2.37 165.5 0.057 

Visual obstruction (dm) 0.94 0.65 6.13 < 0.001 0.81 0.68 4.55 176.1 < 0.001 −0.13 0.13 −0.88 159.0 1.0 0 0 

diff. g χ2 P 6 diff. w χ2 DF P 7 diff. w χ2 DF P 7 

Big sagebrush presence (0/1) 0.06 0.50 3.20 0.221 0.11 0.24 8.58 1 0.010 0.06 0.10 1.16 1 0.842 

1 Diff indicates difference. 
2 d indicates Cohen’s d; g, Cohen’s g; w, Cohen’s w. 
3 All degrees of freedom were 89 for paired t -tests. 
4 We adjusted P values from all tests with the Bonferroni correction. 
5 Native ungulates included elk, mule deer, and pronghorn. 
6 χ2 test statistics and P values from McNemar’s chi-squared test for symmetry between paired groups. Note: DF (degrees of freedom) is 1 for McNemar’s chi-square tests. 
7 χ2 test statistics and P values from Pearson’s chi-square test of independence. 
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Downlo
Terms o
021 ). In some regions, sage-grouse were reported to prefer ar-

as with shorter sagebrush species (low sagebrush [ A. arbuscula

utt.], Hagen et al. 2011 ; black [ A. nova A. Nelson] , Frye et al.

013 ) if snow levels did not exceed vegetation height ( Hanff et al.

994 ). Sage-grouse have also been reported to use taller sage-

rush species during above-average snow levels ( Hupp and Braun

989 ; Hanf et al. 1994 ). Though our study did not account for

now depth outside of location sampling methods (our sampling 

ncluded low, moderate, and high snow depths at the 91st per-

entile compared with 30-yr average; PRISM 2022 ), we found less

ariation around sagebrush characteristic means at use locations 

ompared to available locations (see relative size of standard er- 

ors to means in Table 2 ), suggesting, that sage-grouse selected

imilar heights of sagebrush regardless of snow depth. Our re- 

ults support previous conclusions that sage-grouse can be ex- 

ected to find microhabitat with favorable structural characteris- 

ics within winter home ranges despite changing snow patterns 

n average winters ( Connelly et al. 20 0 0 ). Like previous observa-

ions in nearby study areas of microhabitat selection during nest- 

ng and brood-rearing, sage-grouse selected winter microhabitat 

ith greater canopy cover, visual obstruction, and shrub height 

 Kirol et al. 2012 ; Dinkins et al. 2016 ). These results indicate con-

ealment cover is important to sage-grouse throughout their an- 

ual cycle. However, Gelling et al. (2022) showed, at least dur-

ng the brood-rearing season, that microhabitat selected by sage- 

rouse can vary depending on reproductive state and behavioral 

tate, even to the extent that a habitat characteristic can be both

elected for and avoided depending on the time of day. Therefore,

and managers in landscapes used by grouse during multiple sea- 

ons during the year should maintain sage-grouse habitat with di- 

erse age structures within home ranges. 

eclaration of competing interest 

The authors declare that they have no known competing finan-

ial interests or personal relationships that could have appeared to 

nfluence the work reported in this paper. 

cknowledgments 

We thank personnel from the Wyoming Game and Fish Depart- 

ent and Rawlins Field Office of the Bureau of Land Management

or logistical support. We thank private landowners for access to 

heir lands to conduct our research. We thank K. Smith and J. Hen-

ig for assistance with capturing grouse and A. Kross and R. Niel-

on for assistance in collecting field data. 

The Sublette County Conservation District, University of 

yoming–Agricultural Experiment Station, Wyoming Game and 

ish Dept, Wyoming Local Sage-Grouse Working Groups (South- 

entral, Southwest, and Wind River/Sweetwater River), and 

yoming State Office of the Bureau of Land Management (grant 

17AC00272) funded our research. 

eferences 

alenge, C., 2011. Home range estimation in R: adehabitatHR package Available at:.

http://cran.r-project.org/web/packages/adehabitatHR/ Accessed 19 July 2022 . 
anfield, R.H., 1941. Application of the line interception method in sampling range

vegetation. Journal of Forestry 39, 388–394 . 
aded From: https://bioone.org/journals/Rangeland-Ecology-and-Management on 04 Jun
f Use: https://bioone.org/terms-of-use	Access provided by University of Wyoming
ohen, J., 1992. A power primer. Psychological Bulletin 112, 155–159 . 
onnelly, J.W, Rinkes, E.T., Braun, C.E., 2011. Characteristics of sage-grouse habitats: 

a landscape species at micro- and macroscales. In: Knick, S.T., Connelly, J.W.
(Eds.), Greater sage-grouse: ecology and conservation of a landscape species and

its habitats. Studies in Avian Biology, 38. University of California Press, Berkeley,
CA , USA , pp. 69–83 . 

onnelly, J.W., Schroeder, M.A., Sands, A.R., Braun, C.E., 20 0 0. Guidelines to man-
age sage grouse populations and their habitats. Wildlife Society Bulletin 28,

967–985 . 

inkins, J.B., Smith, K.T., Beck, J.L., Kirol, C.P., Pratt, A.C., Conover, M.R., 2016. Mi-
crohabitat conditions in Wyoming’s sage-grouse core areas: effects on nest site

selection and success. PLOS ONE 11, e0150798 . 
unn, O.J., 1961. Multiple comparison among means. Journal of the American Sta-

tistical Association 56, 52–64 . 
zialak, M.R., Webb, S.L., Harju, S.M., Olson, C.V., Winstead, J.B., Hayden-Wing, L.D.,

2013. Rangeland Ecology & Management 66, 10–18 . 

elling, E.L., Pratt, A.C., Beck, J.L., 2022. Linking microhabitat selection, range size,
reproductive state, and behavioral state in greater sage-grouse. Wildlife Society 

Bulletin e1293 . 
iesen, K.M., Schoenberg, T.J., Braun, C.E., 1982. Methods for trapping sage-grouse

in Colorado. Wildlife Society Bulletin 10, 224–231 . 
rye, G.G., Connelly, J.W., Musil, D.D., Forbey, J.S., 2013. Phytochemistry predicts

habitat selection by an avian herbivore at multiple spatial scales. Ecology 94,

308–314 . 
agen, C.A., Willis, M.T., Glenn, E.M., Anthony, R.O., 2011. Habitat selection by

greater sage-grouse during winter in southeastern Oregon. Western North 
American Naturalist 71, 529–538 . 

anf, J.M., Schmidt, P.A., Groshens, E.B., 1994. Sage grouse in the High Desert of
central Oregon: results of a study, 1988-1993. US Department of Interior, Bureau

of Land Management, Prineville, OR, USA Series P-SG-01 . 

upp, J.W., Braun, C.E., 1989. Topographic distribution of sage grouse foraging in
winter. Journal of Wildlife Management 53, 823–829 . 

ohnson, D.H., 1980. The comparison of usage and availability measurements for
evaluating resource preference. Ecology 61, 65–71 . 

irol, C.P., Beck, J.L., Dinkins, J.B., Conover, M.R., 2012. Microhabitat selection for
nesting and brood-rearing by the greater sage-rouse in xeric big sagebrush. 

Condor 114, 75–89 . 

ottek, M., Greiser, J., Beck, C., Rudolf, B., Rubel, F., 2006. World map of the
Koppen-Geiger climate classification updated. Meteorologische Zeitschrift 15, 

259–263 . 
ANDFIRE, 2016. Department of Agriculture, Forest Service; U.S. Department of In-

terior Available at:. http://landfire.gov/index.php Accessed 10 December 2022 . 
iston, G.E., Itkin, P., Stroeve, J., Tschudi, M., Stewart, J.S., Pedersen, S.H., Reink-

ing, A.K., Elder, K., 2020. A Lagrangian snow-evolution system for sea-ice ap-

plications (SnowModel-LG): Part 1—model description. Journal of Geophysical 
Research: Oceans 125 e2019jc015913 . 

ayor, S.J., Schneider, D.C., Schaefer, J.A., Mahoney, S.P., 2009. Habitat selection at
multiple scales. Ecoscience 16, 238–247 . 

cGarigal, K., Wan, H.Y., Zeller, K.A., Timm, B.C., Cushman, S.A., 2016. Multi-s-
cale habitat selection modeling: a review and outlook. Landscape Ecology 31, 

1161–1175 . 
ratt, A.C., Smith, K.T., Beck, J.L., 2017. Environmental cues used by greater sage–

grouse to initiate altitudinal migration. The Auk: Ornithological Advances 134, 

628–643 . 
RISM Climate Group, 2022. 30-yr normal precipitation (1988–2022). Oregon State 

University, Corvallis, Oregon, USA Available at:. https://prism.oregonstate.edu/ 
normals/ Accessed 9 March 2021 . 

obel, R.J., Briggs, J.N., Dayton, A.D., Hulbert, L.C., 1970. Relationships between visual
obstruction measurements and weight of grassland vegetation. Journal of Range 

Management 23, 295–297 . 

mith, K.T., Kirol, C.P., Beck, J.L., Blomquist, F.C., 2014. Prioritizing winter habitat
quality for greater sage-grouse in a landscape influenced by energy develop-

ment. Ecosphere 5 (2) article 15 . 
mith, K.T., Pratt, A.C., Powell, C., Beck, J.L., 2021. Management recommendations for

greater sage-grouse winter concentration areas: 2021 Technical Report. Univer- 
sity of Wyoming, Laramie, WY, USA . 

tate of Wyoming, 2019. Greater sage-grouse Core Area protection. Office of the

Governor, Executive Order Number 2019-3 Cheyenne, WyomingAvailable at:. 
http://governor.wyo.gov/documents/executive-orders Accessed 11 January 2016 . 

akkinen, W.L., Reese, K.P., Connelly, J.W., Fischer, R.A., 1992. An improved spot-
lighting technique for capturing sage grouse. Wildlife Society Bulletin 20, 

425–426 . 
allestad, R., Eng, R.L., 1975. Foods of adult sage grouse in central Montana. Journal

of Wildlife Management 39, 628–630 . 

ian, G., Homer, C., Rigge, M., Shi, H., Meyer, D., 2015. Characterization of shrubland
ecosystem components as continuous fields in the Northwest United States. Re-

mote Sensing of Environment 168, 286–300 . 
 2024

http://cran.r-project.org/web/packages/adehabitatHR/
http://refhub.elsevier.com/S1550-7424(24)00010-1/sbref0002
http://refhub.elsevier.com/S1550-7424(24)00010-1/sbref0003
http://refhub.elsevier.com/S1550-7424(24)00010-1/sbref0004
http://refhub.elsevier.com/S1550-7424(24)00010-1/sbref0005
http://refhub.elsevier.com/S1550-7424(24)00010-1/sbref0006
http://refhub.elsevier.com/S1550-7424(24)00010-1/sbref0007
http://refhub.elsevier.com/S1550-7424(24)00010-1/sbref0008
http://refhub.elsevier.com/S1550-7424(24)00010-1/sbref0009
http://refhub.elsevier.com/S1550-7424(24)00010-1/sbref0010
http://refhub.elsevier.com/S1550-7424(24)00010-1/sbref0011
http://refhub.elsevier.com/S1550-7424(24)00010-1/sbref0012
http://refhub.elsevier.com/S1550-7424(24)00010-1/sbref0013
http://refhub.elsevier.com/S1550-7424(24)00010-1/sbref0014
http://refhub.elsevier.com/S1550-7424(24)00010-1/sbref0015
http://refhub.elsevier.com/S1550-7424(24)00010-1/sbref0016
http://refhub.elsevier.com/S1550-7424(24)00010-1/sbref0017
http://landfire.gov/index.php
http://refhub.elsevier.com/S1550-7424(24)00010-1/sbref0019
http://refhub.elsevier.com/S1550-7424(24)00010-1/sbref0020
http://refhub.elsevier.com/S1550-7424(24)00010-1/sbref0021
http://refhub.elsevier.com/S1550-7424(24)00010-1/sbref0045a
https://prism.oregonstate.edu/normals/
http://refhub.elsevier.com/S1550-7424(24)00010-1/sbref0023
http://refhub.elsevier.com/S1550-7424(24)00010-1/sbref0024
http://refhub.elsevier.com/S1550-7424(24)00010-1/sbref0025
http://governor.wyo.gov/documents/executive-orders
http://refhub.elsevier.com/S1550-7424(24)00010-1/sbref0027
http://refhub.elsevier.com/S1550-7424(24)00010-1/sbref0028
http://refhub.elsevier.com/S1550-7424(24)00010-1/sbref0029

	Wintering Greater Sage-Grouse Preferentially Select Shrub Microhabitat Characteristics Within the Home Range
	Introduction
	Methods
	Study area
	Capture and monitoring
	Microhabitat measurements
	Statistical analysis

	Results
	Discussion
	Declaration of competing interest
	Acknowledgments
	References


