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Abstract Big sagebrush (Artemisia tridentata Nutt.)

occupies large portions of the western United States and

provides valuable wildlife habitat. However, information is

lacking quantifying differences in native perennial forb

characteristics between mountain big sagebrush [A.

tridentata spp. vaseyana (Rydb.) Beetle] and Wyoming big

sagebrush [A. tridentata spp. wyomingensis (Beetle & A.

Young) S.L. Welsh] plant communities. This information

is critical to accurately evaluate the quality of habitat and

forage that these communities can produce because many

wildlife species consume large quantities of native peren-

nial forbs and depend on them for hiding cover. To com-

pare native perennial forb characteristics on sites

dominated by these two subspecies of big sagebrush, we

sampled 106 intact big sagebrush plant communities.

Mountain big sagebrush plant communities produced

almost 4.5-fold more native perennial forb biomass and had

greater native perennial forb species richness and diversity

compared to Wyoming big sagebrush plant communities

(P \ 0.001). Nonmetric multidimensional scaling (NMS)

and the multiple-response permutation procedure (MRPP)

demonstrated that native perennial forb composition varied

between these plant communities (P \ 0.001). Native

perennial forb composition was more similar within plant

communities grouped by big sagebrush subspecies than

expected by chance (A = 0.112) and composition varied

between community groups (P \ 0.001). Indicator analysis

did not identify any perennial forbs that were completely

exclusive and faithful, but did identify several perennial

forbs that were relatively good indicators of either moun-

tain big sagebrush or Wyoming big sagebrush plant com-

munities. Our results suggest that management plans and

habitat guidelines should recognize differences in native

perennial forb characteristics between mountain and

Wyoming big sagebrush plant communities.
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Introduction

Sagebrush (Artemisia L.) occupies *62 million hectares in

the western United States (Küchler 1970; Miller and others

1994; West and Young 2000). The most widely distributed

and abundant genus of sagebrush is big sagebrush (Arte-

misia tridentata Nutt.) (Miller and Eddleman 2000). Big

sagebrush plant communities provide critical habitat for

sagebrush obligate wildlife species (Connelly and others

2000; Shipley and others 2006; Wallestad and others 1975)

and are an important forage base for livestock production

(Davies and others 2006). However, information is limited

comparing important habitat components among plant

communities inhabited by the different subspecies of big

sagebrush. Because perennial forb characteristics (compo-

sition, diversity, and biomass production) are key habitat

elements (Gregg and others 2008; Kufeld 1973; Wallestad

and others 1975; Willms and others 1979), at several tropic

levels, the recognition of these facets will foster more

refined management. Identification of potential indicator

species might also facilitate plant community classification.

Native perennial forb composition, diversity, and pro-

duction may differ between plant communities dominated
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by the two most abundant subspecies of big sagebrush,

Wyoming big sagebrush [Artemisia tridentata spp. wyom-

ingensis (Beetle & A. Young) S.L. Welsh] and mountain

big sagebrush [Artemisia tridentata spp. vaseyana (Rydb.)

Beetle], as a result of differences in site-specific conditions.

Mountain big sagebrush plant communities are generally

on cooler, more mesic sites at higher elevations than

Wyoming big sagebrush plant communities (Blaisdell and

others 1982; Hironaka and others 1983; West and others

1978; Winward 1980; Winward and Tisdale 1977). Con-

versely, Wyoming big sagebrush plant communities usu-

ally occupy xeric foothills and valleys (Blaisdell and others

1982; Hironaka 1978; McArthur and Plummer 1978;

Morris and others 1976; Tisdale 1994; Winward and

Tisdale 1977). The differences in environmental and site

conditions suggest that substantial variation in native

perennial forb composition, biomass production, and

diversity might exist between mountain big sagebrush and

Wyoming big sagebrush plant communities. In Wyoming

big sagebrush plant communities, perennial forb abundance

increased as sites become more mesic (Davies and others

2007). This implies that mountain big sagebrush plant

communities, because they are more mesic than Wyoming

big sagebrush plant communities, might produce a greater

amount and variety of perennial forbs than Wyoming big

sagebrush plant communities.

Identifying potential differences in perennial forb

diversity and biomass production between big sagebrush

plant communities are critical to successful management of

sagebrush plant communities and sagebrush obligate

wildlife species. Guidelines for sagebrush obligate and

facultative wildlife species habitat, livestock grazing, and

other uses need to be based, in part, on the potential

perennial forb component of different big sagebrush plant

communities to ensure that objective and goals for man-

agement are realistic. However, relatively little is known

about the potential differences in native perennial forb

components between mountain big sagebrush and Wyo-

ming big sagebrush communities. Winward (1980) repor-

ted observing many perennial forbs in mountain big

sagebrush plant communities and few in Wyoming big

sagebrush plant communities but did not compare between

the two subspecies. Thus, information quantifying differ-

ences in native perennial forb production, diversity, and

composition between mountain big sagebrush and Wyo-

ming big sagebrush plant communities is generally lacking

but needed to effectively manage these ecosystems for a

diversity of needs.

Determining the native perennial forb composition of

mountain big sagebrush and Wyoming big sagebrush plant

communities could also improve efforts to distinguish

between these two subspecies. Although taxonomical keys

have been developed to identify species and subspecies of

sagebrush (e.g., Winward 1980), misidentification of sub-

species of big sagebrush can easily occur when rapid

identification is attempted. A few native perennial forbs

that could be used to assist in distinguishing between

mountain big sagebrush and Wyoming big sagebrush plant

communities could improve management efficiency by

decreasing the amount of time required to indentify these

big sagebrush subspecies. Indicator species could be

especially useful at identifying what big sagebrush sub-

species should occupy a site where big sagebrush has been

removed by disturbance. For example, fire often removes

all of the big sagebrush but has limited influence on the

native perennial forbs (Davies and others 2009; Rhodes and

others 2010).

The objectives of this study were to determine if native

perennial forb composition, biomass production, and

diversity varied between mountain big sagebrush and

Wyoming big sagebrush plant communities and to ascer-

tain if any native perennial forb species might be used as

indicator species to distinguish between mountain big

sagebrush and Wyoming big sagebrush plant communities.

We hypothesized that (1) native forb biomass production

and diversity would be greater in mountain big sagebrush

plant communities compared to Wyoming big sagebrush

plant communities and (2) native perennial forb species

composition would vary between mountain big sagebrush

and Wyoming big sagebrush plant communities.

Methods

Study Area

The study area comprises over 1,500,000 ha in southeast-

ern Oregon. Dominant shrubs were either Wyoming big

sagebrush or mountain big sagebrush at all plant commu-

nities sampled. Climate across the study area is charac-

terized by hot, dry summers and cool, wet winters.

Regional precipitation was 80% and 66% of the long-term

(40-year) average annual precipitation in 2007 and 2008,

respectively. Common perennial bunchgrasses are Sand-

berg bluegrass (Poa secunda J. Presl), Idaho fescue

(Festuca idahoensis Elmer), prairie junegrass [Koeleria

macrantha (Ledeb.) J.A. Schultes], Thurber’s needlegrass

[Achnatherum thurberianum (Piper) Barkworth], blue-

bunch wheatgrass [Pseudoroegneria spicata (Pursh) A.

Löve], Columbia needlegrass [Achnatherum nelsonii

(Scribn.) Barkworth], and needle and thread [Hesperostipa

comata (Trin. & Rupr.) Barkworth]. Study sites were

considered intact big sagebrush plant communities using

criteria described by Davies and others (2006). Intact

sagebrush plant communities had not burned in the last

50 years nor had sagebrush control treatments been applied
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at the site. The understory was dominated by native

perennial herbaceous vegetation and the overstory was

dominated by sagebrush in intact sagebrush plant com-

munities. Soils were variable across the study area and

included Aridisols, Mollisols, and Andisols. Slope and

aspect varied among the study sites. Elevation at the

mountain big sagebrush plant communities was, on aver-

age, 1863 m above sea level and ranged from 1601 to

2164 m. Among Wyoming big sagebrush plant communi-

ties sampled, the average elevation was 1537 m above sea

level and ranged from 1307 to 1796 m.

Experimental Design and Measurements

One hundred six big sagebrush plant communities were

sampled that met the criteria described by Davies and

others (2006) for intact big sagebrush plant communities.

Half of the sites sampled were mountain big sagebrush

plant communities and the other half were Wyoming big

sagebrush plant communities. Sampling spanned 2 years,

and in 2007 and 2008, 46 and 60 big sagebrush plant

communities were sampled, respectively. Response vari-

ables included native perennial forb composition, biomass

production, and species richness and diversity.

One randomly located 80 9 50-m plot (0.4 ha) was

used to sample each plant community. Five 50-m transects,

spaced at 20-m intervals, were deployed perpendicular to

an 80-m baseline transect. Native perennial forb density

was measured by species by counting individuals rooted

inside 40 9 50-cm frames (0.2 m2) located at 3-m inter-

vals on each 50-m transect line (starting at 3 m and ending

at 45 m), resulting in 15 frames per transect and 75 frames

per site. No invasive perennial forbs were observed in any

of the plant communities sampled. Native perennial forb

diversity was calculated from species density measure-

ments using the Shannon diversity index (Krebs 1998).

Species richness was determined by recording all native

perennial forb species found in the 75, 40 9 50-cm frames

at each site. Native perennial forb biomass production was

determined by clipping, oven-drying, and then weighing

the current year’s growth from 25 randomly located 1-m2

frames per site. All native perennial forbs were combined

for biomass production measurements.

Statistical Analysis

Analysis of variance (ANOVA) (S-Plus v. 8.0 2007;

Insight Corp., Seattle, WA) was used to test for perennial

forb biomass production, species richness, and diversity

differences between mountain big sagebrush and Wyoming

big sagebrush plant communities. Subspecies of big sage-

brush (mountain big sagebrush or Wyoming big sagebrush)

inhabiting the plant community and year were used as

explanatory factors. Year was used as a covariate but was not

an effect of interest. Differences between means were con-

sidered significant if P-values were B0.05. Means were

reported with standard errors (mean ? SE). A multiple-

response permutation procedure (MRPP) was used to test for

homogeneity of native perennial forb species composition,

based on density, within mountain big sagebrush and Wyo-

ming big sagebrush plant communities (PC-ORD v. 4.25

1999; MjM Software, Gleneden Beach, OR). A Euclidean

distance measurement was used in the MRPP. In MRPP, the

A-statistic (chance-correct within-group agreement) was

used to determine if groups were more homogeneous than

expected by chance. If A [ 0, then groups are more homo-

geneous than expected by chance. If groups are more het-

erogeneous than expected by chance, then A \ 0. Indicator

species analysis (Dufrêne and Legendre 1997) was used to

determine indicator values of native perennial forb species

for mountain big sagebrush and Wyoming big sagebrush

communities (PC-ORD v. 4.25 1999; MjM Software).

Indicator species analysis was performed with a Monte Carlo

test with 1000 runs and random number seed. Indicator

values range from 0 (no indication) to 100 (perfect indica-

tion). Perfect indication means that the species occurred in

all samples of that group (faithful) but did not occur in any

other group (exclusive). Nonmetric multidimensional scal-

ing (NMS) was used to plot mountain big sagebrush and

Wyoming big sagebrush plant communities sampled in

native perennial forb species space (PC-ORD v. 4.25 1999;

MjM Software). Perennial forb species density values were

log-transformed to improve the amount of variation

explained by the NMS ordination. To log-transform zeros, a

small number (0.001) was added to all data points prior to

transformation, and after transformation its log was sub-

tracted from all data points (McCune and Grace 2002). The

NMS ordination was operated with a random starting loca-

tion and Sorensen’s distance measurement was used with the

slow and thorough autopilot method. A Monte Carlo test was

used to determine if the NMS solution was extracting

stronger axes than expected by chance.

Results

Production and Diversity

Native perennial forb biomass production was * 4.5-fold

greater in mountain big sagebrush compared to Wyoming

big sagebrush plant communities (P \ 0.001; Fig. 1a).

Perennial forb biomass production also varied between years

(P \ 0.001). Both mountain big sagebrush and Wyoming

big sagebrush plant communities sampled in 2008 had more

perennial forb biomass production compared to those sam-

pled in 2007. Native perennial forb species richness was
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1.9-fold greater in mountain big sagebrush than Wyoming

big sagebrush plant communities (P \ 0.001; Fig. 1b).

Mountain big sagebrush plant communities had greater

native perennial forb diversity than Wyoming big sagebrush

plant communities (Fig. 1c). Native perennial forb diversity

(Shannon diversity index) was about 1.3-fold higher in

mountain big sagebrush plant communities compared to

Wyoming big sagebrush plant communities (P \ 0.001).

Native perennial forb diversity and species richness did not

vary between years (P = 0.541 and 0.212, respectively).

Composition

Native perennial forb composition within groups delin-

eated by subspecies of big sagebrush were more homoge-

neous than expected by chance (A = 0.112). In community

ecology, meaningful values for A are commonly \0.1

(McCune and Grace 2002). The MRPP determined that the

perennial forb composition differed between mountain big

sagebrush and Wyoming big sagebrush plant communities

(P \ 0.001). Indicator species analyses determined that no

perennial forbs were completely exclusive or faithful to

either mountain big sagebrush or Wyoming big sagebrush

communities. However, some species were strong indica-

tors of one or the other. False agoseris [Agoseris glauca

(Pursh) Raf.], Columbia ragwort (Senecio integerrimus

Nutt.), and wooly groundsel [Packera cana (Hook.)

W.A. Weber & A. Löve] were 85%, 75%, and 67% indi-

cators (% of perfect indication) of mountain big sagebrush

plant communities, respectively (P = 0.001). Longleaf

phlox (Phlox longifolia Nutt.) and cushion buckwheat

(Eriogonum ovalifolium Nutt.) were the best indicators

(64% and 43%, respectively) of Wyoming big sagebrush

plant communities (P = 0.001 and 0.003, respectively).

Some perennial forb species were only recorded in one of

the subspecies of big sagebrush communities: 36 and 12

species in mountain big sagebrush and Wyoming big

sagebrush plant communities, respectively. However, these

species were not ‘‘faithful’’ enough to that subspecies of

big sagebrush to be useful indicators.

The final NMS solution was three dimensional,

explained 77% of the variation in perennial forb species

composition (R2 = 0.77), and explained more variation

than expected by chance (P \ 0.001). Axis 1, 2, and 3

explained 32%, 19%, and 26% of the variation in perennial

forb composition, respectively (R2 = 0.32, 0.19, and 0.26,

respectively). Stress and instability for the final solution

were 17.75 and 0.00001, respectively. For the solution to

be useful, final stress and instability should be \20 and

\0.0001, respectively (McCune and Grace 2002). The

final NMS solution illustrates that mountain big sagebrush

and Wyoming big sagebrush plant communities differ in

their locations in native perennial forb species space

(Figs. 2 and 3).

Discussion

Native perennial forb biomass production, diversity, and

composition varied between mountain big sagebrush and

Wyoming big sagebrush plant communities across our
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Fig. 1 Native perennial forb biomass production (a), species richness

(b), and diversity (c) (mean ? SE) in mountain big sagebrush and

Wyoming big sagebrush communities in the northern Great Basin in

2007 and 2008. Data were combined for 2007 and 2008. Moun-

tain = mountain big sagebrush plant communities; Wyo-

ming = Wyoming big sagebrush plant communities. Diversity was

calculated as Shannon diversity index (Krebs 1998). Reported

P-values were comparisons between mountain big sagebrush and

Wyoming big sagebrush plant communities
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study area in southeastern Oregon. These differences in

native perennial forbs are important distinctions that need

to be recognized for informed land and wildlife manage-

ment. Some native perennial forbs have the potential to be

used as indicator species that can assist in efforts to more

rapidly and accurately distinguish between mountain big

sagebrush and Wyoming big sagebrush plant communities.

Although the results of this study are specific to south-

eastern Oregon, we hypothesize that native perennial forb

differences between mountain and Wyoming big sagebrush

plant communities can be generally applied across the

sagebrush biome.

The differences in native perennial forb production

between mountain big sagebrush and Wyoming big sage-

brush plant communities suggest that ecologists and biol-

ogists need to be cognizant of the potential differences

when developing management guidelines for wildlife,

livestock grazing, vegetation manipulations, or other uses.

Unrealistic expectations or guideline requirements could

result in wasted resources. For example, Wyoming big

sagebrush plant communities do not produce the same

amounts of perennial forbs as mountain big sagebrush plant

communities, thus management should not try to increase

native perennial forbs in Wyoming big sagebrush plant

communities to similar levels as found in mountain big

sagebrush plant communities. Although we only measured

mountain and Wyoming big sagebrush plant communities

in southeastern Oregon, we expect that relatively similar

differences in perennial forb production between mountain

and Wyoming big sagebrush plant communities exist

across the sagebrush biome.

The greater production of native perennial forbs in

mountain big sagebrush plant communities suggest that

they provide higher-quality spring and summer habitat,

compared to Wyoming big sagebrush plant communities,

for a variety of wildlife species. Many wildlife species

native to the sagebrush steppe consume large quantities of

native perennial forbs during the spring and summer. For

example, sage-grouse (Barnett and Crawford 1994; Gregg

and others 2008), mule deer (Collins and Urness 1983;

Willms and others 1979), and elk (Kufeld 1973) all con-

sume considerable amounts of native forbs. Gregg and

others (2008) surmised that greater availability and sub-

sequently consumption of forbs by female sage-grouse

partially explained greater reproductive success. Native

Axis 1

A
xi

s 
2

Fig. 2 NMS of mountain big sagebrush communities (gray squares)

and Wyoming big sagebrush communities (black triangle) in native

perennial forb species space (i.e., communities are arranged by

similarity in composition) along Axes 1 and 2. The final NMS

solution explained 77% of the variation in perennial forb species

composition (R2 = 0.77, P \ 0.001). Axis 1 and 2 explained 32%

and 19% of the variation in perennial forb species composition,

respectively

Axis 2

A
xi

s 
3

Fig. 3 NMS of mountain big sagebrush communities (gray squares)

and Wyoming big sagebrush communities (black triangles) in native

perennial forb species space (i.e., communities are arranged by

similarity in composition) along Axes 2 and 3. The final NMS

solution explained 77% of the variation in perennial forb species

composition (R2 = 0.77, P \ 0.001). Axis 2 and 3 explained 19%

and 26% of the variation in perennial forb species composition,

respectively
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perennial forbs in sagebrush plant communities are highly

nutritious and their consumption increases sage-grouse

dietary intake of crude protein, calcium, and phosphorus

(Barnett and Crawford 1994; Gregg and others 2008).

Similarly, mule deer production was higher on summer

ranges with greater forb production than less productive

ranges (Julander and others 1961). Thus, differences in

perennial forb biomass production between mountain big

sagebrush and Wyoming big sagebrush plant communities

have significant implications to sagebrush obligate and

facultative wildlife species. This suggests that if manage-

ment goals are to improve spring and summer habitat, the

greater productivity of mountain big sagebrush compared

to Wyoming big sagebrush plant communities should be

taken into consideration.

Differences in native perennial forb species diversity

and richness between plant communities might also have

implications to other higher trophic levels. Increasing plant

diversity positively influences higher trophic-level diver-

sity and abundance (Haddad and others 2001). This sug-

gests that mountain big sagebrush plant communities are

probably more diverse at higher trophic levels than Wyo-

ming big sagebrush plant communities. Insect abundance is

positively correlated with increasing plant species richness

(Haddad and others 2001; Knops and others 1999).

Therefore, mountain big sagebrush plant communities

probably provide higher-quality sage-grouse breeding and

brood rearing habitat compared to Wyoming big sagebrush

plant communities because of an increased abundance of

native perennial forbs and probably insects. Similar to

forbs, insects are a critical component of sage-grouse diets.

Sage-grouse chick survival and growth were restricted

when they were deprived of insects for the first 10 days

post-hatching (Johnson and Boyce 1990). Clearly, differ-

ences in native perennial forb diversity and richness in big

sagebrush plant communities have the potential to influ-

ence higher trophic levels.

Our results indicate that the composition of native

perennial forbs differed between mountain big sagebrush

and Wyoming big sagebrush communities. The MRPP

analysis demonstrated that native perennial forb composi-

tion of mountain big sagebrush and Wyoming big sagebrush

plant communities were different from one another. The

MRPP analysis also demonstrated that similarities in native

perennial forb composition were greater than expected by

chance within plant communities grouped by big sagebrush

subspecies. In agreement with the MRPP analysis, the NMS

solution indicated that mountain big sagebrush and Wyo-

ming big sagebrush plant communities differ in their native

perennial forb composition. Mountain big sagebrush and

Wyoming big sagebrush plant communities occupied dis-

tinct locations in native perennial forb space (Figs. 2 and 3).

The limited overlap in native perennial forb species space

between mountain and Wyoming big sagebrush plant

communities indicates that the differences in perennial forb

composition were substantial.

The indicator species analysis suggested that some native

perennial forbs might be used to increase the efficiency and

accuracy of distinguishing between mountain big sagebrush

and Wyoming big sagebrush plant communities. Although

no native perennial forb species were completely faithful

and exclusive to either mountain big sagebrush or Wyoming

big sagebrush plant communities, they provided useful

information for distinguishing between big sagebrush plant

communities. Using several of the indicator species iden-

tified in this analysis could improve the probability of

accurately distinguishing between mountain big sagebrush

and Wyoming big sagebrush plant communities. The pres-

ence of false agoseris, Columbia ragwort, or wooly

groundsel were strong indicators of mountain big sagebrush

plant communities, whereas long-leaf phlox was a strong

indicator of Wyoming big sagebrush plant communities.

Further refinement by geographic regions might also

improve native perennial forb species indicators use and

accuracy in identifying mountain big sagebrush and Wyo-

ming big sagebrush plant communities. However, the cur-

rent perennial forb species indicator analysis was strong

enough to improve efforts to accurately and rapidly distin-

guish between mountain big sagebrush and Wyoming big

sagebrush plant communities in the northern Great Basin.

Conclusions

Native perennial forb biomass production, diversity, and

composition varied considerably between mountain big

sagebrush and Wyoming big sagebrush plant communities.

Mountain big sagebrush and Wyoming big sagebrush plant

communities had distinctly different native perennial forb

composition. Delineating plant communities by subspecies

of big sagebrush grouped communities with similar native

perennial forb composition together. Mountain big sage-

brush plant communities produced more native perennial

forb biomass and diversity compared to Wyoming big

sagebrush plant communities; thus, the potential of these

plant communities to provide quality habitat for higher

trophic levels differs. The difference in native perennial

forb diversity and richness also suggests that higher-tro-

phic-level diversity would also vary between mountain big

sagebrush and Wyoming big sagebrush plant communities.

These differences need to be considered in management

plans and habitat guidelines to develop realistic expecta-

tions for these plant communities. Our results suggest that

native perennial forbs can be used to assist in rapid and

accurate identification of mountain big sagebrush and

Wyoming big sagebrush plant communities. Indicator forbs
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would be especially useful when land managers want to

restore the appropriate big sagebrush subspecies on sites

where the shrub component has been lost. Our results also

suggest that the greater perennial forb diversity and pro-

ductivity of mountain big sagebrush plant communities

compared to Wyoming big sagebrush plant communities

should be considered when prioritizing restoration and

protection efforts.
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