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From 1987-1997, Oregon State University conducted studies at Hart Mountain

National Antelope Refuge (HMNAR) to better understand the relationship between

grouse productivity and key habitat components. Early studies indicated sage grouse

habitat preference and reproductive success were related to particular forbs (including

legumes and milky juice composites) and structural characters of native bunchgrasses.

After early studies (1989-1991), climatic conditions and land-use practices changed at

HMNAR. Livestock grazing was eliminated from HIVINAR in 1991 and during 1989-

1997 there was an upward trend in crop year precipitation (total precipitation from 1

September - 30 June). Because of these changes a study was initiated to test the

relationships inferred from earlier studies. Two sample periods (1989-1991 and 1995-

1997) were compared to determine the collective effect of increased crop year

precipitation and reduced livestock grazing on key habitat components in 4 cover types

and on sage grouse productivity measures.



Habitat sampling during 1995-1997 indicated that spring and summer forb cover

and residual grass cover increased in most cover types compared with 1989-1991. During

the earlier studies at Hart Mountain, 65% of radio-marked hens initiated nests, 22% of

nesting hens were successful, and 33% of successfully nesting hens recruited chicks into

the 1 August population. During 1995-1997, 99% of radio-marked hens initiated nests,

37% of nesting hens were successful, and 39% of successfully nesting hens recruited

chicks into the 1 August population. Increased nest initiation rates during 1995-1997

compared with 1989-1991 were concordant with increases in spring forb cover. Greater

availability of spring forbs at Hart Mountain probably provided hens more opportunity to

become physiologically prepared to attempt nesting. Nest success was greater during

1995-1997 compared with 1989-1991. Corresponding increases in nest success and

residual grass cover were probably a result of a higher probability of hens initiating nests

in cover that provided enhanced nest concealment. Brood success and summer forb

availability were greater during 1995-1997 compared with 1989-1991. Increased forb

availability probably allowed hens to remain in upland brood-rearing habitats longer

(thereby providing a greater dispersion of broods) and reduced movements by hens with

broods, which resulted in increased chick survival.

This study confirmed the importance of spring forbs, residual bunchgrass, and

summer forbs to sage grouse productivity, on a landscape scale and grouse population

basis. I concluded these habitat components are key to sage grouse reproductive success.
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Relationship Between Habitat Changes and Productivity of Sage Grouse
at Hart Mountain National Antelope Refuge, Oregon

INTRODUCTION

Sage grouse (Centrocercus urophasianus) were common during the 19th century

in sagebrush (Artemisia spp.)-steppe communities of central and eastern Oregon

(Crawford and Lutz 1985). However, by 1940 sage grouse occupied approximately one-

half of their original range in the state (Crawford and Lutz 1985). Klebenow (1985)

suggested reduction or extirpation of sage grouse from portions of their range were

related to human settlement, livestock management practices, and conversion of

rangelands for agricultural production. Crawford and Lutz (1985) concluded that the

downward trend in sage grouse populations in Oregon since 1940 resulted from reduced

productivity, which perhaps resulted from inadequate nesting and brood-rearing habitat.

Studies have been conducted by Oregon State University in southeastern Oregon,

particularly on the Hart Mountain National Antelope Refuge (HMNAR) since 1987 to

better understand relationships between vegetative and structural features of habitat, sage

grouse habitat use, and sage grouse productivity. Results from studies conducted at

HMNAR and adjacent areas revealed relationships between herbaceous vegetation and

sage grouse reproductive success from pre-laying through brood recruitment (Barnett and

Crawford 1994, Gregg et al. 1994, Drut et al. 1994a, Delong et al. 1995).
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Barnett and Crawford (1994) found that the diet of pre-laying sage grouse hens

contained 16% to 56% forbs. These forbs contained 0.2% to 1.4% calcium and

phosphorus and contained 19% to 38% crude protein. They suggested that nest initiation

rates were influenced by the nutritional content of the diet. They inferred from these

results that an increase in spring forbs would result in an increase in the quality of hen

diets and ultimately an increase in nest initiation rates. A corollary of this hypothesis

would be that hens that consumed a relatively nutritious diet also may be more likely to

renest.

Studies conducted in south-central Washington and southeastern Oregon indicated

a relationship between vegetation structure and sage grouse nest success (Gregg et al.

1994, Delong et al. 1995, Sveum et al. 1998a). Gregg et al. (1994) found that tall residual

grass cover was greater at nondepredated sage grouse nests than at depredated sage

grouse nests. Results from Delong et al. (1995) indicated that fate of artificial nests was

positively associated with the collective influence of tall residual grass cover and medium

height shrub cover. Sveum et al. (1998a) found results similar to Gregg et al. (1994),

however, forbs provided tall residual cover at nondepredated nests in Washington.

Inferences of these results were that increased residual cover in sage grouse nesting areas

during spring would result in increased nesting success.
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Drut et al. (1994b) found that forbs and insects composed 80% of the dietary mass

of chick diets on HMNAR and that chicks on an adjacent study area, where sage grouse

productivity was lower, consumed primarily (65%) sagebrush. Cover types used by sage

grouse broods typically had greater forb frequency than present at random sites and the

study area with more forb cover supported greater frequencies of ground-dwelling

arthropods (Drut et al. 1994a). Sveum et al. (1998b) indicated that cover of forbs that are

consumed by sage grouse chicks was greater at brood locations than at random locations.

The inferences of these results were that increased summer forbs would result in higher

brood success.

After completion of most of these studies (1988-1991) climatic conditions and land

use practices changed at HMNAR. During 1989-1997, there was an upward trend in crop

year precipitation (total precipitation from 1 September - 30 June) at HMNAR that began

late in the crop year of 1991 (D. Alonso, U.S. Fish and Wildlife Service, unpublished

data)(Appendix A). Until 1991, livestock grazing was allowed on HMNAR from 15 April

to 15 December with an average stocking rate of approximately 12,000 animal unit

months (Delong 1994). During 1989 and 1990 the stocking rate was 9,314 and 3,049

AUMS, respectively; and grazing extended into the crop year of 1991 (September -

December 1990).
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Several studies have documented significant changes in vegetation associated with

precipitation changes. Significant correlations between precipitation and herbaceous

vegetation yields (measured at peak standing crop as the total herbage clipped at ground

level) in semiarid ranges of the Intermountain Region were reported by Craddock and

Forsling (1938), Hutchings and Stewart (1953), and Blaisdell (1958). Sneva (1982) found

that total yield of the herbaceous community was closely correlated 0 = 0.92) with crop

year precipitation in eastern Oregon. Other studies have documented increased grass and

forb cover following elimination of livestock grazing in semiarid ranges (Laycock 1967,

Anderson and Holte 1981, Bock et al. 1984, Brady et al. 1989, Rosenstock 1996).

Because of increases in crop year precipitation and the elimination of livestock

grazing from FIMNAR beginning in 1991, I hypothesized that herbaceous vegetation and,

ultimately, sage grouse reproductive success would be affected. Therefore, the goals of

this study were to better understand relationships between changes in key habitat

characteristics and sage grouse reproductive success by testing sage grouse/habitat

inferences derived from previous studies.
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The objectives were 1) to determine cover and height of herbaceous vegetation in

primary sagebrush-steppe communities after increased crop year precipitation and removal

of livestock at HMNAR; to detect if changes occurred in herbaceous vegetation cover and

height between 1989-1991 and 1995-1997, and 2) to assess reproductive success of

female sage grouse from 1995 through 1997 to determine if changes occurred in sage

grouse reproductive success between 1989-1991 and 1995-1997 at the site where sage

grouse productivity and habitat measurements were made throughout the duration of the

study.



STUDY AREA

HMNAR (see page 7), is located approximately 70 km northeast of Lakeview,

Lake County, Oregon. The refuge consists of 87,253 ha of primarily shrub-steppe habitat

with elevations ranging from 1500 to 2450 m. Mean crop year precipitation is 31 cm at

the refuge headquarters. Gregg (1992) classified HMNAR into 11 cover types based on

Natural Resources Conservation Service information (J. Kinzie, U.S. Department of

Agriculture, Natural Resources Conservation Service, unpublished data) (Table 1). These

cover types, defined on the basis of dominant shrubs and grasses, were used in this study.

Sage grouse use 4 major cover types, which composed 82% of the area of

HMNAR, during the reproductive period (pre-laying to post-brood-rearing) (Appendix

A). These cover types included low sagebrush (A. arbuscu/a)/bunchgrass, mountain big

sagebrush (A. tridentata vaseyana), Wyoming big sagebrush (A. t. wyomingensis), and

mountain shrub. Common forbs of the area include mountain-dandelion (Agoseris spp.),

blue-eyed Mary (Colhnsia spp.), lupine (Lupinus spp.), microsteris (Microsteris grad/is),

and phlox (Phlox spp.).

6
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Low sagebrush/bunchgrass 41 Found on alluvial fans and table
lands with <30% slope. Principal
plant species are low sagebrush
(Artemisia arbuscula), bluebunch
wheatgrass (Pseudoroegneria
spicata), and bluegrass (Poa spp.).
Also may be associated with spiny
hopsage (Atriplex spinosa).

Wyoming big sagebrush 26 Occurs on rolling uplands and lake
basin terraces with slopes <30%.
Primary plant species include
Wyoming big sagebrush (A.
tridentata wyomingensis) and
bottlebrush squirreltthl (Elymus
elymoides). Also may be associated
with spiny hopsage.

Mountain big sagebrush 12 Occurs at higher elevations (1800 to
2600m) on ridges and mountain
shoulders. Primary plant species are
mountain big sagebrush (A. I.

vaseyana) and Idaho fescue
(Festuca idahoensis) or rough
fescue (F. scabrella).

Grassland 6 Natural grasslands or areas disturbed
by fire. Primary plant species are
bottlebrush squirreltail, cheat grass
(Bromus tectorum), and bluegrass.

8

Table 1. Description of cover types at Hart Mountain National Antelope Refuge, Oregon
(Gregg 1992).

Cover type % of Cover type description
refuge



Table 1. (continued)

Juniper/aspen/mahogany 5 Associated with low ridges or
footslopes. Primary plant species
are western juniper (Juniper
occidentalis), aspen (Populus
tremuloides), and mountain
mahogany (Cercocarpus ledifolius).
May be found interspersed with big
sagebrush.

Common at elevations between 1800
and 2300m. Primary plant species
are mountain big sagebrush,
bitterbrush (Purshia tridentata),
bluegrass, and needlegrass (Stipa
spp.).

Found on exposed ridges and side
slopes at higher elevations (>2000
m). Primary plant species are low
sagebrush and Idaho fescue.

Associated with stream valleys that
have poorly drained soils and
subsurface water in summer.
Primary plant species are bluegrass,
sedge (Carex spp.), and baltic rush
(Juncus

Found on depressions covered with
water in spring. Primary plant
species are silver sage (A. cana) and
bluegrass.

9

Mountain Shrub 3

Low sagebrush/fescue 2

Meadow 2

Lakebed 2

Cover type % of Cover type description
refuge



Table 1. (continued)

Basin big sagebrush 1 Occurs on low terraces associated
with drainages and lake basins.
Primary plant species are basin big
sagebrush (A. 1. tridentata), and basin
wildrye (Leymus cinereus),

Mixed sagebrush <1 Characteristic of scabrock areas (15
to 75% rock fragments) associated
with ridge tops, sloping tablelands,
and alluvial plains. Primary plant
species are low sagebrush, big
sagebrush (A. t. spp.), and
Sandberg's bluegrass (P.
sandbergii).

10

Cover type % of Cover type description
refuge
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Grasses that provide residual cover for nesting sage grouse include bluebunch

wheatgrass (Pseudoroegneria spicata), squirreltail (Elymus elymoides), needlegrass (Stipa

spp.), giant wildrye (Leymus cinereus), fescue (Festuca spp.) and cheatgrass (Bromus

tectorum). Key food forbs for pre-laying hens and sage grouse chicks include mountain-

dandelion, hawksbeard (Crepis spp.), milk-vetch (Astragalus spp.), desert parsley

(Lomatium spp.), microsteris, and clover (Trifolium spp.) (Barnett and Crawford 1994,

Drut et al. 1994b). Nomenclature of plants was taken from Hickman (1993).



METHODS

Two sample periods were compared to test for relationships between key

characteristics of herbaceous vegetation and sage grouse productivity parameters. The

period 1989-1991 was selected for the first sample period because: 1) it represented a

period when livestock grazing was present on the HMNAR during 3 crop years, 2) mean

crop year precipitation = 23cm) was below average compared with the 30 year mean OR

= 31cm)(Appendix A), and 3) data were available on herbaceousvegetation cover and

sage grouse productivity. The second sample period, 1995-1997, represented the 3

consecutive years when livestock grazing was not present during the crop years, mean

crop year precipitation was above average (5-< = 35cm) compared with the 30 year mean

(Appendix A), and data were collected on herbaceous vegetation cover and sage grouse

productivity.

Sage grouse reproductive data from 1991 were considered part of the pre-

treatment data set (1989-1990) because habitat conditions during spring 1991 were a

function of grazing during September - December 1990 and because drought conditions

persisted into May 1991. Data on herbaceous vegetation cover and sage grouse

productivity for 1989 through 1991 were taken from Gregg (1992) and Drut (1993).

12
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TRAPPING, RADIO-TAGGING, AND MONITORING OF HENS

Field work was conducted from March through August of each year (I conducted

field work during 1995 and 1996). Hens were captured on leks at night during March and

April (Wakkinen et al. 1992). However, a portion of the sample for 1989 and 1990 was

captured and radio-tagged on the southern end of the refuge during the summer of 1988

and 1989. Sex and age of grouse were determined by plumage and wing molt

characteristics (Beck et al. 1975). Captured birds were marked with numbered leg bands

and fitted with necklace-mounted, battery-powered radio-transmitters (Advanced

Telemetry Systems, Isanti, MN). Previously marked hens were not tagged with radios

during the following spring to assure independent samples for reproductive success

calculations. Radio-tagged hens were relocated with Telonics (Mesa, AZ) receivers and

hand held antennae. Hens were relocated 3 times weekly, starting in March, to determine

nest initiation rates. If monitoring indicated a hen had settled into an incubation pattern

(nest initiation), the location was marked on a map and remote monitoring was done to

reduce disturbance at the nest site. Once monitoring indicated a hen had moved away

from the nest and incubation had subsided, the nest was examined to assess fate. A

successful nest was defined as one in which >1 chick hatched, as evidenced by detached

shell membranes. Successful nesting hens were monitored 3 times weekly to determine

fate of broods. A brood was classified as successful if chick survived to 1 August.

Techniques for trapping, radio-tagging, and monitoring of hens were the same as those

used by Gregg (1992).
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HABITAT CHARACTERISTICS

To determine differences in cover of key habitat components between the 2 time

periods vegetation was sampled at random sites in 4 cover types during spring (April -

May). These cover types, which composed 86% of the sampling area at HMNAR,

included low sagebrush/bunchgrass, mountain big sagebrush, mountain shrub, and

Wyoming big sagebrush (Table 1). The same cover types were sampled during summer

(June - July), but mountain shrub was excluded because Drut (1993) did not observe use

of this cover type by broods at HMNAR. Vegetation sampling consisted of measurement

of percent cover of grasses and shrubs categorized by height classes, cover of total forbs

and key food forbs, and composition (species or genera) of grasses and forbs (Gregg et al.

1994). Changes in composition of grasses and forbs was determined by comparing 1989-

1990 with 1995-1996. Percent canopy cover was determined along 2 perpendicular 10-m

transects centered on a random location (Canfield 1941). Shrub canopy cover was

determined by the length (cm) of the transects intersected; big sagebrush was classified to

subspecies and other shrubs were classified to species. To assess height classes of shrubs,

each shrub intersecting the transect was measured from the ground to the top of the shrub

canopy (see Gregg 1992) and classified as short (<40 cm), medium (40-80 cm), or tall

(>80 cm).
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Five equally-spaced 20-x 50-cm plots on each transect were used to estimate

percent cover of total forbs and key food forbs (see Study Area) during spring and

summer (Gregg 1992). Cover estimates were made to the nearest 1%. Dominant forb

genera were defined as those that averaged _1%. The same plots were used to estimate

grass cover and height. Each grass plant in the plot was measured from the ground to the

maximum droop height (excluding flower stalks) and classified as short (<18 cm) or tall

(>18cm). To facilitate comparison with 1989-1991 data, the type and level of sampling

intensity was identical to that used by Gregg (1992) and Drut (1993). To reduce observer

bias between time periods cross-training was conducted by the initial investigator.

Random sites were sampled in the major cover types within the area available (see

page 7) to nesting and brood-rearing hens. Boundaries of the area available for nesting

and brood-rearing hens were determined from locations of radio-tagged hens with the

minimum convex polygon method (Mohr 1947, Odum and Kuenzler 1955). Random sites

were sampled during spring and summer to characterize available nesting and brood-

rearing habitat, respectively. Sites for sampling were located by selecting numbers from a

random numbers table to determine starting points, compass bearings, and distances

traveled. The number of random sampling locations within each cover type was

determined with an n-test; which was calculated so that the random sites sampled would

be within 20% of the population mean at the 90% confidence level (Snedecor and

Cochran 1980). Total shrub cover measured at 5 random plots was used to estimate the

sample mean (Snedecor and Cochran 1980). All habitat sampling techniques conducted

during 1995-1997 were the same as those used by Gregg (1992) and Drut (1993).
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REPRODUCTIVE SUCCESS

Sage grouse productivity measures compared between the 2 time periods included

nest initiation rate, renesting rate, nesting success, brood success, and brood size. Nest

initiation rate was defined as the number of tagged hens that settled into an incubation

pattern on a nest divided by the total number of hens that were tagged and alive on the

study area at the beginning of the breeding season. Renesting rates were calculated by

dividing the number of renests by the number of unsuccessful nests. Nesting success

represented the number of successful hens divided by the total number of nesting hens and

renest success was calculated by dividing the number of successful renests by the total

number of renests. Brood success was calculated by dividing the number of hens that

recruited chick into the 1 August population by the number of successful nests. Mean

brood size was calculated by dividing the number of chicks recruited by the number of

successful broods.

DATA ANALYSIS

Habitat characteristics measured during spring were compared between 1989-1991

and 1995-1997 with MANOVA (Littell et al. 1991, Tabachnick and Fidell 1996). The

same method was used to compare summer habitat characteristics between the 2 time

periods. If significant MANOVA differences were found, Roy-Bargmann stepdown

analysis (Tabachnick and Fidell 1996) and Tukey-Kramer multiple comparisons (Ramsey

and Schafer 1997) were used to determine those habitat components that contributed to

the differences.
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The same method was used to test for differences between years within each time period

(1989-1991 and 1995-1997). If a significant difference was found for any habitat

component between years within a time period a separate variable for year was included in

the model to account for variation among years within each time period. Therefore,

sampling units (N) within each cover type for each of the 2 time periods represented data

collected at each vegetation plot (2, 10-m transects and 10 cover plots) Data were log

transformed for analyses to meet normality assumptions for MANOVA and Roy-

Bargmann stepdown analysis.

Chi-square analysis was used to test for differences in sage grouse productivity

measures between 1989-1991 and 1995-1997 (Schlotzhauer and Littell 1987). If the

expected cell frequency in 1 or more cells was less than 5, Fisher's Exact Test was used

(Schlotzhauer and Littell 1987).



RESULTS

TRAPPING, RADIO-TAGGING, AND MONITORING OF HENS

During 1989-1991 and 1995-1997, 139 and 79 hens were captured and radio-

tagged, respectively. Of the 139 hens captured during 1989-1991, 44% were yearlings.

Yearlings composed 33% of the 79 hens captured during 1995-1997. Of the 139 hens

captured during 1989-1991, 84 were alive and on the study area at the start of the nesting

season. During 1995-1997, 64 of 79 hens were alive and on the study area at the start of

the nesting season. A portion of hens captured during summer 1988 and 1989 on the

southern end of the refuge did not contribute to the 1989-1991 sample because of their

movement off the study area.

HABITAT CHARACTERISTICS

From 1989-1991, 187 total random sites were sampled during spring and 83 total

sites were sampled during summer (Tables 2,3, and 4). During 1995-1997, 60 total

random sites were sampled during spring and 120 total random sites were sampled during

summer (Tables 2,3, and 4). Vegetation was not sampled during summer 1991, spring

1995, or in the mountain shrub cover type during 1997.

18
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Spring forb cover was greater during 1996-1997 compared with 1989-1991 in low

sagebrush/bunchgrass (P 0.001), mountain shrub (P 0.001), and Wyoming big

sagebrush (P = 0.04)(Tables 2 and 3). Spring forb cover did not increase in mountain big

sagebrush (P = 0.42)(Table 3). In the other 3 cover types spring forb cover nearly

doubled between the 2 time periods (Tables 2 and 3). Comparison of dominant forb

genera between spring 1989-1990 and 1996 in the 4 cover types indicated that there were

a greater number of forbs present during 1996 in low sagebrush/bunchgrass, mountain

shrub, and Wyoming big sagebrush but not in mountain big sagebrush (Appendices B and

C).

Cover of spring food forbs was greater during 1996-1997 compared with 1989-

1991 in low sagebrush/bunchgrass (P = 0.003), mountain big sagebrush (P 0.001), and

Wyoming big sagebrush (P 0.001)(Tables 2 and 3). Key food forb cover tripled in low

sagebrush/bunchgrass, mountain big sagebrush, and Wyoming big sagebrush between the

2 time periods (Table 2 and 3). Key food forbs were greater in mountain shrub during

1996-1997 compared with 1989-1991 (P = 0.13); however, this difference was not

statistically conclusive (Table 2).



Table 2. Spring forb, spring food forb, and spring tall grass cover (%) in low sagebrush/bunchgrass
and mountain shrub at Hart Mountain National Antelope Refuge, Oregon, 1989-91 and 1996-97.

a Habitat components were not measured during 1995 in the 4 cover types.
b Habitat components were not measured during 1997 in mountain shrub.

1989-91
(N=40)

1996-97a
(N=14)

1989-91
(N=41)

1996b
(N=10)

Habitat (SD) 5-<- (SD) P-value 'g (SD) R (SD) P-value

Component

Spring 8.4 (5.2) 17.3 (8.9) 0.001 6.8 (3.1) 14.5 (6.0) 0.001

Forbs

Spring Food 1.9 (1.5) 5.6 (6.2) 0.003 1.7 (1.5) 2.3 (1.1) 0.13

Forbs

Spring Tall 0.8 (1.4) 8.0 (7.5) 0.001 4.7 (5.2) 17.2 (11.6) 0.001

(> 18 cm)
Grass

Low sagebrush/ Mountain
bunchgrass shruba



Table 3 Spring forb, spring food forb, and spring tall grass cover (%) in mountain big sagebrush
and Wyoming big sagebrush at Hart Mountain National Antelope Refuge, Oregon, 1989-91 and 1996-97.

a Habitat components were not measured during 1995 in the 4 cover types.

Habitat
Component

Mountain big
sagebrush

Wyoming big
sagebrush

1989-91
(N=72)

v( (SD)

1996-97a
(N=13)

(SD) P-value

1989-91
(N=34)

(SD)

1996-97
(N=30)

5 -< (SD) P-value

Spring Forbs 12.8 (6.3) 18.2 (10.4) 0.04 6.7 (5.2) 13.1 (7.7) 0.42

Spring Food 1.0 (0.7) 3.1 (1.8) 0.001 0.5 (1.1) 3.8 (3.8) 0.001

Forbs

Spring Tall 6.2 (5.7) 9.2 (11.3) 0.42 0.3 (0.9) 4.7 (4.8) 0.001

(> 18 cm)
Grass



22

A minimum of 3 key food forbs increased numerically in each of the 4 cover types

during spring 1995-1996 compared with 1989-1990 (Appendices D and E). In low

sagebrush/bunchgrass and mountain shrub 2- to 7-fold increases in Astragalus spp.,

Lomatium spp., and Microsteris spp. were responsible for the major increases in key food

forbs during spring 1995-1996 (Appendices D and E). Two to 4-fold increases in Crepis

spp., Lomatium spp., and Microsteris spp. were responsible for increases in key food forbs

in mountain big sagebrush during spring 1995-1996 (Appendices D and E). Changes in

key food forbs in Wyoming big sagebrush during spring 1995-1997 were related to 2- to

19-fold increases in Agoseris spp., Astragalus spp., Crepis spp., Lomatium spp., and

Microsteris spp. (Appendices D and E).

Spring tall grass cover was greater during 1996-1997 compared with 1989-1991 in

low sagebrush/bunchgrass, mountain shrub, and Wyoming big sagebrush (P

0.001)(Tables 2 and 3). Spring tall grass cover increased by more than 3-fold in low

sagebrush/bunchgrass, mountain shrub, and Wyoming big sagebrush between 1989-1991

and 1996-1997 (Tables 2 and 3). Spring tall grass cover did not increase in mountain big

sagebrush between the 2 time periods (P = 0.41)(Table 3).

A minimum of 3 tall grass genera increased numerically in each of the 4 cover

types during spring 1995-1996 compared with 1989-1990 (Appendices F and G). In low

sagebrush/bunchgrass 2- to 10-fold increases in Pseudoroegneria spicata, Bromus

tectorum., Elymus elymoides, and Stipa spp. were related to major increases in tall grass

cover during spring 1995-1996 (Appendices F and G).
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Two to 6-fold increases in Pseudoroegneria spicata, Bromus tectorum, and Leymus

cinereus were related to increases in tall grass cover in mountain shrub during spring

1995-1996 (Appendices F and G). Changes in tall grass cover in mountain big sagebrush

during spring 1995-1997 were related to 2- to 5-fold increases in Pseudoroegneria

spicata, Bromus tectorum, and Stipa spp. (Appendices F and G). In Wyoming big

sagebrush 2- to 19-fold increases in Pseudoroegneria spicata, Bromus tectorum, Elymus

elymoides, and Stipa spp. were related to major increases in tall grass cover during spring

1995-1996 (Appendices F and G).

Summer forb cover was greater during 1995-1997 compared with 1989-1990 in

low sagebrush/bunchgrass and Wyoming big sagebrush (P 0.001)(Table 4). Summer

forb cover nearly tripled between 1989-1990 and 1995-1997 in low sagebrush/bunchgrass

and Wyoming big sagebrush (Table 4). Summer forb cover did not increase between the 2

time periods in mountain big sagebrush (P = 0.92)(Table 4). Comparison of dominant

forb genera between summer 1989-1990 and 1995-1996 indicated that more forbs were

dominant during 1995-1996 in all 3 cover types (Appendices H and I). In Wyoming big

sagebrush no forbs were dominant during summer 1989-1990 and during 1995-1996, 5

forb genera were dominant (Appendices H and I).

Key food forb cover was greater during summer 1995-1997 compared with

summer 1989-1990 in low sagebrush/bunchgrass (P 0.001), mountain big sagebrush (P

= 0.009), and Wyoming big sagebrush (P 0.001)(Table 4). During 1995-1997, summer

food forb cover was at least double what it was during 1989-1990 in the 3 cover types

(Table 4).



Table 4. Summer forb and summer food forb cover (%) in the 3 major cover types at Hart Mountain NationalAntelope Refuge, Oregon, 1989-90

and 1995-97.

Low sagebrush/bunchgrass Mountain big sagebrush Wyoming big sagebrush

a Summer forb cover was not measured in any cover types during 1991.
b Summer forb and summer food forb cover was not measured in mountain shrub during 1989-91 or 1995-97.

Habitat
Component

1989-90 a
(N=30)

(SD)

1995-97
(N=36)

5R (SD) P-value

1989-90
(N=30)

R (SD)

1995-97
(N=37)

T< (SD) P-value

1989-90
(N=23)

(SD)

1995-97
(N=47)

R (SD) P-value

Summer
Forbs b

Summer
Food Forbs

5.0

0.01

(3.5)

(0.02)

15.7

3.4

(8.9)

(4.2)

0.001

0.001

14.2

0.8

(9.2)

(0.7)

16.4

1.7

(16.2)

(2.0)

0.92

0.009

3.3

0.1

(3.7)

(0.1)

8.3

1.5

(7.1)

(1.8)

0.001

0.001
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At least 3 key food forbs increased numerically in each of the 3 cover types during

summer 1995-1996 (Appendices J and K). In low sagebrush/bunchgrass 2- to 26-fold

increases in Agoseris spp., Astragalus spp., Crepis spp., Lomatium spp., and Microsteris

spp. were responsible for the major increases in key food forbs during summer 1995-1996

(Appendices J and K). Two to 41-fold increases in Agoseris spp., Lomatium spp., and

Microsteris spp. were responsible for increases in key food forbs in mountain big

sagebrush during summer 1995-1996 (Appendices J and K). Changes in key food forbs in

Wyoming big sagebrush during summer 1995-1996 were related to 5- to 75-fold increases

in Astragalus spp., Crepis spp., Lomatium spp., and Microsteris spp. (Appendices J and

Spring short shrub cover was not different between 1989-1991 and 1996-1997 in

low sagebrush/bunchgrass (P = 0.20)(Appendix L). Spring medium shrub cover was not

different between 1989-1991 and 1996-1997 in low sagebrush/bunchgrass (P = 0.20),

mountain big sagebrush (P = 0.19), and Wyoming big sagebrush (P = 0.33)(Appendices L

and M). Spring tall shrub cover was not different between the 2 periods in low sagebrush

bunchgrass (no tall shrubs measured) and mountain big sagebrush (P = 0.17)(Appendices

L and M). Short shrub cover was less during spring 1996-1997 compared with spring

1989-1991 in mountain shrub (P = 0.05), mountain big sagebrush (P = 0.001), and

Wyoming big sagebrush (P = 0.001)(Appendices L and M). Spring medium shrub cover

was less in mountain shrub during 1996 compared with 1989-1991 (P = 0.02)(Appendix

During 1996-1997, Wyoming big sagebrush (P = 0.04) and mountain shrub (P = 0.06)

had more tall shrub cover compared with the early period (Appendices L and M).
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During summer, medium shrub cover was not different between the early and late

time periods in low/sagebrush bunchgrass (P = 0.29), mountain big sagebrush (P = 0.66),

and Wyoming big sagebrush (P = 0.76)(Appendix N). Summer tall shrub cover differed

between 1989-1990 and 1995-1997 in low sagebrush/bunchgrass (P = 0.14) and Wyoming

big sagebrush (P = 0.11); however, results were not statistically conclusive (Appendix N).

During 1995-1997, short shrub cover was less compared with 1989-1990 in mountain big

sagebrush (P = 0.001) and Wyoming big sagebrush (P = 0.001)(Appendix N). Tall shrub

cover was greater during 1995-1997 compared with 1989-1990 in mountain big sagebrush

(P = 0.04)(Appendix N).

Short shrub cover was approximately 2 to 3-fold less in big sagebrush cover types

during 1995-1997 compared with 1989-1991. Tall shrub cover changes were variable

within cover types between the early and late periods and most changes were statistically

inconclusive. Medium shrub cover did not exhibit any consistent changes between the 2

time periods.

REPRODUCTIVE SUCCESS

Mean nest initiation rates of 84 radio-tagged hens during 1989-1991 was 65%, and

of 64 radio-tagged hens during 1995-1997 mean nest initiation rate was 99% (P =

0.001)(Table 5). Mean renesting rate also was greater (P = 0.07) during 1995-1997

compared with 1989-1991. Of the 43 unsuccessful hens during 1989-1991, 6 (14%)

renested, whereas, 13 of 43 (30%) unsuccessful hens renested during 1995-1997 (Table

5).



Table 5 . Reproductive success of radio-tagged sage grouse hens at Hart
Mountain National Antelope Refuge, Oregon, 1989-91 and 1995-97.

27

1989-91 1995-97

Category % (N) % (N) P-value

Nest 65 (55/84) 99 (63/64) 0.001
Initiation

Renesting 14 (6/43) 30 (13/43) 0.07
Rate

Nesting 22 (12/55) 37 (23/63) 0.08
Success

Renest 0 (0/6) 23 (3/13) 0.52
Success

Brood 33 (4/12) 39 (9/23) 0.74
Success

Chicks 6 19

Recruited

Chicks! 1.5 2.1
Brood
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Mean nest success was greater (P = 0.08) during 1995-1997 (37%) compared with 1989-

1991 (22%)(Table 5). During 1989-1991, none of the renesting hens was successful

whereas during 1995-1997, 3 of 13 (23%) renesting hens successfully hatched a brood

(Table 5). During 1989-1991, 4 of 12 (33%) successful hens recruited chicks to 1 August

and during 1995-1997, 9 of 23 (39%) successful hens recruited chicks into the August

population but this difference was not significant (P = 0.74)(Table 5). Fewer chicks were

recruited into the population during 1989-1991 (6 chicks) compared with 1995-1997 (19

chicks) (Table 5). Mean brood size was 1.5 chicks during 1989-1991 and 2.1 chicks

during 1995-1997 (Table 5). See Appendix 0 for estimates of sage grouse productivity

parameters for each year within the 2 time periods.



DISCUSSION

This study provided an opportunity to test inferences developed from sage grouse

research conducted at HMNAR and other locations. Specifically, I examined whether

sage grouse productivity parameters measured on a population level changed concordantly

with landscape scale changes in key habitat components of herbaceous vegetation.

Herbaceous vegetation increased in all cover types during 1995-1997 compared

with 1989-1991 at HMNAR. Increased herbaceous vegetation during the second time

period was probably related to above average crop year precipitation in conjunction with

the absence of livestock grazing during 1992-1997. Concurrent with increases in

herbaceous vegetation cover was a decrease in short (<40 cm) shrubs (young age classes)

within big sagebrush cover types. The decrease in younger age classes of shrubs during

1995-1997 may have been related to competition between herbaceous vegetation and

sagebrush (R. Miller, Oregon State University, personal communication), an outbreak of

Aroga moths (Hemileuca hera)(D. Pyke, Oregon State University, personal

communication), or increased moisture in the upper levels of the soil because of increased

precipitation (J.B. Kauffman, Oregon State University, personal communication).
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Results of my study indicated that mean nest initiation and renesting rates

increased concordantly with spring forbs, which increased 2-to 3-fold in several key cover

types between periods. Cover type use by pre-laying hens did not change between time

periods (M. Gregg, U.S. Fish and Wildlife Service, personal communication) at HMNAR;

therefore, increases in nest initiation and renesting rates apparently were related more to

changes in habitat components (spring forbs) in these cover types rather than changes in

use of cover types by grouse. Few studies dealt with the relationship between diet of pre-

laying sage grouse hens and their reproductive output other than Barnett and Crawford

(1994). However, studies of ruffed grouse (Bonasa umbellus) (Beckerton and Middleton

1982) and willow ptarmigan (Lagopus lagopus) (Hanssen et al. 1982) indicated clutch size

and chick viability were enhanced with increases in hen dietary protein levels. Greater

availability of spring forbs at HMNAR likely provided hens more opportunity to consume

protein rich foods, and ultimately, to become physiologically prepared to initiate nesting

and renesting, if necessary.

I also found that mean nesting success increased concomitantly with increases in

tall grass cover available during spring. Crawford and Coggins (1998) found that

although nest success increased during 1995-1996 at HMNAR, the proportion of use

within cover types was very similar to the proportion of successful nests within each cover

type during 1989-1996; which indicated that habitat features at the nest site were more

important than the cover type in which a hen nested. These findings supported inferences

from the results of previous studies conducted in southeastern Oregon (Gregg et al. 1994,

Delong et al. 1995) and south-central Washington (Sveum et al. 1998b).



31

Specifically, greater residual herbaceous cover in sage grouse nesting habitat during spring

increased the chances of nest success by providing scent, physical, and visual barriers to

predators. Greater amounts of tall grass cover at HMNAR probably increased the

likelihood of hens initiating nests in cover that provided greater nest concealment.

Between periods brood success increased, but not significantly, with increased

total forb cover and key food forb cover during summer. Crawford and Coggins (1998)

found that during 1989-1990 brood use was primarily in low sagebrush and mountain big

sagebrush cover types at HMNAR. During 1995-1996, use was more equitably

distributed among more cover types probably in response to greater forb availability in all

cover types. Greater availability of forbs likely enabled successful hens to find abundant

forbs in the cover type in which they nested rather than having to move to other areas to

find sufficient forbs to meet their physiological requirements.

Johnson and Boyce (1990) found that sage grouse chicks (from hatching to 10

days of age) deprived of insects died or had restricted growth. Drut et al. (1994a) found

that HMNAR supported higher frequencies of invertebrates in comparison with another

study area where forb availability was less. Other studies have indicated a relationship

between abundance of several genera of insects of the Order Hymenoptera (important

chick foods) (Drut et al. 1994b) and milky-juice composites (Cichorieae)(L. Eddleman,

Oregon State University, personal communication).
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Summer insect abundance was not measured during the 2 different time periods at

HNINAR. However, insect abundance probably was higher during 1995-1997 compared

with 1989-1991 because total forb and key food forb (included 3 genera in Cichorieae

tribe) cover was greater during the second time period.

Results of this study revealed that sage grouse productivity increased

concomitantly with increased herbaceous vegetation at HMNAR and confirmed the

relationship of certain herbaceous habitat components to reproductive success of sage

grouse. Areas throughout southeastern Oregon that support sage grouse also received

more crop year precipitation (www.ocs.orst.edu/pub_ftp/climate_data) and typically had

lower levels of livestock grazing (J. Buchannon and L. Booth, Bureau of Land

Management, unpublished data) during 1995-1997, which presumably resulted in a similar

habitat response to that found at HMNAR. Accordingly, data from Oregon hunter wing

returns (Oregon Department of Fish and Wildlife, unpublished report) indicated sage

grouse productivity was at record high levels throughout Oregon in 1996 and 1997.

During 1989-1991, 35% of hunter harvested sage grouse were immatures, whereas during

1995-1997, 47% were immatures (Oregon Department of Fish and Wildlife, unpublished

report). These results possibly reflected widespread changes in herbaceous vegetation

related to increased precipitation in conjunction with reduced livestock stocking rates.



MANAGEMENT IMPLICATIONS

Herbaceous vegetation and, ultimately, sage grouse productivity increased

concurrently with increased crop year precipitation and removal of livestock grazing at

HMNAR. Sneva (1982) found increases in herbaceous vegetation associated with

precipitation changes in eastern Oregon. Although managers cannot control precipitation,

they can strive to maintain herbaceous vegetation in a diverse, robust condition in

sagebrush-steppe habitat during drought, which may facilitate recovery during times of

increased precipitation.

Other studies documented significant changes in herbaceous vegetation associated

with removal or reduction of livestock grazing (Laycock 1967, Anderson and bite 1981,

Bock et al. 1984, Brady et al. 1989, Rosenstock 1996). However, little information is

available on the relationship between livestock grazing and sage grouse productivity.

Baines (1996) found that vegetation was shorter, there was less vertical cover, 41% fewer

invertebrates, and black grouse (Tetrao tetrix) breeding success was 37% lower on heavily

grazed moors compared with lightly grazed moors in Great Britain. The results of my

study indicated that sage grouse productivity was greater with increased herbaceous

vegetation during a period with above average crop year precipitation and no livestock

grazing. Livestock grazing in the early 20th century caused reductions of herbaceous

vegetation in sagebrush ecosystems of the West (Winward 1985).
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Livestock stocking rates on public lands in the Great Basin have been reduced compared

with 50 years-ago, but livestock grazing still remains a common management practice that

influences grass cover and height (Rickard et al. 1975). Continued use of ranges in a

degraded condition may inhibit recovery of herbaceous vegetation and promote sagebrush

dominance. Miller et al. (1994), reported that grazing directly reduces fine fuels in

sagebrush-steppe ecosystems, which decreases fire frequency and increases sagebrush

dominance. Pechanec et al. (1965) reported that without removal of sagebrush, only

slight improvement in forage and yield of herbaceous vegetation could be expected after

15 to 30 years of grazing management.

Fire was the dominant ecological process that removed sagebrush cover in the

Great Basin before Euroamerican settlement (Kauffman and Sapsis 1989). Sagebrush

ranges once had comparatively less cover of sagebrush with a rich diversity of perennial

grasses and forbs in the understory (Klebenow 1972). However, Euroamerican activities

(fire suppression and livestock management practices) changed ranges into areas with high

densities of sagebrush where few perennial grasses or forbs were present in the understory

(Klebenow 1972). Sage grouse evolved in grass/forb-rich shrub-steppe ecosystems where

fires occurred every 10-100 years (Klebenow 1972, Young and Evans 1978, Winward

1985, Kauffman and Sapsis 1989). Euroamerican settlement has altered these ecosystem

processes so rapidly that sage grouse have not been able to adapt.
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Several studies have reported increases in yield of herbaceous vegetation after

removal of sagebrush by fire (Uresk et al. 1980, Bunting 1985, Young and Miller 1985,

Cook et al. 1994) and increased biomass production and basal area of perennial grasses

and forbs following fire (Harniss and Murray 1973, Uresk et al. 1980, Bunting 1985,

Young and Miller 1985, Akinsoji 1988, Cook et al. 1994, Pyle and Crawford 1996).

Increases in perennial grass cover should improve nesting habitat by providing hens more

cover from predators. Greater forb availability should provide hens with more

opportunities to meet their physiological requirements for nesting and renesting.

The initial goal of managers should be to reduce shrub cover so that herbaceous

components may recover, but their long term and ultimate goal should be to achieve a

balance of grasses, forbs, and shrubs. Burning may be used to increase herbaceous cover

or decrease shrub cover but the shrub component is critical to a sagebrush-obligate such

as sage grouse. Frequent burns that promote dominance of cheatgrass (Wright and

Klemmedson 1965) or large burns that remove the sagebrush overstory may not be used

by nesting and brood-rearing sage grouse until sagebrush becomes reestablished

(Klebenow 1969, Connelly et al. 1991, Fischer et al. 1993, Fischer 1996). Managers must

consider size of burns, juxtaposition of habitat components, and frequency of burn if they

want to improve habitat while still maintaining all components needed by sage grouse year

round.
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The results of this study indicated sage grouse productivity increased when

vegetation at HMNAR was composed of 1) 15-20% spring forb cover with 2-6% being

composed of key sage grouse food forbs 2) 5-17% spring tall grass cover 3) 8-16%

summer forb cover with 2-3% being composed of key sage grouse food forbs, and 4)10-

20% low (<40cm) and medium (40-80cm) sagebrush canopy cover in nesting and brood-

rearing habitats. Management practices that allow these conditions to be maintained

could be used as a tool to sustain sage grouse productivity.
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Appendix A. Mean crop year precipitation (cm) at Hart Mountain National Antelope
Refuge, Oregon, 1989-97.

Year

1989 1990 1991 1992 1993 1994 1995 1996 1997

a No data collected on sage grouse habitat selection, productivity, or random vegetation.

b Total precipitation during September-June. Mean 30 year crop year precipitation
is 31 cm.
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Crop year 20 15 35 22 46 30 31 44 31

Precipitationb



Appendix B. Mean cover (%) of dominant forbs from randomly sampled sites at Hart
Mountain National Antelope Refuge, Oregon, spring, 1989-90.

44

Cover type Genus Cover 95% C.I.

Low sagebrush/bunchgrass 30 Phlox 2.5 0.9-4.1

Mountain shrub 31 Collinsia 1.2 0.8-1.6

Mountain big sagebrush 62 Balsamorhiza 1.3 0.2-2.4

Collinsia 1.0 0.8-1.2

Eriogonum 1.2 0-2.5

Lupinus 2.4 1.9-2.9

Senecio 1.0 0.7-1.3

Wyoming big sagebrush 24 none



Appendix C. Mean cover (%) of dominant forbs from randomly sampled sites at Hart
Mountain National Antelope Refuge, Oregon, spring, 1996.
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Cover type N Genus Cover 95% C.I.

Low sagebrush/bunchgrass 11 Collinsia 3.9 2.0-5.8

Epilobium 1.0 0.3-1.7

Phlox 1.3 0.2-2.4

Mountain Shrub 10 Collinsia 3.4 1.3-5.5

Lupinus 1.1 0-2.5

Mountain big sagebrush 10 Collinsia 2.6 1.8-3.4

Lupinus 4.2 1.9-6.5

Montia 1.5 0.1-2.9

Wyoming big sagebrush 10 Collinsia 4.4 0.5-8.3



Appendix D. Mean cover (%) of key forbs from randomly sampled sites at Hart
Mountain National Antelope Refuge, Oregon, spring, 1989-90.
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Cover type N Genus Cover 95% C.I.

Low sagebrush/bunchgrass 30 Agoseris 0.2 0-0.5

Astragalus 0.5 0-1.3

Crepis 0.5 0-1.0

Lomatium 0.4 0-0.8

Microsteris 0.1 0-0.2

Trifolium 0.7 0-1.4

Mountain Shrub 31 Agoseris 0.5 0-0.9

Astragalus 0.2 0-0.5

Crepis 0.9 0-1.7

Lomatium 0.4 0.1-0.8

Microsteris 0.1 0-0.3

Trifolium 0

Mountain big sagebrush 62 Agoseris 0.7 0.4-0.9

Astragalus 0.2 0-0.3

Crepis 0.2 0-0.3

Lomatium 0.4 0.2-0.7

Microsteris 0.2 0.1-0.4

Trifolium 0.1 0-0.4



Appendix D. (continued).

Cover type N Genus Cover 95% C.I.

Wyoming big sagebrush 24 Agoseris 0.1 0-0.1

Astragalus 0.2 0-0.5

Crepis 0.5 0-1.8

Lomatium 0.1 0-0.3

Microsteris 0.1 0-0.1

Trifolium 0
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Appendix E. Mean cover (%) of key forbs from randomly sampled sites at Hart
Mountain National Antelope Refuge, Oregon, spring, 1996.
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Cover type N Genus Cover 95% C.I.

Low sagebrushibunchgrass 11 Agoseris 0.1 0-0.1

Astragalus 1.1 0.1-2.2

Crepis 2.5 0-6.1

Lomatium 1.2 0-2.5

Microsteris 0.5 0.1-0.8

Trifolium 0.5 0-1.0

Mountain Shrub 10 Agoseris 0.4 0-0.8

Astragalus 0.3 0-0.7

Crepis 0.2 0-0.5

Lomatium 0.7 0.3-1.1

Microsteris 0.9 0.4-1.4

Trifolium 0

Mountain big sagebrush 10 Agoseris 0.3 0.1-0.6

Astragalus 0.9 0.8-1.0

Crepis 0.9 0.5-1.4

Lomatium 0.1 0-0.5

Microsteris 0.6 0.2-1.0

Trifolium 0



Appendix E. (continued).

Cover type N Genus Cover 95% C.I.

Wyoming big sagebrush 10 Agoseris 0.2 0-0.5

Astragalus 0.9 0-1.8

Crepis 0.9 0-2.1

Lomatium 0.1 0-0.3

Microsteris 0.6 0.1-1.1

Trifolium 0
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Appendix F. Mean cover (%) of key grasses from randomly sampled sites at Hart
Mountain National Antelope Refuge, Oregon, spring, 1989-90.
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Cover type N Genus Cover 95% C.I.

Low sagebrush/bunchgrass 30 Pseudoroegneria
spicata

0.4 0-1.2

Bromus tectorum 0.1 0-0.3

Leymus cinereus 0

Festuca 0

Elymus elymoides 1.3 0-2.6

Stipa 0.4 0-1.4

Mountain Shrub 31 Pseudoroegneria 1.4 0-2.7
spicata

Bromus tectorum 3.2 0.2-6.2

Leymus cinereus 0.2 0-1.3

Festuca 1.6 0-4.4

Elymus elymoides 3.0 0.5-5.5

Stipa 2.6 0.3-4.9

Mountain big sagebrush 62 Pseudoroegneria
spicata

1.5 0.5-2.6

Bromus tectorum 0.9 0-1.8

Leymus cinereus 0.3 0-1.4

Festuca 3.4 1.1-5.7

Elymus elymoides 1.4 0.5-2.3

Stipa 0.7 0-1.6



Appendix F. (continued).

Cover type N Genus Cover 95% C.I.

Wyoming big sagebrush 24 Pseudoroegneria 0.2 0.1-0.2
spicata

Bromus tectorum 0.4 0-0.8

Leymus cinereus 0

Festuca 0

Elymus elymoides 0.9 0.1-1.8

Stipa 0.2 0-1.6
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Appendix G. Mean cover (%) of key grasses from randomly sampled sites at Hart
Mountain National Antelope Refuge, Oregon, spring, 1996.
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Cover type N Genus Cover 95% C.I.

Low sagebrush/bunchgrass 11 Pseudoroegneria
spicata

3.2 0-6.6

Bromus tectorum 1.1 0-3.0

Leymus cinereus 0

Festuca 0

Elymus elymoides 2.0 0.8-3.2

Stipa 1.7 0.2-3.2

Mountain Shrub 10 Pseudoroegneria
spicata

2.3 0-6.5

Bromus tectorum 13.4 5.2-21.6

Leymus cinereus 1.3 0-2.6

Festuca 0

Elymus elymoides 1.2 0-2.8

Stipa 2.2 0.2-4.2

Mountain big sagebrush 10 Pseudoroegneria 3.2 0-8.2
spicata.

Bromus tectorum 3.9 0-7.8

Leymus cinereus 0.4 0-1.2

Festuca 0

Elymus elymoides 1.6 0-3.5

Stipa 4.8 0-10.3



Appendix G. (continued).

Cover type N Genus Cover 95% C.I.

Wyoming big sagebrush 10 Pseudoroegneria 3.1 0-7.1

spicata

Bromus tectorum 1.0 0.4-1.5

Leymus cinereus 0

Festuca 0

Elymus elymoides 5.0 2.9-7.1

Stipa 0.9 0-2.4
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Appendix H. Mean cover (%) of dominant forbs from randomly sampled sites at Hart
Mountain National Antelope Refuge, Oregon, summer 1989-90.
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Cover type N Genus Cover 95% C.I.

Low sagebrush/bunchgrass 30 none

Mountain big sagebrush 30 Antennaria 1.1 0-2.5

Lupinus 5.0 3.9-6.1

Senecio 1.0 0.6-1.4

Wyoming big sagebrush 23 none



Appendix I. Mean cover (iO) of dominant forbs from randomly sampled sites at Hart
Mountain National Antelope Refuge, Oregon, summer, 1995-96.
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Cover type N Genus Cover 95% C I

Low sagebrush/bunchgrass 27 Arenaria 1.0 0.3-1.8

Collinsia 4.5 3.2-5.8

Epilobium 6.4 4.7-8.1

Erigeron 2.3 1.4-3.2

Phlox 6.0 4.4-7.6

Mountain big sagebrush 27 Antennaria 2.0 0.4-3.6

Collinsia 6.1 4.1-8.1

Collomia 3.5 0.7-6.3

Lithospermum 1.6 0.6-2.7

Lupinus 7.5 4.9-10.1

Microsteris 1.4 0.8-2.0

Phlox 1.6 1.1-2.1

Wyoming big sagebrush 27 Collinsia 5.0 3.7-6.3

Collomia 1.0 0.3-1.7

Epilobium 1.3 0.9-1.7

Erigeron 1.0 0.5-1.5

Phlox 1.6 1.0-2.2



Appendix J. Mean cover (%) of key forbs from randomly sampled sites at Hart
Mountain National Antelope Refuge, Oregon, summer, 1989-90.
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Cover type N Genus Cover 95% C.I.

Low sagebrush/bunchgrass 30 Agoseris 0.1 0-0.2

Astragalus 0.2 0-0.5

Crepis 0.1 0-0.2

Lomatium 0.1 0-0.3

Microsteris 0.2 0-0.4

Trifolium 0.4 0-0.9

Mountain big sagebrush 30 Agoseris 0.1 0-0.2

Astragalus 1.8 0.8-2.8

Crepis 0.3 0-0.9

Lomatium 0.1 0-0.3

Microsteris 0.1 0-0.1

Trifolium 0.3 0-0.6

Wyoming big sagebrush 23 Agoseris 0.0

Astragalus 0.1 0-0.2

Crepis 0

Lomatium 0.1 0-0.4

Microsteris 0.1 0-0.4

Trifolium 0



Appendix K. Mean cover (%) of key forbs from randomly sampled sites at Hart
Mountain National Antelope Refuge, Oregon, summer, 1995-96.
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Cover type N Genus Cover 95% C.I.

Low sagebrush/bunchgrass 27 Agoseris 0.2 0-0.5

Astragalus 1.3 0-2.7

Crepis 1.1 0.3-1.8

Lomatium 0.3 0.1-0.6

Microsteris 0.4 0.1-0.6

Trifolium 0.4 0-1.0

Mountain big sagebrush 27 Agoseris 0.2 0-0.3

Astragalus 0.5 0-1.1

Crepis 0.1 0-0.3

Lomatium 0.3 0.1-0.4

Microsteris 0.8 0.2-1.4

Trifolium 0.1 0-0.3

Wyoming big sagebrush 27 Agoseris 0

Astragalus 0.3 0-0.5

Crepis 0.3 0.1-0.4

Lomatium 0.3 0.1-0.4

Microsteris 0.8 0.1-1.4

Trifolium 0



Appendix L. Shrub cover in low sagebrush/bunchgrass and mountain shrub at Hart Mountain National
Antelope Refuge, Oregon, spring, 1989-91 and 1996-97.

Low sagebrush/ Mountain
bunchgrass shrub

a Shrub cover was not measured during spring 1995.
b Shrub cover was not measured during 1997 in mountain shrub.

Shrub Height
Class

5 -< (SD) R (SD) P-value T< (SD) 5- (SD) P-value

Short,
<40 cm

Medium,
40-80 cm

Tall,
>80 cm

21.3

0.5

0

(8.2)

(1.3)

18.9

1.1

0

(9.4)

(1.9)

0.20

0.20

11.4

21.1

6.3

(6.7)

(11.9)

(7.5)

8.1

13.6

10.8

(9.9)

(10.1)

(7.5)

0.05

0.02

0.06

1989-91 1996-97' 1989-91 1996b

(N=40) (N-14) (N=41) (N=10)



Appendix M. Shrub cover in mountain big sagebrush and Wyoming big sagebrush at Hart Mountain
National Antelope Refuge, Oregon, spring, 1989-91 and 1996-97.

Mountain big Wyoming big
sagebrush sagebrush

>80 cm

a Shrub cover was not measured during spring 1995.

Shrub Height
Class

5-< (SD) 5 (SD) P-value >7( (SD) 5-( (SD) P-value

Short, 17.0 (10.5) 6.3 (6.3) 0.001 13.0 (6.5) 8.0 (4.8) 0.001
<40 cm

Medium, 16.9 (11.7) 18.8 (8.5) 0.19 11.8 (6.7) 13.8 (7.4) 0.33

40-80 cm

Tall, 0.8 (2.5) 1.8 (4.0) 0.17 0.9 (1.8) 2.8 (4.1) 0.04

1989-91 199697a 1989-91 1996-97
(N=72) (N=13) (N=34) (N=30)



Appendix N. Shrub cover in 3 cover types at Hart Mountain National Antelope Refuge, Oregon, summer, 1989-90 and 1995-97.

Low sagebrush Mountain big Wyoming big
bunchgrass sagebrush sagebrush

a Shrub cover was not measured in any cover types during 1991.

Shrub Height
Class

5- (SD) R (SD) P-value R (SD) R (SD) P-value 5: (SD) (SD) P-value

Short,
<40 cm

Medium,
40-80 cm

Tall,
>80 cm

22.3

1.6

0.0

(8.1)

(6.0)

18.8

1.9

0.5

(9.0)

(3.8)

(2.1)

0.11

0.29

0.14

17.5

15.5

1.3

(9.2)

(11.0)

(3.5)

9.2 (9.5)

16.6(12.1)

3.7 (6.1)

0.001

0.66

0.04

11.6

10.9

0.2

(4.8)

(7.0)

(0.7)

8.2

13.4

1.7

(6.4)

(10.6)

(3.6)

0.001

0.76

0.11

1989-90 a 1995-97 1989-90 1995-97 1989-90 1995-97

(N=30) (N=36) (N=30) (N=37) (N=23) (N=47)



Appendix 0. Reproductive success of radio-tagged sage grouse hens at Hart Mountain National
Antelope Refuge, Oregon, 1989-91 and 1995-97.

Year N Nest
Initiation

Renesting
Rate

Nesting
Success

Renest
Success

Brood
Success

Chicks
Recruited

Chicks/
Brood

1989 21 71(15/21) 10(1/10) 33(5/15) 0(0/1) 60(3/5) 3 1.0

1990 39 74(29/39) 18(4/22) 24(7/29) 0(0/4) 14(1/7) 3 3.0

1991 24 46(11/24) 9(1/11) 0(0/11) 0(0/1) 0(0/0) 0 0

1995 30 97(29/30) 13(3/23) 21(6/29 0(0/3) 33(2/6) 2 1.0

1996 18 100(18/18) 57(4/7) 61(11/18) 0(0/4) 45(5/11) 13 2.6

1997 16 100(16/16) 46(6/13) 38(6/16) 50(3/6) 33(2/6) 4 2.0


