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ABSTRACT

NESTING AND BROOD-REARING HABITAT SELECTION OF GREATER

SAGE-GROUSE AND ASSOCIATED SURVIVAL OF HENS AND BROODS AT

THE EDGE OF THEIR HISTORIC DISRIBUTION

Katie. M Herman-Brunson

May 2007

Greater sage-grouse (Centrocercus urophasianus) once occurred in 12 states and

3 Canadian provinces. Sage-grouse populations have declined over the last 60 years due

to extensive habitat alteration and loss. Concerns for the management and conservation

of greater sage-grouse and their habitats have resulted in petitions to list them under the

Endangered Species Act. In North Dakota, sage-grouse are confined to approximately

800 square miles of sagebrush habitat, which is facing severe habitat fragmentation and

habitat loss. Sage-grouse in North Dakota are not isolated, but are contiguous with

populations in Montana and South Dakota. Annual rates of change suggest a long-term

population decline in North Dakota, declining 2.79% per year from 1965 to 2003. The

species is listed as a Priority Level I Species of Special Concern in the state. The

objectives of this study were to estimate nest survival, hen and brood survival, and

associated nest and brood-site habitat selection of sage-grouse in southwestern North

Dakota. The study was conducted during the spring and summer of 2005 and 2006 in

Bowman County, North Dakota. Nest-sites were monitored to determine nest fate and

broods were monitored by tracking radio-marked adults that successfully hatched young.
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Habitat selection was characterized by comparing vegetation at nest-sites and brood-sites

to vegetation points at randomly selected sites. I found 34 nests from 39 female sage-

grouse (21 in 2005, 18 in 2006) that were radio-marked. Vegetation measurements were

taken at 34 nest-sites and 50 random points. I collected vegetation measurements from

130 brood-sites and 107 random sites. Nest survival averaged 31% (33% in 2005 and

30% in 2006). The best model of nest survival included daily precipitation. Models that

contained percent grass cover and grass height from the Robel pole also had substantial

support (i.e., < 2 AIC units) to explain nest survival. One model strongly supported

characteristics associated with selection of nest-sites that included percent total cover, 1-

m VOR, and sagebrush density. Sage-grouse nests were positively associated with more

total cover, 1-m VOR, and sagebrush density than were present at random sites. In 2005,

hen survival was 84% (95%CI: 0.67 to 1.00, n = 20) from capture date through the brood-

rearing season, and 60% (95%CI: 0.44 to 0.76, n = 39) in 2006. I monitored 7 broods in

2005, with an average of 6.86 + 0.95 chicks/hen at hatch. At 3 weeks post hatch, the

average brood size was 2.34 chicks/hen representing 34% apparent survival. In 2006, 6

broods averaged 6.67 ± 1.03 chicks/hen at hatch. At 3 weeks post hatch, the average

brood size was 2.83 chicks/hen representing 42% apparent survival. A total of 38 sage-

grouse chicks were radio-marked (13 in 2005, and 25 in 2006). Chick survival from

hatch date to 3 weeks post hatch, combined with those that survived to 5-6 weeks of age

and were able to be captured, 17% of the chicks were estimated to recruit into the

population in December 2005 and 13% in December 2006. The majority of identifiable

predation events on radio-marked sage-grouse chicks were from canids. One model of
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brood site selection was positively associated with more total forb, total grass, and total

sagebrush than was present at randomly selected sites, and negatively associated to

percent bareground, sagebrush height and sagebrush width. Brood sites consisted of 6-

16% forb cover, 29-34 % grass cover, 5% sagebrush cover and approximately 30-38 cm

tall sagebrush plants, and 50-53 cm wide sagebrush plants. Percent bareground cover

consisted of 11-25% at brood sites. I recommend that managers develop strategies to

preserve the integrity of shrubsteppe habitat in southwestern North Dakota. Herbaceous

cover in sagebrush habitats is an important component of nesting and brood-rearing

habitat for sage-grouse. Thus I recommend management activities that maintain or

restore dense, taller residual grass within sage-grouse habitat.
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CHAPTER I-GENERAL INTRODUCTION

INTRODUCTION

Greater sage-grouse (Centrocercus urophasianus) populations were once

distributed throughout 12 states in western North America, and 3 Canadian provinces.

Populations of sage-grouse have undergone long-term population declines due to

extensive alteration and loss of sagebrush (Arlemisia spp.) habitats (Schroeder et al.

2004). Sage-grouse started to decline during the early twentieth century, corresponding

with the American westward movement and the arrival of European settlers in the 1800s,

increasing numbers of livestock,. and intense agriculture practices (Patterson 1952, Gill

1966). Estimates of regional declines in sage-grouse have ranged from 17 to 47%

(Connelly and Braun 1997). There was a corresponding decline in sagebrush habitat

quality and quantity due to agriculture, invasive exotics (i.e., cheatgrass), overgrazing,

energy development, drought, fire, and herbicides (Patterson 1952, Homer et al. 1993,

Gregg et al. 1994, Connelly and Braun 1997, Braun 1998, Connelly et al. 2000,

Hemstrom et al. 2002). Greater sage-grouse currently occupy 56% of their historic range

(Schroeder et al. 2004), and 17% of their prehistoric range in North Dakota.

Greater sage-grouse are obligates of sagebrush ecosystems that dominate most of

western North America. Sagebrush is required for food, shelter, and as a water source for

sage-grouse (Swenson 1987, Fischer et al. 1996, Schroeder et al. 1999). During the

winter months, sagebrush is the only source of food (Hupp and Braun 1989, Welch et al.

1991) with the sage-grouse's diet consisting of leaves and buds (Welch et al. 1991,

Homer et al. 1993, Connelly et al. 2000). Sage-grouse are unique among the Galliformes
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because they lack a well developed gizzard, which makes their dependence on soft

vegetation critical. Since their diet is based mostly on herbaceous leaves of sagebrush,

there is no need for a highly developed gizzard (McCarthy and Kobriger 2005).

Sagebrush steppe is important as a management indicator for sage-grouse in all

shrub-steppe vegetation communities. Sagebrush coexists with understory forbs that are

important for female sage-grouse during nesting and brood-rearing (Drut et a]. 1994a,

Crawford 1997, Connelly et al. 2000). Greater sage-grouse nest beneath sagebrush

(Patterson 1952, Gill 1966, Connelly et al. 1991, Musil et al. 1994, Sveum et al. 1998),

where females may show nest-site fidelity from year to year (Fischer et al. 1993).

Klebenow (1969) and.Wallestad (1975) found that sagebrush provided female sage-

grouse with nesting cover and early brood-rearing habitat. Females typically chose nest-

sites with horizontal cover of greater than 73% (Musil et al. 1994, Connelly et al. 2000),

and tall residual grasses of greater than 18 cm and medium shrubs from 40-80 cm of

height (Gregg et al. 1994, Sveum et al. 1998, Connelly et al. 2000).

Recent research of nesting sage-grouse emphasizes the importance of herbaceous

cover in determining nest fate. Nest-sites coexist in areas of greater than 38% sagebrush

cover because of greater amounts of forbs (Klebenow 1969, Connelly et al. 2000).

Presence of forbs increased initiation rates of hens and nutrient acquisition by chicks

(Johnson and Boyce 1990, Barnett and Crawford 1994, Drut et al. 1994b, Crawford 1997,

Sveum et al. 1998, Gregg 2001).
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The decline of sage-grouse throughout their range has caused them to be listed as

a Priority Level 1 Species of Special Concern in North Dakota. Immediate research and

conservation action is necessary for sage-grouse and their habitats (Wambolt et al. 2002,

Schroeder et al. 2004). Similar concerns nationally also have led to petitioning the U.S.

Fish and Wildlife Service to protect the greater sage-grouse under the Endangered

Species Act (ESA), which would have a significant impact on private and federal land

management practices within the United States. North Dakota is situated on the eastern

edge of distribution of sage-grouse and sagebrush steppe communities; thus this species

may not utilize habitats as predictably as in the interior areas of sagebrush country (Smith

2003, Lewis 2004).

Little is known about the finite habitat use or seasonal movements of sage-grouse

in North Dakota. Sage-grouse have never been widespread in North Dakota and are

currently confined to the southwestern portion of the state, in western Bowman, Slope,

and Golden Valley counties (Johnson and Knue 1989, McCarthy and Kobriger 2005).

The North Dakota population is contiguous with sage-grouse populations in South

Dakota and Montana (McCarthy and Kobriger 2005). My study was conducted to gather

data on seasonal habitat use during nesting and brood-rearing, and survival rates of

female sage-grouse and chicks in southwestern North Dakota. In North Dakota and other

areas of western United States, sage-grouse inhabit areas where Artiemisia tridentaem

wyomingensis and other related forbs and grasses occur (McCarthy and Kobriger 2005).

Nesting studies are important to ascertain data in regards to nest success, nesting habitat,
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and to quantify nest-site vegetation to guide management and conservation activities for

sage-grouse habitats.

The objectives of this study were to (1) determine and quantify nesting and brood-

rearing habitat selection of radio marked sage-grouse in North Dakota; (2) estimate

survival of radio-marked female sage-grouse in southwestern North Dakota and (3)

investigate and determine specific causes for observed sage-grouse mortalities. Other

objectives were to (4) estimate nest success of radio-marked female sage-grouse in North

Dakota, (5) evaluate the cause and timing of nest failures (e.g., abandonment, predation),

(6) estimate brood survival of radio-marked female sage-grouse in southwestern North

Dakota, and (7) investigate the cause(s) of brood/chick mortality. Addressing these

objectives will help resource managers in the development of management

recommendations to benefit state and federal wildlife and habitat management agencies

that coordinate management of greater sage-grouse and their habitats. These

comparisons will benefit managers by providing a measure of management success and

failures for sage-grouse. This research also will aid in providing information on habitat

selection, movements, and survival of sage-grouse at the eastern fringe range of

existence; an area where basic reproductive ecology of the species has not been studied.

Data from this study when compared to those from stable populations in the heart of

sagebrush range can help elucidate ultimate factors required by sage-grouse.
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STUDY AREA

The study area was located in Bowman and Slope counties in southwestern North

Dakota (Figure 1). Topography was flat to unglaciated gently-rolling prairie with few

buttes and intermittent streams. Soil orders consisted of Entisols, Alfisols, Mollisols,

Inceptisols, Mollisols, and Aridisols (Johnson 1976, Kalvels 1982, Johnson 1988, Smith

2003). Annual precipitation ranged from 35.6 cm to 40.6 cm with a majority falling from

April to September. Annual summer and winter temperatures ranged from 9.9°C to

27.5'C and from -15.6°C to 0.2°C, respectively (Opdahl et al. 1975, Thompson 1978,

Smith 2003). Precipitation for 2005 was 35.88 cm and average January and July

temperatures were -10C and 21 'C, respectively (North Dakota Agricultural Weather

Network, 2006).

Vegetation was a mixture of shrubland, with an understory of perennial and

annual forbs and grasses, with open grassland (Johnson and Larson 1999). Dominant

shrub species included silver sagebrush (A. cana), big sagebrush (A. tridentata), western

snowberry (Symphoricarpos occidentalis), rubber rabbitbrush (Chrvsothamnus

nauseosus), and greasewood (Sarcobatus vermiculatus) (Johnson and Larson 1999).

Dominant grasses in the area consisted of kentucky bluegrass (Poapratensis),

western wheatgrass (Pascopyrum smithii), japanese brome (Bromusjaponicus), needle

and thread (Slipa comata), and junegrass (Koeleria inacrantha). Dominant forbs were

common yarrow (Achillea millefodium), common dandelion (Taraxacuni officinale), and

textile onion (Allim textile) (Johnson and Larson 1999).
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The majority of the land in the study site was publicly owned and under the

jurisdiction of the Bureau of Land Management (BLM). The normal stocking rate for

grazing in Bowman County is 4-10 acres per AUM, but in areas with rough terrain/poor

soils it can be as high as 14 acres per AUM. Allotments differ from low management

intensity areas, because they are small tracts of public land surrounded by large blocks of

private land, to high intensity areas, which are large blocks of land, with livestock

numbers reported accordingly to land availability. Livestock may or may not be rotated

on low management areas, but are rotated through grazing pastures on a schedule in

larger blocks of public land. Most ranchers do not use the federal land year round, but

year-round grazing is allowed on federal lands to provide flexibility to lessee grazing

needs (Mitch Iverson, BLM personal communications).
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* Capture Leks
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Figure 1. Study area of Bowman, Slope, and Golden Valley counties with capture leks
documented during 2005 and 2006.
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CHAPTER 2- NESTING ECOLOGY OF GREATER SAGE-GROUSE AT THE

EASTERN EDGE OF THEIR HISTORIC DISTRIBUTION

INTRODUCTION

Following the arrival of European settlers in the 1800s, greater sage-grouse

(Centrocercus urophasianus) habitat has been changing continuously (Girard 1937,

Patterson 1952). Greater sage-grouse experienced population declines from 45- 80%

across their range by the 1950s (Braun 1998) and during the 10-year period from 1985-

1995 sage-grouse populations declined 33% (Connelly and Braun 1997). Historically,

sage-grouse range is limited to sagebrush (Artemisia spp.) vegetation types in at least 12

states and 3 Canadian provinces, but currently they reside in 11 states and 2 Canadian

provinces (Schroeder et al. 2004). Sage-grouse are sagebrush obligates and degradation

and loss of sagebrush resulted in population declines and constriction of the range

(Wisdom et al. 2005, Welch 2005).

Discovery of oil and gas throughout the United States in the 1930s and 1940s

impacted wildlife habitats in numerous ways. In Colorado, the initial impacts of oil and

gas development caused sage-grouse populations to decline drastically from noise,

habitat loss, infrastructure and human activities (Braun 1987). The long-term effects is

unknown, but there is no evidence that populations of sage-grouse will recover to pre-

disturbance populations, and the length of recovery time for these habitats is estimated to

range from 2-30 years (Braun 1998). Grazing by domestic livestock, fire, construction,

power lines, fences, and drought also contributed to loss of sagebrush (Braun 1998,

Schroeder et al. 1999, Welch 2005). These changes have affected nest-site and brood
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rearing habitats by fragmenting the landscape and causing habitat loss (Connelly and

Braun 1997, Beck et al. 2003, Crawford et al. 2004).

The importance of sagebrush for nesting habitat of sage-grouse is well

documented (Girard 1937, Patterson 1952, Gill 1965, Wallestad and Pyrah 1974, Gray

1967, Petersen 1980, Autenreith 1981, Connelly et al. 1991, Musil et al. 1994).

Understanding which characteristics are important for nest-site habitat selection and the

associated factors that affect nest success is critical management, conservation, or

rehabilitation of sagebrush habitats to benefit sage-grouse. Braun et al. (1977) reported

that female sage-grouse typically nested in stands of medium density sagebrush within 3

km of leks. Dense understory vegetation and overstory cover at nest-sites were critical

factors determining nest-site selection (DeLong et al. 1995). Vegetation characteristics at

successful nest-sites included shrubs greater than 18 cm tall and > 31% canopy cover

(Barnett and Crawford 1994). Despite well understood nesting habitat in the core of

sage-grouse range, knowledge of reproductive ecology and habitat selection by sage-

grouse occurring at the eastern range of their distribution is limited.

The sage-grouse population in North Dakota is contiguous with populations in

Montana and South Dakota (McCarthy and Kobriger 2005). Annual rates of change

suggest a long-term population decline of about 2.79% per year from 1965 to 2003

(McCarthy and Kobriger 2005). Current breeding populations in North America are

estimated to be 3 to 6 times lower than occurred in the late 1960s to early 1970s

(Connelly et al. 2004). Sage-grouse are a Priority Level 1 Species of Special Concern in

North Dakota. With this listing, it is recommended that immediate research and
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conservation actions be taken. Thus, population declines may be related to declining

habitat quality which may result in decreased survival and productivity; however, the

significance of these factors is unknown. The fragmentation of sagebrush habitats could

render them unsuitable as nesting habitat and could contribute to population declines by

reducing nest success and overall population productivity.

My objectives were to determine and quantify nest-site habitat selection of sage-

grouse in North Dakota, and estimate specific factors that affect sage-grouse nest

survival. Other objectives were to estimate nest survival of radio-marked female sage-

grouse in North Dakota and evaluate the cause and timing of nest failures (e.g.,

abandonment, predation), followed by development of models to best explain nest

survival and nest-site habitat selection. This data will help in the development of

management recommendations to assist state and federal wildlife and habitat

management agencies that coordinate management of greater sage-grouse and their

habitats.

METHODS

Data Collection

Capture and Marking. - I captured birds at night on or near leks from 31 March -

23 April 2005 and 27 March - 27 April 2006. I used hand-held spotlights to locate birds

and approached them while shining the spotlight to confuse them and then used long-

handled nets to capture the hens (Giesen et al. 1982). 1 recorded age, sex, weight, and

placed leg-bands and 20-gram necklace type radio transmitters with mortality sensors on
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each bird (Advanced Telemetry Systems, Isanti, Minnesota). Each bird was released at

the point of capture. The transmitters were less than 2% of the bird's body weight.

Monitoring Radio-marked Hens. - I located radio-marked hens from aerial and

ground radiotelemetry. Ground telemetry locations were made weekly using a hand-held

3-element yagi antenna. I recorded locations using a hand-held GPS unit when a nest

was initiated. I monitored the hen > 2 times each week to determine nest fate. I marked

each nest with flagging approximately 20-40 m south. After the hen began incubation, I

flushed her from the nest and determined incubation stage by floating (Hays and LeCroy

1971; Appendix A). If the hen was absent from the nest, the nest was examined to

determine nest fate. Nests that were predated, I searched the immediate area for hair,

tracks, scat, or any other sign that would indicate the species of predator (Sargeant et al.

1998). Successfully hatched nests were determined by membrane conditions of the egg

or visual observation of a brood with the radio-marked hen. Nests were considered

successful if_> I egg hatched. I estimated egg hatchability as percentage of eggs present

at the time of hatching which produced chicks. I classified nests with eggshell fragments

firmly attached to shell membranes or missing eggs as unsuccessful.

Habitat Measurements. - I recorded vegetation measurements at nest-sites and

random locations < 3 km of leks during May and June of 2005 and 2006. Coordinates of

nests and random sites were entered into a GPS to locate the point in the field. The

accuracy of GPS units was usually less than ± 10 m. Because nests are usually located

beneath a shrub, the random site was then centered over the nearest shrub. I recorded

slope and aspect for each nest-site using a linometer and compass, respectively as the
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downhill direction from each nest. At each nest and random site, I established four 50-m

transects which were centered over the nest or random site. I recorded species, height,

length, and width of sagebrush at each nest and random site. At each 10-m interval (n

20) along each transect I recorded the distance to the nearest sagebrush using the point-

centered-quarter method (Cottam and Curtis 1956). For every sagebrush encountered, I

also recorded the height, length, width of the sagebrush, and height of grass growing

beneath the shrub. I estimated visual obstruction and height of grass using a modified

Robel pole delineated in 2.54 cm increments (Robel et al. 1970, Benkobi et al. 2000). In

order to avoid trampling on the vegetation, I viewed the pole from 3 directions for the 1

to 5 m measurement intervals. Herbaceous canopy cover was estimated at the nest or

random point, and at 10-m intervals along 50-m transects in 0.10 m2 quadrats (see

Appendix B for species identification; Daubenmire 1959). I recorded total cover, total

sagebrush, total grass, total forb, litter, bareground and dominant species of grasses and

shrubs in each quadrat. I obtained measures of maximum and minimum daily

temperature, and daily precipitation from the closest weather station in Bowman County

(North Dakota Agricultural Weather Network). Additionally, I assessed the road density

in a minimum convex polygon using sage-grouse locations from 2005 to 2007 in North

Dakota to estimate road miles per square km of sage-grouse habitat as an index of

fragmentation (ESRI, Inc. ArcGIS 9.1, Redlands, CA. ).
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Data Analyses

Distance. - The distance from each random site to the nearest lek, and from each

nest to nearest lek and the distance from each nest to the lek nearest to where the hen was

captured (if the hen was captured that year) were calculated, along with distance from

nest to nearest lek between successful and unsuccessful nests. To examine nest-site

fidelity to specific nesting areas, I compared distances between consecutive-years' nests,

and between those that were successful or unsuccessful in 2005 to their distances moved

in 2006. I tested the hypotheses that there was no difference in distribution between the

distances from random sites to nearest lek, nests to nearest lek and lek of capture, or

between successful and unsuccessful nests using multiple response permutation programs

(MRPP; Mielke and Berry 2001). Statistical significance was determined at alpha _< 0.05

for these univariate tests.

Habitat Selection. - Canopy cover values were recoded to mid-point values of the

categories and I summarized data to an average value for each variable for the site. In

addition, I summarized visual obstruction (VOR) values from the nest and 1-m to 5-m

intervals; I also calculated the average VOR for the site. Estimates of sagebrush density

were made from maximum likelihood estimates (Pollard 1971). 1 then used MIRPP

(Mielke and Berry 2001) to test the distributions of vegetation variables between nests

and random sites, and used this as a screening process to distinguish important variables

for future analysis with a critical value of alpha < 0.05. The variables evaluated included

percent total vegetative cover, percent grass cover, percent forb cover, percent sagebrush

cover, percent bareground, percent litter, sagebrush height, average sagebrush width, site-
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VOR and 1-m intervals to 5-m, grass height as measured on the Robel pole (max-VOR),

and sagebrush density (Appendix C). I also tested these variables for similarities in

distributions at successful and unsuccessful nests, nests of adults and yearlings, and

between years using MRPP as initial screening of variables to be included in other

analyses at the critical value for alpha < 0.05.

I used information theoretic approach (Burnham and Anderson 2002) with logistic

regression to estimate variables selected for by female sage-grouse at nest-sites using

SAS JMP (2005 SAS Institute Inc). I developed 10 apriori models including variables

from the previous MIRPP test to predict nest-sites. The candidate models included

vegetative variables of percent vegetative cover, percent grass cover, percent forb cover,

percent sagebrush cover, sagebrush height, site-VOR, nest-VOR and 1-m VOR, grass

height from the Robel pole, and sagebrush density. The variable year was considered as

a design variable and was included in all candidate models. Thus, any difference among

the models in the candidate sets were due to differences in the vegetative variables. For

ease of interpretation, I did not include year in the tables. I tested the strength of the

model to predict nest-sites using receiver operating characteristic curve (ROC) used as

model fit or discrimination diagnostics (SAS JMP). Receiver operation characteristic

values between 0.7 and 0.8 were considered acceptable discrimination, and ROC values

between 0.8 and 0.9 were considered excellent discrimination (Hosmer and Lemeshow

2000).
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To prevent underfitting or overfitting, Akaike's Information Criterion (AIC) was

used as the basis for model selection. Using the log-likelihood values and number of

parameters (k) provided in the output file from the 10 models within Program JMP. The

models were ranked using the equation: AIC = -2(log-likelihood) + 2k. The two

components of AIC include; -2(log-likelihood), which measures discrepancy of the fit

between the data and the model, and (k) is a penalty for the number of parameters

included in the model to prevent overfitting the models. Unless the sample size is large

with respect to the number of parameters estimated, the use of AICc is recommended;

AIC + 2K(K + 1)/n - K -1. The models were ranked using A AICc (Burnham and

Anderson 1992).

Nest Survival and Modeling.- I estimated daily survival rate (DSR) of nests using

program MARK (White and Burnham 1999) for the 27 day incubation period. I

standardized May 6 as day 1 and numbered all nest check dates sequentially thereafter.

Estimates of nest survival between adult and yearling hens and nest survival rates

between years were compared using Program MARK.

Factors Influencing Nest Survival.- Nest survival probabilities were estimated as a

function of continuous and categorical habitat variables using nest survival analyses in

program MARK (White and Burnham 1999). Continuous variables included percent

vegetative cover, grass cover, forb cover, sagebrush cover, max-VOR, site-VOR,

sagebrush height, and sagebrush density. Categorical variables included bird age, nest

age, and year. Time-dependent variables included maximum and minimum daily

temperatures and precipitation during the interval since the nest status was determined.
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Continuous covariates were standardized as deviations from a mean of 0. Categorical

and time-dependent covariates were coded with the actual values so they would not

hamper numerical optimization of likelihood (Burnham and Anderson 2002). The

nesting period was 54 days beginning on 6 May each year. Nest age (in days) was then

coded relative to 6 May. Thus, the covariate nest age had values from -17 to 17 and was

modeled as a continuous variable.

Variables combined with constant DSR were compared using Akaike's

Information Criterion corrected for a small sample size (AICe; Akaike 1973, Burnham

and Anderson 2002). Models within 2 units of the minimum AICc model were

considered best approximating models to explain variation of nest survival (Burnham and

Anderson 1998). Variable weights were calculated by adding AICc weights of all models

that included variables of interest to assess relative importance of single variables

(Burnham and Anderson 2002). I used beta estimates of continuous variables in each set

of candidate models to determine direction of effect of that variable on DSR. Because

the saturated model fits the data perfectly, there is no need for a goodness-of-fit test

between models (Cooch and White 2006).

Hen Survival. - Hen survival was estimated using Kaplan-Meier product-limit

method (Kaplan and Meier 1958) modified for staggered entry (Pollock et al. 1989)

throughout the nesting and brood-rearing periods.
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RESULTS

Capture and Marking Female Sage-Grouse. - Thirty-nine hens were captured and

fitted with radio-collars during spring and summer 2005 and 2006 (21 during 2005, 18

during 2006); 36% (14/39) were adults. Twenty female sage-grouse were included in

analyses of nests in 2005, and nine additional female sage-grouse were used during

spring 2006 analyses, for a total of 29 hens to model nest survival.

Monitoring Radio-collared Hens. - Based on morning lek counts and capture data

during 2005 and 2006, peak hen visitation to leks occurs between 5 April - 11 April

(Figure 2). Sage-grouse began laying eggs on 9 April, 2005 and 11 April, 2006 based on

the 27 day incubation and the assumption of I egg laid every 1.3 days (Patterson 1952).

Average nest initiation date during 2005 and 2006 was 23 April (range 21 April to 25

April) (n = 36). Adults initiated nests approximately 5 days earlier than yearlings. There

were 2 renests in 2005; average date of renests on 21 May (Table 1). Average clutch size

was 8 eggs per nest (n = 36). Clutch size for 12 successful nests averaged 7.58 ± 0.63

eggs, and 20 unsuccessful nests averaged 8.1 + 0.49. Clutch size was not significantly

different between successful and unsuccessful nests (P = 0.699, MRPP), therefore, I

pooled data for further analyses. There was no difference in clutch size between adults

and yearlings (P = 0.858, MRPP). Overall probability that an egg present at hatching

produced living young (Mayfield Egg Hatchability) was 0.34 (n = 258). Most eggs were

predated, abandoned, or infertile (74%).
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Nest Attempts.- All radio-marked hens initiated a nest in 2005. In 2006, 13 of 14

adults (93%), and 5 of 7 yearlings (71%) initiated nests. There was no difference in nest

initiation rates between years (P = 0.105, MIRPP), thus data were pooled. Overall nest

initiation for adult hens (n = 20) averaged 95% and was not significantly different (P =

0.578, MRPP) from yearling hens (n = 16) which averaged 88%. Overall nest initiation

was 92% for adults and yearlings with both years combined (Table 2). I found that 90%

of nest failures of first nest attempts were depredated or abandoned after > I week of

incubation (Figure 3). Renesting rate during my study was 2 of 21 (10%) during both

field seasons. Adults initiated nests approximately 5 days earlier than yearlings,

however, there was no significant difference (P = 0.07, MIRPP).

Distance Betwieen Nests. - Average distance between individual nests in 2005 to

subsequent nests in 2006 for 9 birds was 2.35 ± 0.10 km. Distance between unsuccessful

nests in 2005 to subsequent nests in 2006 averaged 2.06 ± 0.99 km (n = 4), and distance

between successful nests in 2005 to subsequent nests in 2006 averaged 2.58 ± 1.73 km (n

5). Hens that were unsuccessful their first nesting season did not move farther from

their nests in 2005 then hens that were successful their first year (P = 0.457, MRPP).

Average distance from nests to the lek where a hen was captured was 4.94 ± 4.06

km and average distance from nests to nearest lek was 2.66 ± 2.35 km. Unsuccessful

nests averaged 2.75 ± 2.85 kmn (n = 13) and successful nests averaged 2.53 ± 1.52 krm (n

= 9) from the nearest lek. Sixty-eight percent of nests were _< 3 km from a lek (Figure

4). There was no difference in distribution of distances from nests to nearest leks
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between unsuccessful and successful nests (P = 0.457, MRPP) or between years (P =

0.449, MRPP), and no difference between age classes (P = 0.767, MRPP).

Nest Sutvival and Modeling. - Nest survival was 33% in 2005 (n = 14) and 30%

in 2006 (n = 15). Overall nest survival was 31%, including 1 successful renest. Constant

DSR was the most parsimonious model; thus data were pooled because there was no

difference between years or age category of nest survival (Table 3).

Estimates of variables screened from MRPP between successful and unsuccessful

nests indicated certain variables might have more explanatory power to model nest

survival. Competitive variables incorporated in nest survival models included percent

grass cover, percent forb cover, nest-VOR, sagebrush density, and sagebrush height

(Table 4). The relationship of each variable in relation to nest survival is incorporated in

Table 4. There was little evidence that a particular vegetation characteristic or

combination of two characteristics influenced nest survival. Single variable models

including percent grass cover and height of grass from Robel pole had about equal

weight. Models including percent sagebrush cover, percent grass, percent forb, nest-

VOR, and sagebrush density were a second group of models with less influence on nest

survival than the previous variables. The model that incorporated daily precipitation was

the best predictive model of nest survival (Table 5). After model averaging, DSR was

best explained by the most parsimonious model of daily precipitation (Figure 5).

Nest-site Selection. - Most nests were beneath a shrub and 88% were located

beneath sagebrush. One sage-grouse nest was beneath four-wing saltbush (Atriplex

canesens), one nest was beneath eastern red cedar (Juniperus virginiana), two nests were
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in residual cover of sweet clover (Melilotus officinalis) from the previous year, and one

nest was in wheat stubble (Trilicum spp.).

The distribution of percent total cover, grass cover, forb cover, sagebrush cover,

litter, nest-VOR, 1-m VOR, and sagebrush density differed (P_< 0.05, MRPP) between

nests and random sites. Averages for these variables were greater at nests than at random

sites (Table 6). Distributions of percent forb cover, sagebrush cover, bareground, grass

beneath the sagebrush differed (P < 0.05, MRPP) between years at both nest and random

sites. In addition, all VOR measurements extending out from nests differed between

years at random sites. Average values for all these variables were greater in 2005 than

2006. All logistic models included the design variable year (Table 7).

One model strongly was supported with selection of nests that included percent

total cover, 1-m VOR, and sagebrush density (Table 8). Sage-grouse nests were

positively associated with more percent total cover, 1-m VOR, and sagebrush density

than were present at random sites. In the model, increasing VOR by 2.54 cm increased

the probability of the site to be a nest by a multiplicative factor of 0.281 ± 0.275 (CI

95%). Increasing total vegetative cover by 10%, increased the probability of the site to

be a nest by a multiplicative factor of 0.60 ± 0.52 (CI 95%), and increasing sagebrush

density by 50 shrubs/hectare, increased the probability of the site to be a nest by a

multiplicative factor of 4.3 ± 0.85 (CI 95%) (Table 9). Classification accuracy of the

model was acceptable with an ROC value = 0.76.
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Habitat fragmentation. - In North Dakota, I estimated 1.45 km of roads/km2 in

approximately 900 km 2 area of sage-grouse habitat.

Hen Survival.- Hen survival was evaluated throughout nesting and brood rearing

periods from time of capture (March - April) through August. In 2005, hen survival was

84% (95%CI: 0.67 to 1.00, n = 20) (Figure 6). In 2006, hen survival was 60% (95%CI:

0.44 to 0.76, n = 39) (Figure 7).

DISCUSSION

Breeding Chronology and Nesting. - Peak hen attendance at leks by greater sage-

grouse in southwestern North Dakota was later than in the Columbia Basin and Great

Basin states (Bradbury et al. 1989, Schroeder 1997, Connelly et al. 2004), but similar to

sage-grouse ranges on the western edge of the Great Plains (Jenni and Hartzler 1978,

Aldridge and Brigham 2001, Hausleitner 2003). This effect may be mitigated by milder

temperatures and different precipitation between my study area and that at the Great

Basin or Columbia Basin. Precipitation in the latter areas occurs most during the fall,

winter, and spring and by July most of the Great Basin and Columbia Basin have little

green herbaceous vegetation remaining (Bailey 1980). In North Dakota, about 60% of

the precipitation occurs between April and July (North Dakota Agricultural Weather

Network, 2006). Even though peak hen attendance was later in North Dakota; initiation

of incubation in my study was similar to those found in the Columbia and Great Basin

states (Schroeder 1997) suggesting that peak attendance was not synchronize with nest

initiation.
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All of the radio-marked hens attempted to nest in 2005. In 2006, some hens did

not nest. In 2006, I had a larger sample size which could account for a greater probability

of some hens to not initiate a nest. Reported nest initiation rates vary by region.

Averaged across 11 studies, nest initiation rates of hens was 80%. Competition for nest-

sites by female sage-grouse in populations that are dense could cause some hens not to

nest. However, where populations are low, competition for nest-sites is less likely, and

most hens will initiate a nest (Aldridge and Brigham 2001). The observed nest initiation

rate may also be influenced by the abundance and distribution of suitable habitat for all

aspects of sage-grouse's life history.

Renesting by hens varies regionally from 6-87% (Hanf et al. 1994, Schroeder

1997, Aldridge and Brigham 2001). Renesting in wild turkeys has been related to habitat

quality (Rumble and Hodorff 1993, Rumble et al. 2003). My low renesting rates may

suggest low habitat quality. Female sage-grouse nested 3 times in Washington, with

adults more likely to renest than yearlings (Sveum 1995, Schroeder 1997). Protein may

be an important variable for renesting because it is a major nutrient found in eggs (Carey

1996) and could be a limiting factor for egg production in sage-grouse (Moss 1972,

Thomas and Popko 1981, Thomas 1982). Protein resources necessary for reproduction

originate from the diet (i.e., exogenous sources; Beckerton and Middleton 1982, Carey

1996). Daily intake of proteins during spring, age, date of first nesting attempt, and

incubation stage of the lost nest could affect renesting abilities of sage-grouse (Seubert

1952, Gates 1962, Sopuck and Zwicket 1983, Bergerud 1988, and Grand and Flint 1996).

Gregg et al. (2006) documented that renesting rates decreased when hens initiated nests
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later in the nesting season or lost nests later during incubation. Bergerud (1988)

suggested that adult hens renest more frequently than yearlings because they tend to nest

earlier in the season, and therefore have enough time to initiate a second nest and hatch a

successful brood and raise a brood.

Habitat quality and quantity may also be responsible for low nest success by

decreasing amount of protein available during early spring nesting seasons. The age of

nest at termination could be a factor associated with the lack of renesting in southwestern

North Dakota. Hen age did not appear to be an important variable for distinguishing

between renesting and non-renesting sage-grouse because 40% of nest failures were by

adults, and 50% were yearlings.

Adult hens tend to nest earlier than yearlings (Batterson and Morse 1948,

Schlattterer 1960, Petersen 1980, Schroeder 1997), and I noted a similar pattern. Earlier

nesting by adults is attributed to adults being more biologically ready to nest than

yearlings (Schroeder 1997). I found adults initiated nests approximately 5 days earlier

than yearlings.

Average clutch size in my study was consistent with other studies (Wallestad and

Pyrah 1974, Sveum 1995). Despite predictions of age-specific differences in clutch size

(Wallestad and Pyrah 1974, Petersen 1980), clutch size of adult and yearling nests was

similar during my study.

Nest Survival. - Connelly et al. (2004) reported that nest success of female sage-

grouse across their range varied from 14-86%. Average nest success across the range

was 47.7% (Trueblood 1954, Gregg 1991). Nest success during my study was lower than
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previous studies; most nests were lost to predation or weather. Nest predation can be

higher in fragmented landscapes (Andre'n et al. 1985, Andre and Angelstam 1988, and

Kurki et al. 1997). My study area had 1.45 km of roads/km2 resulting in fragmentation.

In the Powder River Basin there have been large-scale modifications of sagebrush habitat

associated with oil and gas development that could have important impacts on habitat use

or survival rates of sagebrush obligate species (Walker, unpublished data 26th Meeting of

the Western Agencies Sage and Columbian Sharp-tailed Grouse Technical Symposium,

abstract). Since I was not able to demonstrate that vegetation characteristics surrounding

nests influenced nest survival at the scale at which I measured vegetation, predation and

other factors that caused nest loss may be random events. Alternatively, the protective

quality of habitat could be homogeneously poor (see habitat selection). Due to the

limited distribution of dense sagebrush, sage-grouse could be constrained to remaining

sagebrush habitats for nest-sites. There was support for models of nest survival that

included precipitation (random) and vegetation (nonrandom).

Within fragmented ecosystems, it has been hypothesized that increased levels of

moisture during incubation increased nest depredation in wild turkeys (Meleagris

gallopcno; Roberts et al. 1995, Roberts and Porter 1998, Lehman 2005). My models

indicated that precipitation was the best variable to explain nest success in 2005 and

2006. Predators with a keen sense of smell use olfactory cues to locate nests (Storaas

1988), which makes following scent easier during moist conditions supporting the

hypothesis that hens are more vulnerable to predation during wet periods than under

dryer conditions (Roberts and Porter 1998). Syrotuck (1972) hypothesized that water
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activated bacteria on the skin of turkeys, and allowed predators to locate incubating hens

efficiently, which could be a similar hypothesis for female sage-grouse.

Habitat Selection. - Female sage-grouse in North Dakota selected nests in areas

with more vegetative cover and higher sagebrush density than occurred elsewhere in the

study area. Within these areas the actual nest-site that was selected was rather small as

evidenced by inclusion of 1-m VOR and no other VOR intervals. Both nest and random

sites were centered over sagebrush, so it is not surprising nest-VOR was not important.

Several studies have established the importance of sagebrush canopy cover (Patterson

1952, Wallestad and Pyrah 1974, Wakkinen 1990, Fischer 1994, Sveum et al. 1998) and

herbaceous canopy cover (Wakkinen 1990, Connelly et al. 1991, Sveum et al. 1998) to

sage-grouse nesting habitat.

Visual obstruction surrounding more than the bush itself can provide additional

concealment from predators. I found average total vegetative cover around nests > 66%.

These variables contribute to successfully camouflaging the nest-site (Autenrieth 1981).

I found hens selected for more dense sagebrush habitat than what was available.

However, sage-grouse habitat includes a wide range of sagebrush density. Sagebrush

density at nest-sites in my study was about '/ that reported in Nevada (Klebenow 1969)

and 1/3 that reported for Montana (Wallestand and Pyrah 1974), while in south-central

Idaho sagebrush density (Connelly 1991) was only slightly greater than in my study.

Sagebrush density varies with local conditions and sagebrush species (Davies et al.

2006). Despite low sagebrush density and cover in my study, the amount of grass cover

around nests suggests that grass is an important contributor to cover of sage-grouse nests.
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Across their range, female sage-grouse usually select sagebrush patches for nests with

shrub canopy cover of 15-25%, and avoid sparse or excessively dense patches (Connelly

et al. 2000). However, in southwestern North Dakota, hens may have to select different

nest-site characteristics to maintain adequate cover because of restricted patches of

remaining sagebrush habitats, all of which are similar in habitat quality. This is a topic of

high priority for future studies in North Dakota.

Previous studies have noted that hens select nest-sites with the tallest available

bush, with the greatest diameter to initiate a nest (Gray 1967, Klebenow 1969,

Wallestand and Pyrah 1974, Autenreith 1981). In my study, hens did not select for taller

bushes at nests. The lack of selection for tall sagebrush may reflect homogeneity among

sagebrush plants in the area. Sage-grouse can inhabit areas of lower sagebrush height

and density than reported in the literature if additional cover from grasses is available.

Previous studies have also documented the importance of cover from grasses within

shrub stands (Wakkinen 1990, Connelly et al. 1991) which is associated to higher nest

success rates (Gregg et al. 1994), and can offer additional nest protection. Hens selected

nest-sites with grass cover consisting of half the total cover around the nest-site. It is

likely that graminoid cover provides alternative nest cover than sagebrush.

Distance.- Most grouse species display fidelity to their nesting areas. The

distance between consecutive nests varies from 0.7 to 2.8 km (Fischer et al. 1993,

Schroeder 1997). The fidelity of hens in my study was typical of other studies. In my

study, successful hens nested farther from their previous nest than unsuccessful hens.

However, Fisher et al. (1993) found that unsuccessful hens nested furthur between
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consecutive years than successful hens. Although fidelity to breeding areas may be

advantageous for grouse (Bergerud and Gratson 1988), fidelity to nest-sites could

decrease nest success following habitat alterations that make the areas less secure.

Habitat fragmentation and habitat alteration throughout southwestern North Dakota from

associated agriculture and oil and gas developmentalter the landscape for sage-grouse

every year. Increased fragmentation and low connectivity of sagebrush habitats may

explain why some hens are moving exceptionally large distances between nesting

attempts in North Dakota.

Previous studies have documented that hens select nest-sites independent of

proximity to leks. Nonetheless, most nests occur within 2.5-3.2 krn of leks (Wallestad

and Pyrah 1974, Bradbury et al. 1989, Wakkinen et al. 1992). During my study, average

distance from nests to lek of capture was 4.94 ± 4.06 km. Sixty-eight percent of nests in

my study were within 3.2 km of the nearest lek. Autenrieth (1981) suggested that lek to

nest distances were inversely correlated to habitat quality. However, the limited

distribution and patchiness of sagebrush in North Dakota restrict nesting which is mostly

confined to sagebrush to occur near leks which are associated with sagebrush.

Hen Survival. -Survival of female sage-grouse is normally presented on an annual

basis. Because there are numerous ways of evaluating survival (i.e., leg-bands, radio

transmitters, brood observations), estimates of survival are hard to obtain that are

comparable between studies. Previous estimates of annual survival range from 57-78%

(Connelly et al. 1991, Aldridge and Brigham 2001, Wik 2002, and Hausleitner 2003),
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suggesting that mortality of hens during nesting and brood-rearing seasons was not a

primary factor affecting the sage-grouse population in North Dakota.

MANAGEMENT IMPLICATIONS

Vegetative trends in sagebrush habitat found in North Dakota are similar to the

rest of the sagebrush range. I recommend that managers develop strategies to preserve

the integrity of shrubsteppe habitat in southwestern North Dakota. Herbaceous cover in

sagebrush habitats is an important component of nesting habitat for female sage-grouse.

Thus, I recommend management activities that maintain or restore dense, taller residual

grass within nesting habitat. There is little direct evidence associating livestock grazing

practices to sage-grouse population levels. However, my results suggest excessive

annual grazing within suitable nesting habitat could have a negative impact on the

following year's nesting success by reducing residual grass cover, thereby reducing the

quality of habitat for nesting birds. Factors such as timing, density, and spatial

distribution of grazing should be reevaluated to maximize the protective cover value of

the sagebrush. Ensuring proper grazing management on federal and state lands and

encouraging participation from local land owners to participate in similar grazing

practices with considerations for sage-grouse will help maintain adequate herbaceous

understory throughout the nesting season.

I suggest expanding the current 3.2 km rule of the 1988 Resource Management

Plan guideline initiated by the BLM in relation to habitat quality around known leks to a

5 km buffer, and encourage strict enforcement of these guidelines. This increased

distance under special management would include 86% of nests versus 68% with the
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current 3.2 km buffer. There currently are no management regulations pertaining to sage-

grouse on state owned land in North Dakota. Consequently, activities associated with oil

and gas development can occur year round anywhere. I recommend that states

implement the same regulation as the BLM and apply it to a 5 km buffer around leks.

The relatively random distribution of nests in relation to leks indicates that habitat

management should focus on providing suitable sagebrush habitats wherever possible

regardless of their distance to active leks. Efforts should focus on constructing a habitat

suitability index to aid in assessing habitat quality of sage-grouse throughout North

Dakota. Additionally, future research should identify movement corridors, and assess

distribution and quality of sagebrush habitats throughout North Dakota.
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Table 1. Mean clutch size and mean initiation dates for first nests and renests of greater
sage-grouse in southwestern North Dakota, USA, 2005-2006.

1 st Nest Renest

Year Initiation Clutch Clutch N Initiation Clutch Clutch N
Date Size size Date Size size

range range
2005 25 April 8.1 7-12 17 21 May 6 4-8 2

(9 April - (8 May- 3
16 May) June)

2006 21 April 7.8 1-10 19 - - -

(I I April
- 14 May)

Avg/ 23 April 8.0 1-12 36

Range
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Table 2. Nest initiation rate of radio-marked adult and yearling sage-grouse in
southwestern North Dakota, USA, 2005-2006.

Year Adults N Yearlings N Total

2005 100% 6 100% 9 100%
(15 of 15)

2006 93% 14 71% 7 86%
(18 of 21)

Total 95% 20 88% 16 92%
(33 of 36)
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Table 3. Summary of model selection results for nest survival between year and age of
greater sage-grouse in southwestern North Dakota, USA, 2005-2006.

Model AICca A AICe K d

AICc b Weight c
(.) 112.572 0.00 0.5422 1

(Year) 114.565 1.99 0.20028 2

(Age) 114.590 2.02 0.19770 2

(Year * Age) 116.978 4.41 0.05989 4

a Akaike's Information Criterion adjusted for small sample size (AICc)
b Difference in AICc (A AICc)
' Akaike weights (wi)
d Number of parameters (K).
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Table 4. Summary of model selection results for nest survival between habitat variables
of greater sage-grouse in southwestern North Dakota, USA, 2005-2006.

Model AICc a A AICc K a
AICc b Weight'

(.) 112.572 0.00 0.1535 1
TOGR(-) 112.651 0.08 0.1467 2
Grass Hgt within shrubs(-) 113.181 0.61 0.1125 2

TOFO (±) 113.545 0.97 0.0938 2

TOSH(+) 113.618 1.05 0.0903 2

TOFO (+) +TOGR(-) 113.725 1.15 0.0857 3

Nest VOR (-) 113.782 1.21 0.0833 2

Shrub Density(+) 113.912 1.34 0.0780 2

Shrub Hgt (-) 114.706 2.13 0.0739 3

Grass Hgt within shrub (-) + 114.706 2.13 0.0525 3
Shrub Hgt (-)

TOCO (+) + Nest VOR(-) 115.766 3.19 0.0308 3

Nest Age (+) 162.733 50.16 0.0000 1

a Akaike's Information Criterion adjusted for small sample size (AICc)
b Difference in AICc (A AICc)
c Akaike weights (wi)
d Number of parameters (K).
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Table 5. Summary of model selection results for nest survival between time-dependent
variables of greater sage-grouse in southwestern North Dakota, USA, 2005-2006

Model

Daily Precip

Daily Precip + TOGR

Daily Precip + Grass
height with Robel pole
Year + Daily Precip

(.)

Max Temp

Year + Max Temp

Min Temp

AICea

107.467

107.608

109.051

109.480

112.572

112.947

113.896

114.392

A AICc b

0.00

0.14

1.58

2.01

5.10

5.48

6.43

6.92

AICc
Weight'
0.3374

0.3145

0.1528

0.1233

0.0263

0.0218

0.0136

0.0106

K d Log-likelihood

2 103.436

3 101.545

3 102.988

3 103.417

1 110.562

2 108.915

3 107.833

2 110.360

a Akaike's Information Criterion adjusted for small sample size (AICc)
b Difference in AICc (A AICc)

Akaike weights (wi)
d Number of parameters (K).
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Table 6. Combined average distributions of vegetation characteristics for nest-sites and
random sites of sage-grouse in southwestern North Dakota using MRPP, 2005-2006.

Variable Nest x Random x p-value
(n = 34) (n = 50)

Total cover (%) 70 54 < 0.001
Total grass (%) 27 19 0.0111
Total forb(%) 15 11 < 0.001
Total sagebrush (%) 10 7 0.003
Bareground (%) 21 33 0.0058
Litter (%) 13 8 < 0.001
Sagebrush density/hectare 2,576.1 1,399.4 < 0.001
Nest-VOR 9.3 7 0.0019
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Table 7. Average vegetation characteristics of nest-site and random sites between years
for sage-grouse in southwestern North Dakota using MIRPP, during 2005-2006.

Variable Nest Nest p-value Random Random p-value
2005 2006 2005 2006

(n = 17) (n = 17) (n = 17) (n = 33)
Total Forb(%) 23 8 < 0.001* 16 8 < 0.001*
Total Sage (%) 11 8 0.0242* 9 6 0.0238*
Bareground (%) 27 16 0.0269*
Grass hgt. in 35.1 29.9 0.0185* 41.5 32.2 0.0041*
shrub (cm)
Avg. width of 41.5 53 0.0061* 48.5 31.8 < 0.001*
shrubs (cm)
Nest VOR (in) 9.7 8.9 0.6525 23.6 6.7 < 0.001*
VOR Im 4.1 3.7 0.7094 9.9 2.4 < 0.001*
VOR 2m 3.4 2.5 0.3131 7.8 2.2 < 0.001*
VOR 3m 2.6 2.4 0.2705 6.6 .2.1 < 0.001*
VOR4m 2.2 2.6 0.6016 7.1 2.1 < 0.001*
VOR 5m 2.3 2.1 0.9263 7.3 2.2 < 0.001*
VOR 10m 2.2 2.2 0.8988 8.4 1.8 < 0.001*
VOR 20m 1.6 2.2 0.1289 6.8 1.4 < 0.001*
VOR 30m 2.2 2.2 0.7868 7.3 1.5 < 0.001*
VOR 40m 2.1 2.2 0.6366 6.6 1.5 < 0.001*
VOR50m 5 1.1 < 0.001*

Asterisks (*) indicates significant difference between nests of 2005 and 2006, and
significant differences between random sites compared between 2005 and 2006.
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Table 8. Logistic regression models predicting greater sage-grouse nest-sites (n = 34)
versus random sites (n = 50 ) using vegetal data collected in North Dakota, USA, 2005-
2006. Log-likelihood (-2 In [L]), number of parameters including year indicator variable
plus 2 (intercept + SE) (K), Akaike's Information Criterion adjusted for small sample size
(AICc), difference in AICc (AAICc), and Akaike weights (wi). Models with AAICc < 2
are highlighted.

Model Log- K AICc A Wi
likelihood AMCc

TOCO + VOR I-M + SHRUB -45.937434 6 91.8749 0 0.873
DEN
TOCO + GRASS HGT + SHRUB -40.570508 7 96.78808 4.9 13 0.075
HGT + SHRUB DEN
TOCO + GRASS HGT + SHRUB -45.857659 8 97.68791 5.813 0.048
HGT + VOR 0-M + VOR I-M
TOCO + COVER + SHRUB DEN -46.019476 6 103.8773 12.002 0.002
TOFO + TOGR + TOSH + SHRUB -46.353773 9 105.6413 13.766 0.001
DEN + VOR 0-M + VOR I -M
TOCO + HEIGHT + VOR 0-M + -46.863904 7 106.4435 14.569 0.001
VOR I-M
TOCO + SHRUB DEN + VOR 1- -48.530504 7 107.2043 15.330 <0.001
M + VOR 0-M
GRASS HGT + SHRUB HGT + -49.759395 7 107.3624 15.487 <0.00 1
VOR 0-M + VOR I -M
TOFO + TOGR + TOSH -51.746931 6 110.2784 18.403 <0.001
GRASS HGT + SHRUB HGT + -45.778607 6 112.7362 20.861 <0.00 1
SHRUB DEN

a I included the following habitat variables in my models: total canopy coverage (TOCO),

percent forb cover (TOFO), percent grass cover (TOGR), percent sagebrush cover
(TOSH), sagebrush height (SHRUB HGT), site-VOR (COVER), Om-VOR (VOR Om),
and 1-m-VOR (VOR 1 m), sagebrush density/hectare (SHRUB DEN), and max grass
height surrounding the Robel pole (HEIGHT).

b To facilitate interpretation, I excluded year indicator variable from model column.
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Table 9. Odds ratio and confidence intervals associated with independent variables that
best explain nest-sites in southwestern North Dakota, USA, 2005-2006.

Variable Odds Ratio Odds Lower CI Odds Upper CI
TOCO 0.060 0.006 0.502

Sagebrush density 0.086 0.008 0.732

l-m VOR 0.280 0.017 4.013
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Figure 2. Number of female sage-grouse counted from morning lek counts or trapping
success in 2005 and 2006 in relation to date. Asterisks (*) indicates dates lek counts
were not conducted.
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Figure 3. Nest loss period during 4-week incubation for first nesting attempts of greater
sage-grouse in southwestern North Dakota, USA, 2005-2006.
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Figure 4. Distribution of distances between 22 pairs of nests to nearest lek distance for
greater sage-grouse in southwestern North Dakota, USA, 2005-2006.
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Nest Survival
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Figure 5. Daily survival rate from model averaging of models < 2 A AICc from the most
parsimonious model over the 54 day nesting period used in Program MARK to model
nest survival in southwestern North Dakota, 2005-2006. The spikes implicate a rain
event, with DSR including average values from percent total grass and grass height from
the Robel pole.



49

Female Survival 2005
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Figure 6. Greater sage-grouse hen survival rate and 95% confidence intervals (dashed
lines) during the nesting and brood-rearing season during 2005 in southwestern North
Dakota, USA (Kaplan and Meier 1958, Pollock et al. 1989).
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Figure 7. Greater sage-grouse hen survival rate and 95% confidence intervals (dashed
lines) during the nesting and brood rearing season from 2006 in southwestern North
Dakota, USA (Kaplan and Meier 1958, Pollock et al. 1989).
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Appendix A. Nest ages of greater sage-grouse nests in southwestern, North Dakota,
USA, as determined by egg flotation.

Nest age (d) Mean age (d) Description
1-4 2 Egg lying flat on bottom
5 5 Large end of egg beginning to float

5-9 7 Egg standing upright on bottom

10-13 12 Egg about to float (middle of water)

14-18 16 Egg floating, top barely breaking water surface

19-23 21 Egg floating high with top out of water surface

24-28 26 Egg floating with noticeable tilt

Note: Ranges for each incubation stage was adapted from Hays and LeCroy 1971, and
compared with my own 36 nesting attempts.
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Appendix B. Four-digit code, common name and scientific name of plant species
identified at nests and random sites in southwestern North Dakota, USA, 2005-2006.

Variable
acmi
aggi
agst
alfa
arca
arfi
arlu
artr
atri
bear
bell
bogr
brin
brja
bkbr
blue
buda
cafi
calo
carr
cele
chea
cone
crew
curd
disp
dwrf
ercs
fieb
gayf
gold
gotb
gpea
grra
gumb
gumw
gusa
hoju

Name
western yarrow
false dandelion
redtop
alfalfa
silver sage
fringed sagewort
cudweed sagewort
big sagebrush
Atriplex spp.
beards tongue
bluebells
blue grama
smooth brome
japanese brome
buckbrush
little bluestem
buffalo grass
threadleaf sedge
prairie sandreed
wild carrot
wild celery
cheatgrass
purple coneflower
crested wheatgrass
curly doc
inland saltgrass
dwarf alyssum
eastern red cedar
field bindweed
gayfeather
goldenrod
goatsbeard
golden pea
grayragwart
gumbo lily
curlycup gumweed
broom snakeweed
foxtail barley

Scientific Name
Achillea millefolium
Hypochoeris radicata
Agrostis gigantea
Medicago spp.
Artemesia cana
Artemisia frigida
Artemesia ludoviciana
Artemesia tridentata wyomingensis
Atriplex spp.
Penstemon spp.
Mertensia spp.
Bouteloua gracilis
Bromus inermis
Bromus japonicus
Symphoricarpus occidentalis
Vulpia octoflora
Buchloe dactyloides
Carex filifolia
Calamovilfa Iongifolia
Daucus carota
Apium graveolens
Bromus tectorum
Echinacea Moench
Agropyron cristatum
Rumex crispus
Distichlis spicata
Alyssum cuneifoflium
Juniperus virginiana
Convolvulus arvensis
Liatris spicata
Solidago spp.
Tragopogon dubius
Thermopsis rhombifolia
Senecio incanus
Oenothera caespitosa
Grindelia squarrosa
Gutierrezia sarothrae
Hordeum jubatum
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Appendix B. Continued

hors
hory
indw
intw
koma
long
must
navi
nutv
pars
pasm
penn
pepp
phho
plan
prpr
popr
povw
psut
redg
redt
ripg
rose
rubb
sand
scgo
scur
side
silv
skel
spid
spco
stic
stco
sthy
sunf
swee
taof
toad
this
txon
vetc

horseweed
hairy fleabane
indian wheat
intermediate wheatgrass
junegrass
longleaf wormweed
mustard
green needle
nuttalls violet
wild parsley
western wheatgrass
pennycress
pepperweed
hood's phlox
slender plantain
prickly pear
kentucky bluegrass
povertyweed
pussytoes
red goosefoot
redtop
prairie cordgrass
wild rose
rubber rabittbrush
sandbergs bluegrass
scarlet gaura
scurfpea
sideoats grama
silverbladder pod
skeletonplant
spiderwort
scarlet globemallow
stickseed
needle and thread
angelita daisy
sunflower
sweetclover
dandelion
bastard toadflax
thistle
textile onion
Astragalus spp.

Conyza spp.
Conyza bonariensis
Plantago patagonica
Thinopyrum intermedium
Koeleria macrantha
Artemisa Iongifolia
Cardaria spp.
Nassella viridula
Viola nuitallii
Musineon spp.
Pascopyrum smithil
Thlaspi arvense
Lepidium densiflorum
Phlox hoodii
Plantago heterophylla
Opuntia spp.
Poa pratensis
Iva axillaris Pursh
Antennaria spp.
Chenopodium rubrum
Agrostis stolonifera
Spartina pectinata
Rosa woodsii
Ericameria nauseosa
Poa secunda
Gaura coccinea
Psoralea spp.
Bouteloua curtipendula
Lesquerella argyraea
Lygodesmia spp.
Tradescantia ohiensis
Sphaeralcea coccinea
Hackelia Opiz
Stipa comata
Hymenoxys acaulis
Eriophyllum spp.
Melilotus spp.
Taraxacum officinale
Commandra umbellate
Cirsium spp.
Allium spp.
Astragalus spp.
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Appendix B. Continued

vuoc
wewa
wint
vuca

six weeks-fescue
western wallflower
winter fat
yucca

Vulpia octoflora
Erysimum asperum
Krascheninnikovia spp.
Yucca gqlauca
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Appendix C. Definition of all acronyms used for vegetative sampling in southwestern
North Dakota, USA, 2005-2006.

Acronym
TOCO

TOFO

TOSH

TOGR

Litter

Definition
Percent total vegetative cover

Percent total forb cover

Percent total sagebrush cover

Percent total grass cover

Percent total litter cover (ie. residual grasses, rocks, feces)

Bareground

Effective Grass Hg

Max Grass Hgt

Sagebrush Hgt

Sagebrush Width

Sagebrush density

Site-VOR

1-m VOR

2-m VOR

3-m VOR

4-m VOR

5-m VOR

10-m VOR

20-m VOR

30-m VOR

40-m VOR

50-m VOR

Percent bareground

Grass height beneath sagebrush from Robel pole (in)

Tallest reading of grass species surrounding Robel pole (in)

Sagebrush height (cm)

Sagebrush width (minor and major cord averaged) (cm)

Sagebrush density/hectare

Visual obstruction reading for the site

Average visual obstruction reading for 1-m around site

Average visual obstruction reading for 2-m around site

Average visual obstruction reading for 3-m around site

Average visual obstruction reading for 4-m around site

Average visual obstruction reading for 5-m around site

Average visual obstruction reading for 10-m around site

Average visual obstruction reading for 20-m around site

Average visual obstruction reading for 30-m around site

Average visual obstruction reading for 40-m around site

Average visual obstruction reading for 50-m around site
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CHAPTER 3- BROOD SURVIVAL AND HABITAT SELECTION OF GREATER

SAGE-GROUSE AT THE EASTERN EDGE OF THEIR HISTORIC

DISTRIBUTION

INTRODUCTION

Following the arrival of European settlers in the 1800s, greater sage-grouse

(Centrocercus urophasianus) habitat has continuously been changing (Girard 1937,

Patterson 1952). Greater sage-grouse experienced population declines from 45- 80%

across their range by the 1950s (Braun 1998) and during the 10-year period from 1985-

1995 sage-grouse populations declined 33% (Connelly and Braun 1997). Historically,

sage-grouse range is limited to sagebrush (Artemisia spp.) vegetation types in at least 12

states and 3 Canadian provinces, but currently they are resident in only 11 states and 2

Canadian provinces (Schroeder et al. 2004). Sage-grouse are sagebrush obligates and

degradation and loss of sagebrush resulted in population declines and constriction of the

range (Wisdom et al. 2005, Welch 2005).

Discovery of oil and gas throughout the United States in the 1930s and 1940s

impacted wildlife habitats in numerous ways. In Colorado, the initial impacts of oil and

gas development caused sage-grouse populations to decline drastically from noise,

habitat loss, infrastructure and human activities (Braun 1987). The long-term effects are

unknown, but there is no evidence that populations of sage-grouse will recover to pre-

disturbance populations, and the length of recovery time for these habitats is estimated to

range from 2-30 years (Braun 1998). Grazing by domestic livestock, fire, construction,

power lines, fences, roads, and drought also contributed to loss of sagebrush to sagebrush
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ecosystems (Braun 1998, Schroeder et al. 1999, Welch 2005). Habitat fragmentation is

of great concern in southwestern North Dakota with an estimate of 1.45 km of roads/km 2

in approximately 900 km 2 area of sage-grouse habitat. These changes have affected

brood-rearing habitats through habitat alteration and habitat loss (Connelly and Braun

1997, Beck et al. 2003, Crawford et al. 2004).

The sage-grouse population in North Dakota is contiguous with populations in

Montana and South Dakota (McCarthy and Kobriger 2005). Annual rates of change

suggest a long-term population decline of about 2.79% per year from 1965 to 2003

(McCarthy and Kobriger 2005). Current breeding populations are estimated to be 3 to 6

times lower than occurred in the late 1960s to early 1970s (Connelly et al. 2004). Sage-

grouse are a Priority Level 1 Species of Special Concern in North Dakota, and it is

recommended that immediate research and conservation actions be taken. Thus,

population declines may be related to declining habitat quality which may result in

decreased survival and productivity, however, the significance of these factors is

unknown. The fragmentation of sagebrush habitats could render North Dakota unsuitable

as brood-rearing habitat and could contribute to population declines by reducing nest

success and overall population productivity.

Estimates of sage-grouse chick (0-10 weeks of age) or juvenile survival (10-40

weeks of age) is limited and is not based on standardized time periods, thereby making

comparisons and drawing conclusions difficult (Beck et al. 2006). In Oregon, only 10%

of sage-grouse chicks survived until their first season as of March I st (Crawford et al.
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2004). Typically, only 50-60% of sage-grouse chicks survive through autumn (Bergerud

1988).

Sage-grouse use a variety of habitats throughout the year including grasslands and

mosaics of sagebrush or aspen (Populus spp.); Paige and Ritter 1999). Sage-grouse

productivity depends on brood-rearing habitat quality and availability (Crawford et al.

1992). Food availability and structure of the stand are common characteristics associated

with habitat selection of hens with broods (Klebenow 1969, Peterson 1970, Wallestad

1971, Autenrieth 1981). Limited food resources slow growth and survival of sage-grouse

chicks (Johnson and Boye 1990). Dunn and Braun (1986) discovered that vegetative

cover and the extent of habitat interspersion are important factors that influence summer

habitat use of sage-grouse hens and broods.

Key features of sage-grouse brood-rearing habitat are influenced by shrub density,

plant composition and vegetation height (Klott and Lindzey 1990). Early brood-rearing

areas are relatively close to nest-sites (Connelly 1982, Gates 1983) for the first 2-3 weeks

post hatch (Connelly et al. 1988). Hens with broods prefer areas of abundant herbaceous

growth surrounding nest-sites (Wallestad 1971, Klebenow 1985). Areas used by hens

with broods usually have shrub cover between 8-14% and shrubs tend to have shorter

than average stature (Klebenow 1969, Martin 1970, Wallestad 1971).

Although brood-rearing habitat selection for early and late summer use of sage-

grouse chicks and juveniles has been well documented throughout western North

America, knowledge of habitat selection by juvenile sage-grouse at the eastern edge of

their range distribution where sagebrush communities are different than in the core of



69

sagebrush distribution has not been quantified. Thus, the objectives of my study were to

determine brood-rearing habitat selection of sage-grouse, and estimate brood survival for

a population of sage-grouse in southwestern North Dakota. I tested the null hypotheses

that there were no differences between vegetation composition and structure found at

brood and random points. Knowledge of brood habitat use and selection will provide

baseline information to develop management recommendations for use by state and

federal wildlife and habitat management agencies to improve habitats for sage-grouse.

METHODS

Data Collection

Capture and Marking of Chicks. - I captured birds at night on or near leks from 31

March - 23 April 2005 and 27 March - 27 April 2006. I used hand-held spotlights to

locate birds and approached them while shining the spotlight to confuse them and then

used long-handled nets to capture hens (Giesen et al. 1982). I recorded age, sex, weight,

and placed leg-bands and 20-gram necklace type radio transmitters with mortality sensors

on each bird (Advanced Telemetry Systems, Isanti, Minnesota). Each bird was released

at the point of capture. The transmitters were less than 2% of the bird's body weight.

Each year, I monitored nest completion to estimate initial brood size from egg shells of

successful nests.

Monitoring Radio-collared chicks. -Radio-marked hens with broods were located

> 2 times/week with a hand-held or vehicle-mounted yagi antenna and portable receiver.

To obtain accurate locations and to monitor number of chicks, I obtained visual

observations without flushing either the hen or brood. Once per week the hen and chicks
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were flushed to obtain an accurate estimate of chick numbers. Each brood location

coordinate was recorded in a hand-held GPS unit in Universal Transverse Mercator

(UTM).

At 5-6 weeks of age, I captured chicks from each brood by night-spotlighting and

a long-handled net. Locating broods was aided by radio-marked hens. Each captured

chick was weighed, leg-banded (size 14), and radio-marked with a 10.7-gram necklace

type transmitter (Advanced Telemetry Systems, Isanti, Minnesota). Each transmitter was

no more than 3% of the bird's body weight, and was fitted with mortality switches.

Chicks were located 2-3 times each week from capture date through August in

2005 and 2006 to determine chick and brood survival and cause-specific mortality. I

estimated chick survival from initial number of chicks that hatched from successful nests

to the number of chicks that survived 3 weeks post hatch. The initial number of chicks

that hatched was estimated by examining condition of egg membranes. Chicks were

counted twice each week by searching the area, flushing the radio-marked hen and

counting her chicks each week. Chicks > 3 weeks of age were difficult to count

accurately, so there is a data gap of survival from 3 weeks of age until chicks could be

radio-marked at 5-6 weeks of age to estimate juvenile survival.

Habitat measurements. - I recorded vegetation measurements at brood sites and

independent random sites within 10 km of leks from May to August of 2005 and 2006.

Coordinates of random sites were entered into a GPS to locate the point in the field,

created in ArcGIS 9.1 (ESRI, Inc., ArcGIS 9.1, Redlands, CA). The accuracy of GPS

units was usually less than ± 10 m. I recorded slope and aspect for each site using a
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clinometer and compass, respectively as the downhill direction from each site. At each

brood and random site I established two 50-m transects which were centered over the

brood site or nearest to the random point. I recorded species, height, length, and width

(cm) of sagebrush at each brood site and random site. At each 10-m interval (n = 20)

along each transect I recorded the distance to the nearest sagebrush using the point-

centered-quarter method (Cottam and Curtis 1956). For every sagebrush encountered, I

also recorded the height, length, and width of each sagebrush, and measured grass height

with the Robel pole. I estimated visual obstruction and height of grass using a modified

Robel pole delineated in 2.54 cm increments (Robel et al. 1970, Higgins and Barker

1982, Benkobi et al. 2000). Herbaceous canopy cover was estimated at the brood or

random site, and at additional 10-m intervals along 50-m transects in 0.10 m2 quadrats

(see Appendix D for species identification at brood sites and random sites; Daubenmire

1959). 1 recorded total cover, total shrub, total grass, total forb, litter, bareground and

common species of grass and shrubs in each quadrat. I obtained measures of maximum

and minimum daily temperature, and daily precipitation from a weather station in

Bowman County (North Dakota Agricultural Weather Network, 2006).

Data Analysis

Habitat Selection. - Canopy cover values were recoded to mid-point values of the

categories and I summarized these data to an average value for each variable for the site.

Estimates of sagebrush density were made from maximum likelihood estimates (Pollard

1971). I then used MRPP (Mielke and Berry 2001) to test the distributions of vegetation

characteristics at brood sites and random sites, and used this as a screening process to
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distinguish important variables for future analysis with a critical value of a _< 0.05.

Vegetation characteristics included in MRPP evaluation were percent total vegetative

cover, percent grass cover, percent forb cover, percent sagebrush cover, percent

bareground, percent litter, sagebrush height, average sagebrush width, site-VOR and

VOR increments of 10-m extending from the brood site to 50-m, grass height from the

Robel pole beneath the sagebrush, and sagebrush density (Appendix E). I compared

variables between brood sites and random sites, and between years using MIRPP as initial

screening between significant variables at the critical value of a at <_ 0.05.

I used Information Theoretic approach (Burnham and Anderson 2002) with

logistic regression to estimate variables selected for by hens with chicks at brood sites

using SAS JMP (2005 SAS Institute Inc). I developed 10 a-priori models for resource

selection of brood sites. Only variables for which distributions differed between brood

and random sites from MRPP were considered for inclusion in these models. The

candidate models included percent total vegetative cover, percent grass cover, percent

sagebrush cover, shrub height, site-VOR, every 10-m intervals of VOR extending from

the center point, grass height from the Robel pole, and sagebrush density. Year was

considered a dummy variable in all candidate models. Thus, any differences among the

models in the candidate sets were due to differences in the vegetative variables. Year

was not included in the tables for ease of interpretation.

To prevent underfitting or overfitting, Akaike's Information Criterion (AIC) was

used as the basis for model selection. Using the log-likelihood values and number of

parameters (k) provided in the output file from the 10 models within Program JMP. The
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models were ranked using the equation: AIC = -2(log-likelihood) + 2k. The two

components of AIC include; -2(log-likelihood), which measures discrepancy of the fit

between the data and the model, and (k) is a penalty for the number of parameters

included in the model to prevent overfitting the models. Unless the sample size is large

with respect to the number of parameters estimated, the use of AICc is recommended;

AIC + 2K(K + 1)/n - K -1. The models were ranked using A AICc (Burnham and

Anderson 1992).

I tested the strength of the model to predict brood sites using receiver operating

characteristic curve (ROC) used as model fit or discrimination diagnostics (SAS JMP

2005). ROC values between 0.7 and 0.8 were considered acceptable discrimination, and

values between 0.8 and 0.9 were considered excellent discrimination (Hosmer and

Lemeshow 2000).

Chick Survival. -Chicks were radio-marked and located > 2 times/week from

capture date through August in 2005 and 2006 to determine chick and brood survival and

cause-specific mortality. Chick survival was estimated using Kaplan-Meier product-limit

method (Kaplan and Meier 1958) modified for staggered entry (Pollock et al. 1989)

throughout the brood-rearing periods. I designated seasons as summer (June-August),

autumn (September-November), winter (December-February), and spring (March-May;

Leonard et al. 2000).

Differences in distribution of chick survival and average brood size were tested

with MRPP between years at the critical value of a _< 0.05. A brood was considered

successful if_> Ichicks were observed with a radio-marked hen after 1 August, the
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approximate date of brood breakup (Dalke et al. 1960, Oakleaf 1971). I defined

recruitment as a chick surviving through December 31; the approximate date when the

highest percent of mortality has decreased when there is low winter mortality (Robertson

1991, Wik 2002, Hausleitner 2003, Zablan 2003).

RESULTS

Chick Survival. - I monitored 7 broods in 2005, with an average of 6.86 ± 0.95

chicks/hen at hatch. In 2005, at 3 weeks post hatch, the average brood size from 7 hens

was 2.34 chicks/hen representing 34% apparent survival. In 2006, 6 broods averaged

6.67 ± 1.03 chicks/hen at hatch. At 3 weeks post hatch, the average brood size from 6

hens was 2.83 chicks/hen representing 42% apparent survival. Initial brood size at hatch

was similar between years (P = 0.90, MIRPP).

In 2005, 6 hens had at least 1 chick alive on 1 August, and in 2006 only 3 hens

had at least 1 chick alive on 1 August. In 2005, 50% (95% CI: 0.23 to 0.58) of chicks

radio-marked at 5-6 weeks of age survived to 1 January (Figure 8). In 2006, 32% (95%

CI: 0.14 to 0.49) of chicks survived to 1 January (Figure 9). Assuming no mortality from

3 weeks to 5-6 weeks, a very liberal estimate was 17% of chicks recruited into the

population in 2005 and 13% recruited in 2006 (Table 10). The majority of identifiable

predation events on radio-marked sage-grouse chicks were from canids. Survival of

radio-marked chicks between years was similar (P = 0.32, MIRPP). Combined yearly

survival of radio-marked chicks from 5-6 weeks to 1 January was 39% for both field

seasons (Figure 10). Brood success in 2005 was the same as in 2006 (75% in 2005 and

75% in 2006).
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Brood Site Selection .- I measured vegetative characteristics at 55 and 75 brood

sites in 2005 and 2006, respectively. I also measured 107 random sites during the two

years (47 in 2005, 60 in 2006). Distributions of percent total vegetative cover, percent

forb, percent grass, percent sagebrush, percent litter, site-VOR, and sagebrush density,

differed (P• 0.05) from random sites. Random sites, however, had more bareground and

taller grass (P•< 0.05) than brood sites (Table 11). There were also several variables that

differed between years for both brood and random sites (Table 12).

Because annual differences between years were evident, one model strongly was

supported with selection of brood sites and percent forbs, percent grass, percent

sagebrush, percent bareground, sagebrush height and width (Table 13). Sage-grouse

brood sites were positively associated with more canopy cover from forbs, grasses, and

sagebrush than were present at random sites, and negatively associated to percent

bareground, sagebrush height and width. In the model, increasing forb cover by 10%,

increased the probability of the site being used by a hen with a brood by a multiplicative

factor of 0.09 ± 0.08 (CI 95%). Increasing grass cover by 10% increased the probability

of the site being used by a hen with a brood by a multiplicative factor of 0.61 ± 0.56 (CI

95%), and increasing sagebrush cover by 10% increased the probability of the site being

used by a hen with a brood by a multiplicative factor of 1.12 ± 0.95 (CI 95%). Increasing

the percent of bareground by 10% decreased the probability of the site being used by a

hen with a brood by a multiplicative factor of 240.89 ± 32.89 (CI 95%). Increasing

sagebrush height by 5 cm decreased the probability of the site being used by a hen with a

brood by a multiplicative factor of 22.18 ± 21.42 (CI 95%), and increasing sagebrush
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width by 5 cm decreased the probability of the site being used by a hen with a brood by a

multiplicative factor of 15.5 ±14.68 (Table 14). Classification accuracy of the model was

acceptable with an ROC value = 0.78.

Brood sites consisted of 6-16% forb cover, 29-34 % grass cover, and 5%

sagebrush cover, and sagebrush 30-38 cm tall, and 50-53 cm wide. Percent bareground

cover at brood sites ranged from 11-25% (Table 15).

DISCUSSION:

Chick/Brood Surivnal. - The low chick survival in southwestern North Dakota is

typical of other sage-grouse populations (Schroeder et al. 1997). The period of greatest

chick mortality occurred from hatch to 3 weeks of age. Canid predation was the largest

direct cause of mortality of radio-marked sage-grouse chicks. Exposure to wet and cold

weather can also reduce survival of chicks (Patterson 1952). I found high mortality to

chicks exposed to rain and cold weather immediately after hatch. Greater precipitation in

2005 resulting in increased herbaceous cover and delayed plant desiccation may have

resulted in higher survival of chicks > 5-6 weeks to 1 January in 2005 (Oakleaf 1971).

It is difficult to draw conclusions regarding survival rates ofjuvenile sage-

grouse among various studies because methods of data collection and analyses varied

among studies. Nonetheless, Crawford et al. (2004) estimated 10% survival for sage-

grouse chicks from hatch to the following breeding season. My estimate of chick

survival through 1 January of 13-17% is half that required to sustain a population,

assuming reasonable levels (40-60%) of nest success and nesting rates (Aldridge and

Brigham 2001). However, the 13-17% is a liberal estimate because I do not know what
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the mortality was from 3 to 5-6 weeks of age. Poor recruitment could be the limiting

factor of population growth (Johnson and Braun 1999). Chick survival could be limited

by availability of mesic habitats that contain higher amounts of forbs during 3-4 weeks

post hatch (Aldridge 2000). Studies conducted in the Powder River Basin have

documented large-scale modification of sagebrush habitat associated with oil and gas

development that could have impacts on habitat use or survival rates of sagebrush

obligate species (Walker, unpublished data 26th Meeting of the Western Agencies

Sage and Columbian Sharp-tailed Grouse Technical Symposium, abstract).

Fragmentation of brood rearing habitats results in additional challenges to brood survival

and may create travel barriers separating suitable cover from important mesic feeding

areas.

Habitat Selection. - A key factor associated with sage-grouse productivity is

brood-rearing habitat (Crawford et al. 1992). Availability of food resources such as forbs

and insects can limit sage-grouse populations through decreased recruitment of young

(Klebenow 1969, Peterson 1970, Wallestad 1975, Autenrieth 1981). The period from 1-

10 days is when chick mortality is highest (Patterson 1952, Autenrieth 1981) and they

need insects in close proximity to escape cover. Based on the low chick survival in this

study, the present availability of high-quality brood-rearing habitat may be an important

factor contributing to low survival rates and ultimately to declining populations of sage-

grouse in North Dakota.
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Hens with broods selected sites with greater herbaceous cover (forbs and grass),

greater sagebrush cover, shorter sagebrush, and less bareground. In the Great Basin, hens

with chicks also selected for areas of increased forb cover (Klebenow 1969, Autenrieth

1981, Dunn and Braun 1986). Martin (1970) reported heights of sagebrush ranging from

22-38 cm at brood locations in southwestern Montana, which is similar to sage-grouse

brood habitat in my study. The primary food for chicks < 10 days old is insects. Chicks

require insects for growth and development (Johnson and Boyce 1990) and insect

abundance is greater in areas with greater herbaceous biomass (Healy 1985, Rumble and

Anderson 1996). Diet and feeding rates of birds have been shown to increase with

abundance of food items (Healy 1985, Miller et al. 1994) which may explain why I found

that broods selected areas with greater grass and forb abundance.

Sveum et al. (1998) reported that lack of alternate brood-rearing cover types

resulted in low chick survival. Unlike many other sage-grouse populations in the core

area of sagebrush habitat, hens in my study had little opportunity to choose alternate

brood-rearing habitats. Increased food and cover may reduce brood movements, thereby

reducing exposure to potential predators. Reduced movement also would result in lower

energetic costs associated with obtaining food and higher foraging efficiency, thereby

increasing the nutrients available for growth and development resulting in faster rates

(Sveum et al. 1998). It is likely that the limited brood-rearing habitat distribution, the

lack of alternative habitats, and the disturbance and fragmentation from oil and gas

development has a detrimental affect on chick survival and juvenile recruitment.
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MANAGEMENT IMPLICATIONS

Low productivity and chick survival rates should be of great concern to managers

charged with maintaining viable populations of great sage-grouse (Connelly and Braun

1997, Crawford et al. 2004). Additional research to achieve a better understanding of

juvenile survival and understand factors affecting productivity and recruitment is needed.

Additional research to verify the effects of oil and gas development in a highly

fragmented landscape is warranted.

My results suggest that conservation and/or restoration of native forb and grass

communities within sagebrush shrubsteppe dominated habitats would benefit sage-

grouse. Vegetative cover and habitat interspersion are also important factors which

influence summer habitat use for grouse. Mosaics of patchy sagebrush with openings of

native grasses and forbs will sustain brood-rearing habitat.

Trends in sagebrush vegetation in North Dakota are similar to the rest of the

sagebrush range. I recommend that managers develop strategies to preserve the integrity

of shrubsteppe in southwestern North Dakota. Herbaceous cover in sagebrush habitats is

an important component of brood-rearing habitat for sage-grouse. There is little direct

evidence associating livestock grazing practices to sage-grouse populations. However,

my results suggest excessive grazing within suitable brood-rearing habitats could have a

negative impact by reducing grass and forb cover. Improper grazing facilitates invasion

by exotic plant species. Additionally, private landowners should be encouraged to

participate in programs that are directed at maintaining and improving sage-grouse

habitats on private lands.
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Oil and gas development in various grouse habitat types has been increasing in

southwestern North Dakota. Even though the timing of the increase in oil and gas

development has been coincident with the declining trend of sage-grouse populations in

southwestern North Dakota, very little is documented about effects this development has

on grouse populations. Massive landscape changes within habitats utilized by broods

have rarely been documented. Additional research to determine the effects of oil and gas

development in relation to survival of great sage-grouse chick habitat selection is needed.
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Table 10. Chick recruitment as of 1 January estimated for chick survival from hatch to 3
weeks-post hatch combined with chick survival at 5-6 weeks through recruitment in
southwestern North Dakota, USA, 2005-2006.

Year 3 Week Survival 5-6 Week Survival Recruitment
(Apparent) (Kaplan-Meier)

2005 34% 50% 17%

2006 42% 32% 13%
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Table l1. Combined average distributions of vegetation characteristics for brood sites and
random sites of sage-grouse in southwestern North Dakota using MIRPP, 2005-2006.

Variable

Vegetative cover (%)
Grass cover (%)
Forb cover (%)
Sagebrush cover (%)
Bareground cover (%)
Site-VOR (in)
Sagebrush density/hectare
Sage (%)
Vegetation height/site (in)

Grass height beneath the
sagebrush (cm)
Sagebrush height (cm)
Sagebrush width (cm)

Brood
(n = 130)
74
32
11
5
17
3
2,300
5
12

41

33
48

Random
(n = 107)
55
21
9
4
32
2
1,546
3
14

42

p-value

< 0.001*
< 0.001*
< 0.001*
0.04 1 *
< 0.001*

0.107 *
< 0.001*
< 0.001*
0.065*

0.431

33
48

0.646
0.298

Asterisks (*) indicates significance. Definition of each variable in Appendix E.
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Table 12. Combined average distributions of habitat characteristics for brood sites
compared between years and random sites compared between years of sage-grouse in
southwestern North Dakota using MRPP, 2005-2006.

Variable Brood Brood p-value Random Random p-
2005 2006 2005 2006 value

(n=55) (n=75) (n=47) (n=60)

Vegetative 67 79 <0.001* 57 54 0.429
cover (%)

Forb cover(%) 16 6 < 0.001* 13 6 < 0.001*

Grass cover (%) 29 33 0.145 23 19 0.249

Sagebrush 5 5 0.334 5 3 0.016*
cover (%)

Bareground 25 10 < 0.001* 34 29 0.113
cover (%)

Site-VOR (cm) 6 1 < 0.001* 3 1 < 0.001*

Sagebrush 1,619 2,991 0.001.* 1,011 1,966 < 0.103*
density/hectare

Sagebrush (%) 5 5 0.4075 4 3 0.220

Grass hgt 48 36 < 0.001* 49 37 < 0.001*
beneath the
sagebrush (cm)
Sagebrush hgt 38 30 < 0.001* 38 29 < 0.001*
(cm)
Sagebrush 51 45 0.011* 53 44 < 0.002*
width (cm)

Asterisks (*) indicates significance. Definition of each variable (Appendix E).
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Table 13. Logistic regression models predicting greater sage-grouse brood sites (n = 130) versus
random sites (n = 107) using vegetal data collected in North Dakota, USA, 2005-2006. Log-
likelihood (-2 In [L]), number of parameters including year indicator variable plus 2 (intercept +
SE) (K), Akaike's Information Criterion adjusted for small sample size (AICc), difference in
AICc (AAICc), Akaike weights (wi). Models with AAICc < 2 are highlighted as the best model.

Model Log- K AICc A Wi
likelihood AICc

Togr (+) + Tofo (+) +Tosh (+) + -135.97149 9 258.9682 0 0.890
Bare (-) Shrub hgt (-) + Shrub
w (-)
Toco (+) +cover (+) Shrub hgt - 123.91192 7 263.215 4.247 0.106
(-) + Shrub w (-)

Toco (+) -123.78395 8 271.0118 12.044 0.002

Tofo (+) + Togr (+) + Tosh (+) + -140.64085 8 271.943 12.975 0.001
Bare (-) + Cover (+)
Tofo (+) +Togr (+) +Tosh(+) -145.71992 6 288.5111 29.543 <0.001

Tofo (+) + Togr (+) + Tosh (+) + -137.64685 7 288.5452 29.577 <0.001
Bare(-)
Toco (+) + Cover (+) + Shrub den -136.44906 6 289.1771 30.209 <0.001
(+)

Tofo (+) + Togr (+) + Cover (+) + -137.97987 7 296.9288 37.961 <0.00 1
Shrub den(+)
Tofo (+) + Togr (+) +Cover(+) -146.78395 6 304.6572 45.689 <0.001

Tofo (+) + Togr (+) + Tosh (+) + -134.0313 9 314.2952 55.327 <0.001
Bare (-) + Height (-) + Shrub w
)

a I included the following vegetation variables in my models: total vegetative cover (TOCO),
percent forb cover (TOFO), percent grass cover (TOGR), percent sagebrush cover (TOSH),
sagebrush height (SHRUB HGT), sagebrush width (SHRUB W), site-VOR (COVER), percent
bareground cover (BARE), sagebrush density/hectare (SHRUB DEN), and grass height around
the Robel pole (HEIGHT).

b To facilitate interpretation, I excluded year indicator variable from model colunm.
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Table 14. Odds ratio and confidence intervals associated with independent variables that
best explain brood sites or random sites in southwestern North Dakota, USA, 2005-2006.

Variable Odds Site Odds Lower Odds Upper
Ratio CI CI

TOFO 0.009 Brood 0.001 0.100

TOGR 0.061 Brood 0.005 0.728

TOSH 0.112 Brood 0.017 0.684

Bareground 24.088 Random 3.289 198.941

Sagebrush height 4.435 Random 0.152 133.220

Sagebrush width 3.100 Random 0.165 104.172



86

Table 15. Average vegetation characteristic of sage-grouse brood and random sites used
in the best model to explain brood sites in southwestern North Dakota, USA, 2005-2006.

Broods Randoms Broods Randoms
2005 2005 2006 2006

Variable x x x x

Forb cover(%) 16 13 6 4

Grass cover (%) 29 23 34 19

Sagebrush cover (%) 5 5 5 3

Bareground cover (%) 25 35 11 29

Sagebrush height (cm) 38 38 30 29

Sagebrush width (cm) 53 55 50 47
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Kaplan-Meier (n = 13)
5-6 Week Survival-Recruitment

1.2

1.0

0.8

0.6

Cl)

0.4

0.2

0.0

K
cb\

Date

Figure 8. Greater sage-grouse chick survival rate and 95% confidence intervals (dashed
lines) of chicks captured at 5-6 weeks of age that recruited into the population as of
January 1 2006 in southwestern North Dakota, USA (Kaplan and Meier 1958, Pollock et
al. 1989).
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Kaplan-Meier (n = 25)
5-6 Week Survival-Recruitment
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Kaplan-Meier (n = 39)
5-6 Week Survival-Recruitment
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Figure 10. Overall chick survival rate and 95% confidence intervals (dashed lines) of
chicks captured at 5-6 weeks of age that recruited into the population as of January I for
2005 and 2006 in southwestern North Dakota, USA (Kaplan and Meier 1958, Pollock et
al. 1989).
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Appendix D. Four-digit code, common name and scientific name of plant species
identified at brood sites and random sites in southwestern North Dakota, USA, 2005-
2006.

Variable
acmi
aggl
agst
alfa
arca
arfi
arlu
artr
atri
bear
bell
bogr
brin
brja
bkbr
blue
buda
cafi
calo
carr
cele
chea
cone
crew
curd
disp
dwrf
ercs
fieb
gayf
gold
gotb
gpea
grra
gumb
gumw
gusa
hoju

Name
Western yarrow
false dandelion
Redtop
Alfalfa
silver sage
fringed sagewort
cudweed sagewort
big sagebrush
A triplex spp.
beards tongue
bluebells
blue grama
Smooth brome
japanese brome
buckbrush
little bluestem
buffalo grass
threadleaf sedge
prairie sandreed
wild carrot
wild celery
cheatgrass
purple coneflower
Crested wheatgrass
curly doc
inland saltgrass
dwarf alyssum
Eastern red cedar
field bindweed
gayfeather
goldenrod
goatsbeard
golden pea
grayragwart
gumbo lily
curlycup gumweed
broom snakeweed
foxtail barley

Scientific Name
Achillea millefolium
Hypochoeris radicata
Agrostis gigantea
Medicago spp.
Artemesia cana
Artemisia frigida
Artemesia ludoviciana
Artemesia tridentata wyomingensis
Atriplex spp.
Penstemon spp.
Mertensia spp.
Bouteloua gracilis
Bromus inermis
Bromus japonicus
Symphoricarpus occidentalis
Vulpia octoflora
Buchloe dactyloides
Carex filifolia
Calamovilfa Iongifolia
Daucus carota
Apium graveolens
Bromus tectorum
Echinacea Moench
Agropyron cristatum
Rumex crispus
Distichlis spicata
Alyssum cuneifoflium
Juniperus virginiana
Convolvulus arvensis
Liatris spicata
Solidago spp.
Tragopogon dubius
Thermopsis rhombifolia
Senecio incanus
Oenothera caespitosa
Grindelia squarrosa
Gutierrezia sarothrae
Hordeum jubatum
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Appendix D. Continued

hors
hory
indw
intw
koma
long
must
navi
n utv
opun
pars
pasm
penn
pepp
phho
plan
prpr
popr
povw
psut
redg
redt
ripg
rose
rubb
sand
scgo
scur
side
silv
skel
spid
spco
stic
stco
sthy
sunf
swee
taof
toad
this
txon
vetc

horseweed
hairy fleabane
indian wheat
intermediate wheatgrass
junegrass
Longleaf wormweed
Mustard
green needle
nuttall's violet
Cactus
wild parsley
Western wheatgrass
pennycress
pepperweed
hood's phox
Slender plantain
prickly pear
kentucky bluegrass
povertyweed
pu-sytQ -
red goosefoot
Redtop
prairie cordgrass
wild rose
rubber rabittbrush
sandbergs bluegrass
scarlet gaura
scurfpea
sideoats grama
silverbladder pod
skeletonplant
spiderwort
scarlet globemallow
stickseed
needle and thread
Angelita daisy
sunflower
sweetclover
dandelion
Bastard toadflax
Thistle
textile onion
Astragalus spp.

Conyza spp.
Conyza bonariensis
Plantago patagonica
Thinopyrum intermedium
Koeleria macrantha
Artemisa Iongifolia
Cardaria spp.
Nassella viridula
Viola nuttallii
Opuntia spp.
Musineon spp.
Pascopyrum smithil
Thlaspi arvense
Lepidium densiflorum
Phlox hoodii
Plantago heterophylla
Opuntia spp.
Poa pratensis
Iva axillaris Pursh
Antennaria spp.
Chenopodium rubrum
Agrostis stolonifera
Spartina pectinata
Rosa woodsii
Ericameria nauseosa
Poa secunda
Gaura coccinea
Psoralea spp.
Bouteloua curtipendula
Lesquerella argyraea
Lygodesmia spp.
Tradescantia ohiensis
Sphaeralcea coccinea
Hackelia Opiz
Stipa comata
Hymenoxys acaulis
Eriophyllum spp.
Melilotus spp.
Taraxacum officinale
Commandra umbellate
Cirsium spp.
Allium spp.
Astragalus spp.
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Appendix D. Continued

vuoc
wewa
wint
yucca

six weeks-fescue
Western wallflower
winter fat
yucca

Vulpia octoflora
Erysimum asperum
Krascheninnikovia spp.
Yucca glauca
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Appendix E. Definition of all acronyms used for vegetative sampling in southwestern
North Dakota, USA, 2005-2006.

Acronym
TOCO

TOFO

TOSH

TOGR

Definition
Percent total vegetative cover

Percent total forb cover

Percent total sagebrush cover

Percent total grass cover

Percent total litter cover (ie. residual grasses, rocks, feces)Litter

Bareground

Effective Grass Hgt

Max Grass Hgt

Sagebrush Hgt

Sagebrush Width

Sagebrush density

Site-VOR

10-m VOR

20-m VOR

30-m VOR

40-m VOR

50-m VOR

Percent bareground

Grass height beneath sagebrush from Robel pole (in)

Tallest reading of grass species surrounding Robel pole (in)

Sagebrush height (cm)

Sagebrush width (minor and major cords averaged) (cm)

Sagebrush density/hectare

Visual obstruction reading for the site

Average visual obstruction reading for 10-m around site

Average visual obstruction reading for 20-m around site

Average visual obstruction reading for 30-m around site

Average visual obstruction reading for 40-m around site

Average visual obstruction reading for 50-m around site
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ABSTRACT

NESTING AND BROOD-REARING SUCCESS AND RESOURCE SELECTION

OF GREATER SAGE-GROUSE IN NORTHWESTERN SOUTH DAKOTA

Nicholas W. Kaczor

May 2008

Understanding population dynamics and resource selection is crucial in

developing wildlife resource management plans, particularly for sensitive species.

Greater sage-grouse (Centrocercus urophasianus) populations have declined range-wide

at a rate of 2% per year from 1965 to 2003. In South Dakota, populations have generally

declined. Reasons for the decline are mostly attributed to human-induced factors such as

sagebrush degradation and removal, improper range management practices, oil and gas

exploration, and West Nile virus infection. Sage-grouse occupy habitats at the eastern

edge of their range in western South Dakota. We conducted a 2-year study to investigate

the nesting and brood-rearing ecology of sage-grouse in northwestern South Dakota.

Female sage-grouse were captured and radio-marked (n = 53) on traditional

display grounds. Radio-marked hens were tracked to estimate nesting effort, nest success,

and associated habitats. Nest initiation was 95.9%, with an overall nest success of 45.6 =

5.3%. Hens selected habitats with greater sagebrush canopy cover and nest bowl visual

obstruction compared to random sites. Nest success models developed in Program

MARK indicated taller grass structures increased nest success.
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Chick survivorship to seven weeks post hatch ranged from 31 to 43% over the

two year period and recruitment of chicks into the breeding population (1 March) was

estimated to be between 5 and 10%. Between 12 July and 31 September, West Nile virus

accounted for 7 to 21% of the mortality incurred by chicks, however WNv reduced

recruitment by 2 to 4%. Sage-grouse selected brood-rearing habitats that provided

increased visual obstruction and bluegrass (Poa spp.) cover. More herbaceous vegetation

at these sites may provide increased invertebrate abundance, which is necessary in the

diets of sage-grouse chicks.

Management of sage-grouse nesting habitat on the eastern edge of their range

should focus on increasing levels of sagebrush density and canopy cover while

maintaining cover and height of grasses. We recommend that land managers maintain

maximum grass heights of 26 cm. For brood-rearing sites, managers should maintain

high vegetation biomass (visual obstruction) for protective cover and increased

invertebrate abundance. We recommended that land managers strive to attain >10%

chick recruitment into the breeding season.
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GENERAL INTRODUCTION

Greater sage-grouse (Centrocercus urophasianus) populations have declined

range-wide at a rate of 2% per year from 1965 to 2003 (Connelly et al. 2004). These

declines have been attributed to many factors, mostly human-induced (Connelly and

Braun 1997). Factors for decline include, but are not limited to: sagebrush (Artemisia

spp.) degradation and removal (Knick et al. 2003, Wisdom et al. 2005), livestock grazing

(Beck and Mitchell 2000), fire (Baker 2006), construction of highways, fences, and

power lines, (Braun 1998, Schroeder et al. 1999, Aldridge and Brigham 200 1) oil and gas

development (Lyon and Anderson 2003), and increased mortality due to West Nile virus

infections (Naugle et al. 2005).

Further declines in sage-grouse populations are a concern to many stakeholders in

the western United States landscape, as several petitions have been filed for sage-grouse

to be listed under the Endangered Species Act (ESA) of 1973 (Connelly et al. 2004).

Currently, Federal land management agencies are responsible for approximately 66% of

the sagebrush landscape in the United States (Connelly et al. 2004). Federal agencies

such as the Bureau of Land Management (BLM) and U.S. Forest Service (USFS) are

directed by administrative policy to manage public lands for sustained multiple use under

the Federal Land Policy and Management Act (1976), and Public Rangelands

Improvement Act (1978). In addition, sage-grouse are a considered a sensitive species

for the BLM and USFS. Listing of sage-grouse under the ESA could have major

ramifications on the use and management of public lands in of the western United States

(Knick et al. 2003).
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It has been widely documented that sage-grouse are sagebrush obligates during

winter and depend heavily upon it throughout their annual life cycle (Patterson 1952,

Connelly and Braun 1997, Schroeder et al. 1999, Connelly et al. 2004, Moynahan et al.

2007). Sagebrush provides food resources, nesting cover, and protection from predators

(Schroeder et al. 1999). Since the arrival of European settlers, sagebrush habitats have

undergone numerous alterations and degradations (Patterson 1952). Sagebrush has been

lost to tillage agricultural (Swenson et al. 1987), energy development (Braun 1998,

Walker et al. 2007, Doherty et al. 2008), and urban expansion, reservoirs, and roads

(Braun 1998, Aldridge and Brigham 2001). Furthermore, degradation and fragmentation

of sagebrush has occurred from chemical and mechanical treatments of sagebrush,

livestock grazing (Knick et al. 2003, Wisdom et al. 2005), construction of fences and

powerlines (Braun 1998), and the introduction of invasive species (Knick et al. 2003).

Current guidelines for sage-grouse management (Connelly et al. 2000) are based

on extensive studies in core sage-grouse range (e.g., Wyoming and Montana). These

studies typically focused on varying aspects of sage-grouse ecology; particularly nesting

and brood-rearing ecology. However, little research has been conducted on the eastern

limit of sage-grouse distribution. Western South Dakota forms a transitional zone

between the northern wheatgrass-needlegrass prairie that dominates most of the Dakotas

and the big sagebrush plains of Wyoming (Johnson and Larson 1999). In South Dakota,

sage-grouse are imperiled because of rarity or some factor(s) making them very

vulnerable to extinction within the state (South Dakota Department of Game, Fish, and

Parks 2006). Smith et al. (2004) reported steady declines in South Dakota sage-grouse
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populations since 1972 that were possibly the result of sagebrush removal through

cultivation and herbicides (Smith et al. 2005). No study has been conducted in western

South Dakota investigating sage-grouse nesting and brood-rearing success and associated

habitats.

The objectives of this study were to (1) determine and quantify nesting and brood-

rearing resource selection of radio-marked sage-grouse, (2) estimate nest success and

evaluate cause and timing of nest failures, and (3) estimate chick survival and recruitment.

This study will complement previous and concurrent research conducted on sage-grouse

in the Dakotas, thus providing regional land managers with baseline ecology of sage-

grouse. Furthermore, management recommendations produced from this research will

aid in resource management plans and coordination efforts to enhance sage-grouse

habitats.

This thesis is designed as two chapters dealing with the nesting and brood-rearing

aspects of sage-grouse in western South Dakota. It is the intent to publish these papers in

the Journal of Wildlife Management (JWM) or a similar type of peer-reviewed journal.

Therefore, publication style will follow JWM guidelines unless otherwise noted. This

research was a team approach, including multiple authors on publications so I have

substituted the pronoun "I" for "We". Data will be archived at the U.S. Forest Service

Rocky Mountain Research Station, Fort Collins, CO.
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STUDY AREA

The study was conducted within a 3,500-km2 area in Butte and Harding counties,

South Dakota; Crook County, Wyoming; and Carter County, Montana (44°44'N to

450 20'N, 103 0 15'W to 104'21'W; Figure 1). Approximately 75% of the area was

privately owned and we conducted research on 40 private ranches. The remaining 25%

of the study area was managed by the United States Bureau of Land Management (BLM),

and State of South Dakota School and Public Lands Division (SDSPL). The area is

predominately used for grazing purposes although small grain production is evident.

Open-pit mining for bentonite occurs at the south end of the study site on Pierre soils

(Charles Berdan, BLM, Belle Fourche, South Dakota, personal communication).

Vegetation consists of short shrubs, mostly Wyoming big sagebrush (Arternisia

tridentata spp.) and plains silver sagebrush (A. cana spp.). Other shrubs include broom

snakeweed (Gutierrezia sarothrae), greasewood (Sarcobatus vermiculatus), and

saltbushes (Atriplex spp.) (Johnson and Larson 1999). Common grasses include western

wheatgrass (Pascopyrum smithii), Junegrass (Koeleria macrantha), bluegrass species

(Poa spp.), green needle-grass (Nassella viridula), and Japanese brome (Bromus

japonicus). Common forbs include western yarrow (Achillea millefolium), common

dandelion (Taraxacum officinale), pepperweed (Lepidium densiflorum), and pennycress

(Thiaspi arvense) (Johnson and Larson 1999).

Temperatures in summer (May-August) average 20.10 C but can reach up to

43.3°C (South Dakota State Climate Office 2007). Mean annual precipitation is 35.3 cm,

with a majority occurring during the months of April through July (South Dakota State
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Climate Office 2007). Elevation ranges from 840 - 1225 m above sea level with nearly

level to moderately steep clayey soils over clay shale (Johnson 1976).

Common predators included red fox (Vulpes vulpes), coyote (Canis latrans),

bobcat (Lynx rufus), badger (Taxidea taxus), raccoon (Procyon lotor), golden eagle

(Aquila chrysaetos), ferruginous hawk (Buteo regalis), American crow (Cotrvus

brachyrhynchos), long-tailed weasel (Mustelafrenata), and red-tailed hawks (Buteo

jamaicensis).
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Figure 1. Study area of Butte, Carter, Crook, and Harding counties where we researched
greater sage-grouse during 2006-2007. The dashed area encompasses all locations and
the grayed area is current sage-grouse range (Schroeder et al. 2004).



7

LITERATURE CITED

Aldridge, C. L. and R. M. Brigham. 2001. Nesting and reproductive activities of greater

sage-grouse in a declining northern fringe population. Condor 103:537-543.

Baker, W. L. 2006. Fire and restoration of sagebrush ecosystems. Wildlife Society

Bulletin 34:177-185.

Beck, J. L., and D. L. Mitchell. 2000. Influences of livestock grazing on sage-grouse

habitat. Wildlife Society Bulletin 28:993-1002.

Braun, C. E. 1998. Sage grouse declines in western North America: what are the

problems? Proceedings of the Western Association State Fish and Wildlife

Agencies 78:139-156.

Connelly, J. W., and C. E. Braun. 1997. Long-term changes in sage grouse Centrocercus

urophasianus in western North America. Wildlife Biology 3:229-234.

Connelly, J. W., S. T. Knick, M. A. Schroeder, and S. J. Stiver. 2004. Conservation

assessment of greater sage-grouse and sagebrush habitats. Western Association of

Fish and Wildlife Agencies. Unpublished Report. Cheyenne, Wyoming.

Connelly, J. W., M. A. Schroeder, A. R. Sands, and C. E. Braun. 2000. Guidelines to

manage sage grouse populations and their habitats. Wildlife Society Bulletin

28:967-985.

Doherty, K. E., D. E. Naugle, B. L. Walker, and J. M. Graham. 2008. Greater sage-

grouse winter habitat selection and energy development. Journal of Wildlife

Management 72:187-195.



8

Johnson, J. R., and G. E. Larson. 1999. Grassland plants of South Dakota ant the northern

Great Plains. South Dakota State University. Brookings, South Dakota, USA.

Johnson, P. R., 1976. Soil survey of Butte County, South Dakota. U.S. Department of

Agriculture, South Dakota Agricultural Experiment Station, Brookings, South

Dakota, USA.

Knick, S. T., D. S. Dobkin, J. T. Rotenberry, M. A. Schroeder, W. M. Vander Haegen,

and C.Van Riper III. 2003. Teetering of the edge or too late: conservation and

research issues for avifauna of sagebrush habitats. Condor 105:611-634.

Lyon, A. G., and S. H. Anderson. 2003. Potential gas development impacts on sage

grouse nest initiation and movement. Wildlife Society Bulletin 31:486-491.

Moynahan, B. J., M. S. Lindberg, J. J. Rotella, and J. W. Thomas. 2007. Factors affecting

nest survival of Greater sage-grouse in northcentral Montana. Journal of Wildlife

Management 71:1773-1783.

Naugle, D. E., C. L. Aldridge, B. L. Walker, K. E. Doherty, M. R. Matchett, J. McIntosh,

T. E. Cornish, and M. S. Boyce. 2005. West Nile virus and sage-grouse: What

more have we learned? Wildlife Society Bulletin 33:616-623.

Patterson, R. L. 1952. The sage grouse in Wyoming. Sage Books, Inc., Denver, CO.

Schroeder, M. A., C. L. Aldridge, A. D. Apa, J. R. Bohne, C. E. Braun, S. D. Bunnell, J.

W. Connelly, P. A. Deibert, S. C. Gardner, M. A. Hilliard, G. D. Kobriger, S. M.

McAdam, C. W. McCarthy, J. J. McCarthy, D. L. Mitchell, E. V. Rickerson, and

S. J. Stiver. 2004. Distribution of sage-grouse in North America. Condor 106:363-

376.



9

Schroeder., M. A., J. R. Young, and C. E. Braun. 1999. Sage grouse (Centrocercus

urophasianus). Account No. 425 in A. Poole. And F. Gill, editors. The Academy

of Natural Sciences, Philadelphia, Pennsylvania, and The American

Ornithologists' Union, Washington, D.C., USA.

Smith, J. T., L. D. Flake, K. F. Higgins, and G. D. Kobriger. 2004. History of greater

sage-grouse in the Dakotas: Distribution and population trends. Prairie Naturalist

36:213-230.

Smith, J. T., L. D. Flake, K. F. Higgins, G. D. Kobriger, and C. G. Homer. 2005.

Evaluating lek occupancy of greater sage-grouse in relation to landscape

cultivation in the Dakotas. Western North American Naturalist 65:310-320.

South Dakota Department of Game, Fish, and Parks. 2006. South Dakota comprehensive

wildlife conservation plan. South Dakota Dept. of Game, Fish, and Parks, Pierre,

Wildlife Division Report 2006-08.

South Dakota State Climate Office. 2007. Office of the State Climatologist.

http://climate.sdstate.edu. Accessed on 12 October 2007.

Swenson, J. E., C. A. Simmons, and C. D. Eustace. 1987. Decrease of sage grouse,

Centrocercus urophasianus, after ploughing of sagebrush steppe. Biological

Conservation 41:125-132.

Walker, B. L., D. E. Naugle, K. E. Doherty. 2007. Greater sage-grouse population

response to energy development and habitat loss. Journal of Wildlife Management

71:2644-2654.



10

Wisdom, M. J., M. M. Rowland, and L. H. Suring, editors. 2005. Habitat threats in the

sagebrush ecosystem: methods of regional assessment and applications in the

Great Basin. Alliance Communications Group, Lawrence, Kansas, USA.



11

CHAPTER 1 - NESTING SUCCESS AND RESOURCE SELECTION OF

GREATER SAGE-GROUSE IN NORTHWESTERN SOUTH DAKOTA.

INTRODUCTION

Greater sage-grouse (Centrocercus urophasianus; hereafter sage-grouse) were

once distributed in parts of at least 12 states and 3 provinces, but have been extirpated

from Nebraska and British Columbia (Schroeder et al. 2004). Furthermore, sage-grouse

currently inhabit only 56% of their pre-settlement potential habitat (Schroeder et al. 2004)

and populations have declined at an estimated rate of 2.0% per year from 1965 to 2003

(Connelly et al. 2004). Greater sage-grouse have become a sensitive species due to

decreases in populations, (AIdridge and Brigham 2001, Connelly et al. 2004) and

degradation of quality nesting habitat (Braun 1998, Connelly et al. 2004). Populations in

South Dakota declined steadily from 1973 to 1997, and then recovered from 1997 to

2002 (Smith 2003, Connelly et al. 2004). However, in South Dakota, population indices

from lek-counts were inconsistent over these time periods and meaningful assessments

are lacking (Connelly et al. 2004). Nest fate and what factors determine nest success are

of particular interest to biologists as it has been shown that nest success has the potential

to limit population growth of sage-grouse (Schroeder 1997, Braun 1998, Schroeder et al.

1999, Dinsmore and Johnson 2005). Yet, information is lacking on the ecological

requirements of nesting sage-grouse in western South Dakota. The objectives of this

study were to develop an understanding on the nesting ecology, success, and resource

selection of sage-grouse on the eastern edge of their range.
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METHODS

Data Collection

Female Capture - We identified six active sage-grouse leks for which we had

landowner cooperation for trapping. We captured female sage-grouse with large nets by

spotlighting them from all-terrain vehicles between March 2006-2007 and mid-April

2006-2007 (Giesen et al. 1982). Females were weighed and equipped with a 22-g

necklace-style transmitter, which were -1.4% of mean female sage-grouse body mass and

a life-expectancy of 434 days. Transmitters could be detected from approximately 2.0 to

5.0 km from the ground and were equipped with an 8-hour mortality switch. Females

were classified as adults (>2 yr old) or yearlings (<1 yr old) based upon primary wing

feather characteristics (Eng 1955, Crunden 1963). The South Dakota State University

Institutional Animal Care and Use Committee approved trapping and handling techniques,

and study design (Approval #07-A032).

Locating and Monitoring Nests - We located radio-marked female sage-grouse

twice each week during the breeding, laying, and incubation periods. In the event we

could not locate an individual(s) from the ground, we searched the study-area from a

fixed-wing aircraft to obtain an approximate location. Once a hen was believed to be

incubating, we marked four coordinates approximately 15 m away in the four cardinal

directions with a Global Positioning System (GPS) receiver (Garmin Ltd., Olathe, KS).

We confirmed nest presence/absence during the subsequent visit. If a hen was present on

the second visit, we flushed her to determine clutch size. This method did not cause nest

abandonment as only I of 80 (1.3%) females abandoned their nests. Nests were checked
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approximately twice each week until nest fate was determined. Nests were considered

successful if>1 egg hatched. We documented evidence (e.g., nest bowl disturbance,

eggshell remains, etc.) at the nest site to estimate predator type (i.e., mammalian or avian)

(Sargeant et al. 1998). Nest distances from nearest active display ground, renests, and

prior nests were calculated by Hawth's Analysis Tool (Beyer 2004) in ArcMap 9.1 (ESRI,

Inc., Redlands, CA.).

Habitat Measurements - We characterized vegetation at nest sites after the fate

was determined. Four, 50-m transects were established radiating in the 4 cardinal

directions from the nest bowl. A modified Robel pole (Robel et al. 1970, Benkobi et al.

2000) was used to estimate visual obstruction readings (VOR) and maximum grass height

at 1-m intervals from 0 m to 5m (n = 21), and at 10-m intervals out to 50 m (n = 20). We

estimated sagebrush (A. tridentata spp. and A. cana spp.) density and height at 10 m

intervals (n = 80) using the point-centered-quarter method (Cottarn and Curtis 1956). We

added four, 5-m transects, radiating in the 4 ordinal directions from the nest bowl for

vegetation cover measurements. Vegetation cover was estimated using a 0.10 m 2 quadrat

(Daubenmire 1959) at 1-m intervals to 5 m (n = 44) and then alternating out to 30 m

(n = 52). We recorded total cover, grass cover, forb cover, shrub cover, litter cover, bare

ground, and individual shrub and grass species canopy cover. In addition, we measured

an equal number of random sites within a 3 km buffer of capture leks to estimate resource

selection. We entered the coordinates of the random sites into a GPS and navigated to

the location, then located the center over the nearest sagebrush to the coordinate.
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Data Analyses

Nesting Parameters - We used the multi-response permutation procedure (MRPP;

Mielke and Berry 2001) to test the null hypothesis that there were no differences among

weights, clutch size, nest initiation dates, nest site fidelity, and distances to display

grounds between years and between ages of females. Chi-square goodness of fit test was

used to test differences of nest initiation rates between years and between ages of females.

For these analyses, results were considered significant at a critical value of a < 0.05.

Habitat Measurements - Maximum grass height and VOR were summarized for

each of the intervals and then averages were calculated for 0 to 5 m, 1 to 5 m, 10 to 50 m,

and the site level (0 to 50 m). Sagebrush density and height was estimated from a

maximum likelihood estimate (Pollard 1971) and summarized for the site. Canopy

coverage values were recorded to mid-point values of categories for each species, or

category. These were then summarized to an average for 0 to 5 m, 1 to 5 m, 6 to 30 m,

and to the site (0 to 30 m). With over 100 variables in the data set, we then screened all

variables using MRPP (Mielke and Berry 2001) to identify important variables between

nest and random sites and between successful and failed nests (Boyce et al. 2002). A

relaxed critical value of a < 0.15 was used in the screening process to reduce the risk of

excluding a potentially important variable.

Resource Selection - We identified 10 habitat variables (Table 1) from the

screened variables along with a year effect to investigate sage-grouse nesting habitat

preferences. Variables selected included: total cover, grass cover, sagebrush cover, litter

cover, mean sagebrush height, maximum grass height, and visual obstruction all at the
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site level. In addition, grass height 0-5 m away from the nest bowl, visual obstruction at

the nest bowl, and visual obstruction 1 m away from nest bowl were included in the data

set. Year was considered a design variable in all candidate models. We used an

information theoretic approach (Burnham and Anderson 2002) with nominal logistic

regression to estimate the importance of various a priori and post-hoc exploratory models

in SAS JMP (2005 SAS Institute Inc.). Due to a small sample size with respect to the

number of parameters estimated, AICc (Akaike's Information Criterion) was used being

derived from our log-likelihood estimate (Burnham and Anderson 2002). Model strength

was estimated using a receiver operation characteristic curve (ROC) with values between

0.7 and 0.8 considered as acceptable discrimination and values higher than 0.8 were

considered excellent discrimination (Hosmer and Lemeshow 2000).

Nest Success - We used the nest survival module in program MARK (White and

Burnham 1999, Dinsmore et al. 2002) to evaluate environmental and biological factors

that might influence nest success. We standardized nesting dates among years by using

the earliest location date for any year as the first day of the nesting season. We

monitored nests over a 59-day period beginning 23 April and ending 20 June, which

comprised 58 daily intervals of observations to be used in estimating daily survival rate

(DSR) for the 27 day incubation period. We identified four variables from the screen

process as having a potential impact on nest success which included: grass height at the

site level, visual obstruction at the site level, litter cover at the site level, and 0 m forb

cover (Table 2). These variables were combined with daily precipitation, daily minimum

temperature, bird age, and year. We did not model nesting attempt because of a small
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number of renests (n = 10), or days into incubation because we could not accurately

measure them. Daily weather variables were obtained from the nearest daily weather

station located at Nisland, South Dakota, approximately 50 km from the center of the

study area (South Dakota State Climate Office 2007).

We used an information theoretic approach (Burnham and Anderson 2002) to

evaluate support for models of DSR and variables. We began by developing base models

which included bird age, year, and constant survival. From these base models we further

explored the degree to which habitat and weather variables improved model fit. We used

back-transformed estimates of DSR (Dinsmore et al. 2002) to determine effect of

variables on nesting success for the best supported model. We plotted DSR versus

simulated values of variables to determine the effect of variables independently from one

another. We estimated standard error of DSR using the delta method (Seber 1982).

RESULTS

Nesting Parameters

Trapping and Monitoring - We captured 53 female sage-grouse (25 adults and 28

yearlings) and fitted them with transmitters during the study, 29 individuals were

included both years. Adults weighed (1664 g, range: 1492 - 1912 g) more (P <0.01) than

yearlings (1524 g, range: 1332 - 1734 g), but there were no differences between years

(P = 0.20). We found 80 nests (41 in 2006, and 39 in 2007) and 73 were included in nest

survival analyses. Seven nests were excluded because either we did not collect

vegetative measurements (n = 5), we felt we caused nest abandonment (n = 1), or were

denied access to private land (n = 1).
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Nest Initiation - Nest initiation rates (proportion of individuals initiating >1 nest)

for all nests was 95.9% (Table 3) and did not differ between years (P = 0.09) or bird age

(P = 0.89). Renest initiation rate was 28.6% (10/35) and did not differ between years

(P = 0.67) or bird age (P = 0.24). Females were more likely to renest (P = 0.02) if their

first nest was lost early into incubation with the number of first nest observation days

being 7.9 ± 1.3 days for females that renested and 14.6 + 1.8 days for females that did not

renest.

Average date of nest initiation for first nests was 24 April + 1.6 days (Table 4),

with adults (>2 years) initiating egg laying approximately 6.7 days earlier than yearlings

(P = 0.02). No differences of nest initiation dates were detected between years for first

nests (P = 0.27). Average hatch date for first nests was 31 May + 1.5 days. Average

renest initiation was approximately 15 days later (9 May ± 2.6 days) than first nests, with

hatch date occurring 14 June ± 2.0 days. Clutch size varied between nesting attempts

(first nests: 8.3 ± 0.2, renests: 6.4 ± 0.6, P < 0.01) (Table 4), but not between nest success

(P = 0.83), bird age (P = 0.98), or year (P = 0.10).

Nest Location in Relation to Leks - Female sage-grouse visited multiple leks

during the breeding season. One adult female in 2007 nested approximately 30.3 km

from lek of capture. In 2006, successful nests were significantly closer to an active lek

(P = 0.04) than failed nests (1.5 ± 0.3 km vs. 2.9 + 0.5 km) (Figure 2), however there was

no difference in 2007 (2.5 + 0.5 km vs. 3.2 ± 0.7 km, P = 0.70), or when both years were

combined (2.1 + 0.3 km vs. 3.0 + 0.4 km, P = 0.13). The distance that adults and

yearlings nested to the nearest active lek did not differ significantly (2.2 ± 0.3 km vs.
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3.3 ± 0.5 kin, P = 0.08). Sixty-eight percent of nests were within 3 km of a documented

active lek, and 97% of nests were within 7 km (Figure 3).

Nest site Fidelity - Mean distance between an individuals' nest in 2006 to its

subsequent nest in 2007 was 1.08 ± 0.40 km (n = 21.), but was highly variable (range:

0.07 km to 6.62 km). However, 76% of nests were within 0.70 km from a previous

year's nest. There was no difference (P = 0.65) of nest site fidelity between adults and

yearlings, or between nests that either failed or were successful the first year (P = 0.47).

Mean distance between a failed first nest and subsequent renest was 1.85 + 0.55 km

(n = 10, range: 0.22 km - 5.12 km). Successful renests (0.95 + 0.36 km, n = 5) were not

significantly closer (P = 0.17) to first nests than failed renests (2.03 + 0.91 km, n = 5).

Precipitation - During the months of March through June 2006, the study area

received approximately 14 cm of precipitation (Figure 4). This was 33% less than the 58-

year mean of 21 cm of precipitation. However, in 2007 the study area received

approximately 22 cm, or 5% more precipitation than the 58-year mean for the same time

period.

Resource Selection

Distributions of total cover, grass cover, grass height, visual obstruction and

sagebrush height differed (P < 0.05) between nest sites in 2006 and 2007 (Table 1).

There were also some year effects that were evident in the data for random sites, thus all

logistic models included the design variable year (Table 5).

The best-approximating model (AICc weight = 0.39) predicting nest sites from

random sites included sagebrush canopy coverage at the site level and visual obstruction
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at the nest (Table 5). Both variables positively influenced the site selected for a nest

(Table 6). Increasing sagebrush cover by 5% increased the odds of use 6.1. (95% CI:

5.5 - 6.9) times. Increasing visual obstruction at the nest by 2.54 cm increased the odds

of use 3.2 (95% CI: 3.0 - 3.4) times (Table 6). A second model including sagebrush

canopy coverage, visual obstruction at the nest, and average grass height within 5 m was

also strongly supported (AICc weight = 0.35). Model discrimination (ROC values) for

the top two models was excellent at 0.93 for both models. Sagebrush canopy coverage

and visual obstruction at the nest had the highest summed AICc weights, both achieving

values of 1.0. Although the combination of sagebrush canopy coverage and visual

obstruction at the nest was the strongest model, there was little evidence for a model

involving them individually; visual obstruction at the nest and sagebrush canopy

coverage were 11.26 and 74.54 AICc units higher, respectively.

Nest Success

Most nests were located under Wyoming big sagebrush (90%) or silver sagebrush

(7%). One nest was located under the side of a large boulder, and another was in a dense

stand of prairie cordgrass (Spartinapectinata). Breeding success rates (proportion of

females hatching > 1 egg in a season) averaged 47.9%. Egg hatchability (proportion of

eggs hatching from successful clutches) averaged 78.3%. Most of the eggs that did not

hatch were infertile.

Constant nest survival rates (similar to Mayfield 1975) were 45.6 ± 5.3%, but

constant survival was a poor model. Four models were within 2 AICc units of the top

model. The best model with an AICc weight of 0.23, included grass height and litter
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cover (Table 7) with a predicted nest success of 51.6 ± 6.3%. Grass height had a

positive impact (13 = 0.15 SE = 0.03) on nest success (Figures 5 & 6) and was present in

all of the models considered. In contrast, litter cover negatively (13 = -0.08 SE = 0.03)

influenced nest success (Figures 6 & 7), but was also present in all of models considered.

The second-ranked model (AICc weight = 0.15) included grass height, litter, daily

precipitation, and a 1-day lag effect of precipitation. Although, daily precipitation had a

positive influence on nest success (13 = 29.45 SE = 40.35), and the 1-day lag effect

negatively influenced nest success (13 = -1.89 SE = 0.77), neither variable improved the

top model and were only present due to being combined with grass height and litter. The

third and fourth ranked models included daily precipitation, and bird age, respectively,

but they were also combined with grass height and litter. Nest success varied 14.8%

between years (37.7 ± 7.3% in 2006 compared to 52.5 ± 7.2% in 2007). However,

adding a year affect to the top model did not improve model fit.

DISCUSSION

Nesting Parameters

Nest Initiation - Nest initiation rates for sage-grouse are generally believed to be

lower compared to other prairie grouse species (Bergerud 1988). However, Schroeder et

a]. (1999) suggested that nesting attempts from telemetry based studies are probably

under-represented in the literature, as follicular development indicated that at least 90.4%

of females laid eggs the prior spring in three different studies. Our estimates of nest

initiation in 2006 were probably influenced by a snow storm in late April (Figure 4) that

hampered our tracking efforts during which we might have missed some nests. After the
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storm we observed several "dumped" eggs suggesting that during the storm some

individual females were unable to locate their nests and expelled those eggs.

Nonetheless, nest initiation rates were high in this study relative to range-wide estimates

(Connelly et al. 2004).

Females in our study were approximately 125 g greater than the average for 8

other studies (i.e., adults - 1525 g, yearlings - 1413 g, Schroeder et al. 1999). Heavier

eastern wild turkey females (Meleagris gallopavo silvestris) were more likely to breed

than lighter females (Porter et al. 1983), as were yearling Merriam's turkeys (M g.

iferriami) (Hoffman et al. 1996). Sage-grouse exhibit considerable temporal variation in

nest initiation rates (Moynahan et al. 2007) which may be related to nutrition during the

breeding season (Hungerford 1964, Barnett and Crawford 1994).

Renest rates in sage-grouse are highly variable from 0 to 87% and are likely

linked to environmental effects and habitat quality (Schroeder 1997, Moynahan et al.

2007). Low renesting rates may also be related to the relatively low productivity in these

arid and semiarid environments as habitat productivity/quality has been suggested to

regulate nesting and renesting in wild turkeys (Rumble and Hodorff 1993, Hoffman et al.

1996, Rumble et al. 2003). Moynahan et al. (2007) found no renest initiation for sage-

grouse in dry years with little vegetative growth. Only 9.5% of hens renested in a

population in North Dakota (Herman-Brunson 2007). Our observations suggest that hens

that incubated nests for shorter periods were more likely to renest than hens that

incubated longer. Other populations of sage-grouse on the edge of the range also showed



22

an inverse relation between length of incubation and renesting (Aldridge and Brigham

2001, Herman-Brunson 2007).

It has been suggested that sage-grouse nest later in more northern latitudes

(Peterson 1980). South Dakota is further south than Washington and North Dakota, but

had later hatch dates (Schroeder 1997, Herman-Brunson 2007), suggesting other

variables (e.g., habitat, weather) may influence sage-grouse nesting chronology.

Furthermore, hatch dates in South Dakota were comparable to what was reported for a

northern sage-grouse population in Alberta (Aldridge and Brigham 2001)

We predicted age-specific variations in clutch size (Wallestad and Pyrah 1974,

Peterson 1980, Moynahan et al. 2007) as adult females were significantly heavier than

yearlings entering the breeding season. However, that was not observed in this study, or

by Schroeder (1997), and Herman-Brunson (2007). Clutch size was lower for renests

which was expected as female grouse expend substantial endogenous body reserves

during the initial nesting attempt (Naylor and Bendell 1989).

Nest Location in Relation to Leks - Leks are the focal points of breeding and

nesting conservation for non-migratory populations of sage-grouse (Connelly et al. 2000).

Populations in South Dakota are believed to be non-migratory and contiguous with North

Dakota and Montana populations (McCarthy and Kobriger 2005). It has been suggested

that in areas with uniformly distributed habitats around leks, habitat conservation be

implemented within a 3.2 km buffer (Connelly et al. 2000). However, Herman-Brunson

et al. (in review) recommended a 5 km buffer to limit energy development and grazing
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activities during the nesting period. A 5 km buffer would encompass 82% of nests in our

study.

Nest site Fidelity - Sage-grouse, along with other grouse species, demonstrate

fidelity in nesting areas from year to year (Fischer et al. 1993, Schroeder and Robb 2003).

However, sage-grouse typically do not exhibit as strong of fidelity as other grouse, but

usually 84% of nests are <3 km from a previous year's (Schroeder and Robb 2003).

Seventy-six percent of nests in our study were within 0.70 km of the prior year's nest.

Our results illustrate that sage-grouse in South Dakota may show more fidelity to nesting

areas compared to other edge populations, which may be related to the availability of

suitable nest areas around leks.

Fidelity to nesting areas may be advantageous as hens are able to maximize use of

productive habitats and minimize the risk of predation (Greenwood and Harvey 1982).

However, fidelity may lead to decreased productivity if sage-grouse hens occupy sink

habitats (Aldridge and Boyce 2007), or it may indicate that the appropriate habitat is

limited and clumped in distribution. Predators can key in on high densities of nests,

increasing predation rates (e.g., Larividre and Messier 1998). If predators are able to

recognize high densities of sage-grouse nest locations due to fidelity, increased predation

could occur.

Resource Selection

Sage-grouse in South Dakota selected nest sites with higher sagebrush cover and

placed their nests beneath sagebrush plants with greater horizontal cover (VOR) than
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random sites. In North Dakota, shrub density and nest-bowl VOR were also important

predictors of sage-grouse nests (Herman-Brunson 2007).

Connelly et al. (2000) recommended 15-25% sagebrush canopy coverage for

nesting sage-grouse. Meta-analysis (Hagen et al. 2007) confirmed mean sagebrush

canopy coverage at sage-grouse nest sites was 21.51%. In South Dakota, sage-grouse

selected the best of what was available, but that was less than the optimum. In contrast to

sagebrush, grass structure in South Dakota exceeds both management recommendations

(Connelly et al. 2000) and range-wide averages (Hagen et al. 2007). Western South

Dakota forms a transition zone between the northern wheatgrass-needlegrass prairie that

dominates most of the Dakotas and the big sagebrush plains of Wyoming (Johnson and

Larson 1999). Thus, while South Dakota may have sub-optimal sagebrush cover for

sage-grouse, the grass structure may be compensating the sagebrush component.

However, grass structure is highly correlated with annual precipitation, and in periods of

drought may not provide the necessary protection for sage-grouse nests. Poor rangeland

management practices such as overgrazing will reduce grass structure which could have

detrimental affects on sage-grouse populations.

Nest Success

Sage-grouse nest success varies widely across the range (Gregg 1991, Chi 2004),

and is generally believed to be related to habitat conditions (Wallestad and Pyrah 1974,

Connelly et al. 1991, Aldridge and Brigham 2002, Hagen et al. 2007). Our estimate of

nest success was typical of other sage-grouse studies (48%, Connelly et al. 2004), despite

the fact that available sagebrush canopy coverage was less than other areas. Grass height
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in our study had a substantial impact on nest success (Figure 5) and probably provides the

structural component necessary for nests. Successful nests in our study had taller grass

structures than both failed nests and random sites, with failed nests being more

comparable to random sites; this was also documented in Oregon (Gregg et al. 1994).

Taller live and residual grass surrounding nests also increased nest success in Alberta

(Aldridge and Brigham 2002), and was suggested to provide ample nest concealment in

both sagebrush and non-sagebrush overstories in Washington (Sveum et al. 1998).

Although litter cover entered our models as being an important predictive variable for

nest success, the impact litter actually has on nest success is unknown. Litter could be

considered as a measure of the prior year's herbaceous growth by being lower following

less productive seasons, but it could also be lower after intensive grazing pressure (Hart

et al. 1988, Naeth et al. 1991).

MANAGEMENT IMPLICATIONS

If sage-grouse populations continue to decrease and/or maintain sensitive status,

sagebrush conservation and enhancement should be top priority for land management

agencies to enable sage-grouse persistence in western South Dakota. Management for

greater grass cover and height, reduced conversion to tillage agricultural, and minimizing

habitat fragmentation such as energy development should be encouraged. Little

information is known about the direct impacts livestock grazing has on sage-grouse

habitats (Beck and Mitchell 2000) but it may be the least expensive practice to restore

degraded sagebrush steppe (Braun 2006, Woodward 2006). Grazing by domestic sheep



26

(Ovis aries) has effectively controlled sagebrush (Baker et al. 1976) which could reduce

sagebrush cover further in South Dakota.

Range management practices that could increase sagebrush and grass cover and

height might include: rest-rotation grazing, where the rested pasture in not grazed until

early July to allow for undisturbed nesting, or reduced grazing intensities and/or season

of use to reduce impact on sagebrush and grass growth (Adams et al. 2004). Land

managers should attempt to leave or maintain maximum grass heights > 26 cm, the

inflection point for 50% nest success. In addition, annual grazing utilization should not

exceed 35% in order to improve rangeland conditions, particularly sagebrush cover

(Holechek et al. 1999). Construction of new fences should be avoided as fences provide

predator corridors, raptor perches, and pose a risk for collisions (Braun 1998). We agree

with Braun (2006) and Woodward (2006) that larger pastures with fewer fences are better.

Wyoming big sagebrush typically recovers from a fire in 50-120 years (Baker 2006), and

because the restricted distribution and limited cover of sagebrush in South Dakota, we

recommend no use of prescribed fire in areas with sagebrush.

With 75% of the study area in private ownership and the patchy network of public

land; sage-grouse conservation and persistence lies in hands of private landowners. To

increase sage-grouse habitats, long-term (>20 yrs) partnerships and incentives with

ranchers will be imperative. This will require cooperation from state wildlife agencies,

federal land management agencies, local natural resource conservation districts, and

committed landowners. Forming a South Dakota sage-grouse working group may be in
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order to accomplish this goal as many landowners were interested in sage-grouse

conservation.



Table 1. Mean vegetation characteristics of nest sites and random sites between years for greater sage-grouse used in logistic
regression models in northwestern South Dakota, USA, using MRPP (Mielke and Berry 2001), 2006-2007.

Nest Random Both Years
2006 2007 2006 2007 Nest Random

Variable (n = 34) (n = 39) P-value (n = 35) (n = 39) P-value (n = 73) (n = 74) P-value
Total Cover (%) 61.1 75.1 <0.01 55.8 66.1 <0.01 68.6 61.2 <0.01
Litter Cover (%) 7.6 7.1 0.79 6.5 6.1 0.88 7.4 6.3 0.04
Grass Cover (%) 24.2 31.4 0.01 21.1 25.8 0.21 28.1 23.6 0.01
Max Grass Hgt. (cm) 23.4 29.5 <0.01 20.4 25.0 <0.01 26.7 22.8 <0.01
Max Grass Hgt. 0-5m (cm) 25.7 30.9 0.02 20.3 24.3 0.01 28.5 22.4 <0.01
Visual Obstruction (cm) 5.5 11.1 <0.01 3.7 5.1 0.14 8.5 4.4 <0.01
Visual Obstruction Om (cm) 20.8 29.4 <0.01 10.5 8.9 0.13 25.4 9.6 <0.01
Visual Obstruction Im (cm) 7.3 13.7 <0.01 3.7 4.1 0.05 10.7 3.9 <0.01
Sagebrush Cover (%) 10.3 10.1 0.75 6.3 6.3 0.98 10.2 6.2 <0.01
Sagebrush Hgt. (cm) 25.8 29.7 0.04 23.8 24.0 0.97 27.9 23.9 <0.01

00
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Table 2. Observed mean values for habitat variables between greater sage-grouse
successful and failed nests used in nest success models in northwestern South Dakota,
USA, using MRPP (Mielke and Berry 2001) 2006-2007.

Successful (n 33) Failed (n = 40)
Variable Mean SE Mean SE P-value
Max Grass Hgt. (cm) 30.64 1.6 23.4 1.0 <0.01
Litter Cover (%) 6.4 0.5 8.1 0.8 0.07
Forb Cover 0 m (%) 5.3 0.8 3.9 0.6 0.09
Visual Obstruction (cm) 10.2 1.1 7.2 0.8 0.02
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Table 3. Nest initiation rates of radio-marked adult and yearling greater sage-grouse in
northwestern South Dakota, USA, 2006-2007.

Ad Yearlings
Yr Estimate SE n

2006 90.5% 6.6 21

2007 100.0% 0.0 25

Total 95.7% 3.0 46

Estimate SE n
94.1% 5.9 17

100.0% 0.0 10

96.3% 3.7 27

Total
Estimate SE n

92.1% 4.4 38

100.0% 0.0 35

95.9% 2.3 73
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Table 4. Average clutch size and average hatch dates for first nests and renests of greater
sage-grouse in northwestern South Dakota, USA, 2006-2007.

Initiation
Yr Date'b

First Nest
Hatch
Date'

Clutch
Size

Initiation
Dateab

Renest
Hatch
Date'

Clutch
Size

2006 26 April 3 June 7.9 10 May 16 June 7.3
+ 2.8 + 2.6 ± 0.3 ± 1.5 + 1.5 + 0.5
n=13 n=13 n=26 n=2 n=2 n=4

2007 21 April 29 May 8.5 9 May 12 June 5.5
+ 1.7 + 1.5 + 0.2 ± 4.7 + 3.2 ± 0.9
n = 17 n= 17 n = 30 n = 3 n = 3 n=4

Avg. 24 April 31 May 8.3 9 May 14 June 6.4
+ 1.6 + 1.5 + 0.2 + 2.6 ± 2.0 + 0.6
n=30 n=30 n = 56 n = 5 n = 5 n = 8

aEstimated only for successful nests.
b Estimated date of first egg laid.



32

Table 5. Results from logistic regression models predicting greater sage-grouse nest sites
(n = 73) versus random sites (n = 74) in northwestern South Dakota, USA, 2006-2007.

Model' Kb AICc A AICcc wid
Sagebrush Cover + Visual Obstruction Om 5 112.02 0.00 0.39

Sagebrush Cover + Visual Obstruction Om + Max 6 112.23 0.22 0.35
Grass Hgt. 0-5m

Sagebrush Cover+ Visual Obstruction Om + Visual 6 113.96 1.94 0.15
Obstruction I m

Sagebrush Cover + Visual Obstruction Om + Visual 7 , 114.40 2.39 0.12
Obstruction I m + Max Grass Hgt. 0-5m

a For ease of interpretation, year variable was excluded from model column. See

Appendix 1 for full model results
b Number of habitat parameters plus intercept, SE, and year.
c Change in AICc value
d Model weight
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Table 6. Parameter Estimates, odds ratios, and corresponding confidence intervals for the
best-approximating model of greater sage-grouse nests sites versus random sites in
northwestern South Dakota, 2006-2007.

Parameter Odds Ratio
Lower Upper Lower Upper

Variable Estimate 95%CI 95%CI Ratio 95%CI 95%CI
Sagebrush 0.195 0.086 0.325 1.215 1.090 1.384
Cover

Visual 0.220 0.155 0.300 1.246 1.168 1.350
Obstruction 0 mn
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Table 7. Summary of model selection results for nest survival between year and age of
greater sage-grouse in northwestern South Dakota, USA, 2006-2007.

Model a K b ACc A AICcC wid
Max Grass Hgt. + Litter 3 225.79 0.00 0.23

Max Grass Hgt. + Litter + Daily Precip + Precip Lag 5 226.75 0.96 0.15

Max Grass Hgt. + Litter + Daily Precip 4 227.39 1.60 0.11

Max Grass Hgt. + Litter + Bird Age 4 227.77 1.98 0.09

a See appendix 2 for full model results
b Number of variables
' Change in AICc value
d Model weight
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Figure 2. Mean distances plus one standard error (SE) of successful and failed greater
sage-grouse nests to nearest documented active lek in northwestern South Dakota, USA,
2006-2007.
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Figure 3. Distribution of successful and failed nests to nearest documented lek distances
for greater sage-grouse in northwestern South Dakota, USA, 2006-2007.
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Figure 4. Monthly precipitation received during the breeding and nesting periods in
2006 - 2007 compared to the 58-year mean from the nearest daily weather station
(Nisland, SD).
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Effect of Grass Height on Nest Success
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Figure 5. Effect of grass height on greater sage-grouse nest success in northwestern
South Dakota, USA, 2006-2007. Nest success estimate derived from back-transformed
beta estimates included in top model. Confidence intervals estimated from the delta
method (Seber 1982).
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Effect of Grass Height and Litter on Nest Success
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Figure 6. Effect of grass height and litter canopy coverage on greater sage-grouse nest
success in northwestern South Dakota, USA, 2006-2007. Nest success estimate derived
from back-transformed beta estimates included in top model.
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Effect of Litter Canopy Coverage on Nest Success
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Figure 7. Effect of litter canopy coverage on greater sage-grouse nest success in
northwestern South Dakota, USA, 2006-2007. Nest success estimate derived from back-
transformed beta estimates included in top model. Confidence intervals estimated from
the delta method (Seber 1982).
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Appendix 1. Complete results from logistic regression models predicting greater sage-
grouse nest sites (n = 73) versus random sites (n = 74) in northwestern South Dakota,
USA, 2006-2007.

Model' K b AICc A AICcc wid

Sagebrush Cover + Visual Obstruction Om 5 112.02 0.00 0.39
Sagebrush Cover + Visual Obstruction Om + Max Grass Hgt. 0-5m 6 112.23 0.22 0.35
Sagebrush Cover + Visual Obstruction Om + Visual Obstruction I m 6 113.96 1.94 0.15
Sagebrush Cover + Visual Obstruction Orn + Visual Obstruction hn + 7 114.40 2.39 0.12
Max Grass Hgt. 0-5m
Visual Obstruction Om 4 123.27 11.26 0.00
Visual Obstruction Om + Max Grass Hgt. 0-5m 5 123.36 11.35 0.00
Visual Obstruction Om + Total Cover 5 124.14 12.12 0.00
Visual Obstruction Om + Visual Obstruction Im 5 124.45 12.44 0.00
Visual Obstruction Om + Max Grass Hgt.+ Sagebrush Hgt. 6 125.91 13.90 0.00
Total Cover + Max Grass Hgt. + Visual Obstruction Om 6 125.93 13.91 0.00
Total Cover + Max Grass Hgt. + Sagebrush Hgt. + Visual 7 127.34 15.32 0.00
Obstruction Om
Visual Obstruction Im + Sagebrush Cover 5 146.97 34.96 0.00
Visual Obstruction Im 4 157.93 45.91 0.00
Visual Obstruction Im + Max Grass Hgt. 0-5m 5 158.56 46.54 0.00
Sagebrush Cover + Visual Obstruction 5 162.19 50.17 0.00
Sagebrush Cover + Max Grass Hgt. 0-Sn 5 166.21 54.20 0.00
Sagebrush Cover + Grass Cover 5 173.65 61.63 0.00
Sagebrush Cover + Total Cover 5 175.41 63.39 0.00
Visual Obstruction 4 176.55 64.53 0.00
Max Grass Hgt. + Sagebrush Cover 5 177.19 65.18 0.00
Total Cover + Visual Obstruction 5 178.69 66.68 0.00
Litter + Sagebrush Cover 5 180.14 68.12 0.00
Litter + Max Grass Hgt. 0-5m + Sagebrush Hgt. 6 181.63 69.62 0.00
Max Grass Hgt. 0-5m + Sagebrush Hgt. 5 182.11 70.10 0.00
Sagebrush Cover 4 186.55 74.54 0.00
Max Grass Hgt. 0-5m + Litter 5 187.00 74.99 0.00
Max Grass Hgt. 0-5m 4 187.20 75.18 0.00
Litter + Max Grass Hgt. + Sagebrush Hgt. 6 191.89 79.87 0.00
Max Grass Hgt. + Sagebrush Hgt. 5 193.07 81.06 0.00
Max Grass Hgt. + Sagebrush Hgt. + Total Cover 6 193.81 81.79 0.00
Litter + Max Grass Hgt. 5 199.64 87.63 0.00
Litter + Sagebrush Hgt. 5 199.82 87.80 0.00
Max Grass Hgt. 4 200.24 88.22 0.00
Sagebrush Hgt. 4 201.82 89.80 0.00
Total Cover 4 201.92 89.90 0.00
Grass Cover 4 206.70 94.68 0.00
Litter 4 208.96 96.94 0.00

a For ease of interpretation, year variable was excluded from model column.
b Number of habitat parameters plus intercept, SE, and year.
'Change in AICc value
d Model weight
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Appendix 2. Complete summary of model selection results for nest survival between
year and age of greater sage-grouse in northwestern South Dakota, USA, 2006-2007.

Model
Max Grass Hgt. + Litter
Max Grass Hgt. + Litter + Daily Precip + Precip Lag
Max Grass Hgt. + Litter + Daily Precip
Max Grass Hgt. + Litter + Bird Age
Max Grass Hgt. + Litter + Forb Om
Year*Max Grass Hgt. + Litter
Max Grass Hgt.
Max Grass Hgt. + Litter + Forb O0n + Daily Precip
Max Grass Hgt. + Litter + Forb Om+ Bird Age
Max Grass Hgt. + DailyPrecip + Precip Lag
Year + Max Grass Hgt.
Max Grass Hgt. + DailyPrecip
Max Grass Hgt. + Forb Orn
Max Grass Hgt. + Bird Age
Year*Max Grass Hgt.
Max Grass Hgt. + Litter + Forb Om + DailyPrecip + MinTemp
Bird Age*Max Grass Hgt.
Year*Bird Age + Max Grass Hgt.
Year*Visual Obstruction + Litter
Year*Visual Obstruction + Litter + Forb Om
Visual Obstruction + Litter
Visual Obstruction + Litter + Forb Om
Visual Obstruction + Litter + Bird Age
DailyPrecip + Visual Obstruction + Litter + Forb O0n
Year*Visual Obstruction
Visual Obstruction + Litter + Forb Om+ Bird Age
Daily Precip + Min Temp + Visual Obstruction + Litter + Forb Ora
Visual Obstruction
Litter
Year + Visual Obstruction
Visual Obstruction + Forb Om
Visual Obstruction + Bird Age
Year + Litter
Litter + Bird Age
Litter + Forb Om
Daily Precip + Litter + Forb Om
Visual Obstruction + Forb Om+ Bird Age
Year*Litter
Constant
Daily Precip
Year
Min Temp
Year*Forb Om
Daily Precip + Precip Lag
Min Temnp + Temp Lag
Year*Litter + Forb Om
Daily Precip + Precip Lag + Min Temp
Forb Om

K a AICc A AICc' wi,
3 225.79 0.00 0.23
5 226.75 0.96 0.15
4 227.39 1.60 0.11
4 227.77 1.98 0.09
4 227.80 2.01 0.09
6 228.64 2.85 0.06
2 228.85 3.06 0.05
5 229.41 3.62 0.04
5 229.79 3.99 0.03
4 229.96 4.17 0.03
3 230.15 4.36 0.03
3 230.38 4.59 0.02
3 230.65 4.86 0.02
3 230.78 4.99 0.02
4 231.18 5.39 0.02
6 231.35 5.56 0.01
4 232.46 6.66 0.01
5 233.81 8.02 0.00
6 240.37 14.58 0.00
8 240.82 15.03 0.00
3 243.27 17.47 0.00
4 245.01 19.21 0.00
4 245.11 19.32 0.00
5 246.05 20. 26 0.00
4 246.35 20.56 0.00
5 246.88 21.08 0.00
6 247.27 21.48 0.00
2 248.05 22.26 0.00
2 249.97 24.17 0.00
3 250.04 24.25 0.00
3 250.06 24.27 0.00
3 250.06 24.27 0.00
3 250.46 24.66 0.00
3 251.23 25.44 0.00
3 251.49 25.70 0.00
4 251.91 26.12 0.00
4 252.07 26.28 0.00
4 252.47 26.67 0.00
1 252.71 26.92 0.00
2 252.99 27.20 0.00
2 253.01 27.22 0.00
2 253.04 27.25 0.00
4 253.33 27.54 0.00
3 253.70 27.91 0.00
3 254.05 28.26 0.00
6 254.14 28.35 0.00
4 254.28 28.49 0.00
2 254.36 28.57 0.00



51

Appendix 2. continued.
Bird Age 2 254.52 28.73 0.00
Daily Precip + Forb Om 3 254.73 28.94 0.00
Year + Forb Om 3 255.00 29.21 0.00
Daily Precip + Precip Lag + Min Temp + Temp Lag 5 255.06 29.27 0.00
Forb Om + Bird Age 3 256.22 30.42 0.00
Year*Bird Age 4 256.87 31.08 0.00

a Number of variables
b Change in AICc value

c Model weight
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Appendix 3. Demographic information for all greater sage-grouse captured in
northwestern South Dakota, USA, 2006-2007.

Band # Capture Date Xa ya Nearest Lek Sexb Agec Weight (g) Radio Freq.
1001 28-Mar-06
1002 31-Mar-06
1003 1-Apr-06
1004 I-Apr-06
1005 1-Apr-06
1006 1-Apr-06
1007 1-Apr-06
1008 3-Apr-06
1009 3-Apr-06
1010 3-Apr-06
1011 3-Apr-06
1012 3-Apr-06
1013 3-Apr-06
1014 3-Apr-06
1015 4-Apr-06
1016 4-Apr-06
1017 5-Apr-06
1018 5-Apr-06
1019 7-Apr-06
1020 7-Apr-06
1021 7-Apr-06
1022 7-Apr-06
1023 7-Apr-06
1024 7-Apr-06
1025 7-Apr-06
1026 7-Apr-06
1027 8-Apr-06
1028 8-Apr-06
1029 8-Apr-06
1030 8-Apr-06
1031 9-Apr-06
1032 9-Apr-06
1033 9-Apr-06
1034 9-Apr-06
1035 9-Apr-06
1036 9-Apr-06
1037 9-Apr-06
1038 10-Apr-06
1039 10-Apr-06
1040 10-Apr-06
1041 17-Jul-06
1042 17-Jul-06
1043 17-Jul-06
1044 17-Jul-06
1045 17-Jul-06
1046 17-Jul-06
1047 18-Jul-06
1048 18-Jul-06

583058 4972413 Crago F
583874 4972344 Crago F
605131 4983015 Two Top F
604838 4982844 Two Top F
604840 4983075 Two Top F
605197 4983537 Two Top F
605399 4982814 Two Top F
594044 4989246 Widdoss F
595437 4988647 Widdoss F
595437 4988647 Widdoss F
595437 4988647 Widdoss F
595594 4988735 Widdoss F
595758 4988629 Widdoss F
595619 4988954 Widdoss F
623696 4994653 McFarland F
623922 4994453 McFarland F
583265 4972042 Crago F
581965 4969635 Rumph F
606987 5006247 County Line F
606596 5006738 County Line F
606596 5006738 County Line F
606490 5006922 County Line F
606616 5007299 County Line F
606053 5006751 County Line F
605932 5006832 County Line F
605849 5006714 County Line F
623462 4994283 McFarland F
623243 4995268 McFarland F
623243 4995268 McFarland F
623494 4994808 McFarland F
583034 4972327 Crago F
581219 4969831 Rumph F
581315 4969863 Rumph F
581512 4969966 Rumph F
581403 4970033 Rumph F
583487 4972092 Crago F
594466 4990149 Widdoss F
605130 4983164 Two Top F
604967 4983102 Two Top F
604946 4983024 Two Top F
626931 4986394 Quad 7 unk
626931 4986394 Quad 7 unk
626931 4986394 Quad 7 unk
617726 4993470 McFarland unk
617726 4993470 McFarland unk
617726 4993470 McFarland unk
602067 4986019 Widdoss unk
600432 4986227 Widdoss unk

A 1654
A 1552
A 1618
Y 1612
A 1602
A 1732
A 1648
A 1586
Y 1734
Y 1464
Y 1482
A 1594
Y 1482
Y 1520
A 1758
Y 1556
A 1650
Y 1520
Y 1610
A 1704
A 1626
A 1610
A 1806
A 1590
A 1642
A 1634
A 1756
A 1738
Y 1470
A 1606
Y 1472
Y 1628
Y 1613
A 1636
A 1782
Y 1544
A 1690
Y 1658
Y 1594
Y 1480
C 558
C 422
C 468
C 466
C 664
C 476
C 490
C 576

150.064
150.073
150.083
150.094
150.103
150.114
151.074
150.133
150.145
150.155
151.085
150.173
150.183
150.193
150.204
150.214
150.353
150.363
150.373
150.383
151.014
151.022
151.033
150.503
150.703
150.714
150.732
150.973
150.764
150.772
150.785
150.804
150.812
151.333
151.343
151.353
151.362
151.375
151.382
151.393
150.024
151.553
151.533
150.993
151.442
151.422
150.573
150.654
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Appendix 3. cont.
1049 18-Jul-06
1050 18-Jul-06
1051 18-Jul-06
1052 18-Jul-06
1053 18-Jul-06
1054 18-Jul-06
1055 18-Jul-06
1056 17-Jul-06
1057 18-Jul-06
1058 18-Jul-06
1059 18-Jul-06
1060 19-Jul-06
1061 19-Jul-06
1062 20-Jul-06
1063 3 1-Jul-06
1064 31-Jul-06
1065 2-Aug-06
1066 10-Aug-06
1067 10-Aug-06
1069 19-Jul-07
1070 19-Jul-07
1071 19-Jul-07
1072 19-Jul-07
1073 19-Jul-07
1074 19-Jul-07
1077 19-Jul-06
1078 19-Jul-06
1079 19-Jul-06
1080 31-Jul-06
1081 3 1-Jul-06
1082 20-Jul-06
1083 20-Jul-06
1084 20-Jul-06
1085 20-Jul-06
1086 20-Jul-06
1087 20-Jul-06
1088 20-Jul-06
1090 22-Aug-06
1092 22-Aug-06
1093 22-Aug-06
1094 22-Aug-06
1095 22-Aug-06
1096 22-Aug-06
1097 20-Mar-07
1098 21-Mar-07
1099 20-Mar-07
1100 21-Mar-07
1101 22-Mar-07
1102 22-Mar-07
1103 26-Mar-07
1104 26-Mar-07
1105 1-Apr-07

600432 4986227 Widdoss unk
600512 4987086 Widdoss unk
600512 4987086 Widdoss unk
600512 4987086 Widdoss unk
600512 4987086 Widdoss unk
596981 4987357 Widdoss unk
596981 4987357 Widdoss unk
617726 4993470 McFarland F
596981 4987357 Widdoss unk
596981 4987357 Widdoss unk
596981 4987357 Widdoss unk
606966 4983857 Two Top unk
606966 4983857 Two Top unk
600796 4987123 Widdoss unk
599438 4991214 Widdoss unk
599438 4991214 Widdoss unk
606586 5004830 County Line unk
600069 5012561 Split Lek
600069 5012561 Split Lek
600206 4986435 Two Top
600206 4986435 Two Top
600206 4986435 Two Top
600206 4986435 Two Top
600206 4986435 Two Top
600206 4986435 Two Top
569728 4980943 State Line
569728 4980943 State Line
569728 4980943 State Line
570999 4978754 State Line
570999 4978754 State Line
600777 4987058 Widdoss
600777 4987058 Widdoss
600777 4987058 Widdoss
600234 4986337 Widdoss
600234 4986337 Widdoss
600234 4986337 Widdoss
600234 4986337 Widdoss
603221 4985402 Widdoss
603221 4985402 Widdoss
603221 4985402 Widdoss
603221 4985402 Widdoss
603221 4985402 Widdoss
603221 4985402 Widdoss
624299 4994777 McFarland
585688 4972089 Crago
628371 4995961 Quad 7
624274 4994608 McFarland

unk
unk
M
unk
unk
unk
unk
M
unk
unk
unk
unk
unk
unk
unk
unk
unk
unk
unk
unk
unk
unk
unk
F
F
unk
F
F
F
F

C 698
C 338
C 432
C 600
C 466
C 646
C 838
A 1362
C 812
C 816
C 644
C 642
C 628
C 552
C 430
C 396
C 566
C 602
C 494
C 612
C 486
C 552
C 656
C 510
C 552
C 630
C 500
C 662
C 420
C 460
C 632
C 520
C 584
C 568
C 626
C 642
C 640
C N/A
C N/A
C N/A
Y N/A
C N/A
C N/A
Y 1566
Y 1474
A N/A
A N/A
Y 1492
A N/A
Y 1396
A 1684
unk unk

151.503
151.151
151.524
151.245
151.524
151.562
15 1.483
151.413
151.543
151.094
151.533
151.713
151.453
151.733
150.284
150.303
151.043
150.443
150.524
151.942
151.803
151.755
151.763
151.783
151.934
150.402
150.127
150.022
150.163
150.742
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
151.123
N/A
150.984
150.954
N/A
N/A
151.002
N/A
151.053
151.064
N/A

603438 5007080 County Line F
585462 4970879 Crago F
594427 4989883 Widdoss F
594408 4989863 Widdoss F
unk unk unk F
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Appendix 3. cont.
1106 1-Apr-07
1107 1-Apr-07
1108 1-Apr-07
1109 23-Mar-07
1110 26-Mar-07
1111 26-Mar-07
1112 26-Mar-07
1119 19-Jul-07
1120 19-Jul-07
1121 19-Jul-07
1122 19-Jul-07
1123 19-Jul-07
1124 19-Jul-07
1125 19-Jul-07
1126 23-Jul-07
1127 23-Jul-07
1128 23-Jul-07
1129 23-Jul-07
1130 23-Jul-07
1131 24-Jul-07
1132 24-Jul-07
1133 24-Jul-07
1134 2-Aug-07
1135 2-Aug-07
1136 7-Aug-07
1151 24-Oct-07
1152 24-Oct-07
1153 24-Oct-07
1154 24-Oct-07
1155 24-Oct-07
1501 31-Mar-06
1502 4-Apr-06
1503 10-Apr-06
1504 10-Apr-06
1505 10-Apr-06
1506 4-May-06
1507 4-May-06
1508 4-May-06
1509 4-May-06
1510 4-May-06
1511 5-May-06
1512 5-May-06
1513 5-May-06
1514 5-May-06
1515 5-May-06
1516 5-May-06
1517 5-May-06
1518 5-May-06
1519 5-May-06
1520 20-Mar-07
1522 26-Mar-07
1523 26-Mar-07

unk unk unk F
unk unk unk F
unk unk unk F
605528 4982812 Two Top F
594255 5990427 Widdoss F
593709 4990683 Widdoss F
593709 4990683 Widdoss F
603730 4988165 Two Top unk
603730 4988165 Two Top unk
603730 4988165 Two Top unk
606678 4984369 Two Top unk
606678 4984369 Two Top unk
606678 4984369 Two Top unk
606678 4984369 Two Top unk
580091 4970734 South Owl unk
589059 4991119 Widdoss unk
589059 4991119 Widdoss unk
589059 4991119 Widdoss unk
589059 4991119 Widdoss unk
606022 5009500 County Line unk
592056 4990220 Widdoss unk
600496 4985607 Two Top unk
608346 5002699 County Line unk
606150 5009419 County Line unk
594637 4987901 Widdoss unk
605829 5006655 County Line M
595309 4988513 Widdoss F
595420 4988559 Widdoss F
605921 5006498 County Line F
605844 5006720 County Line F
583997 4972302 Crago M
623572 4994708 McFarland M
604849 4982804 Two Top M
604701 4983175 Two Top M
604879 4982796 Two Top M
606663 5006951 County Line M
606476 5006526 County Line M
606663 5006951 McFarland M
624042 4994699 McFarland M
606508 5007060 County Line M
583496 4972516 Crago M
583783 4972382 Crago M
581257 4969846 Rumph M
594613 4989913 Widdoss M
594548 4989957 Widdoss M
594573 4989618 Widdoss M
594437 4989670 Widdoss M
594393 4989788 Widdoss M
594605 4989797 Widdoss M
624060 4994448 McFarland M
594402 4989990 Widdoss M
593674 4989252 Widdoss M

unk unk
unk unk
unk unk
A N/A
Y 1498
A 1634
Y 1552
C 560
C 380
C 422
C 798
C 774
C 772
C 812
C 590
C 532
C 506
C 682
C 562
C 602
C 914
C 874
C 966
C 554
C 566
C 2252
A 1500
A 1544
A 1496
A 1476
A 3040
A 2920
A 3320
A 3216
A 3304
A 3058
A 3048
A 3022
A 3094
A 2962
A 3040
A 3254
A 2954
A 3078
A 3206
A 3044
A 3066
A 3010
A 3030
A 3344
A 3140
Y 2378

N/A
N/A
N/A
N/A
151.103
151.115
151.133
151.133
150.624
150.064
150.643
150.673
150.683
151.824
150.722
150.793
150.824
150.833
150.764
150.373
151.895
150.873
150.883
150.914
150.923
151.583
151.393
150.094
151.363
150.973
151.036
151.194
151.574
151.585
151.594
151.604
151.614
151.962
151.973
151.645
151.655
151.664
151.675
151.983
151.994
151.036
N/A
N/A
N/A
151.982
151.803
151.813
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1524 26-Mar-07
1525 26-Mar-07
1526 8-May-07
1527 8-May-07
1528 8-May-07
1529 8-May-07
1530 10-Apr-07
1531 10-Apr-07
1532 10-Apr-07
1533 6-Apr-07
1534 6-Apr-07
1535 10-Apr-07
1536 8-May-07
1537 8-May-07
1538 8-May-07
1539 8-May-07
1540 8-May-07
1541 8-May-07
1542 8-May-07
1543 8-May-07
1544 8-May-07
1545 8-May-07
1546 8-May-07
1547 9-May-07
1548 9-May-07
1549 9-May-07
1550 9-May-07
1601 16-May-06
1604 16-May-06
1606 16-May-06
1607 16-May-06
1608 16-May-06
1609 16-May-06
1610 16-May-06
1611 16-May-06
1612 16-May-06
1613 16-May-06
1614 16-May-06
1615 16-May-06
1616 16-May-06
1617 16-May-06
1618 16-May-06
1619 16-May-06

594499 4989909 Widdoss M
594409 4989727 Widdoss M
606576 5006401 County Line M
606581 5006401 County Line M
606648 5006757 County Line M
606649 5006756 County Line M
583326 4972901 Crago M
583278 4972599 Crago M
583280 4972594 Crago M
623766 4994869 McFarland M
623813 4994912 McFarland M
583324 4972905 Crago M
632577 5029924 Squaw Creek M
632419 5029864 Squaw Creek M
632427 5029824 Squaw Creek M
632308 5029856 Squaw Creek M
632283 5029860 Squaw Creek M
632251 5029908 Squaw Creek M
632296 5029969 Squaw Creek M
632281 5029958 Squaw Creek M
632356 5029936 Squaw Creek M
632099 5029946 Squaw Creek M
594446 4989880 Widdoss M
605043 4982559 Two Top M
583447 4972548 Crago M
583149 4972598 Crago M
583115 4972531 Crago M
586803 5042787 Valley Creek M
586476 5042810 Valley Creek M
586717 5042928 Valley Creek M
586319 5042651 Valley Creek M
586522 5042693 Valley Creek M
586685 5042726 Valley Creek M
586528 5042756 Valley Creek M
586794 5042842 Valley Creek M
586799 5042754 Valley Creek M
586671 5042868 Valley Creek M
586660 5042780 Valley Creek M
586597 5042715 Valley Creek M
586509 5042708 Valley Creek M
586433 5042659 Valley Creek M
586317 5042837 Valley Creek M
586459 5042861 Valley Creek M

A 3124
A 3206
A 2932
Y 2302
A 2762
Y 2174
A 3234
Y 2752
Y 2550
A 3138
A 3046
A 2958
A 3230
A 2804
A 3146
A 3051
A 3190
A 2962
A 2500
A 2900
A 3190
A 2806
Y 2316
A 2926
A 2828
Y 2310
A 3134
Y 2352
A 2874
Y 2414
A 2868
A 3170
A 3002
A 2922
Y 2298
A 2864
A 2918
A 2738
A 2852
A 2990
A 2920
A 3034
A 2896

151.824
151.834
151.843
151.854
151.883
151.903
151.914
151.923
151.934
151.942
151.956
151.895
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
151.175
151.824
151.895
151.914
151.923
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

a UTM coordinates in NAD 27, zone 13.
b Sex classification are: F-female, M-male, and unk-unknown.
C Age classification are: A-adult, Y-yearling, and C-hatch year chick.
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CHAPTER 2 - BROOD-REARING SUCCESS AND RESOURCE SELECTION

OF GREATER SAGE-GROUSE IN NORTHWESTERN SOUTH DAKOTA

INTRODUCTION

Knowledge of seasonal habitat selection and associated survival is important in

developing management strategies for sensitive wildlife species. Concerns that greater

sage-grouse (Centrocercus urophasianus; hereafter sage-grouse) populations may be

declining, date back > 90 years (Homaday 1916). In the past decade, at least seven

petitions have been filed to list sage-grouse under the Endangered Species Act (ESA) of

1973 (Connelly et al. 2004). More recently, data suggest that sage-grouse populations

have declined range-wide at a rate of 2.0% per year since 1965 (Connelly et al. 2004).

Sage-grouse population estimates in South Dakota declined steadily from 1973 to 1997,

but appeared to recover some from 1997 to 2002 (Smith 2003, Connelly et al. 2004).

However, the data in South Dakota were inconsistent and firm conclusions could not be

made (Connelly et al. 2004). In addition, information is lacking on the ecological

requirements of sage-grouse in western South Dakota.

Initial sage-grouse brood-rearing sites are typically in close proximity of nest sites

and must provide high invertebrate abundance and diversity. Invertebrates are necessary

for growth, development and survival of sage-grouse chicks (Johnson and Boyce 1990).

Invertebrates continue to be important in the development and survival of sage-grouse

chicks >3 weeks of age (Johnson and Boyce 1990), as chicks include greater amounts of

forbs in their diet after 3 weeks (Klebenow and Gray 1968). Chicks that fed in forb-rich

habitats gained more weight than when they fed in forb-poor habitats (Huwer 2004) and
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areas with greater forb cover may attract higher numbers of invertebrates (Jamison et al.

2002). Greater invertebrate abundance may explain why sage-grouse tend to select areas

with higher forb cover (Drut et al. 1994a, Apa 1998, Sveum et al. 1998, Holloran 1.999).

Estimates of sage-grouse chick survival are limited, and have not been based on

standardized time periods, thus making comparisons among studies difficult (Beck et al.

2006). Chick survival during the first 50 days post-hatch is generally low ranging from

18 - 33% (Schroeder 1997, Aldridge and Brigham 2001). Juvenile sage-grouse survival

is greater ranging from 64% to 86% for chicks 10 weeks old to about 40 weeks (Beck et

al. 2006). Combined, survival from hatch to first breeding season is estimated to be

about 10% (Crawford et al. 2004). To our knowledge, no study has attempted, or been

able to follow sage-grouse chicks from hatch to recruitment of I March.

Sage-grouse in northwestern South Dakota occupy transitional habitats between

the northern wheatgrass-needlegrass prairie that dominates most of the Dakotas and the

big sagebrush plains of Wyoming (Johnson and Larson 1999). In South Dakota, sage-

grouse are imperiled because of rarity or some factor(s) making them very vulnerable to

extinction within the state (South Dakota Department of Game, Fish, and Parks 2006).

The objectives of this study were to develop an understanding of brood-rearing survival,

home range, and resource selection of sage-grouse in northwestern South Dakota. This

information will be useful in developing conservation and management plans for sage-

grouse in South Dakota and other eastern fringe populations.
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METHODS

Data Collection

Female Capture - We identified six active sage-grouse leks for which we had

landowner cooperation for trapping. We captured female sage-grouse with large nets by

spotlighting from all-terrain vehicles between March 2006-2007 and mid-April 2006-

2007 (Giesen et al. 1982). Females were weighed and equipped with a 22-g necklace-

style transmitter, which were -1.4% of mean female sage-grouse body mass and a life-

expectancy of 434 days. Transmitters could be detected from approximately 2.0 to

5.0 km from the ground and were equipped with an 8-hour mortality switch. Females

were classified as adults (>2 yr old) or yearlings (<1 yr old) based upon primary wing

feather characteristics (Eng 1955, Crunden 1963). The South Dakota State University

Institutional Animal Care and Use Committee approved trapping and handling techniques,

and study design (Approval #07-A032).

Monitoring and Chick Capture - We located radio-marked female sage-grouse

twice each week throughout the nesting season. For hens that successfully nested, we

located these hens and broods twice each week. Broods were approached cautiously to

minimize the possibility of flushing or scattering the brood, with most locations being

acquired within 20 m of actual locations. When chicks reached approximately 3 and 5

weeks of age we flushed the brood and searched the area to obtain estimates of brood size.

We recorded the site as brood failure if no chicks were present with a hen, and

subsequent locations of the hen for 2 weeks showed no evidence of chicks.
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At 7 weeks of age, we attempted to capture and radio-mark as many chicks in

each remaining brood as possible. Aided by radio-telemetry of the female, chicks were

captured at night by a 3-5 person crew using a spotlight. We counted chicks that flew off

during chick capture to estimate survival to 7 weeks of age. Chicks were weighed and

equipped with a 10.7 g necklace style transmitter with mortality indicator which weighed

<3% of mean chick body mass at the time of capture. These transmitters had a

guaranteed life-expectancy of 150 days. The South Dakota State University Institutional

Animal Care and Use Committee approved all trapping and handling techniques and

study design (Approval #07-A032).

We located radio-marked chicks twice each week to obtain survival estimates.

Field necropsies were conducted to identify primary predators. Dead birds that yielded

testable carcasses (i.e., brain, wing or leg bones, internal organs, or spinal column present)

were tested for West Nile virus (WNv) infections using real-time polymerase chain

reaction (Shi 2001) and immunohistochemistry (Kiupel et al. 2003).

Habitat Measurements - We characterized vegetation at sites used by females

with broods about 12.6 ± 0.6 days after the location. Two 50 m transects were

established in the north-south cardinal directions. A modified Robel pole (Robel et al.

1970, Benkobi et al. 2000) was used to quantify visual obstruction readings (VOR) and

maximum grass height at 10 m intervals (n = 11). We estimated sagebrush (Artemisia.

tridentata spp. and A. cana spp.) density and height at 10 m intervals (n = 11) using the

point-centered-quarter method (Cottam and Curtis 1956). Canopy coverage was

estimated using a 0.10 m2 quadrat (Daubenmire 1959) at each 10 m interval. Four
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Daubenmire frames were placed at the interval in an H-shape with each leg 1 m long,

resulting in 44 quadrats per site. We recorded total cover, grass cover, forb cover, shrub

cover, litter cover, bare ground, shrub species, grass species, and forb species cover. In

addition, we measured an equal number of random sites during the same period. Random

points were generated within a 10 km buffer of capture leks in a Geographic Information

System (GIS) (ESRI, Inc. ArcMap 9.1, Redlands, CA.). Random points were not

sampled if they were on a road, in a road ditch, or on private land we did not have access.

Data Analyses

Survival- We estimated apparent survival for chicks at 3, 5, and 7 weeks of age.

Mean hatch date of first nests (31 May) was used as the starting point for chick survival.

Broods <7 weeks old were censored from the analysis if we witnessed brood-mixing (>1

female present), or chick-adoption (more chicks present than hatched). If the female died

before chicks reached 7 weeks of age, we assumed complete brood loss. For chicks that

were radio-marked at 7 weeks, we used a Kaplan-Meier product-limit method (Kaplan

and Meier 1958) modified for staggered entry (Pollock et al. 1989) starting at the 7-week

apparent survival rate. We monitored chicks at least once each week until they were

recruited into the population (1 March). We used Program CONTRAST (Hines and

Sauer 1989) to test for differences between years, with a critical value of a < 0.05.

Because some carcasses of chicks were not suitable for testing for WNv infections,

we estimated a minimum and maximum WNv mortality rate during the peak WNv

transmission period of 12 July through 31 September for chicks (Walker et al. 2007).

Minimum mortality rates were based on confirmed WNv mortalities, while maximum
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mortality rates were based on total mortalities minus negative cases and included

mortalities where the carcass was not testable, no carcass was recovered and inconclusive

tests (Walker et al. 2007).

Brood Home Range - We used the home range extension (Rodgers et al. 2007) in

a Geographic Information System (GIS) (ESRI, Inc. ArcMap 9.1, Redlands, CA.) to

calculate 50% and 95% adaptive kernel brood-rearing home ranges. Home ranges were

estimated for broods with at least 18 locations between hatch and 31 August. If a female

was monitored both years, only the home range with the most points was used to reduce

dependency in our data set.

Resource Selection - All measurements were summarized to a value for the site.

Sagebrush density and height was estimated from a maximum likelihood estimate

(Pollard 1971). Canopy coverage values were to mid-point values of categories and

summarized to an average value for the site. To reduce biologically insignificant

variables, we screened canopy coverage variables and excluded any variables with

canopy coverage less than 2% on sites which they were present. We then conducted a

principal components analysis to distinguish important variables that captured the

variation among sites. We could not discriminate between early (<5 weeks of age) and

late brood sites (5 to 11 weeks of age), thus we combined early and late brood-rearing

sites to test for overall habitat selection.

We identified 8 variables (Table 8) with a year effect to investigate sage-grouse

brood habitat resource selection. These included: sagebrush density, visual obstruction,

maximum grass height, total cover, grass cover, sagebrush cover, bluegrass (Poa spp.)
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cover, and Japanese brome (Bromusjapanicus) cover. Year was considered a design

variable in all candidate models. We used an information theoretic approach (Burnham

and Anderson 2002) with nominal logistic regression to estimate the importance of

various a priori and post-hoc exploratory models in SAS JMP (2005 SAS Institute Inc.).

Due to a small sample size with respect to the number of parameters estimated, AICc

(Akaike's Information Criterion) was used. Model predictive strength was estimated

using a receiver operation characteristic curve (ROC) with values between 0.7 and 0.8

considered as acceptable discrimination and values higher than 0.8 were considered

excellent discrimination (Hosmer and Lemeshow 2000).

RESULTS

Chick Survival

We monitored 10 and 14 broods in 2006 and 2007, respectively. Survival at 3

weeks post hatch was similar between years at 52%. Apparent chick survival to 7 weeks

post-hatch, ranged between years from 31% in 2007 to 43% in 2006 (Table 9).

Recruitment was estimated to be 9.5% (95% CI: 2.8 to 16.1%, n =31) in 2006 (Figure 8)

and 5.1% (95% CI: 0 to 10.1%, n =24) in 2007 (Figure 9). There was no statistical

difference between years (x- = 1.09, df 1, P = 0.30), and combined recruitment for both

years was 6.3% (95% CI: 2.7 - 9.9%, n = 55). Mortalities were attributed to WNv

infections and predation by red foxes (Vulpes vulpes), coyotes (Canis latrans), bobcats

(Lynx rufus), long-tailed weasels (Mustelafrenata), and red-tailed hawks (Buteo

jamaicensis).
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Between 12 July and 31 September, WNv infection was attributed > 6.5%

(95% CI: 0 - 15.1%, n =31) of chick mortalities in 2006, but may have caused up to

71.0% (95% CI: 55.0 - 86.9%, n =31) of mortalities (Table 10). In 2007 the minimum

WNv mortality rate was 20.8% (95% CI: 4.6 - 37.1%, n =24) which did not differ from

2006 (r2 = 2.32, df= 1, P = 0.13). Maximum WNv mortality rate for 2007 was 62.5%

(95% CI: 43.1 - 8.19%, n =21), which also did not differ from 2006 (X2 = 0.42, df= 1,

P = 0.52).

Brood-rearing Home Range

We estimated home ranges for 15 broods. Mean 50% adaptive kernel home range

was 7.59 ± 2.35 km2 and did not vary between years (C2 = 1.498, df= 1, P = 0.22 1).

Mean 95% adaptive kernel home range was 51.81 + 16.31 kmi and did not vary between

years (x' = 1.279, df= 1, P = 0.258). The largest estimated 50 and 95% adaptive kernel

home ranges were 31.39 km 2 and 201.76 km2 (n = 21), respectively, while the smallest

home ranges were 0.22 km2 (n = 22) and 1.48 kIn 2, respectively.

Resource Selection

We sampled 59 and 60 brood sites and 56 and 60 random sites in mid June

through August 2006 and 2007, respectively. All variables were significantly different

between years for either brood or random sites, thus we applied a design variable, year, to

all logistic models (Table 11). Brood-rearing sites had higher visual obstruction, taller

grass heights, greater total cover, grass cover, sagebrush cover, Japanese brome cover,

and bluegrass cover than random sites (Table 8). In contrast, sagebrush density was

higher at random sites. The best approximating model (AICc weight = 0.23) indicated
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visual obstruction and bluegrass cover to be the best habitat predictors for brood-rearing

sites (Table 11). The addition of other non-correlated habitat variables to the top model

(sagebrush cover, sagebrush density, or Japanese brome), did not increase model fit.

Model discrimination was acceptable with a ROC value of 0.73.

Both visual obstruction and bluegrass cover positively influenced brood-rearing

site selection as parameter estimates were positive (Table 12), with visual obstruction

having a slightly larger impact (Figure 10). Broods were 3.06 times (95% CI: 2.84- 3.34)

more likely to select an area if visual obstruction increased by 2.54 cm, and 5.61 times

(95% CI: 5.15 - 6.13) more likely to select an area if bluegrass cover increased by 5%

canopy cover.

DISCUSSION

Survival

Survival of sage-grouse chicks to 3 to 4 weeks of age is generally low, ranging

from 22 to 50% (Burkepile et al. 2002, Aldridge 2005, Gregg et al. 2007, Herman-

Brunson 2007). We did not attach transmitters to sage-grouse chicks <1 week, but our

estimated survival rate to 3 weeks (52%) was among the highest reported. Sage-grouse

chick survival to 7 weeks (34%) in our study was higher than reported for a declining

population in Alberta (Aldridge and Brigham 2001, Aldridge 2005), but similar to a

stable population in Washington (Schroeder 1997). Our estimate to 7 weeks is

conservative, as flush counts may underestimate chick survival (Aldridge and Brigham

2001). We feel that our 7 week survival estimate is fairly accurate as it was conducted at

night when broods tend to group together, and the count was always conducted by at least
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3 people. Furthermore, survival rates between flush counts and telemetry estimates for

sage-grouse chicks at approximately 8 weeks of age have been documented to be similar

(Aldridge 2005). Aldridge (2005) suggested that accuracy of flush counts increase as

chicks become larger in size, making them easier to locate and flush.

Survival of sage-grouse chicks from 10 weeks through the following March,

ranges from 64 to 86% (Beck et al. 2006). Sage-grouse chick survival to 1 January in

North Dakota was 13 to 1.7% (Herman-Brunson 2007). However, our data suggest that

chick survival to recruitment would be half that. Although seemingly low, our

recruitment rate of 6% suggests that the index of recruitment by Crawford et al. (2004)

was realistic. However, West Nile virus infections in 2006 decreased chick recruitment

the next spring by about 2%. In 2007, WNv decreased chick recruitment by

approximately 4%.

Using our estimates of nest initiation (95.9%), breeding success (47.9%), clutch

size (8.0), egg hatchability (78.3%), 1:1 sex ratio, and recruitment rates of 5.1 and 9.5%,

annual survival of adult hens would need to be 93 to 86% to maintain a stable population,

respectively. If recruitment increased to 15 or 20%, hen survival necessary for a stable

population would be lower at 78 and 71%, respectively. The latter estimate may be more

reasonable for sage-grouse populations as annual female survival varies from 37 to 78%

(Connelly et al. 2004). However, fluctuations of nesting parameters and recruitment

could substantially alter these estimates, but chick recruitment of>10% should help

maintain stable populations even in years with poor nesting success or extreme WNv

infections.
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Brood-rearing Home Range

Few studies have attempted to quantify brood-rearing home ranges for sage-

grouse (Wallestad 1971, Connelly and Markham 1983, Drut et al. 1994a). However,

home range estimates have ranged widely from 0.51 km2 (Wallestad 1971) to 51.00 kin 2 ,

Drut et al. 1994a). Differences in home range size have been suggested to be related to

forb availability with home ranges being both smaller and larger in areas with increased

forb abundance (Drut et al. 1994a, Connelly and Markham 1983). However, forbs did

not appear to be an important predictor variable in our analyses, suggesting other

variables (e.g., visual obstruction, sagebrush distribution) may better explain why home

range estimates in South Dakota were rather large.

Resource Selection

Visual obstruction and bluegrass cover were identified to be the best variables at

predicting brood-rearing sites for sage-grouse in South Dakota. Increased visual

obstruction provides protection from predators, and perhaps more importantly, greater

herbaceous biomass which is correlated with greater invertebrate abundance (Healy 1985,

Rumble and Anderson 1996). Invertebrates are an important component of sage-grouse

chicks' diets (Johnson and Boyce 1990, Drut et al. 1994b). Female sage-grouse tend to

move their broods from upland, nesting-type areas, to more mesic, greener areas later in

the summer (Peterson 1970, Dunn and Braun 1986, Sveum et al. 1998). Adapted to a

broad range of soils, bluegrass is common on sites with abundant soil moisture in South

Dakota (Stubbendieck et al. 1997). Although we were not able to differentiate between

early and late brood-rearing habitats, broods may be selecting areas with greater
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bluegrass cover for the increased invertebrate abundance that greener areas tend to

provide.

Sage-grouse brood-rearing habitats are generally linked to forb abundance (Drut

et al. 1994a, Apa 1998, Sveum et al. 1998, Holloran 1999). Forbs not only provide direct

food resources (Drut et al. 1994b), but increased invertebrate abundance (Jamison et al.

2002). We did not note a difference in forb cover between brood (7.6%) and random

sites (7.1%), and it was not an important predictor in our analysis, while other studies

have shown sage-grouse broods to use areas with forb cover up to 41.3% (Schoenberg

1982). In contrast, females with broods in South Dakota selected areas with higher grass

cover that was greater than typically reported in the literature (Klott and Lindzey 1990,

Drut et al. 1994b, Sveum et al. 1998, Thompson et al. 2006). Western South Dakota

forms a transition zone between the northern wheatgrass-needlegrass prairie that

dominates most of the Dakotas and the big sagebrush plains of Wyoming (Johnson and

Larson 1999), and possesses a greater grass component compared to the shrub-steppe

region (Lewis 2004). Grass structure is highly correlated with visual obstruction, which,

provides increased protection from predators and invertebrate abundance. Therefore,

forbs may be more important to sage-grouse brood-rearing habitat in core sagebrush areas

(e.g., Columbia Basin) where there is more bareground, while grass structure may be

more important for broods on the eastern edge of their range (e.g., South Dakota). In

Alberta, another edge-type habitat, key brood habitat in moist areas and drainages was

suggested to be limiting sage-grouse productivity (Aldridge and Brigham 2002).
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MANAGEMENT IMPLICATIONS

With possible listing under the Endangered Species Act, sage-grouse conservation

and preservation will be a priority for many western land management agencies. For

sage-grouse brood-rearing habitat in western South Dakota and other eastern edge

populations, management strategies should focus on maintaining or increasing grass

structure (cover and height) which provides high visual obstruction for sage-grouse

broods. In addition, managers should promote and protect greener areas during mid to

late summer. These areas typically have higher production and invertebrate abundance.

This may include government programs that defer or eliminate grazing and haying

operations in these areas.

Domestic livestock grazing by cattle (Bos taurus) and sheep (Ovis aries) has been

shown to have both positive and negative impacts on rangeland condition and health in

the sagebrush ecosystem (Holechek et al. 200 1) and sage-grouse habitats (Beck and

Mitchell 2000). Grazing by sheep can be an effective way of reducing sagebrush (Baker

et al. 1976) which could negatively affect sage-grouse productivity in South Dakota,

particularly during the nesting period. High intensity cattle grazing of the herbaceous

understory (grasses and forbs), may allow for greater forb and sagebrush growth (Paige

and Ritter 1999) but that may also negatively influence sage-grouse productivity by

decreasing plant biomass and protective cover and consequently, reduce insect abundance.

However, light or moderate grazing in dense, grassy meadows increased sage-grouse use

(Klebenow 1982) but overgrazing of these areas reduced sage-grouse habitat (Klebenow

1985, Oakleaf 1971) and were avoided by sage-grouse (Klebenow 1982).
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WNv was an important factor for sage-grouse chick survival. Management

practices to mitigate its affect on sage-grouse chick survival appear to be minimal and

tied to anthropogenic water sources, particularly coal-bed natural gas ponds (Walker et al.

2007). Unless sage-grouse develop stronger immunity to this disease, their future looks

uncertain. However, small increases in chick recruitment, either through increased

nesting success or increased chick survival should have positive effects on sage-grouse

populations.

With 75% of the study area in private ownership and the patchy network of public

land; sage-grouse conservation and persistence lies in hands of private landowners. To

increase sage-grouse habitats, long-term (>20 yrs) partnerships and incentives with

ranchers will be imperative. This will require cooperation from state wildlife agencies,

federal land management agencies, local natural resource conservation districts, and

committed landowners. Forming a South Dakota sage-grouse working group may be in

order to accomplish this goal, as many landowners were interested in sage-grouse

conservation.



Table 8. Observed mean values for habitat variables between greater sage-grouse brood-rearing and random sites, and between
years used in logistic regression in northwestern South Dakota, USA, using MIRPP (Mielke and Berry 2001) 2006-2007.

Brood Random Both Years
2006 2007 P- 2006 2007 P- Brood Random P-

Variable (n=59) (n=60) value (n=56) (n=60) value (n=119) (n=116) value
Sagebrush Density (plants/m2) 0.3 0.5 <0.01 0.7 0.4 <0.01 0.4 0.5 0.08
Sagebrush Cover (%) 4.6 4.7 0.94 4.5 2.8 0.03 4.6 3.6 0.04
Visual Obstruction (cm) 5.4 7.1 0.12 2.3 4.7 <0.01 6.2 3.5 <0.01
Grass Height (cm) 23.3 37.5 <0.01 19.2 31.9 <0.01 30.5 25.7 <0.01
Total Cover (%) 61.3 55.6 <0.01 51.0 51.0 1.00 58.4 51.0 <0.01
Grass Cover (%) 34.4 28.3 <0.01 28.6 24.8 0.26 31.3 26.6 <0.01
Japanese Brome Cover (%) 10.4 9.9 0.66 4.9 11.4 <0.01 10.1 8.3 0.04
Bluegrass Cover (%) 5.9 2.3 <0.01 3.8 2.2 <0.01 4.0 3.0 0.08

"-
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Table 9. Apparent greater sage-grouse chick survival to 7 weeks post hatch, and
recruitment as of 1 March using a Kaplan-Meier product-limit method (Kaplan and Meier
1958) modified for staggered entry (Pollock et al. 1989) in northwestern South Dakota,
USA, 2006-2008. Estimated survival rates given as mean (95% CI).

3 Week 5 Week 7 Week Recruitment
Survival Survival Survival (Apparent +

Year (Apparent) (Apparent) (Apparent) Kaplan-Meier)
2006 52.4% 45.2% 42.9% 9.5%

(n = 42) (n = 42) (n = 42) (2.8 - 16.1%,

n=31)

2007 52.2% 41.7% 31.3% 5.1%
(n= 115) (n= 115) (n= 115) (0-10.1%,

n = 24)

Combined 52.2% 42.7% 34.3% 6.3%
(n = 157) (n = 157) (n = 157) (2.7-9.9%,

n = 55)



Table 10. West Nile virus (WNv) mortality rates and testing for greater sage-grouse chicks during the peak WNv transmission
period (12 July - 31 September) in northwestern South Dakota, USA, 2006-2007. Estimated minimum and maximum
mortality given as mean (95% CI) after Walker et al. (2007).

No. No. No. No. No. No. Minimum WNv Maximum WNv
Year Monitored Mortalities Tested Positive Negative Inconclusive mortality rate mortality rate

2006 31 22 10 2 0 8 6.5% 71.0%
(23 July - (0- 15.1%) (55.0 - 86.9%)
22 Aug.)

2007 24 18 10 5 3 2 20.8% 62.5%
(8 Aug. - (4.6 - 37.1%) (43.1 - 81.9%)
14 Sept.)
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Table 11. Results from logistic regression models predicting greater sage-grouse brood-
rearing sites (n = 119) versus random sites (n = 116) in northwestern South Dakota, USA,
2006-2007.

Model' Kb AICc A AICcC wia
Visual Obstruction + Bluegrass Cover 5 303.547 0.000 0.231

Visual Obstruction + Bluegrass Cover + 6 304.275 0.728 0.160
Sagebrush Cover

Visual Obstruction + Bluegrass Cover + Sage 6 304.455 0.908 0.146
Density

Visual Obstruction + Bluegrass Cover + 6 304.798 1.251 0.123
Japanese Brome Cover

Visual Obstruction + Bluegrass Cover + 7 305.459 1.911 0.089
Japanese Brome Cover + Sage Density

Herbaceous Cover + Bluegrass Cover + 6 305.503 1.956 0.087
Grass Height.

a For ease of interpretation, year variable was excluded from model column. See

Appendix 3 for full model results
b Number of habitat parameters plus intercept, SE, and year.
'Change in AICc value
d Model weight
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Table 12. Parameter Estimates, odds ratios, and corresponding confidence intervals for
the best-approximating model of greater sage-grouse brood-rearing sites versus random
sites in northwestern South Dakota, 2006-2007.

Parameter Odds
Lower Upper Lower Upper

Variable Estimate 95%CI 95%CI Ratio 95%CI 95%CI
Visual 0.186 0.110 0.272 1.204 1.116 1.313
Obstruction

Bluegrass 0.114 0.029 0.204 1.121 1.029 1.226
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Figure 8. Greater sage-grouse apparent chick survival to 7 weeks post hatch (dashed area),
and recruitment as of 1 March 2007 using a Kaplan-Meier product-limit method (Kaplan
and Meier 1958) modified for staggered entry (Pollock et al. 1989) in northwestern South
Dakota, USA, 2006-2007. A sample size of n = 31, was used in the Kaplan-Meier
analysis.



76

2007 Chick Survival
Apparent & Kaplan-Meier

1.0

0.8

0.6

0.4

0.2

0.0. f$/-
611/07 8/1/07 10/1/07 12/1l107 2/1/08

Date.

Figure 9. Greater sage-grouse apparent chick survival to 7 weeks post hatch (dashed area),
and recruitment as of 1 March 2008 using a Kaplan-Meier product-limit method (Kaplan
and Meier 1958) modified for staggered entry (Pollock et al. 1989) in northwestern South
Dakota, USA, 2007-2008. A sample size of n = 24, was used in the Kaplan-Meier
analysis.
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On Brood-rearing Habitat Selection
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Figure 10. Effect of visual obstruction and bluegrass cover on greater sage-grouse brood-
rearing habitat selection in northwestern South Dakota, USA, 2006-2007. Probability of
use derived from parameter estimates in best approximated model (visual obstruction +
bluegrass cover).
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Appendix 4. Complete results from logistic regression models predicting greater sage-
grouse brood-rearing sites (n = 119) versus random sites (n = 116) in northwestern South
Dakota, USA, 2006-2007.

Model' K AICc A AICcc Wd
Visual Obstruction + Bluegrass 5 303.547 0.000 0.231
Visual Obstruction + Bluegrass + Sagebrush Cover 6 304.275 0.728 0.160
Visual Obstruction + Bluegrass + Sage Density 6 304.455 0.908 0.146
Visual Obstruction + Bluegrass + Jap. Brome 6 304.798 1.251 0.123
Visual Obstruction + Bluegrass + Jap. Brome + Sage Density 7 305.459 1.911 0.089
Total Cover + Bluegrass + Grass Hgt. 6 305.503 1.956 0.087
Grass Hgt. + Total Cover 5 307.403 3.856 0.034
Visual Obstruction + Sagebrush Cover 5 307.961 4.414 0.025
Visual Obstruction 4 308.259 4.712 0.022
Grass Hgt. + Sage Density + Bluegrass 6 308.829 5.281 0.016
Grass Hgt. + Total Cover + Sage Density 6 309.376 5.829 0.013
Visual Obstruction + Jap. Brorne 5 309.416 5.869 0.012
Grass Hgt. + Bluegrass 5 309.893 6.346 0.010
Grass Hgt. + Bluegrass + Sagebrush Cover 6 310.219 6.671 0.008
Visual Obstruction + Sage Density 5 310.330 6.783 0.008
Bluegrass + Sage Density + Grass Hgt. + Jap. Brome 7 310.395 6.848 0.008
Grass Hgt. + Sagebrush Cover 5 312.905 9.358 0.002
Grass Hgt. + Grass Cover 5 313.128 9.581 0.002
Grass Hgt. 4 313.669 10.122 0.001
Sagebrush + Grass Hgt. + Jap. Brome 6 314.112 10.565 0.001
Grass Hgt. + Sagebrush Density 5 314.348 10.800 0.001
Grass Hgt. + Jap. Brome 5 315.110 11.563 0.001
Sagebrush + Total Cover 5 318.870 15.323 0.000
Total Cover + Bluegrass 5 320.013 16.465 0.000
Total Cover 4 320.699 17.152 0.000
Grass Cover + Sagebrush Cover 5 321.890 18.343 0.000
Sage Density + Total Cover 5 322.539 18.992 0.000
Grass Cover + Bluegrass 5 324.656 21.109 0.000
Grass Cover 4 326.626 23.078 0.000
Bluegrass + Sage Density 5 326.866 23.319 0.000
Bluegrass + Jap. Brome + Sage Density 6 327.142 23.595 0.000
Bluegrass + Jap. Brome 5 328.135 24.588 0.000
Sage Density + Grass Cover 5 328.447 24.900 0.000
Bluegrass 4 328.972 25.425 0.000
Sagebrush Cover + Bluegrass 5 329.056 25.509 0.000
Sagebrush Cover + Jap. Brome 5 330.167 26.620 0.000
Sagebrush Cover 4 330.739 27.191 0.000
Sage Density 4 331.620 28.073 0.000
Jap. Brome 4 331.657 28.110 0.000
Sage Density + Jap. Brome 5 332.235 28.688 0.000

a For ease of interpretation, year variable was excluded from model column.
b Number of habitat parameters plus intercept, SE, and year.
c Change in AICc value
d Model weight
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CHAPTER TWENTY-ONE

Energy Development and Conservation Tradeoffs

SYSTEMATIC PLANNING FOR GREATER SAGE-GROUSE IN THEIR EASTERN RANGE

hio;,i I D *:~;:mr?,,t'. i• AJ'i~.. I,'lolh,' E. (rhfjD kl'd, Amy,

Abstract. We developed a framework for conserva-
tion planning to evaluate options for reducing
development impacts on Greater Sage.Grouse
(Centrocercus urophasinnius) in Wyoming, Montana,
Colorado, Utah. Narth Dakota, and South Dakota
that contained some of the largest populations and
highest risk of energy development. We used lek-
count data (N = 2,336 leks) to delineate high-
abundance population centers, which we termed
core regions, that contained 25%, 50%. 75%. and
100% of the known breeding population. We
assessed vulnerability of these areas by examining
risk of future land transforming uses from energy
development. Sage-grouse abundance varied by
state. Core regions contain a disproportionately
large segment of the breeding population, and
core regions vary dramatically by risk of future
energy development. Wyoming contains 64% of
the known sage-grouse population and more
active leks than all the other states combined
within our study area. Conservation success in
Wyoming will depend on leasing and permitting
policy decisions because this state has the highest
risk of development. Mon'ana contains fewer
sage-grouse'(24%) than Wyoming. but actions that
reduce sagebrush (Arlemisia spp.) tillage by pro.
viding private landowners incentives to maintain

sagebrush-dominated landscapes would provide
lasting benefits because core regions in Montana
are at comparatively low development risk. Habi-
tat restoration in areas with low risk of develop-
ment but containing fewer sage-grouse fit into the
overall conservation strategy by targeting popula.
tions that promote connectivity of core regions.
This vulnerability assessment illustrates the trade.
offs between conservation and energy develop-
inent. antd provides a framework for maintaining
populations across the species' eastern range.

Key Words: C'entroccrcmts urophasianus. conserva-
tion planning, core regions. energy development.
lek counts, prioritikation, risk assessment, sage-
grouse, Wyoming.

El Equilibrio Entre el Desarrollo de Energla y la
Conservaci6n: Planeamiento Sistemtico para el
Greater Sage-Grouse en la Extensi6n Oriental de
Su Territorio

Resurmen. Desarrollamos un marco para el pla.
neaniento de la conservaci6n para evaluar opciones
que ayuden a reducir los impactos del desarrollo
sobre el Greater Sage-Grouse (Centroccrcus urapha-
sianus) en Wyoming. Montana. Colorado. Utah.

Doherty K. E.. D. E. Naugle. 1t. E. Copeland. A. Poccwicz. and 1. M. Kiesecker. 2011. Energy development and conservation
tradeoffs: systentatic planning for Greater Sage-Grouse in their eastern range. Pp. 505-516 in S. T Knick and J. W. Cmnnelly
(editors). Greater Sage-Grouse: ecology and conservation ora landscape species arid its habitats. Studies In Avian Biology
(vol. 381, University of CaliFornia Press, Berkeley, C.A.
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y Dakota del Norte y del Sur. siendo que estos esta-
dos contuvieron algunas de las poblaciones mis
grandes y de riesgo m.-is alto de desarrollo de
energia. Utilizamos datos de conteo de los leks
(asambleas de cortejo)(N = 2.336 leks) para deliti.
ear centros de poblaci6n de gran abundancia a
las que denominamos regiones ntjcleo, que con.
tuvieran 250g. 50%. 75%. y 100% de Ia poblaci6n
de cria conocida. Determinamos ia vulnerabili.
dad de estas Sireas examinando el riesgo de
futuros cambios en el uso de Ia tierra para el
desarrollo de energia. La abundancia del sage.
grouse varia segtim el estado, las regiones nilcleo
contienen in segmento desproporcionadamente
grande de Ia poblaci6n de cria. y las regiones
nilcleo varian dram~iticamente par el riesgo de
desarroflo de energia fuluro. Wyoming contiene
el 64% de Ia poblaci6n conocida del sage-grouse,
y Ia mayor cantidad de leks activos que el resto de
los estados combinados dentro de nuestra Srea
de estudio. El 6xito de conservaci6n en Wyoming
dependeri del leasing (alcluiler con opci6n a com.
pra) y de permitir decisiones politicas ya que este
estado tiene el riesgo mis alto de desarrollo.

," orld demand (or energy is predicted to
increase by ?-50% in the next 20 years
(international Energy Agency 2007.

National Petroleum Council 2007). The Rocky
Mountain West will be one of the most heavily
affected landscapes in the continental United
States. as it has 7% of proven onshore oil reserves
and 26%6 of natural gas reserves (United States
Departments of the Interior. Agriculture, and
Energy 2006). Meeting 20% of United States
energy demand with wind power could impact
50.000 kin2 . a significant portion of whidc would
be in the Rocky Mountain West (United States
Department of Energy 2008). The increasing
energy demand of an expanding human popu-
lation poses a challenge to conservation of wild.
life populations in North America (Sawyer et al.
2006. Walker et al. 2007a). Energy development
is known to impact wildlife directly by altering
habilat use (Doherty et al. 2008) and population
dynamics (Sorensen et al. 2008). and indirectly
by facilitating spread ornonnative invasive plants
(Bergquist et al. 2007) and new diseases such as
\Vest Nile virus in North America (Naugle et al.
2004. Zou et al. 2006b). "Fhe ability to identify areas

Montana contiene menos sage-grouse (24%) que
Wyoming. pero las acciones que reduzcan Ia
labranza del sagebrush (Arlcmisin spp.) ofre.
ciendo incentivos a los terratenientes privados
para mantener los paisajes dominados por
artemisa, proporcionarian ventajas duraderas
porque las regiones nioicleo en Montana est'in en
riesgo de desarrollo comparativamente bajo. La
restauraci6n del hibitat en ireas con poco riesgo
de desarrollo pero que contengan menos sage.
grouse cabe dentro de Ia estrategia general de
conservaci6n al fijar como objetivo poblaciones
que promuevan Ia conectividad de las regiones
ntficleo. Esta evaluaci6n de la vulnerabilidad ilus-
tra el equilibrio (o tradeoffs) entre Ia conservaci6n
y el desarrollo de energia. y proporciona un
marco para proteger a las poblaciones en Ia exten-
si6n oriental del territorio de esta especie.

Palabras Cla,'e: Ccntroccrcus urophosiaius. con-
teos de lek, desarrollo de Ia energia. evaluaci6n
de riesgos. planificaci6n de la conservaci6n.
priorizaci6n, regiones centrales. sage-grouse,
Wyoming.

of high biological value and assess the potential
for adverse habitat alteration is a component of a
proactive rather than a reactive approach to con-
servation (Groves et al. 2002). Not all wildlife areas
are of equal value, and mapping high-abundance
population centers for a priority species can help
frame regional plans. Realization of conservation
goals requires plans be constructed at broad spa.
tial scales to provide for effective management
(Sould and Terborgh 1999. Margules and Pressey
2000). Plans that explicitly examine tradeoffs
between wildlife conservation and energy develop.
ment will need to be broad in scale to be effective,
given tie scale of anticipated energy development
in the western United States.

Loss and degradation of native vegetation has
impacted much of the sagebrush (Artem.isia spp.)
ecosystem and associated wildlife (Knick et al.
2003. Connelly et al. 2004). Greater Sage-Grouse
(Ceistrocercus urophasianuis; hereafter, sage-grouse)
is a gallinaceous species native only to western
semiarid sagebrush landscapes (Schroeder et al.
1999). Previously widespread, sage-grouse have
been extirpated from nearly half of their original
range in western North America (Schroeder et al.

@0,
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2004), with a range-wide population decline of
45-80% and local declines of 17-92% (Connelly
and Braun 1997. Braun 1998. Connelly et al.
2004). Energy development has emerged as a
key issue in sage-grouse conservation for three
reasons: (1) sage-grouse populations decline with
oil and gas development (Holloran 2005. Aldridge
and Boyce 2007. Walker et al. 2007a); (2) land-
scapes being developed contain some of the high-
est abundance estimates for sage-grouse in North
America; and (3) 44% of the lands that the federal
government has authority to control for oil and
gas development in the eastern range of sage-
grouse (7.000.000 of 16.000.000 ha) have already
been authorized for exploration and development
(Naugle et al.. this volume. chapter 20).

It is urgent that we identify areas of high bio-
logical value and areas of potential future develop-
ment to evaluate options for reducing impacts
(Abbitt et al. 2000. Balmford et al. 2001, Wilson
et al. 2005), given sage-grouse sensitivity to oil and
gas development and the projected rate of in.
creased development. We focused on identifying
core regions of sage-grouse abundance to illustrate
the process of risk assessment and to contrast
opposing conservation strategies. Lek-count data
provided an opportunity to spatially identify the
distribution and abundance of core regions of hab-
itat that support breeding populations. Our goal
was to develop a conservation planning framework
(Pressey and Bottrill 2008) to address the follow-
ing questions using readily available spatial data:
(1) Where are landscapes with the highest biologi-
cal value for sage-grouse? (2) How do these land-
scapes differ with respect to risk from future
energy development? and (3) How does variation
and juxtaposition in risk and biological values of
areas affect the potential to develop a successful
conservation strategy for sage-grouse?

STUDY AREA

Our study area included landscapes within the
eastern distribution of sage-grouse including por-
tions of Colorado. Montana, North Dakota, South
Dakota, Utah. and Wyoming (Fig. 21.1: Schroeder
et al. 2004). Schroeder et al. (2004) used a combi-
nation of lek-survey data; geographic information
system (GIS) habitat layers to exclude barren
areas, alpine areas, and forest habitats; and loca-
tions of radio-marked sage-grouse to delineate
the current occupied distribution for sage-grouse

in all of North America. We modified this bound-
ary to include 27 additional known lek locations
in Montana. South Dakota, Wyoming, and
Colorado outside the boundaries suggested by
Schroeder et al. (2004). We adopted a spatial
organizational framework based on the Western
Association of Fish and Wildlife Agencies
Sage-Grouse Management Zones (SMZs; Stiver
et al. 2006), which are delineated by floristic prov-
inces and used to group sage-grouse populations
for management actions. We restricted analyses
to areas within the eastern distribution that were
within the Great Plains SMZ (portions of Mon-
tana. Wyoming. North Dakota. South Dakota.
Saskatchewan. and Alberta) and the Wyoming
Basin SMZ (portions of Idaho, Wyoming, Utah.
Montana, and Colorado) (Fig. 21.1; Stiver et al.
2006) because these populations are experienc-
ing the highest risk of energy development. All
analyses presented- evaluate the relative impor-
tance of an individual breeding area to all other
breeding areas within these management zones
(Fig. 21.1).

METHODS

Sage-Grouse Abundance Data

Knowledge of high-abundance population centers
for priority species represents a starting point to
frame regional conservation initiatives and can
direct management actions to landscapes where
they will have the largest benefit to regional popu-
lations (Groves et aL 2002, Sanderson et al. 2002b).
Techniques such as resource selection functions
have been widely used in the absence of large-
scale survey data to identify critical habitat needs
and to map those habitats at appropriate scales
for a wide range of species (McLoughlin et al.
2002, Boyce et al. 2003, Johnson et al. 2006)
including sage-grouse (Aldridge and Boyce 2007.
Doherty et al. 2008). No seamless habitat coverage
is available for sage-grouse to build seasonal mod-
els that could form the comparison of the relative
biological value of different landscapes. Fortu-
nately. sage-grouse are one of the few species in
which extensive data sets exist on distribution and
relative abundance across their entire breeding
distribution, making an analysis of this scale pos-
sible (Connelly et al. 2004, Schroeder et al. 2004).
The concept of using high-abundance population
centers to define the size, shape, connectivity,

*
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replication, and spacing of consertation areas is
well documented in other systems (Myers et at.
2000. Groves el al. 2002. Sanderson et al. 20021,).

Breeding ground (lek) data have been widely
used by agencies to monitor sage.grouse popula-
tion trends and are considered a reasonable index
to relative abundance (Walsh et al. 2004, Reese and
Bowtyer 2007). Each spring. displaying males are
counted within each state on sage-grouse leks in a
large. coordinated effort by state, federal, and con-
tract employees across the entire distribution of the
species. Typically, leks are visually surveyed at least
three times each spring from the air or ground. and
displaying males are counted during the early

morning. Prolocols for counting males at leks were
almost identical among states following the

recommendations of Connyellv e al. (200Wb). %vIich
allowed for comparisons between state populations.

We tised the maximum count of mitale sage-grotise
to identify high-abundance areas. Each state wild-
life agency assembled and provided us a maximum
lek count for each year the lek was surveyed over
the past 11 years, along with spatial coordinates of
lek locations. This maximum count database pro-
vided us the ability to map relative abundance of
sage-grouse breeding areas. We analy-ed 2.336
active leks to delineale breeding core regions. We
defined active leks as those on which -2 males
were counted in the last year the lek was surveyed.
We used the highest count during 2005-2007
because not all leks are counted each year. but most
are counted within a three-year interval. However.
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II *

249 leks in Montana, primarily in Rosebud, Custer,
and Garfield Counties. were not counted during
this interval, and we used the most recent survey
within the 11-year interval to assign abundance val.
ues to these leks. We also induded the last count of
five leks in Colorado afier consultation with regional
biologists indicated that counts of O males recorded
in 2007 were likely a result of no survey effort.

Mapping Core Sage-Grouse Breeding Areas

Kernel density functions have been commonly
used in ecology to delineate home ranges of indi-
vidual animals and to map concentrated areas of
use by populations (Silverman 1986, Worton 1989).
A kernel is a mathematical density function that
groups cells of concentrated use by attributing a
grid placed over top of a study site with animal use
or count data (Silverman 1986. Worton 1989). We
populated a 1-lakn grid of cells with counts of Sage-
grouse males at leks across the eastern range of the
species. We used this grid to select individual leks
for conservation priority groupings. We modified
the kernel function because choice of smoothing
bandwidth is known to drastically affect area esti-
mates and outer boundaries of home ranges and
concentrated areas of use by populations (Seaman

et al. 1999, Kemohan et al. 2001. Home and Garton
2006). We circumvented the bandwidth choice
problem and used known distributions of nesting
females around leks to delineate the outer bounda-
ries of core regions (Holloran and Anderson 2005.
table B-1 of Colorado Division of Wildlife 2008).

The value of each grid cell is a function of the
number and pro)xity of leks in the surrounding
landscape. We attributed each cell with counts of
males at leks within a radius of 6.4 km (4.0 mi).
We chose this distance because nesting females
distribute their nests spatially in relation to
lek location, with 79% of nests located within a
6.4-1km radius from lek-of-capture (table B-I of
Colorado Division of Wildlife 2008). We ranked
leks by abundance values and placed each into
four groups that contained 25%. 50%. 75%, or
100% of the known breeding population, and buff-
ered these leks by 6.4 km to delineate nesting
areas. We extended the radius from 6.4 to 8.5 km
for leks in 75% and 100% core regions (Holloran
and Anderson 2005), because a post-hoc analysis
indicated that 6.4 kon was too small an area to con-
tain simulated nest densities in lower population
density areas and fragmented habitats where a
few leks were far apart (e.g., North and South
Dakota; Table 21.1). Increasing the radius in

-I
TABLE 21.1

Chrmcurdistcs of Greter Sage-Grouse leks used to delineftm care regions.

No. ofleks Average (±SD)
with a2 maximum Relative Average (±SD) Median

males male count abundance distance (kim) distance (kim) Current
State 2005-2007 2005-2007 4%) to nearest lek to nearest iek distribution

Colorado" 200 33.4 t 32.4 8 4.6 ±t 4.2 3.5 17,061b

Montana 869 23.6 ± 20.5 24 4.6 t 4.2 3.5 127,242

North Dakota 14 15.4 ± 14.5 <1 8.6 " 2.6 8.3 2,829

South Dakota 21 28.2 ± 13.0 1 10.4 ± 5.2 9.8 10,074

Utahc 71 37.3 ± 34.6 3 4.4 ± 4.6 2.7 7,046

Wyoming 1,190 47.3 ± 45.2 64 5.0 ± 3.6 4.3 176,424

Great Plains 2.336 37.2 -t 40.0 100 4.8 ± 3.7 4.1 338.789e
and Wyomin
Basin SMZs7

a ToalIncluded 29 leks in the Colorado Plateau Sage-Grouse Management Zone (SMZI.
b Area estimate included portions of the Colorado Plateau SM7Z
C Included leks in the Colorado Plateau SMZ.
d Leks do not sum because Colorado Includes 29 leks from the Colorado Plateau SML
e Area estimate excludes Idaho. Canada. and the Colorado Plateau SMZ.
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75% and 100% core regions provided more realis.
tic estimates of the area needed to support breed.
ing populations in low.abundance or fragmented
landscapes. Our model output is a grouping of
leks in four shades that represent the smallest area
necessary to contain 25%. 50%. 75%, and 100% of
the nesting sage-grouse population. Area esti-
mates are inclusive: 25% core regions are included
within the boundaries of 50% core regions.

Mapping Energy Potential

We used readily available spatial data to rapidly
assess the potential for energy development in
sage-grouse core regions. Our risk assessment
included indicators for two major forms of energy

development in the eastern range: oil and gas. and
more recently, wind power (Fig. 21.2). We acquired
information on oil and gas development by com.
piling locations of authorized oil and gas leases
within Montana, North Dakota, South Dakota,
Wyoming, Colorado. and Utah from Bureau of
Land Management state offices within the Great
Plains and Wyoming Basin SMZs. Leases were
authorized for exploration and development on or
before 1 June 2007 for all states except Utah (1 May
2007). We obtained geo-referenced data layers
depicting locations of producing oil and gas wells
as of I September 2007 on public and private lands
in Montana, North Dakota, South Dakota. Wyoming.
Colorado. and Utah from IHS Incorporated. Engle-
wood. CO. We used data from the National
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Renewable Energy Laboratory to represent the
potential for commercial wind potential (National
Renewable Energy Laboratory 2008). Wind classes
are grouped from 1-7 with all wind classes a4 hav.
ing potential for commercial energy production.

Conservation Planning Analyses

Systematic conservation planning requires identifi.
cation of areas to achieve specific goals (Pressey
et al. 2007). Our core-areas analyses delineate spe-
cific landscapes that differ markedly in biological
value and offer a means to rank their relative impor-
tance. Conservation planning also requires that
areas identified with high value have the ability to
persist over time (Groves et al. 2002). We conducted
a series ofGIS overlays ofbiological values of sage-
grouse with the potential for energy development to
frame the opportunities and challenges facing sage-
grouse in relation to energy development. The
intersection of high biological value with high
energy potential frames the risk of development to
sage-grouse populations. We first quantified the
proportion of 25%. 50%, 75%. and 100% core
regions at risk from oil and gas development, wind
power development, or both. We quantified the risk
ofdevelopment of oil and gas and ofvwind power to
75% core regions by state and quantified the pro-
portion of land with federal management to
document how risk varies by state. We mapped the
location of current oil and gas wells in relation to
core regions to highlight the importance of core
regions next to development to promote resilience
of areas disturbed by energy development (Groves
et al. 2002. Lindenmeyer et al. 2008). We used a fac-
torial analysis to categorically define biological value
and energy potential into four categories that show
opportunities for both conservation and energy
development across the landscape based on all pos-
sible combinations of biological value (low or high)
and energy potential (low or high). We defined an
area as having high biological value if it was in the
top three groupings of breeding densities (2S%.
50%, and 75% core regions), as these groups con.
tained 75% of the regional breeding population in
only 30% of the total eastern sage-grouse distribu.
tion. We included 100% core regions as high bio-
logical value in North Dakota and South Dakota
because these fringe populations experience the
highest risk of extirpation (Aldridge et al. 2008). We
defined our 100% core area group as low biological
value elsewhere. If an area did not have a lek within

I

8.5 Iam (Holloran and Andersen 2005). it was not
assigned a biological value because we did not have
information on other seasonal habitats. We consid-
ered an area to have high potential for energy devel-
opment if it had either an authorized oil or gas lea'se
from the federal government or showed potential
for commercial wind production (Fig. 21.2). Areas
excluded from the high potential category were das-
sifted as having low potential for energy develop-
menL The result was four categorical and spatially
explicit groups mapped in a GIS (Fig. 21.3).

RESULTS

Sage-grouse abundance regionally exhibited a
dumped distribution, making it possible to identify
core regions that contained a large proportion of the
breeding population within a relatively small pro-
portion ofthe species' eastern range (Fig. 21.1). Core
regions contained 25%, 50%, 75%. and 100% of the.
breeding population within 5%. 12%, 30%, and 60%
of the eastern sage-grouse range. Bird abundance
varied within core regions. Wyoming contained the
highest proportion of high-density areas (Fig. 21.1).
largest number of leks, highest male sage-grouse
abundance at leks, and the broadest species disti-
bution among the six states within our study area
(Table 21.1). Wyoming provides habitat for nearly
two-thirds ofall known sage-grouse within our study
area, while Montana. having the second-largest and
most expansive population, provides habitat for an
additional quarter of the sage-grouse in our study
area (Table 21.1). A small area of northwest Colo-
rado also supports an especially high abundance of
breeding birds per unit area, relative to the entire
eastern range of sage-grouse (Fig. 21.1).

Risk of energy development to sage-grouse core
regions increased as the relative biological value
increased icross the entire eastern range
(Table 21.2). Half (51%) of 25% core regions are at
risk from either wind or oil and gas development.
whereas 39% of the 100% core regions are at risk.
This is a function of the locations of oil and gas
leases. Over one-third of the 25% core regions have
been leased for oil and gas development, whereas
one-fifth of the eastern distribution is leased
(Table 21.2). Potential for wind energy develop-
ment is also widespread across the eastern range;
however, core regions did not exhibit increasing
risks as biological value increased (19-21% risk.
Table 21.2). Development risk is highly noncom-
plementary with <5% spatial overlap of potential

*
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oil/gas and wind development, which increased
the total land area at risk (Table 21.2. Fig. 21.2).

Energy development risks differed by state
(Table 21.3. Fig. 21.2) and are highest in
Wyoming, intermediate in Colorado, and lowest
in Montana, the three states with 95% of the
sage-grouse (Table 21.3), Wyoming has the high-
est proportion of 75% core regions at risk from
both oil and gas and wind development
('l1tble 21.3). Oil and gas development is the
primary threat in Colorado and Utah, while wind
development poses a greater risk to sage-grouse
core region,; in Montana, North Dakota, and
South Dakota (Table 21.3). Overall, threats from
energy development to 75% core regions ranged
from 9% to 73% of breeding areas (Table 21.3).

Factorial analysis documented large landscapes
within each category (Fig. 21.3). Analyses classi-
lied 84,896 kin2 of land as low biological value
with high potential for energy development

(25%o of range; Fig. 21.3) and 64.641 kin" as low
potential for energy development 119% of range;
Fig. 21.3). "Tie inclusion of 100% core regions in
North Dakota and South Dakota brought the total
area classified as high biological value to 31%.
Analyses classified 46,419 km2 of land as high bio.
logical value for sage-grouse with high potential
for energy development (14% of range; Fig. 21.3)
and 59,237 km2 as low energy potential (17%; Fig.
21.3). lTie proportion of areas with high biological
value and low energy potential varied greatly by
state, as did federal surface and mineral owner.
ship (Table 21.3). Montatia had 72% of its high
value core regions with low potential for develop-
ment and had 31% federal surface ownership arnd
450% federal subsurface ownership (Fig. 21.3;
Table 21.3). Wyoming had 49% of areas with high
biological value and low energy potential but was
57% federally ow-ned on tie surface and 690,o con-
trolled by federal subsurface ownership. Large-scale

rd -
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TABLE 21.2
Percent of Grea•er Sage.Grouse core regions a risk of wind and/or oil and gas development

in Wyoming Montana. Colorado, Utah, South Dakota. and North Dakota
(through September 2007).

High wind Authorized oil and
potential" gas leasesb Both Either

25% core regions 20.2 34.3 3.7 50.8

50% core regions 19.4 31.5 4.1 46.9

7S% core regions 19.0 28.0 3.9 43.1

100% core regions 18.7 23.4 3.2 38.8

Eastern distribution 21.4 20.8 3.3 38.8

a We defined high wind potential as a wind dcas rating :,4 (National Renewable Energy Laboratory

2008.
b Authorized leases indude federal oil and gas leases authorized for exploration and development on or
before I June 2007 for each stare acept Utah (I May 2007).

TABLE 21.3
Greater Sage-Gruse 75% core regions at risk ofwind and/or oil and gas development by slate

(through September 2007).

High wind potentiala Authorized oil and Federal
State ownership gas leasesb Both Either surface

Wyoming 21.2 35.7 5.7 51.2 57.1

Montana 19.8 8.5 0.6 27.7 31.4

Colorado 0.3 33.7 0.1 33.8 43.3

Utah 0.4 8.6 0.0 9.1 46.5

South Dakota 72.3 3.7 3.2 72.9 11.5

North Dakota 28.9 10.0 2.2 36.6 56.8

a We defined high wind potential as a wind dus rating a:4 (National Renewable Energy Laboratory 2008).

b Authorized leases include federal oil and pas leases authorized for exploration and development on or before I
June 2007 for each state except Utah (I May 2007).

-I

development has already occurred next to core
regions, especially in Wyoming (Fig. 21.1).

DISCUSSION

Landscape planning to balance wildlife conserva-
tion with resource development must be analo.
gous in scale to be effective given the spatial extent
of anticipated impacts. Successful planning must
embrace the social and political realities of the
region (Lindenmeyer et al. 2008). Our analysis
is sufficiently broad in scale to allow a relevant

examination of the necessary tradeoffs, and by
assessing the potential impacts of energy develop.
ment, we bring recognition of the political reality
of energy development in the West. The frame.
work presented provides the necessary structure
to illustrate the tradeoffs between sage-grouse
conservation and energy development. The next
generation of analyses to direct conservation
action should be twofold. First, there is a need to
support implementation of core regions with
studies that document seasonal habitat use and
migration patterns of radio-marked sage-grouse
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(Aldridge and Boyce 2007. Doherty et al. 2008) to
ensure identified priority landscapes meet all sea.
sonal habitat needs. 'Second, incorporation of
future modeling of other relevant risks, such as
cheatgrass (Bromus tctorsmn) invasion, to core
regions will ensure gains in conservation will not
be offset by unevaluated risks.

Resources available to implement landscape
conservation invariably are in short supply rela.
tive to need. Setting priorities for conservation
action is a necessary and major task for agencies
and organizations concerned with conservation of
species and ecosystems (Groves et al. 2002,
Newburn et al. 2005). Core regions enable deci-
sion makers to spatially prioritize their targets for
sage-grouse conservation. Our results suggest
that, given the nature of sage-grouse distribution,
a large portion of the breeding population can be
conserved within core regions. For example, 75%
of the breeding population can be captured within'
only 30% of the area. However, distribution of
core regions and their value vary. Wyoming con.
tains 64% of the known breeding population in
this region and more active leks than all other
states combined. Risks to core regions vary dra-
matically in concordance with variation in value
of these regions. Wyoming has the greatest com-
bined risk from both wind energy and oil and gas
development, but also has the greatest potential
for conservation in terms of the value of core
regions. The intersection of the value of the core
regions and the risks to which they are exposed
(Figs. 21.2, 21.3) suggests a series of strategies
needed to ensure long-term persistence of sage-
grouse: (1) policy changes are needed in areas of
high biological value and high risk of energy
development to manage leasing and permitting of
oil and gas development on federal lands and to
proactively site future wind developments; (2)
rapid implementation of conservation is needed
to enhance populations in high value biological
areas without energy potential; and (3) restoration
of fringe habitats and low-density areas with lim.
ited risk is needed to promote connectivity. We
explore each of these strategies in detail.

Landscapes with high biological value for sage-
grouse and high risk for development represent
the greatest challenge facing land use managers.
This is a concern because 44% of areas with high
biological value are at risk for energy development
(darkest gray areas, Fig. 21.3). The rapid pace and
scale of oil and gas drilling has emerged as a

major issue because areas being developed (i.e.,
southwest Wyoming and northwest Colorado)
include some of the largest remaining sage-
brush landscapes with the highest densities of
sage-grouse in North America (Fig. 21.1; Connelly
et al. 2004). The future of sage-grouse conserva-
tion is in question in the eastern range in part
because 44% of the lands that the federal govern-
ment has authority to control for oil and gas devel-
opment (7.000.000 of 16,000.000 ha) have been
authorized for exploration and development
(Naugle et al.. this volume, chapter 20). Lease
sales continue, despite concerns, because no pol-
icy is in place that would permit an environmen-
tal assessment of risk at the scale at which im-
pacts occur. Severity of impacts (Holloran 2005,
Aldridge and Boyce 2007, Walker et al. 2007a) and
the unprecedented leasing of the public mineral
estate dictate the need for a shift from piecemeal
to landscape-scale conservation. Our analyses will
enable policymakers to consider a portfolio of
set-aside areas, priority-conservation areas, lease
consolidations, and more stringent, spatially
based, best-management practices as creative
solutions to balance energy development with
sage-grouse conservation.

Wind power is an emerging issue contributing
to the overall risk of energy development to
sage-grouse populations (Figs. 21.2. 21.3). There
is an urgent need for policies that promote land-
scape-scale considerations when siting wind facil-
ities, as well as for replicated research to quantify
potential impacts (Stewart et al. 2007). The low
overlap between wind potential and oil and gas
leasing highlights the need to incorporate multi-
ple stressors in planning efforts, because uncon-
sidered stressors could negate conservation
actions. Lands with federal surface ownership are
being leased at increasing rates for wind develop-
ment, and a similar portfolio of tools could be
considered to reduce impacts on these lands.
However, much of the future wind energy devel-
opment is anticipated to occur on private lands
with little or no regulatory oversight. The lack of a
landscape-planning paradigm is especially of con-
cern for populations in Montana, North Dakota,
and South Dakota. where the primary risk is
unplanned large-scale wind development on pri-
vate lands. Private lands with high value sage-
grouse habitat might be considered for purchased
conservation easement agreements with land-
owners that limit surface development. Yet the
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high purchase cost of easements and even higher
profitability of wind development for private land-
owners require broader strategies to minimize
wind development footprints. Ultimately. policy
decisions on placement of new energy transmis-
sion corridors built to carry electricity from new
wind developments will be a major factor in wind
development and may be used to further refine
risk assessment.

High biological value and low energy potential
identify low-conflict areas to immediately focus
conservation actions. Currently. 17% of the east-
ern sage-grouse range has high biological value
and low risk from energy development (Fig. 21.3).
Maintaining these quality sage-grouse habitats,
especially in areas adjacent to development
(Fig. 21.1) or where development is anticipated
(Figs. 21.2. 21.3). will be critical to ensure genetic
connectivity (Oyler-McCance et al. 2005ab) and
natural recolonization after oil and gas develop-
ment activities have ceased (Gonzalez et al. 1998).
Strategies in these high value and low energy
potential areas should further focus on reducing
risks from other stressors to sagebrush habitats
(Klebenow 1970: Connelly et al. 2000bc; Leonard
et al. 2000; Smith et al. 20OS; Walker et al. 2007a)
such as tillage (Farrell et al. 2006. United States
Government Accounting Office 2007), residential
development (Theobald 2003, 2005). and invasive
plants such as cheatgrass (Bergquist et al. 2007).
Rural areas with desirable natural amenities and
recreational opportunities throughout the United
States have experienced a surge in rural develop-
ment since the 1970s (Brown et al. 2005), with
growth in the Intermountain West during the
1990s occurring faster than in any other region of
the country (Hansen et a). 2002). Conservation
easements are one tool to reduce residential devel-
opment and agricultural conversion on private
lands (Kiesecker et al. 2007). Opportunities also
exist to target existing federal and state incentive
programs in these areas, focusing on compatible
grazing practices and habitat enhancement activi-
ties. A preponderance of private surface owner-
ship in Montana and Utah coupled with low risk
of development make core regions in many parts
of these states ideal places to develop incentives
for ranching and rural lifestyles through long-term
easement programs such as the Conservation
Reserve Program, which reduces habitat loss by
conversion to agriculture. Opportunities for ease-
ments and management programs are available

in Wyoming because of the sheer size of this pop-
ulation, but long-term viability is more of a public
policy decision.

Areas of low biological value and low energy
potential (19% of eastern range; Fig. 21.3) repre-
sent low-conflict opportunities for sage-grouse.
Our analyses document the importance of these
areas in maintaining connectivity to high value
core regions in Montana (Fig. 21.3). Core regions
with low biological value and low energy potential
will be important in this regard, with restoration
being one of the key strategies. Recent experience
has shown the difficulty of maintaining numbers
of Gunnison Sage-Grouse.(Centrocercus minimus-,
Oyler-McCance et al. 2005a) and Lesser Prairie-
Chicken (Tympanuchus palidicinctus; Hagen et al.
2004) when only small and fragmented popula-
tions remain. Sage-grouse have already been lost
from half of their former range (Schroeder et al.
2004), and many of the low value and low poten-
tial areas identified in this analysis are the same
areas where continued range contraction is
expected to be most severe (Aldridge et al. 2008).
Fringe populations in North Dakota, South
Dakota. Montana. and Canada need to pursue
aggressive habitat restoration programs if they
hope 'to maintain their biological value. Programs
should focus on restoring adjacent lands pres.
ently in tillage agriculture to sagebrush-dom-l.
nated grasslands in addition to enhancing exist-
ing native habitats.

CONSERVATION IMPLICATIONS

Explicitly combining information about the vul.
nerability of landscapes to anthropogenic risk
enables conservation planners to consider aspects
of urgency as well the probability for success of a
given conservation strategy (Wilson et al. 2005.
Copeland et al. 2007, Pressey and Bottrill 2008).
Core regions and assessment of the potential
future impacts they may experience represents a
starting point to initiate conservation of land.
scapes where results will have the largest benefit
to populations. Prioritization of landscapes is an
admission that threats are large, resources are
limited, and conservation action targeting every
remaining population is improbable. Core regions
represent a proactive attempt to identify a set of
conservation targets to maintain a viable and con-
nected set of populations before the opportunity
to do so is lost.
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Strategies must be integrated among all states
and provinces involved for landscape-scale con-
servation to be successful. Each state and province
will need to do its part to maintain sage-grouse
distribution and abundance. Successfud imple-
mentation in one state, such as Montana, will not
be sufficient to compensate for losses in impor-
tant places like Wyoming. Conservation concerns
related to sage-grouse will remain at the forefront
until collaborative landscape planning and con-
servation are demonstrated. Analyses reported
here provide a framework for planning across
political boundaries and a currency for measuring
the success of implementation.
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Introduction
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Introduction

Sagebrush landscapes have changed dramatically over the last two centuries. The vast expanses of

sagebrush crossed by early European settlers and used by sage-grouse have been lost, fragmented, or

altered due to invasive plants, changes in fire regimes, and impact of land uses (Knick et al. 2003, Knick and

Connelly 2011a). As a consequence, sage-grouse and many other wildlife species that depend on sagebrush

have undergone long-term range-wide population declines. Sage-grouse populations now occupy

approximately one-half of their pre-European settlement distribution (Schroeder et al. 2004).

Anthropogenic habitat impacts and lack of regulatory mechanisms to protect against further losses

provided the basis for warranting listing under the Endangered Species Act (ESA) in 2010 (75 FR 13910).

The need to address higher priority species and limited funding precluded immediate listing action.

However, a litigation settlement requires that a listing decision be made by the U.S. Fish and Wildlife

Service (USFWS) by September, 2015.

The Bureau of Land Management (BLM) manages approximately 50% of the sagebrush habitats used by

sage-grouse (Knick 2011). Therefore, management actions by BLM in concert with other state and federal

agencies, and private land owners play a critical role in the future trends of sage-grouse populations. To

ensure BLM management actions are effective and based on the best available science, the National Policy

Team created a National Technical Team (NTT) in August of 2011. The BLM's objective for chartering this

planning strategy effort was to develop new or revised regulatory mechanisms, through Resource

Management Plans (RMPs), to conserve and restore the greater sage-grouse and its habitat on BLM-

administered lands on a range-wide basis over the long term. The National Greater Sage-Grouse Planning

Strategy Charter charged the NTT to serve as a scientific and technical forum to:

" Understand current scientific knowledge related to the greater sage-grouse.

* Provide specialized sources of expertise not otherwise available.

" Provide innovative scientific perspectives concerning management approaches for the greater

sage-grouse.

* Provide assurance that relevant science is considered, reasonably interpreted,. and accurately

presented; and that uncertainties and risks are acknowledged and documented.

" Provide science and technical assistance to the Regional Management Team (RMT) and Regional

Interdisciplinary Team (RIDT), on request.

" Articulate conservation objectives for the greater sage-grouse in measurable terms to guide overall

planning.

National Greater Sage-Grouse Conservation Measures/Planning Strategy Page 4 of 74
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Identify science-based management considerations for the greater sage-grouse (e.g., conservation

measures) that are necessary to promote sustainable sage-grouse populations, and which focus on

the threats (75 FR 13910) in each of the management zones.

The National Technical Team (NTT) met from August 28 through September 2, 2011, in Denver, Colorado,

and a subset of the team met December 5-8 in Phoenix, Arizona, to further articulate the scientific basis for

the conservation measures. Members of the team included resource specialists and scientists from the

BLM, State Fish and Wildlife Agencies, USFWS, Natural Resources Conservation Service (NRCS) and U.S.

Geological Survey (USGS).

This document provides the latest science and best biological judgment to assist in making management

decisions. Fortunately, recent emphasis on sage-grouse conservation has resulted in a substantial number

of publications dealing with a variety of aspects of sage-grouse ecology and management, summarized in

the 2010 listing petition (75 FR 13910), as well as Knick and Connelly (2011b). Habitat requirements and

other life history aspects of sage-grouse, excerpted from the USFWS listing decision (75 FR 13910), are

summarized in Appendix A to provide context for the proposed conservation measures. We have

attempted to describe the scientific basis for the conservation measures proposed within each program

area. Perspectives on the nature and interpretation of the available science are in Appendix B.

The conservation measures described in this report are not an end point but, rather, a starting point to be

used in the BIM's planning processes. Due to time constraints, they are focused primarily on priority sage-

grouse habitat areas. General habitat conservation areas were not thoroughly discussed or vetted through

the NTT, and the concept of connectivity between priority sage-grouse habitat areas will need more

development through the BLM planning process.

Identified in the Western Association of Fish and Wildlife Agencies (WAFWA) Conservation Strategy (Stiver et al.
2006).

National Greater Sage-Grouse Conservation Measures/Planning Strategy 5 of 74
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Goals and Objectives

The BLM, along with a host of other state and federal agencies who participated in development of the

Greater Sage-grouse Comprehensive Conservation Strategy (Stiver et al. 2006), endorsed the goal of that

document which was "to maintain and enhance populations and distribution of sage-grouse by protecting

and improving sagebrush habitats and ecosystems that sustain these populations". Although it was

understood that at least in the short term this goal of maintaining sage-grouse population size and

distribution as based on trends from 1965 - 2003, or enhancing above these levels was aspirational, the NTT

supports it as a guiding philosophy against which management actions and policies of B/M should be

weighed. Therefore, the conservation measures and strategies that follow assume the goal and objectives

below.

Goal

Maintain and/or increase sage-grouse abundance and distribution by conserving, enhancing or restoring

the sagebrush ecosystem upon which populations depend in cooperation with other conservation

partners.

Until such time as more specific conservation objectives relative to sage-grouse distribution or abundance

by sage-grouse management zone, state, or population are developed, BLM will strive to maintain or

increase current distribution and abundance of sage-grouse on BLM administered lands in support of the

range-wide goals. BLM will specifically address threats identified by the Fish and Wildlife Service in their

2010 listing decision (75 FR 13910).

Sage-grouse populations have the greatest chance of persisting when landscapes are dominated by

sagebrush and natural or human disturbances are minimal (Aldridge et al. 2008, Knick and Hanser 2011,

Wisdom et al. 2011). Within priority habitat, a minimum range of 50-70% of the acreage in sagebrush cover

is required for long-term sage-grouse persistence (Aldridge et al. 2008, Doherty et al. 2010, Wisdom et al.

2011). Fire and invasion by exotic grasses are widespread causes for habitat loss, particularly in the

western part of the sage-grouse range (Miller et al. 2011). Human land use, including tillage agriculture,

historic grazing management, energy development, roads and power line infrastructure, and even

recreation have contributed both individually and cumulatively to lower numbers of sage-grouse across the

range (75 FR 13910, Knick et al. 2011).

New Paradigm

Through the establishment of the National Sage-grouse Planning Strategy, the Bureau of Land Management

has committed to a new paradigm in managing the sagebrush landscape. That new paradigm will require

collaborative conservation efforts among private, state, tribal, and other federal partners to conserve sage-

grouse. Land uses, habitat treatments, and anthropogenic disturbances will need to be managed below

thresholds necessary to conserve not only local sage-grouse populations, but sagebrush communities and

landscapes as well. Management priorities will need to be shifted and balanced to maximize benefits to

National Greater Sage-Grouse Conservation Measures/Planning Strategy Page 6 of 74
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sage-grouse habitats and populations in priority habitats. Adequacy of management adjustments will be

measured by science-based effectiveness monitoring of the biological response of sagebrush landscapes

and sage-grouse populations. Ultimately, success will be measured by the maintenance and enhancement

of sage-grouse populations well into the future.

Objectives

The overall objective is to protect priority sage-grouse habitats from anthropogenic disturbances that will

reduce distribution or abundance of sage-grouse. Priority sage-grouse habitats are areas that have the

highest conservation value to maintaining or increasing sage-grouse populations. These areas would

include breeding, late brood-rearing, winter concentration areas, and where known, migration or

connectivity corridors. These areas have been, or will be identified by state fish and wildlife agencies in

coordination with respective BLM offices. Priority habitat designations must reflect the vision, goals and

objectives of this overall plan if the conservation measures are to be effective. Additionally, there is an

opportunity for synergy and collaboration with WAFWA in order to identify a consistent way to designate

priority sage-grouse habitat areas and develop a range-wide priority habitat area map. This collaborative

and overarching approach could help ensure activities immediately outside the priority areas do not impact

priority habitat.

To reach this objective, it will be necessary to achieve the following sub-objectives for priority habitat:

" Designate priority sage-grouse habitats for each WAFWA management zone (Stiver et al. 2006)

across the current geographic range of sage-grouse that are large enough to stabilize populations in

the short term and enhance populations over the long term.

" To maintain or increase current populations, manage or restore priority areas so that at least 70%

of the land cover provides adequate sagebrush habitat to meet sage-grouse needs.

* Develop quantifiable habitat and population objectives with WAFWA and other conservation

partners at the management zone and/or other appropriate scales. Develop a monitoring and

adaptive management strategy to track whether these objectives are being met, and allow for

revisions to management approaches if they are not."

" Manage priority sage-grouse habitats so that discrete anthropogenic disturbances cover less than

3% of the total sage-grouse habitat regardless of ownership. Anthropogenic features include but

are not limited to paved highways, graded gravel roads, transmission lines, substations, wind

1As population trends within each Management Zone respond, long-term success can be judged based on comparisons with data from the 1965-
2003 period for that specific Management Zone (Stiver et al., 2006).

fl Professional judgment as derived from Holloran 2005, Walker et al. 2007, Doherty et al. 2008, Doherty et al. 2011, Naugle et al. 2011a,b.
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turbines, oil and gas wells, geothermal wells and associated facilities, pipelines, landfills, homes,

and mines. ii

" In priority habitats where the 3% disturbance threshold is already exceeded from any

source, no further anthropogenic disturbances will be permitted by BLM until enough

habitat has been restored to maintain the area under this threshold (subject to valid

existing rights).

o In this instance, an additional objective will be designated for the priority area to prioritize

and reclaim/restore anthropogenic disturbances so that 3% or less of the total priority

habitat area is disturbed within 10 years.

Note to add context to above objective: Disturbance can be described within categories as

discrete (having a distinct measureable impact in space and time) or diffuse (pressure is exerted

over broad spatial or temporal scales) (Turner and Gardner 1991). Most anthropogenic

disturbance (roads, power lines, oil/gas wells, tall structures) are discrete disturbances.

Livestock grazing is a diffuse disturbance. Fire can be either discrete or diffuse depending on its

characteristics and the scales at which it is measured. Sage-grouse are extremely sensitive to

discrete disturbance (Johnson et al. 2011, Naugle et al. 2011a,b) although diffuse disturbance

over broad spatial and temporal scales can have similar, but less visible effects.

Spatial and temporal scales are important components in measuring and interpreting the

effects of disturbance (Johnson and St-Laurent 2011). A discrete event might be significant to

individuals or local communities but have little effect on the larger population or region (See

Figure 2 in Appendix B). Therefore, defining the spatial extent (the region bounding the

analysis), spatial and temporal scale (the dimension of the event), and the resolution (the

precision of the measurement) are fundamental inputs into any assessment of disturbance

(Wheatley and Johnson 2009).

Two spatial extents for measuring anthropogenic disturbance will be used: 1) the area

contained within individual priority areas and 2) each one-mile section within the priority area.

This hierarchical arrangement allows concentrated anthropogenic disturbance to exceed

recommended thresholds within a smaller area, yet still maintain an overall level at the scale to

which sage-grouse respond within priority areas.

(1) Large-scale disturbances that impact sage grouse distribution and abundance at any

level will not be permitted within priority areas (subject to valid existing rights). Other,

smaller scale proposed anthropogen[c disturbances will not disturb more than a total

of 3% of the acreage within each priority area.

i Professional judgment as derived from Holloran 2005, Walker et al. 2007, Doherty et al. 2008, Doherty et al. 2011, Naugle et al. 2011a,b.
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(2) Proposed anthropogenic surface disturbances within an individual priority area will be

encouraged to occur in areas of existing development, or areas of non-suitable

habitats. Suitable buffers, depending on the occurrence of adjacent seasonal habitats

and local information (e.g. migratory vs. non-migratory populations; [Connelly et al.

2000]) may be applied in siting a proposed anthropogenic surface disturbance to

protect surrounding suitable, undisturbed habitats.

(3) Concentrating or clustering disturbances locally while maintaining total disturbance

below 3% at the priority habitat scale may cause some one-mile 2 analysis sections to

exceed the 3% anthropogenic disturbance goal. For example, a sand and gravel mine

can result in intensive development of 40 acres, effectively rendering that area

unsuitable for sage-grouse. The actual 40-acre disturbance may not push total

anthropogenic disturbance to more than 3% for the entire priority area, but obviously

has a significant local impact. In these situations, 40 acres of off-site mitigation will be

necessary to offset this loss of habitat. The priority is to implement off-site mitigation

within the priority sage-grouse habitat, followed by general sage-grouse habitat.

If a project proponent agrees to site proposed anthropogenic surface disturbance

within areas of existing development or areas of non-suitable habitat in a priority area,

and the resulting localized total surface disturbance exceeds 3% (but the anthropogenic

surface disturbance of the entire priority area does not exceed 3%), the need for off-

site mitigation shourd be evaluated on a case-by-case basis.

Additionally, there are sub-objectives that must be met in general sage-grouse habitat. General sage-

grouse habitat is occupied (seasonal or year-round) habitat outside of priority habitat. These areas have

been, or will be identified by state fish and wildlife agencies in coordination with respective BLIM offices.

It will be necessary to achieve the following sub-objectives for general habitat:

" Quantify and delineate general habitat for capability to provide connectivity among priority areas

(Knick and Hanser 2011).

" Conserve, enhance or restore sage-grouse habitat and connectivity (Knick and Hanser 2011) to

promote movement and genetic diversity, with emphasis on those habitats occupied by sage-

grouse.

* Assess general sage-grouse habitats to determine potential to replace lost priority habitat caused

by perturbations and/or disturbances and provide connectivity (Knick and Hanser 2011) between

priority areas.

o These habitats should be given some priority over other general sage-grouse habitats that

provide marginal or substandard sage-grouse habitat.
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o Restore historical habitat functionality to support sage-grouse populations guided by

objectives to maintain or enhance connectivity. Total area and locations will be

determined at the Land Use Plan level.

o Enhance general sage-grouse habitat such that population declines in one area are replaced

elsewhere within the habitat.
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Conservation Measures

The following conservation measures are designed to achieve population and habitat objectives stated in

this report. They are organized by resource programs.

Travel and Transportation

The Travel and Transportation program is principally focused on road networks within the sage-grouse

range. Roads can range from state or interstate highways to gravel and two-track roads. Within the sage-

grouse range, 95% of the mapped sagebrush habitats are within 2.5 km (1.55 miles) of a mapped road;

density of secondary roads exceeds 5 km/km2 (3.1 miles/247 acres) in some regions (Knick et al. 2011).

Roads have multiple impacts on wildlife in terrestrial ecosystems, including:

1) Increased mortality from collision with vehicles;

2) Changes in behavior;

3) Loss, fragmentation, and alteration of habitat;

4) Spread of exotic species; and

5) Increased human access, resulting in facilitation of additional alteration and use of habitats by

humans (Formann and Alexander 1998, Jackson 2000, Trombulak and Frissel 2000).

The effect of roads can be expressed directly through changes in habitat and sage-grouse populations and

indirectly through avoidance behavior because of noise created by vehicle traffic (Lyon and Anderson 2003,

75 FR 13910).

Priority sage-grouse habitat areas

" Limit motorized travel to designated roads, primitive roads, and trails at a minimum.

" Travel management should evaluate the need for permanent or seasonal road or area closures.

* Complete activity level plans within five years of the record of decision. During activity level

planning, where appropriate, designate routes with current administrative/agency purpose or need

to administrative access only.

" Limit route construction to realignments of existing designated routes if that realignment has a

minimal impact on sage-grouse habitat, eliminates the need to construct a new road, or is

necessary for motorist safety

* Use existing roads, or realignments as described above to access valid existing rights that are not

yet developed. If valid existing rights cannot be accessed via existing roads, then build any new road

constructed to the absolute minimum standard necessary, and add the surface disturbance to the

total disturbance in the priority area. If that disturbance exceeds 3 % for that area, then make

additional, effective mitigation necessary to offset the resulting loss of sage-grouse habitat (see

Objectives).
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" Allow no upgrading of existing routes that would change route category (road, primitive road, or

trail) or capacity unless the upgrading would have minimal impact on sage-grouse habitat, is

necessary for motorist safety, or eliminates the need to construct a new road.

" Conduct restoration of roads, primitive roads and trails not designated in travel management plans.

This also includes primitive route/roads that were not designated in Wilderness Study Areas and

within lands with wilderness characteristics that have been selected for protection.

* When reseeding roads, primitive roads and trails, use appropriate seed mixes and consider the use

of transplanted sagebrush.

Recreation

Recreational activities in sagebrush habitats range from hiking, camping and hunting to lek viewing, and off-

highway vehicle (OHV) use. Many of these activities are benign uses in sagebrush habitats. However,

excessive use, such as repeated disturbance to leks for viewing that disrupts sage-grouse breeding

activities, can have negative effects (75 FR 13910). Off-trail recreation by OHV users can fragment habitat

and create corridors for spread of exotic plant species (Knick et al. 2011).

Special Recreation Permits (SRP)

* Only allow SRPs that have neutral or beneficial affects to priority habitat areas.

Lands/Realty

The Lands and Realty program primarily influences rights-of-way (ROWs), land tenure adjustments, and

proposed land withdrawals. Existing and proposed developments for ROWs (such as powerlines, pipelines,

and renewable energy projects) and access to various mineral claims or energy development locations have

the potential to cause habitat loss and fragmentation that decreases habitat and population connectivity.

Roads also create corridors that facilitate spread of exotic plant species (Gelbard and Belnap 2003). In

addition, roads and infrastructure networks can increase sage-grouse mortality from increased predation

and collisions with vehicles. Sage-grouse may avoid areas because of noise from vehicle traffic (Lyon and

Anderson 2003). Adjustments for land tenure and strategically-located land withdrawals can be used to

increase connectivity within sage-grouse populations and sagebrush habitats (Knick and Hanser 2011). In

addition, land acquisitions and withdrawals may be important conservation strategies because increased

development on private lands, which is not subject to mitigation, will focus greater needs for conservation

of sage-grouse and sagebrush on public lands (Knick et al. 2011).

Rights of Way

Priority sage-grouse habitat areas

* Make priority sage-grouse habitat areas exclusion areas for new ROWs permits. Consider the

following exceptions:
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o Within designated ROW corridors encumbered by existing ROW authorizations: new ROWs

may be co-located only if the entire footprint of the proposed project (including

construction and staging), can be completed within the existing disturbance associated

with the authorized ROWs.

o Subject to valid, existing rights: where new ROWs associated with valid existing rights are

required, co-locate new ROWs within existing ROWs or where it best minimizes sage-

grouse impacts. Use existing roads, or realignments as described above, to access valid

existing rights that are not yet developed. If valid existing rights cannot be accessed via

existing roads, then build any new road constructed to the absolute minimum standard

necessary, and add the surface disturbance to the total disturbance in the priority area. If

that disturbance exceeds 3% for that area, then make additional effective mitigation

necessary to offset the resulting loss of sage-grouse.

* Evaluate and take advantage of opportunities to remove, bury, or modify existing power lines

within priority sage-grouse habitat areas. Sage-grouse may avoid powerlines because of increased

predation risk (Steenhof et al. 1993, Lammers and Collopy 2007). Powerlines effectively influence

(direct physical area plus estimated area of effect due to predator movements) at least 39% of the

sage-grouse range (Knick et al. 2011). Deaths resulting from collisions with powerlines were an

important source of mortality for sage-grouse in southeastern Idaho (Beck et al. 2006, 75 FR 13910)

* Where existing leases or ROWs have had some level of development (road, fence, well, etc.) and

are no longer in use, reclaim the site by removing these features and restoring the habitat.

Planning Direction Note: While engaged in this sage-grouse EIS planning process, relocate

existing designated ROW corridors crossing priority sage-grouse habitat void of any

authorized ROWs, outside of the priority habitat area. If relocation is not possible,

undesignate that entire corridor during the planning process.

General sage-grouse habitat areas

" Make general sage-grouse habitat areas "avoidance areas" for new ROWs.

" Where new ROWs are necessary, co-locate new ROWs within existing ROWs where possible.

Land Tenure Adjustment

Priority sage-grouse habitat areas

* Retain public ownership of priority sage-grouse habitat. Consider exceptions where:

o There is mixed ownership, and land exchanges would allow for additional or more

contiguous federal ownership patterns within the priority sage-grouse habitat area.

o Under priority sage-grouse habitat areas with minority federal ownership, include an

additional, effective mitigation agreement for any disposal of federal land. As a final

preservation measure consideration should be given to pursuing a permanent conservation

easement.
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Where suitable conservation actions cannot be achieved, seek to acquire state and private lands

with intact subsurface mineral estate by donation, purchase or exchange in order to best conserve,

enhance or restore sage-grouse habitat.

Proposed Land Withdrawals

Priority sage-grouse habitat areas

" Propose lands within priority sage-grouse habitat areas for mineral withdrawal.

" Do not approve withdrawal proposals not associated with mineral activity unless the land

management is consistent with sage-grouse conservation measures. (For example; in a proposed

withdrawal for a military training range buffer area, manage the buffer area with sage-grouse

conservation measures.)

Range Management

Potential impacts of herbivory on sage-grouse and their habitat include:

1) Long-term effects of historic overgrazing on sagebrush habitat;

2) Sage-grouse habitat changes due to herbivory;

3) Direct effects of herbivores on sage-grouse, such as trampling of nests and eggs;

4) Altered sage-grouse behavior due to presence of herbivores; and

5) Impacts to sage-grouse and sage-grouse behavior from structures associated with grazing

management (Beck and Mitchell 2000).

Managing livestock grazing to maintain residual cover of herbaceous vegetation so as to reduce predation

during nesting may be the most beneficial for sage-grouse populations (Beck and Mitchell 2000, Aldridge

and Brigham 2003). Other management objectives that control livestock movements and grazing

intensities can be achieved broadly through rotational grazing patterns or locally through water and salt

placements (Beck and Mitchell 2000). Treatments used to manipulate vegetation ultimately may have far

greater effect on sage-grouse through long-term habitat changes rather than direct impacts of grazing itself

(Freilich et al. 2003, Knick et al. 2011). An important objective in managing livestock grazing is to maintain

residual cover of herbaceous vegetation to reduce predation during nesting (Beck and Mitchell 2000) and

to maintain the integrity of riparian vegetation and other wetlands (Crawford et al. 2004). Proper livestock

management (timing, location, and intensity) can assist in meeting sage-grouse habitat objectives and

reduce fuels (Briske et al. 2011).

* Within priority sage-grouse habitat, incorporate sage-grouse habitat objectives and management

considerations into all BLM grazing allotments through AMPs or permit renewals.
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" Work cooperatively on integrated ranch planning within sage-grouse habitat so operations with

deeded/BLM allotments can be planned as single units.

" Prioritize completion of land health assessments and processing grazing permits within priority

sage-grouse habitat areas. Focus this process on allotments that have the best opportunities for

conserving, enhancing or restoring habitat for sage-grouse. Utilize Ecological Site Descriptions

(ESDs) to conduct land health assessments to determine if standards of range-land health are being

met.

" Conduct land health assessments that include (at a minimum) indicators and measurements of

structure/condition/composition of vegetation specific to achieving sage-grouse habitat objectives

(Doherty et al. 2011). If local/state seasonal habitat objectives are not available, use sage-grouse

habitat recommendations from Connelly et al. 2000b and Hagen et al. 2007.

Implementing Management Actions after Land Health and Habitat Evaluations

" Develop specific objectives to conserve, enhance or restore priority sage-grouse habitat based on

ESDs and assessments (including within wetlands and riparian areas). If an effective grazing system

that meets sage-grouse habitat requirements is not already in place, analyze at least one

alternative that conserves, restores or enhances sage-grouse habitat in the NEPA document

prepared for the permit renewal (Doherty et al. 2011b, Williams et al. 2011).

* Manage for vegetation composition and structure consistent with ecological site potential and

within the reference state to achieve sage-grouse seasonal habitat objectives.

* Implement management actions (grazing decisions, AMP/Conservation Plan development, or other

agreements) to modify grazing management to meet seasonal sage-grouse habitat requirements

(Connelly et al. 2011c). Consider singly, or in combination, changes in:

1) Season or timing of use;

2) Numbers of livestock (includes temporary non-use or livestock removal);

3) Distribution of livestock use;

4) Intensity of use; and

5) Type of livestock (e.g., cattle, sheep, horses, llamas, alpacas and goats) (Briske et al. 2011).

" During drought periods, prioritize evaluating effects of the drought in priority sage-grouse habitat

areas relative to their needs for food and cover. Since there is a lag in vegetation recovery

following drought (Thurow and Taylor 1999, Cagney et al. 2010), ensure that post-drought

management allows for vegetation recovery that meets sage-grouse needs in priority sage-grouse

habitat areas.
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Riparian Areas and Wet Meadows

" Manage riparian areas and wet meadows for proper functioning condition within priority sage-

grouse habitats.

o Within priority and general sage-grouse habitats, manage wet meadows to maintain a

component of perennial forbs with diverse species richness relative to site potential (e.g.,

reference state) to facilitate brood rearing. Also conserve or enhance these wet meadow

complexes to maintain or increase amount of edge and cover within that edge to minimize

elevated mortality during the late brood rearing period (Hagen et al. 2007, Kolada et al.

2009, Atamian et al. 2010).

* Where riparian areas and wet meadows meet proper functioning condition, strive to attain

reference state vegetation relative to the ecological site description.

o For example: Within priority sage-grouse habitat, reduce hot season grazing on riparian

and meadow complexes to promote recovery or maintenance of appropriate vegetation

and water quality. Utilize fencing/herding techniques or seasonal use or livestock

distribution changes to reduce pressure on riparian or wet meadow vegetation used by

sage-grouse in the hot season (summer) (Aldridge and Brigham 2002, Crawford et al. 2004,

Hagen et al. 2007).

* Authorize new water development for diversion from spring or seep source only when priority

sage-grouse habitat would benefit from the development. This includes developing new water

sources for livestock as part of an AMP/conservation plan to improve sage-grouse habitat.

* Analyze springs, seeps and associated pipelines to determine if modifications are necessary to

maintain the continuity of the predevelopment riparian area within priority sage-grouse habitats.

Make modifications where necessary, considering impacts to other water uses when such

considerations are neutral or beneficial to sage-grouse.

Treatments to Increase Forage for Livestock/Wild Ungulates

Priority sage-grouse habitat areas

* Only allow treatments that conserve, enhance or restore sage-grouse habitat (this includes

treatments that benefit livestock as part of an AMP/Conservation Plan to improve sage-grouse

habitat.iv

* Evaluate the role of existing seedings that are currently composed of primarily introduced perennial

grasses in and adjacent to priority sage-grouse habitats to determine if they should be restored to

sagebrush or habitat of higher quality for sage-grouse. If these seedings are part of an AMP/

V Conserve or enhance means to allow no degradation and can mean that the improvement or livestock supplement is part of a

grazing/AMP/Conservation Plan that facilitates meeting sage-grouse habitat objectives within a pasture or allotment.
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Conservation Plan or if they provide value in conserving or enhancing the rest of the priority

habitats, then no restoration would be necessary. Assess the compatibility of these seedings for

sage-grouse habitat or as a component of a grazing system during the land health assessments

(Davies et al. 2011).

o For example: Some introduced grass seedings are an integral part of a livestock

management plan and reduce grazing pressure in important sagebrush habitats or serve as

a strategic fuels management area.

Structural Range Improvements and Livestock Management Tools

Priority sage-grouse habitat areas

Design any new structural range improvements and location of supplements (salt or protein blocks)

to conserve, enhance, or restore sage-grouse habitat through an improved grazing management

system relative to sage-grouse objectives. Structural range improvements, in this context, include

but are not limited to: cattleguards, fences, exclosures, corrals or other livestock handling

structures; pipelines, troughs, storage tanks (including moveable tanks used in livestock water

hauling), windmills, ponds/reservoirs, solar panels and spring developments. Potential for invasive

species establishment or increase following construction must be considered in the project

planning process and monitored and treated post-construction.

" When developing or modifying water developments, use best management practices (BMPs, see

Appendix C) to mitigate potential impacts from West Nile virus (Clark et al. 2006, Doherty 2007,

Walker et al. 2007b, Walker and Naugle 2011).

* Evaluate existing structural range improvements and location of supplements (salt or protein

blocks) to make sure they conserve, enhance or restore sage-grouse habitat.

o To reduce outright sage-grouse strikes and mortality, remove, modify or mark fences in

high risk areas within priority sage-grouse habitat based on proximity to lek, lek size, and

topography (Christiansen 2009, Stevens 2011).

o Monitor for, and treat invasive species associated with existing range improvements

(Gelbard and Belnap 2003 and Bergquist et al. 2007).

Retirement of Grazing Privileges

Maintain retirement of grazing privileges as an option in priority sage-grouse areas when base

property is transferred or the current permittee is willing to retire grazing on all or part of an

allotment. Analyze the adverse impacts of no livestock use on wildfire and invasive species threats

(Crawford et al. 2004) in evaluating retirement proposals.

Planning direction Note: Each planning effort will identify the specific allotment(s) where

permanent retirement of grazing privileges is potentially beneficial.
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Wild Horse and Burro Management

Wild horses and burros have the potential to impact habitats used by sage-grouse by reducing grass, shrub,

and forb cover and increasing unpalatable forbs and exotic plants including cheatgrass (Beever and Aldridge

2011). Effects of wild equids on habitats may be especially pronounced during periods of drought or

vegetation stress. Wild equids have different grazing patterns than domestic livestock, thus increasing the

magnitude of grazing across the entire landscape (Beever and Aldridge 2011).

Ongoing Authorizations/Activities

" Manage wild horse and burro population levels within established Appropriate Management Levels

(AML).

" Prioritize gathers in priority sage-grouse habitat, unless removals are necessary in other areas to

prevent catastrophic environmental issues, including herd health impacts.

Proposed Authorization/Activities

" Within priority sage-grouse habitat, develop or amend herd management area plans (HMAPs) to

incorporate sage-grouse habitat objectives and management considerations for all BLM herd

management areas (HMAs).

o For all HMAs within priority sage-grouse habitat, prioritize the evaluation of all AMLs based
on indicators that address structure/condition/composition of vegetation and
measurements specific to achieving sage-grouse habitat objectives.

" Coordinate with other resources (Range, Wildlife, and Riparian) to conduct land health assessments
to determine existing structure/condition/composition of vegetation within all BLM HMAs.

" When conducting NEPA analysis for wild horse and burro management activities, water

developments or other rangeland improvements for wild horses in priority sage-grouse habitat,

address the direct and indirect effects to sage-grouse populations and habitat. Implement any

water developments or rangeland improvements using the criteria identified for domestic livestock

identified above in priority habitats.

Minerals

The primary potential risks to sage-grouse from energy and mineral development are:

1) Direct disturbance, displacement, or mortality of grouse;

2) Direct loss of habitat, or loss of effective habitat through fragmentation and reduced habitat patch

size and quality; and

3) Cumulative landscape-level impacts (Bergquist et al. 2007, Walston et al. 2009, Naugle et al. 2011).
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There is strong evidence from the literature to support that surface-disturbing energy or mineral

development within priority sage-grouse habitats is not consistent with a goal to maintain or increase

populations or distribution. None of the published science reports a positive influence of development on

sage-grouse populations or habitats. Breeding populations are severely reduced at well pad densities

commonly permitted (Holloran 2005, Walker et al. 2007a). Magnitude of losses varies from one field to

another, but findings suggest that impacts are universally negative and typically severe.

Mechanisms that lead to avoidance and decreased fitness have not been empirically tested but rather

suggested from multiple correlative and observational studies. For example, abandonment may increase if

leks are repeatedly disturbed by raptors perching on power lines near leks (Ellis 1984), by vehicle traffic on

nearby roads (Lyon and Anderson 2003), or by noise and human activity associated with energy

development during the breeding season (Remington and Braun 1991, Holloran 2005, Kaiser 2006, Blickley

and Patricelli In review). One recently completed research study in Wyoming (Blickley et al. In press),

experimentally validates noise from natural gas drilling and roads resulted in a decline of 29% and 73%

respectively in male peak attendance at leks relative to paired controls; declines were immediate and

sustained throughout the experiment with low statistical support for a cumulative effect of noise over time.

Collisions with nearby power lines and vehicles and increased predation by raptors may also increase

mortality of birds at leks (Connelly et al. 2000). Alternatively, roads and power lines may indirectly affect

lek persistence by altering productivity of local populations or survival at other times of the year. For

example, sage-grouse mortality associated with power lines and roads occurs year-round (Beck et al. 2006,

Aldridge and Boyce 2007), and ponds created by coal bed natural gas development may increase the risk of

West Nile virus mortality in late summer (Walker et al. 2004, Zou et al. 2006, Walker et al. 2007b). Loss and

degradation of sagebrush habitat can also reduce carrying capacity of local breeding populations (Swenson

et al. 1987, Braun 1998, Connelly et al. 2000, 2000b, Crawford et al. 2004). Birds may avoid otherwise

suitable habitat as the density of roads, power lines, or energy development increases (Lyon and Anderson

2003, Holloran 2005, Kaiser 2006, Doherty et al. 2008, Carpenter et al. 2010).

Negative responses of sage-grouse to energy development were consistent among studies regardless of

whether they examined lek dynamics or demographic rates of specific cohorts within populations. Sage-

grouse populations decline when birds avoid infrastructure in one or more seasons (Doherty et al. 2008,

Carpenter et al. 2010) and when cumulative impacts of development negatively affect reproduction or

survival (Aldridge and Boyce 2007), or both demographic rates (Lyon and Anderson 2003, Holloran 2005,

Holloran et al. 2010). Avoidance of energy development at the scale of entire oil and gas fields should not

be considered a simple shift in habitat use but rather a reduction in the distribution of sage-grouse (Walker

et al. 2007). Avoidance is likely to result in true population declines if density dependence, competition, or

displacement of birds into poorer-quality adjacent habitats lowers survival or reproduction (Holloran and

Anderson 2005, Aldridge and Boyce 2007, Holloran et al. 2010). High site fidelity in sage-grouse also

suggests that unfamiliarity with new habitats may also reduce survival, as in other grouse species (Yoder et

al. 2004). Sage-grouse in the Powder River Basin were 1.3 times more likely to occupy winter habitats that

had not been developed for energy (12 wells per 4 square kilometers or 12 wells per 1.5 square miles), and

avoidance of developed areas was most pronounced when it occurred in high-quality winter habitat with

abundant sagebrush (Doherty et al. 2008). In a similar study in Alberta, avoidance of otherwise suitable
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wintering habitats within a 1.9-kilometer (1.2 mile) radius of energy development resulted in substantial

loss of functional habitat surrounding wells (Carpenter et al. 2010).

Long-term studies in the Pinedale Anticline Project Area in southwest Wyoming present the most complete

picture of cumulative impacts and provide a mechanistic explanation for declines in populations. Early in

development, nest sites were farther from disturbed than undisturbed leks, the rate of nest initiation from

disturbed leks was 24 percent lower than for birds breeding on undisturbed leks, and 26 percent fewer

females from disturbed leks initiated nests in consecutive years (Lyon and Anderson 2003). As

development progressed, adult females remained in traditional nesting areas regardless of increasing levels

of development, but yearlings that had not yet imprinted on habitats inside the gas field avoided

development by nesting farther from roads (Holloran 2005). The most recent study confirmed that yearling

females avoided infrastructure when selecting nest sites, and yearling males avoided leks inside of

development and were displaced to the periphery of the gas field (Holloran et al. 2010). Recruitment of

males to leks also declined as distance within the external limit of development increased, indicating a high

likelihood of lek loss near the center of developed oil and gas fields (Kaiser 2006). The most important

finding from studies in Pinedale was that sage-grouse declines are explained in part by lower annual

survival of female sage-grouse and that the impact on survival resulted in a population-level decline

(Holloran 2005). High site fidelity but low survival of adult sage-grouse combined with lek avoidance by

younger birds (Holloran et al. 2010) resulted in a time lag of 3-4 years between the onset of development

activities and lek loss (Holloran 2005). The time lag observed by Holloran (2005) in the Anticline matched

that for leks that became inactive 3-4 years after natural gas development in the Powder River Basin

(Walker et al. 2007a). Analysis of seven oil and gas fields across Wyoming showed time lags of 2-10 years

between activities associated with energy development and its measurable effects on sage-grouse

populations (Harju et al. 2010).

Impacts as measured by the number of males attending leks are most severe near the lek, remain

discernible out to >4 miles (Holloran 2005, Walker et al. 2007, Tack 2009, Johnson et al. 2011), and often

result in lek extirpations (Holloran 2005, Walker et al. 2007). Negative effects of well surface occupancy

were apparent out to 3.1 miles, the largest radius investigated, in 2 of 7 study areas in Wyoming (Harju et

al. 2010). Curvilinear relationships show that lek counts decreased with distance to the nearest active

drilling rig, producing well, or main haul road and that development within 3 to 4 miles of leks decrease

counts of displaying males (Holloran 2005). All well-supported models in Walker et al. (2007) indicate a

strong negative effect, estimated as proportion of development within either 0.5 miles or 2 miles, on lek

persistence. A model with development at 4 miles had less support, but the regression coefficient indicated

that negative impacts within 4 miles were still apparent. Two additional studies reported negative impacts

apparent out to 8 miles on large lek occurrence (>25 males; Tack 2009) and out to 11.7 miles on lek trends

(Johnson et al. 2011), the largest scales evaluated.

Past BIM conservation measures have focused on 0.25 mile No Surface Occupancy (NSO) buffers around

leks, and timing stipulations applied to 0.6 mile buffers around leks to protect both breeding and nesting

activities. Given impacts of large scale disturbances described above that occur across seasons and impact

all demographic rates, applying NSO or other buffers around leks at any distance is unlikely to be effective.

Even if this approach were to be continued, it should be noted that protecting even 75 to >80% of nesting
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hens would require a 4-mile radius buffer (Table 1). Even a 4-mile NSO buffer would not be large enough to

offset all the impacts reviewed above. A 4-mile NSO likely would not be practical given most leases are not

large enough to accommodate a buffer of this size, and lek spacing within priority habitats is such that lek-

based buffers may overlap and preclude all development.

We do not include timing restrictions on construction and drilling during the breeding season because they

do not prevent impacts of infrastructure (e.g., avoidance, mortality) at other times of the year, during the

production phase, or in other seasonal habitats that are crucial for population persistence (e.g., winter;

Walker et al. 2007). Seasonal timing restrictions may be effective during the exploration phase. Instead,

we recommend excluding mineral development and other large scale disturbances from priority habitats

where possible, and where it is not limit disturbance as much as possible.

For these reasons, we believe the conservation strategy most likely to meet the objective of maintaining or

increasing sage-grouse distribution and abundance is to exclude energy development and other large scale

disturbances from priority habitats, and where valid existing rights exist, minimize those impacts by keeping

disturbances to 1 per section with direct surface disturbance impacts held to 3% of the area or less.

Table 1. Distance Gf -rouse Nests From Lek Of Capture
% Nests within 2-mi. N Wihi 4-mi . La Study% NstsWitin4-mi.raiu Location " ••i . Study:•iilrradius

46.4 (n = 13/28) 85.7 (n = 24/28) North Park, CO Peterson (1980)

59.5 (n = 182/306) 85 (n = 260/306) Idaho Autenrieth (1981)

71.8 (n = 51/71) 90.1 (n = 64/71) North Park, CO Giesen (1995)

49.5 (n = 192/388) 77.1 (n = 299/388) Moffat County, CO Thompson et al. 2005,
Thompson 2006

48.4 (n = 15/31) 96.8 (n = 30/31) Eagle and South Routt Graham and McConnell
Counties, CO 2004, Graham and

Jones 2005
44.7 (n = 152/340) 74.4 (n = 243/340) Wyoming Holloran and Anderson

(2005)
35.5 (n = 86/238) 61 (n = 145/238) @ 3 Montana Moynahan and

miles (data unavailable Lindberg (2006)
at this time for 4 miles)

35.5 (n = 27/76) 76.3 (n = 58/76) Montana Tack (2009)

50 (n = 495) >80 (n = 495) Oregon Hagen (2011)
1Data obtained from Colorado Greater Sage-grouse Conservation Plan and additional recent studies/plans.
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Fluid Minerals

Unleased Federal Fluid Mineral Estate

Alternative A

* Close priority sage-grouse habitat areas to fluid mineral leasing. Upon expiration or termination of

existing leases, do not accept nominations/expressions of interest for parcels within priority areas.

" Allow geophysical exploration within priority sage-grouse habitat areas to obtain exploratory

information for areas outside of and adjacent to priority sage-grouse habitat areas. Allow

geophysical operations only by helicopter-portable drilling methods and in accordance with

seasonal timing restrictions and/or other restrictions that may apply.

Alternative B

* Close priority sage-grouse habitat areas to fluid mineral leasing. Consider an exception:

o When there is an opportunity for the BLM to influence conservation measures where

surface and/or mineral ownership is not entirely federally owned (i.e., checkerboard

ownership). In this case, a plan amendment may be developed that opens the priority area

for new leasing. The plan must demonstrate long-term population increases in the priority

area through mitigation (prior to issuing the lease) including lease stipulations, off-site

mitigation, etc., and avoid short-term losses that put the sage-grouse population at risk

from stochastic events leading to extirpation.

" Allow geophysical exploration within priority sage-grouse habitat areas to obtain exploratory

information for areas outside of and adjacent to priority sage-grouse habitat areas. Only allow

geophysical operations by helicopter-portable drilling methods and in accordance with seasonal

timing restrictions and/or other restrictions that may apply.

Leased Federal Fluid Mineral Estate

Priority sage-grouse habitat areas (with varying levels of exploration & development)

Apply the following conservation measures through Resource Management Plan (RMP) implementation

decisions (e.g., approval of an Application for Permit to Drill, Sundry Notice, etc.) and upon completion of

the environmental record of review (43 CFR 3162.5), including appropriate documentation of compliance

with NEPA. In this process evaluate, among other things:

1. Whether the conservation measure is "reasonable" (43 CFR 3101.1-2) with the valid existing rights;

and

2. Whether the action is in conformance with the approved RMP.v

V Plan conformance means, "a resource management action shall be specifically provided for in the plan, or if not specifically mentioned, shall be

clearly consistent with the terms, conditions, and decisions of the approved plan or amendment." 43 CFR 1601.0-5(b).
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Provide the following conservation measures as terms and conditions of the approved RMP:

" Do not allow new surface occupancy on federal leases within priority habitats, this includes winter

concentration areas (Doherty et al. 2008, Carpenter et al. 2010) during any time of the year.

Consider an exception:

o If the lease is entirely within priority habitats, apply a 4-mile NSO around the lek, and limit

permitted disturbances to I per section with no more than 3% surface disturbance in that

section.

o If the entire lease is within the 4-mile lek perimeter, limit permitted disturbances to 1 per

section with no more than 3% surface disturbance in that section. Require any

development to be placed at the most distal part of the lease from the lek, or, depending

on topography and other habitat aspects, in an area that is less demonstrably harmful to

sage-grouse.

" Apply a seasonal restriction on exploratory drilling that prohibits surface-disturbing activities during

the nesting and early brood-rearing season in all priority sage-grouse habitat during this period.

* Do not use Categorical Exclusions (CXs) including under the Energy Policy Act of 2005, Section 390

in priority sage-grouse habitats due to resource conflicts.

" Complete Master Development Plans in lieu of Application for Permit to Drill (APD)-by-APD

processing for all but wildcat wells.

* When permitting APDs on existing leases that are not yet developed, the proposed surface

disturbance cannot exceed 3% for that area. Consider an exception if:

o Additional, effective mitigation is demonstrated to offset the resulting loss of sage-grouse

(see Objectives).

" When necessary, conduct additional, effective mitigation in 1) priority sage-grouse

habitat areas or - less preferably - 2) general sage-grouse habitat (dependent upon

the area-specific ability to increase sage-grouse populations).

" Conduct additional, effective mitigation first within the same population area

where the impact is realized, and if not possible then conduct mitigation within the

same Management Zone as the impact, per 2006 WAFWA Strategy - pg 2-17.

" Require unitization when deemed necessary for proper development and operation of an area

(with strong oversight and monitoring) to minimize adverse impacts to sage-grouse according to

the Federal Lease Form, 3100-11, Sections 4 and 6.

* Identify areas where acquisitions (including subsurface mineral rights) or conservation easements,

would benefit sage-grouse habitat.

" Require a full reclamation bond specific to the site. Insure bonds are sufficient for costs relative to

reclamation (Connelly et al. 2000, Hagen et al. 2007) that would result in full restoration. Base the

reclamation costs on the assumption that contractors for the BLM will perform the work.
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* Make applicable Best Management Practices (BMPs, see Appendix D) mandatory as Conditions of

Approval within priority sage-grouse habitat.

Solid Minerals

Coal

Priority sage-grouse habitat areas

" Surface mines: Find unsuitable all surface mining of coal under the criteria set forth in 43 CFR

3461.5.

* Sub-surface mines: Grant no new mining leases unless all surface disturbances (appurtenant

facilities) are placed outside of the priority sage-grouse habitat area.

" For coal mining operations on existing leases:

o Sub-surface mining: in priority sage-grouse habitat areas, place any new appurtenant

facilities outside of priority areas. Where new appurtenant facilities associated with the

existing lease cannot be located outside the priority sage-grouse habitat area, co-locate

new facilities within existing disturbed areas. If this is not possible, then build any new

appurtenant facilities to the absolute minimum standard necessary.

General sage-grouse habitat

* Apply minimization of surface-disturbing or disrupting activities (including operations and

maintenance) where needed to reduce the impacts of human activities on important seasonal sage-

grouse habitats. Apply these measures during activity level planning.

o Use additional, effective mitigation to offset impacts as appropriate (determined by local

options/needs).

Locatable Minerals

Priority sage-grouse habitat areas

* Propose withdrawal from mineral entry based on risk to the sage-grouse and its habitat from

conflicting locatable mineral potential and development.

o Make any existing claims within the withdrawal area subject to validity patent exams or buy

out. Include claims that have been subsequently determined to be null and void in the

proposed withdrawal.

o In plans of operations required prior to any proposed surface disturbing activities, include

the following:

Additional, effective mitigation in perpetuity for conservation (In accordance with

existing policy, WO IM 2008-204). Example: purchase private land and mineral

rights or severed subsurface mineral rights within the priority area and deed to US

Government).
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U Consider seasonal restrictions if deemed effective.

Make applicable Best Management Practices (see Appendix E) mandatory as Conditions of

Approval within priority sage-grouse habitat.

Non-energy Leasable Minerals (i.e. sodium, potash)

Priority sage-grouse habitat areas

* Close priority habitat to non-energy leasable mineral leasing. This includes not permitting any new

leases to expand an existing mine.

* For existing non-energy leasable mineral leases, in addition to the solid minerals BMPs (Appendix

E), follow the same BMPs applied to Fluid Minerals (Appendix D), when wells are used for solution

mining.

Saleable Mineral Materials

Priority sage-grouse habitat areas

* Close priority habitat to mineral material sales.

* Restore saleable mineral pits no longer in use to meet sage-grouse habitat conservation objectives.

Mineral Split Estate

Priority sage-grouse habitat areas

* Where the federal government owns the mineral estate, and the surface is in non-federal

ownership, apply the conservation measures applied on public lands.

" Where the federal government owns the surface, and the mineral estate is in non-federal

ownership, apply appropriate Fluid Mineral BMPs (see Appendix D) to surface development.

Wildfire Suppression, Fuels Management and Fire Rehabilitation

These programs address the threats resulting from wildfires and post-wildfire effects along with a program

(fuels management) designed to try to reduce these impacts. Together these programs provide a

significant opportunity to influence sagebrush habitats that benefit sage-grouse. Wildfire, particularly in

low elevation Wyoming big sagebrush systems, has resulted in significant habitat loss primarily because of

subsequent invasion by cheatgrass and other exotic plant species (Miller et al. 2011). The number of fires

and total acreage burned has increased throughout the sage-grouse range (Miller et al. 2011). Long-term

monitoring following prescribed fire is important because treatments may not increase either yield or

nutritional quality of forbs eaten by sage-grouse, and also may decrease abundance of insects that are

important for growth of sage-grouse chicks (Beck et al. 2009, Rhodes et al. 2010). Therefore, it is critical
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not only to conduct management actions that reduce the long-term loss of sagebrush but also to restore

and recover burned areas to habitats that will be used by sage-grouse (Pyke 2011). Prescribed fire is a tool

that can assist in the recovery of sagebrush habitat in some vegetation types (Davies et al. 2011).

Fuels Management

Priority sage-grouse habitat areas

Design and implement fuels treatments with an emphasis on protecting existing sagebrush

ecosystems.

o Do not reduce sagebrush canopy cover to less than 15% (Connelly et al. 2000, Hagen et al.

2007) unless a fuels management objective requires additional reduction in sagebrush

cover to meet strategic protection of priority sage-grouse habitat and conserve habitat

quality for the species. Closely evaluate the benefits of the fuel break against the

additional loss of sagebrush cover in the EA process.

o Apply appropriate seasonal restrictions for implementing fuels management treatments

according to the type of seasonal habitats present in a priority area.

o Allow no treatments in known winter range unless the treatments are designed to

strategically reduce wildfire risk around or in the winter range and will maintain winter

range habitat quality.

o Do not use fire to treat sagebrush in less than 12-inch precipitation zones (e.g., Wyoming

big sagebrush or other xeric sagebrush species; Connelly et al. 2000, Hagen et al. 2007,

Beck et al. 2009). However, if as a last resort and after all other treatment opportunities

have been explored and site specific variables allow, the use of prescribed fire for fuel

breaks that would disrupt the fuel continuity across the landscape could be considered, in

stands where cheatgrass is a very minor component in the understory (Brown 1982).

o Monitor and control invasive vegetation post-treatment.

o Rest treated areas from grazing for two full growing seasons unless vegetation recovery

dictates otherwise (WGFD 2011).

o Require use of native seeds for fuels management treatment based on availability,

adaptation (site potential), and probability of success (Richards et al. 1998). Where

probability of success or native seed availability is low, non-native seeds may be used as

long as they meet sage-grouse habitat objectives (Pyke 2011).

o Design post fuels management projects to ensure long term persistence of seeded or pre-

treatment native plants. This may require temporary or long-term changes in livestock

grazing management, wild horse and burro management, travel management, or other

activities to achieve and maintain the desired condition of the fuels management project

(Eiswerth and Shonkwiler 2006).
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0 Design fuels management projects in priority sage-grouse habitat to strategically and effectively

reduce wildfire threats in the greatest area. This may require fuels treatments implemented in a

more linear versus block design (Launchbaugh et al. 2007).

During fuels management project design, consider the utility of using livestock to strategically reduce fine

fuels (Diamond et al. 2009), and implement grazing management that will accomplish this objective Davies

et al. 2011 and Launchbaugh et al. 2007). Consult with ecologists to minimize impacts to native perennial

grasses.

Fire operations

* In priority sage-grouse habitat areas, prioritize suppression, immediately after life and property, to

conserve the habitat.

" In general sage-grouse habitat, prioritize suppression where wildfires threaten priority sage-grouse

habitat.

* Follow Best Management Practices (WO IM 2011-138, see appendix E.)

Emergency Stabilization and Rehabilitation (ES&R)

* Prioritize native seed allocation for use in sage-grouse habitat in years when preferred native seed

is in short supply. This may require reallocation of native seed from ES&R projects outside of

priority sage-grouse habitat to those inside it. Use of native plant seeds for ES&R seedings is

required based on availability, adaptation (site potential), and probability of success Richards et al.

1998). Where probability of success or native seed availability is low, non-native seeds may be

used as long as they meet sage-grouse habitat conservation objectives (Pyke 2011). Re-

establishment of appropriate sagebrush species/subspecies and important understory plants,

relative to site potential, shall be the highest priority for rehabilitation efforts.

* Design post ES&R management to ensure long term persistence of seeded or pre-burn native

plants. This may require temporary or long-term changes in livestock grazing, wild horse and burro,

and travel management, etc., to achieve and maintain the desired condition of ES&R projects to

benefit sage-grouse (Eiswerth and Shonkwiler 2006).

" Consider potential changes in climate (Miller at al. 2011) when proposing post-fire seedings using

native plants. Consider seed collections from the warmer component within a species' current

range for selection of native seed. (Kramer and Havens 2009).

Habitat Restoration

Habitat restoration cross-cuts all programs. It is an important tool to create and/or maintain a landscape

that benefits sage-grouse.
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" Prioritize implementation of restoration projects based on environmental variables that improve

chances for project success in areas most likely to benefit sage-grouse (Meinke et al. 2009).

o Prioritize restoration in seasonal habitats that are thought to be limiting sage-grouse

distribution and/or abundance.

" Include sage-grouse habitat parameters as defined by Connelly et al. (2000), Hagen et al. (2007) or

if available, State Sage-Grouse Conservation plans and appropriate local information in habitat

restoration objectives. Make meeting these objectives within priority sage-grouse habitat areas

the highest restoration priority.

" Require use of native seeds for restoration based on availability, adaptation (ecological site

potential), and probability of success (Richards et al. 1998). Where probability of success or

adapted seed availability is low, non-native seeds may be used as long as they support sage-grouse

habitat objectives (Pyke 2011).

" Design post restoration management to ensure long term persistence. This could include changes

in livestock grazing management, wild horse and burro management and travel management, etc.,

to achieve and maintain the desired condition of the restoration effort that benefits sage-grouse

(Eiswerth and Shonkwiler 2006).

* Consider potential changes in climate (Miller et al. 2011) when proposing restoration seedings

when using native plants. Consider collection from the warmer component of the species current

range when selecting native species (Kramer and Havens 2009).

" Restore native (or desirable) plants and create landscape patterns which most benefit sage-grouse.

" Make re-establishment of sagebrush cover and desirable understory plants (relative to ecological

site potential) the highest priority for restoration efforts.

" In fire prone areas where sagebrush seed is required for sage-grouse habitat restoration, consider

establishing seed harvest areas that are managed for seed production (Armstrong 2007) and are a

priority for protection from outside disturbances.

Monitoring of Sage-grouse and Sagebrush Habitats

Given the degree of uncertainty associated with managing natural resources, adaptive management

approaches that include rigorous monitoring protocols to support them are essential if conservation goals

are to be realized (Walters 1986, Burgman et al. 2005, Stankey et al. 2005, Turner 2005, Lyons et al. 2008).

Recent efforts to develop range-wide policy and conservation measures for sage-grouse have emphasized

the importance of improving monitoring efforts on both sage-grouse distribution and population trends,

and the habitat they depend on (Wambolt et al. 2002, Stiver et al. 2006, Reese and Boyer 2007, Connelly et

al. 2011a).
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Monitoring is necessary to provide an objective appraisal of the effects of potentially positive conservation

actions, and to assess the relative negative effects of management actions to sage-grouse populations and

their habitats. Adaptive management planning also reveals substantial gaps in knowledge about key

processes and functional relationships (Walters 1987), and therefore helps to identify and prioritize

research needs. Ideally, monitoring attributes of sage-grouse habitat and sage-grouse populations will

allow linking real or potential habitat changes from natural events and management actions to vital rates of

sage-grouse populations (Stiver et al. 2006, Naugle and Walker 2007). Population monitoring led by State

wildlife agencies and consistent long-term habitat monitoring among all jurisdictions will enable managers

to identify indicators associated with population change across large landscapes and to ameliorate negative

effects with appropriate conservation actions (Burgman et al. 2005, Turner 2005).

Sage-grouse select habitats at multiple scales across large landscapes (Connelly et al. 2003, Stiver et al.

2006), which monitoring strategies for sage-grouse habitats must reflect. At landscape levels (RMP level),

monitoring should track percent of sagebrush and cover and maturity of stands, preservation of key

seasonal habitat components, and the degree of connectivity among populations, seasonal habitats and

stands. At the project level, a truly effective monitoring strategy will include measures as to how plant

communities respond, how that relates to structural and other sage-grouse habitat requirements, and how

sage-grouse populations respond demographically. Quantitative data for habitat measurements should be

collected that are sensitive to the land use change being proposed (Stiver et al 2006). Monitoring must

occur over the proper time frames to evaluate temporal variation of important components of sage-grouse

habitats (Stiver et al. 2006).

Recognizing the importance of monitoring both sage-grouse habitat and populations, BLM in November

2004, completed the National Sage-Grouse Habitat Conservation Strategy (USDI BLM 2004) to address

conservation and management of sage-grouse. The overarching goal was to "provide a consistent and

scientifically based approach for collection and use of monitoring data for sagebrush habitats, sage-grouse

and other components of the sagebrush community." Four action items were identified to accomplish this

goal: 1) Develop, cooperatively with our partners, appropriate monitoring strategies and protocols at the

appropriate scale for sage-grouse habitat in conjunction with the development of the range-wide

conservation action plan; 2) Develop, cooperatively with our partners, a sage-grouse habitat assessment

methodology in conjunction with development of the range-wide conservation action plan; 3) Incorporate

the sage-grouse habitat assessment framework into the land health assessment process for evaluating

indicators of healthy rangelands; and 4) In conjunction with the development of the range-wide

conservation action plan, issue guidance for collecting fine-scale monitoring and assessment information

and incorporating requirements into implementation projects and plans.

To date, BLM has completed portions of the above action items. In August 2010, the Sage-Grouse Habitat

Assessment Framework: Multi-scale Habitat Assessment Tool was completed (Stiver et al. 2010). The

assessment framework provides policy makers, resource managers, and natural resource specialists a

comprehensive framework for landscape conservation in sagebrush ecosystems with an emphasis on sage-

grouse. Implementation policy directing consistent use of the assessment still needs to be completed by

BLM in addition to other guidance identified in the strategy.

National Greater Sage-Grouse Conservation Measures/Planning Strategy 29 of 74
December 21, 2011



Conservation Measures/Proposed Planning Decisions
National Technical Team

BLM has recently completed the agency's Assessment, Inventory, and Monitoring (AIM) Strategy (Toevs

2011). The AIM strategy identifies "core indicators" for reporting landscape level attributes. The AIM

strategy has resulted in BLM adopting the Natural Resource Conservation Service's National Resource

Inventory (NRI) methodology as part of BLM's Landscape Monitoring Project. The NRI protocols provide

BILM a statistical framework for evaluating management actions, and programs and policies at a landscape

or regional level. Initial NRI data collection occurred on all lands managed by BLM during the summer of

2011. During the summer of 2012 additional NRI monitoring sites are being incorporated to evaluate

sagebrush habitats that contain approximately two-thirds of the sage-grouse populations west wide. At

this time, the remaining sage-grouse populations have not been identified for long-term habitat monitoring

due to funding short falls. In addition to prioritizing funding to fully achieve this objective, habitat

monitoring protocols at a fine scale to evaluate impacts at a project level remain to be developed.

Estimates of sage-grouse population size are not available for any population, rather trends in population

size are estimated through a lek count index. Exact estimates of sage grouse abundance, while desirable,

are probably less important than trends and particularly how sage grouse respond to management actions.

Counts of males attending leks in the spring have been used by wildlife agencies as the primary index to

population trends since Patterson suggested that this method might be useful in 1952 (Patterson 1952).

Use of convenience sampling to monitor bird populations has been criticized (Ellingson and Lukacs 2003),

and lek counts in particular have been challenged as inconsistently conducted, inherently biased and

without any known relationship to population size (Beck and Braun 1980, Walsh et al. 2004, Sedinger 2007).

Despite limitations of the method, lek counts remain the best available information on population trends

over time, and pragmatic strategies to improve population estimation remain elusive (Reese and Bowyer

2007).

It is beyond the scope of this report to develop methodology to better estimate sage-grouse distribution

and abundance, but rather to emphasize that WAFWA should convene a technical group for this purpose,

and that this group should consider ways to:

1. Standardize, at least within management zones, lek count methodology.

2. Develop and implement methodology to estimate the number of leks in an unbiased manner

(Walsh et al. 2004, Sedinger 2007), and determine the location of new or previously unknown leks

(particularly important since priority habitat designations are based in large part on locations of

leks).

3. Develop and implement methodology to estimate the proportion of males detected while

attending leks, and explore degree and nature of variability.

4. Develop and explore methodology to estimate sex ratios within sage-grouse populations.

5. Use Geographic Information System (GIS) mapping technology and analytical tools to track changes

in distribution over time, connectivity among populations and population segments, and explore

spatially explicit models that link sage-grouse population performance with ecological indicators

(Naugle and Walker 2007).
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The standardization of monitoring methods and implementation of a defensible monitoring approach is

vital if BLM and other conservation partners are to use the resulting information to guide implementation

of conservation activities (Naugle and Walker 2007). Monitoring strategies for sage-grouse habitat and

populations must be collaborative, as habitat occurs across varied land ownership (52% BLM, 8% USFS, 31%

private 5% state, 4% BIA and other Federal; 75 FR 13910), and state fish and wildlife agencies have primary

responsibility for population level management of wildlife, including monitoring.
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Acronyms

AML Appropriate Management Level

AMP Allotment Management Plan

APD Application of Permit to Drill

BLM Bureau of Land Management

BMPs Best Management Practices

CX Categorical Exclusion

ERMA Extensive Recreation Management Areas

ESA Endangered Species Act

ESD Ecological Site Description

ES&R Emergency Stabilization and Rehabilitation

IM Instruction Memorandum

MOU Memorandum of Understanding

NEPA National Environmental Policy Act

NGO non-governmental organization

NMAC National Multi-Agency Coordination Group

NRCS Natural Resources Conservation Service

NPT National Policy Team

NTI National Technical Team

RIDT Regional Interdisciplinary Team

RMP Resource Management Plan

RMT Regional Management Team

ROW Right-of-Way

SRMA Special Recreation Management Area

SRP Special Recreation Permit

USFWS U.S. Fish and Wildlife Service

USGS U.S. Geological Survey

WAFWA Western Association of Fish and Wildlife Agencies
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2008 WAFWA Sage-grouse MOU: A memorandum of understanding (MOU) among Western Association of

Fish and Wildlife Agencies, U.S. Department of Agriculture, Forest Service, U.S. Department of the Interior,

Bureau of Land Management, U.S. Department of the Interior, Fish and Wildlife Service, U.S. Department of

the Interior, Geological Survey, U.S. Department of Agriculture, Natural Resources Conservation Service,

and the U.S. Department of Agriculture, Farm Service Agency. The purpose of the MOU is to provide for

cooperation among the participating state and federal land, wildlife management and science agencies in

the conservation and management of sage-grouse (Centrocercus urophasianus) sagebrush (Artemisia spp.)

habitats and other sagebrush-dependent wildlife throughout the western United States and Canada and a

commitment of all agencies to implement the 2006 WAFWA Conservation Strategy.

2011 Partnership MOU: A partnership agreement among the United States Department of Agriculture

Natural Resource Conservation Service, Forest Service, United State Department of the Interior, Bureau of

Land Management, and Fish and Wildlife Service. 2011. This MOU is for range management - to implement

NRCS practices on adjacent federal properties.

Administrative Access: A term used to describe access for resource management and administrative

purposes such as fire suppression, cadastral surveys, permit compliance, law enforcement and military in

the performance of their official duty, or other access needed to administer BLM-managed lands or uses.

Avoidance Areas: Areas to be avoided but that may be available for location of ROWs with special

stipulations.

Best Management Practices (BMPs): A suite of techniques that guide or may be applied to management

actions to aide in achieving desired outcomes. BMPs are often developed in conjunction with land use

plans, but they are not considered a planning decision unless the plans specify that they are mandatory.

Casual Use: Casual use means activities ordinarily resulting in no or negligible disturbance of the public

lands, resources, or improvements. For examples for rights of ways see 43 CFR 2801.5. For examples for

locatable minerals see 43 CFR 3809.5.

Conservation Plan: The recorded decisions of a landowner or operator, cooperating with a conservation

district, on how the landowner or operator plans, within practical limits, to use his/her land according to its

capability and to treat it according to its needs for maintenance or improvement of the soil, water, animal,

plant, and air resources.

Conserve: To cause no degradation or loss of sage-grouse habitat. Conserve can also refer to maintaining

intact sagebrush steppe by fine tuning livestock use, watching for and treating new invasive species and

maintaining existing range improvements that benefit sage-grouse etc.

Ecological Site: A distinctive kind of land with specific physical characteristics that differs from other kinds

of land in its ability to produce a distinctive kind and amount of vegetation.
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Exploration: Active drilling and geophysical operations to:

a. Determine the presence of the mineral resource; or

b. Determine the extent of the reservoir.

Development: Active drilling and production of wells

Development Area: Areas primarily leased with active drilling and wells capable of production in payable

quantities.

Enhance: The improvement of habitat by increasing missing or modifying unsatisfactory components

and/or attributes of the plant community to meet sage-grouse objectives. Examples include modifying

livestock grazing systems to improve the quantity and vigor of desirable forbs, improving water flow in

riparian areas by modifying existing spring developments to return more water to the riparian area below

the development, or marking fences to minimize sage-grouse hits and mortality.

General Sage-grouse Habitat: Is occupied (seasonal or year-round) habitat outside of priority habitat.

These areas have been identified by state fish and wildlife agencies in coordination with respective BLM

offices.

Integrated Ranch Planning: A method for ranch planning that takes a holistic look at all elements of the

ranching operations, including strategic and tactical planning, rather than approaching planning as several

separate enterprises.

Large Scale Anthropogenic Disturbances: Features include but are not limited to paved highways, graded

gravel roads, transmission lines, substations, wind turbines, oil and gas wells, geothermal wells and

associated facilities, pipelines, landfills, agricultural conversion, homes, and mines.

Late Brood Rearing Area: Habitat includes mesic sagebrush and mixed shrub communities, wet meadows,

and riparian habitats as well as some agricultural lands (e.g. alfalfa fields, etc).

Lek:v" A traditional courtship display area attended by male sage-grouse in or adjacent to sagebrush

dominated habitat. A lek is designated based on observations of two or more male sage-grouse engaged in

courtship displays. Sub-dominant males may display on itinerant strutting areas during population peaks.

Such areas usually fail to become established leks. Therefore, a site where less than five males are

observed strutting should be confirmed active for two years before meeting the definition of a lek (Connelly

et al 2000, Connelly et al. 2003, 2004).

Lek Complex: A lek or group of leks within 2.5 km (1.5 mi) of each other between which male sage-

grouse may interchange from one day to the next. Fidelity to leks has been well documented.

Vi Each State may have a slightly different definition of lek, active lek, inactive lek, occupied, and unoccupied leks.

Regional planning will use the appropriate definition provided by the State of interest.
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Visits to multiple leks are most common among yearlings and less frequent for adult males,

suggesting an age-related period of establishment (Connelly et al. 2004).

Active Lek: Any lek that has been attended by male sage-grouse during the strutting season.

Inactive Lek: Any lek where sufficient data suggests that there was no strutting activity throughout

a strutting season. Absence of strutting grouse during a single visit is insufficient documentation to

establish that a lek is inactive. This designation requires documentation of either: 1) an absence of

sage-grouses on the lek during at least 2 ground surveys separated by at least seven days. These

surveys must be conducted under ideal conditions (April 1-May 7 (or other appropriate date based

on local conditions), no precipitation, light or no wind, half-hour before sunrise to one hour after

sunrise) or 2) a ground check of the exact known lek site late in the strutting season (after April 15)

that fails to find any sign (tracks, droppings, feathers) of strutting activity. Data collected by aerial

surveys should not be used to designate inactive status as the aerial survey may actually disrupt

activities.

Occupied Lek: A lek that has been active during at least one strutting season within the prior 10

years.

Unoccupied Lek: A lek that has either been "destroyed" or "abandoned."

Destroyed Lek: A formerly active lek site and surrounding sagebrush habitat that has been

destroyed and is no longer suitable for sage-grouse breeding.

Abandoned Lek: A lek in otherwise suitable habitat that has not been active during a

period of 10 consecutive years. To be designated abandoned, a lek must be "inactive" (see

above criteria) in at least four non-consecutive strutting seasons spanning the 10 years.

The site of an "abandoned" lek should be surveyed at least once every 10 years to

determine whether it has been re-occupied by sage-grouse.

Master Development Plans: A set of information common to multiple planned wells, including drilling

plans, Surface Use Plans of Operations, and plans for future production.

Mitigation: Compensating for resource impacts by replacing or providing substitute resources or habitat.

Notice-level Mining Activities: To qualify for a Notice the mining activity must: 1) constitute exploration,

2) not involve bulk sampling of more than 1,000 tons of presumed ore, 3) must not exceed 5 acres of

surface disturbance, and 4) must not occur in one of the special category lands listed in 43 CFR

3809.11(c). The Notice is to be filed in the BLM field office with jurisdiction over the land involved. The

Notice does not need to be on a particular form but must contain the information required by 43 CFR

3809.301(b).
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Offsite Mitigation: Compensating for resource impacts by replacing or providing substitute resources or

habitat at a different location than the project area.

Plan of Operations: A Plan of Operations is required for all mining activity exploration greater than 5 acres

or surface disturbance greater than casual use on certain special category lands. Special category lands are

described under 43 CFR 3809.11(c) and include such lands as designated Areas of Critical Environmental

Concern, lands within the National Wilderness Preservation System, and areas closed to off-road vehicles,

among others. In addition, a plan of operations is required for activity greater than casual use on lands

patented under the Stock Raising Homestead Act with Federal minerals where the operator does not have

the written consent of the surface owner (43 CFR 3814). The Plan of operations needs to be filed in the

BLM field office with jurisdiction over the land involved. The Plan of Operations does not need to be on a

particular form but must address the information required by 43 CFR 3809.401(b).

Priority Sage-grouse Habitat: Areas that have been identified as having the highest conservation value to

maintaining sustainable sage-grouse populations. These areas would include breeding, late brood-rearing,

and winter concentration areas. These areas have been identified by state fish and wildlife agencies in

coordination with respective BLM offices.

Range Improvement: The term range improvement means any activity, structure or program on or relating

to rangelands which is designed to improve production of forage; change vegetative composition; control

patterns of use; provide water; stabilize soil and water conditions; and provide habitat for livestock and

wildlife. The term includes, but is not limited to, structures, treatment projects, and use of mechanical

means to accomplish the desired results.

Roads, Primitive Roads and Trails: Roads, primitive roads or trails that have been specifically designated

for motorized use through a public implementation-level National Environmental Policy Act process in

accordance with 43 CFR, Part 8340.

Reclamation: Rehabilitation of a disturbed area to make it acceptable for designated uses. This normally

involves re-contouring, replacement of topsoil, re-vegetation, and other work necessary to ensure eventual

restoration of the site.

Reference State: The reference state is the state where the functional capacities represented by soil/site

stability, hydrologic function, and biotic integrity are performing at an optimum level under the natural

disturbance regime. This state usually includes, but is not limited to, what is often referred to as the

potential natural plant community.

Restoration: Implementation of a set of actions that promotes plant community diversity and structure

that allows plant communities to be more resilient to disturbance and invasive species over the long term.

The long-term goal is to create functional, high quality habitat that is occupied by sage-grouse. Short-term

goal may be to restore the landform, soils and hydrology and increase the percentage of preferred

vegetation, seeding of desired species, or treatment of undesired species.
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State: A state is comprised of an integrated soil and vegetation unit having one or more biological

communities that occur on a particular ecological site and that are functionally similar with respect to the

three attributes (soil/site stability, hydrologic function, and biotic integrity) under natural disturbance

regimes.

Stochastic: Randomly determined event, chance event, a condition determined by predictable processes

and a random element.

Surface Disruption: Resource uses and activities that are likely to alter the behavior of, displace, or cause

stress to sage-grouse occurring at a specific location and/or time. Surface disruption includes those actions

that alter behavior or cause the displacement of sage-grouse such that reproductive success is negatively

affected, or the physiological ability to cope with environmental stress is compromised. Examples of

disruptive activities may include noise, vehicle traffic, or other human presence regardless of the associated

activity.

Surface Disturbance: Suitable habitat is considered disturbed when it is removed and unavailable for

immediate sage-grouse use.

a. Long-term removal occurs when habitat is physically removed through activities that replace

suitable habitat with long term occupancy of unsuitable habitat such as a road, powerline, well

pad or active mine. Long-term removal may also result from any activities that cause soil

mixing, soil removal, and exposure of the soil to erosive processes.

b. Short-term removal occurs when vegetation is removed in small areas, but restored to suitable

habitat within a few years (< 5) of disturbance, such as a successfully reclaimed pipeline, or

successfully reclaimed drill hole or pit.

c. Suitable habitat rendered unusable due to numerous anthropogenic disturbances

d. Anthropogenic surface disturbance are surface disturbances meeting the above definitions which

result from human activities.

Transition: A shift between two states. Transitions are not reversible by simply altering the intensity or

direction of factors that produced the change. Instead, they require new inputs such as revegetation or

shrub removal. Practices, such as these, that accelerate succession are often expensive to apply.

Unitization: Operation of multiple leases as a single lease under a single operator

Wildcat Well: An exploratory oil well drilled in land not known to be an oil field.

Wildland Fire: Any non-structure fire that occurs in the vegetation and/or natural fuels. Includes both

prescribed fire and wildfire (NWCG Memo #024-2010 April 30, 2010. www.nwcg.gov).

Winter Concentration Areas: Sage-grouse winter habitats which are occupied annually by sage-grouse and

provide sufficient sagebrush cover and food to support birds throughout the entire winter (especially

periods with above average snow cover). Many of these areas support several different breeding
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populations of sage-grouse. Sage-grouse typically show high fidelity for these areas, and loss or

fragmentation can result in significant population impacts.
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Appendices

Appendix A. Life History Requirements of Greater Sage-grouse (excerpted from 75
FR 13910)

Greater sage-grouse depend on a variety of shrub-steppe habitats throughout their life cycle, and are

considered obligate users of several species of sagebrush (e.g., Artemisia tridentata ssp. wyomingensis

(Wyoming big sagebrush), A. t. ssp. vaseyana (mountain big sagebrush), and A. t. tridentata (basin big

sagebrush)) (Patterson 1952, Braun et al. 1976, Connelly et al. 2000a, Connelly et al. 2004, Miller et al.

2011). Greater sage-grouse also use other sagebrush species such as A. arbuscula (low sagebrush), A. nova

(black sagebrush), A. frigida (fringed sagebrush), and A. cana silver sagebrush (Schroeder et al. 1999,

Connelly et al. 2004,). Thus, sage-grouse distribution is strongly correlated with the distribution of

sagebrush habitats (Schroeder et al. 2004). Sage-grouse exhibit strong site fidelity (loyalty to a particular

area even when the area is no longer of value) to seasonal habitats, which includes breeding, nesting,

brood rearing, and wintering areas (Connelly et al. 2004, Connelly et al. 2011b). Adult sage-grouse rarely

switch between these habitats once they have been selected, limiting their adaptability to changes.

During the spring breeding season, male sage-grouse gather together to perform courtship displays on

areas called leks. The proximity, configuration, and abundance of nesting habitat are key factors

influencing lek location (Connelly et al., 1981, and Connelly et al., 2000b, cited in Connelly et al., 2011).

Leks can be formed opportunistically at any appropriate site within or adjacent to nesting habitat (Connelly

et al. 2000a) and, therefore, lek habitat availability is not considered to be a limiting factor for sage-grouse

(Schroeder et al. 1999). Nest sites are selected independent of lek locations, but the reverse is not true

(Bradbury et al. 1989,Wakkinen et al. 1992). Thus, leks are indicative of nesting habitat.

Females have been documented to travel more than 20 km (12.5 mi) to their nest site after mating

(Connelly et al. 2000a), but distances between a nest site and the lek on which breeding occurred is variable

(Connelly et al. 2004, Connelly et al. 2011b). Average distance between a female's nest and the lek on

which she was first observed ranged from 3.4 km (2.1 mi) to 7.8 km (4.8 mi) in five studies examining 301

nest locations (Schroeder et al. 1999).

Productive nesting areas are typically characterized by sagebrush with an understory of native grasses and

forbs, with horizontal and vertical structural diversity that provides an insect prey base, herbaceous forage

for pre-laying and nesting hens, and cover for the hen while she is incubating (Gregg 1991Schroeder et al.

1999, Connelly et al. 2000a, Connelly et al. 2004, Connelly et al. 2011b). Sage-grouse also may use other

shrub or bunchgrass species for nest sites (Klebenow 1969, Connelly et al. 2000a, Connelly et al. 2004).

Shrub canopy and grass cover provide concealment for sage-grouse nests and young, and are critical for

reproductive success (Barnett and Crawford 1994, Gregg et al. 1994, DeLong et al.1995, Connelly et al.

2004).
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Hens rear their broods in the vicinity of the nest site for the first 2-3 weeks following hatching (within 0.2-5

km (0.1-3.1 mi)), based on two studies in Wyoming (Connelly et al. 2004). Forbs and insects are essential

nutritional components for chicks (Klebenow and Gray 1968, Johnson and Boyce 1991, Connelly et al.

2004). Therefore, early brood-rearing habitat must provide adequate cover (sagebrush canopy cover of 10

to 25 percent; Connelly et al. 2000a) adjacent to areas rich in forbs and insects to ensure chick survival

during this period (Connelly et al. 2004, Hagen et al. 2007).

All sage-grouse gradually move from sagebrush uplands to more mesic areas (moist areas such as

streambeds or wet meadows) during the late brood-rearing period (3 weeks post-hatch) in response to

summer desiccation of herbaceous vegetation (Connelly et al. 2000a). Summer use areas can include

sagebrush habitats as well as riparian areas, wet meadows and alfalfa fields (Schroeder et al. 1999). These

areas provide an abundance of forbs and insects for both hens and chicks (Schroeder et al. 1999, Connelly

et al. 2000a).

As vegetation continues to desiccate through the late summer and fall, sage-grouse shift their diet entirely

to sagebrush (Schroeder et al. 1999). Sage-grouse depend entirely on sagebrush throughout the winter for

both food and cover (Connelly et al. 2011a). Sagebrush stand selection is influenced by snow depth

(Patterson 1952, Hupp and Braun 1989), availability of sagebrush above the snow to provide cover

(Connelly et al. 2004, and references therein) and, in some areas, topography (e.g., elevation, slope and

aspect, Beck 1977, Crawford et al. 2004).

Many populations of sage-grouse migrate between seasonal ranges in response to habitat distribution

(Connelly et al. 2004). Migration can occur between winter and breeding and summer areas, between

breeding, summer and winter areas, or not at all. Migration distances of up to 161 km (100 mi) have been

recorded (Patterson 1952), however, distances vary depending on the locations of seasonal habitats

(Schroeder et al. 1999). Migration distances for female sage-grouse generally are less than for males

(Connelly et al. 2004), but in one study in Colorado, females travelled further than males (Beck 1977).

Almost no information is available regarding the distribution and characteristics of migration corridors for

sage-grouse (Connelly et al. 2004). Sage-grouse dispersal (permanent moves to other areas) is poorly

understood (Connelly et al. 2004, Knick and Hanser 2011) and appears to be sporadic (Dunn and Braun

1986). Estimating an "average" home range for sage-grouse is difficult due to the large variation in sage-

grouse movements both within and among populations. This variation is related to the spatial availability

of habitats required for seasonal use and annual recorded home ranges have varied from 4 to 615 square

kilometers (km 2 ) (1.5 to 237.5 square miles (mi 2)), Connelly et al. 2011b).
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Appendix B. Scientific Inference

When making natural resource management decisions, managers desire a high level of certainty that their

management actions will have the anticipated outcome (Ratti and Garton 1994, Garton et al. 2005).

Unfortunately, natural systems have inherent complexity and stochasticity that make certainty in wildlife

management decisions challenging (Williams et al. 2002). In an effort to ameliorate some of this

uncertainty, managers use quality, published scientific investigations which are reliant upon thoughtful

research design (Ratti and Garton 1994, Garton et al. 2005) to guide population and habitat management

decisions. When relevant peer reviewed literature does not exist, managers have to resort to best

professional judgment and/or unpublished studies. In addition, when using published and unpublished

literature, managers must also be cognizant of the research findings for certainty of the conclusions, the

scientific method, and if the findings can be applied from the data and results (Murphy and Noon 1991).

Most wildlife research is located along a continuum of field studies (Ratti and Garton 1994, Garton et al.

2005; Fig. 1) and provides varying degrees of reliable knowledge (Romesburg 1981, Hurlbert, 1984,

Eberhardt and Thomas 1991). The more rigorous the research design, results, and conclusions, the more

confident managers can be in the anticipated outcome (Ratti and Garton 1994, Garton et al. 2005).

Research that bases its results and interpretation on an integrated research process includes field level

experiments, field study, and modeling (Fig. 1). If designed appropriately, these research efforts can

provide for a more broad-based application of research results as opposed to descriptive natural history

studies (Ratti and Garton 1994, Garton et al. 2005) (Fig. 1).
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Figure 1. The spectrum of types of wildlife studies that can produce results
and conclusions with a large amount of certainty over a very large area of
applicability (adapted from Ratti and Garton 1994 and Garton et al. 2005).
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Because sage-grouse research has been on-going for over 60 years, managers have access to published

literature from several studies (metareplication (Johnson 2002)) that includes different years, study areas,

methods, and investigators (Johnson 2002) which leads to more certainty in conclusions (for example see

Hagen et al. 2007). In contrast, for some management actions, access to published and unpublished

literature may be limited to a single descriptive study. A single descriptive study and/or professional

judgment has the lowest level of certainty and lowest inference space. Unfortunately, it may be the only

information available on the subject. Ultimately, the result is succinctly summarized by Anderson et al.

(2001:312) who stated, "In the long run, science is safeguarded by repeated studies to ascertain what is real

and what is merely a spurious result from a single study."

Management in sagebrush ecosystems is further complicated by new forms of development or the

unprecedented pace at which traditional uses are increasing. Wind and other renewable energy sources

are being proposed and developed in areas that previously had undergone little development. The

applicability of results from previous research in other regions on oil and gas development to these new

forms of land use is unknown, but is the best information currently available. We also do not know how

sagebrush and sage-grouse respond to the increasing intensity of all uses ranging from traditional

commodity development to nonconsumptive activities, such as recreation and OHV travel that is occurring

across their range. Although previous research can guide management decisions, the changes due to the

cumulative effect of this new level of increased development may take years to be fully expressed in

habitat and population response.

No single research study, or even a series of studies, regardless of design, and/or inference extent can

provide complete certainty in their conclusion(s). As a result, managers must be vigilant in their judgment

of research study design, its inference space, and applicability to their management issue when making

management decisions. This report cites a large number of published and unpublished studies that can be

placed along the continuum of certainty of conclusion and inference space (Fig. 1). Many of the studies

cited are from different researchers, study sites, methodologies, and/or years which assists and improves

the certainty of the conclusion and inference space (Fig. 1), but ultimately, it is incumbent upon managers

to assess their level of risk (consequences of being wrong) with management decisions based upon the

cited findings.
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The large spatial scales occupied by sage-grouse seasonally (as much as 1,700 mi 2; Leonard et al. 2000)

have made research on how they respond to habitat perturbations difficult to conduct. Although strength

of inference is strongest for replicated experiments, studies of this nature have not been conducted on

large scale perturbations such as oil and gas developments, wind farms, coal mines, powerlines, etc. We

therefore relied on retrospective and correlational studies that looked at changes in sage-grouse

distribution, abundance or demographic rates over time following these developments. We gave greater

credence to conclusions obtained from multiple studies conducted at different locations at different times

that showed similar results.
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Figure 2. Schematic representation of a typology for classifying and predicting the
impacts of human-wildlife interactions (as modified from Johnson and St-Laurent

2011).

Conservation measures described in this report are derived from interpretation of the best available

scientific studies using our best professional judgment. Because there is a degree of uncertainty about the
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effectiveness of these conservation measures, we recommend a rigorous adaptive management process be

employed, with population and habitat monitoring as well as feedback loops so that conservation measures

or policies that are ineffective can be changed (Lyons et al. 2008).
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Appendix C. BMPs for how to make a pond that won't produce mosquitoes that

transmit West Nile virus (from Doherty (2007)).

The following are seven distinct site modifications that if adhered to, would minimize exploitation of CBNG

ponds by Culex torsalis:

1. Increase the size of ponds to accommodate a greater volume of water than is discharged. This will

result in un-vegetated and muddy shorelines that breeding Cx. tarsalis avoid (De Szalay and Resh

2000). This modification may reduce Cx. tarsalis habitat but could create larval habitat for

Culicoides sonorensis, a vector of blue tongue disease, and should be used sparingly (Schmidtmann

et al. 2000). Steep shorelines should be used in combination with this technique whenever possible

(Knight et al. 2003).

2. Build steep shorelines to reduce shallow water (>60 cm) and aquatic vegetation around the

perimeter of impoundments (Knight et al. 2003). Construction of steep shorelines also will create

more permanent ponds that are a deterrent to colonizing mosquito species like Cx. torsalis which

prefer newly flooded sites with high primary productivity (Knight et al. 2003).

3. Maintain the water level below that of rooted vegetation for a muddy shoreline that is unfavorable

habitat for mosquito larvae. Rooted vegetation includes both aquatic and upland vegetative types.

Avoid flooding terrestrial vegetation in flat terrain or low lying areas. Aquatic habitats with a

vegetated inflow and outflow separated by open water produce 5-10 fold fewer Culex mosquitoes

than completely vegetated wetlands (Walton and Workman 1998). Wetlands with open water also

had significantly fewer stage III and IV instars which may be attributed to increased predator

abundances in open water habitats (Walton and Workman 1998).

4. Construct dams or impoundments that restrict down slope seepage or overflow by digging ponds in

flat areas rather than damming natural draws for effluent water storage, or lining constructed

ponds in areas where seepage is anticipated (Knight et al. 2003).

5. Line the channel where discharge water flows into the pond with crushed rock, or use a horizontal

pipe to discharge inflow directly into existing open water, thus precluding shallow surface inflow

and accumulation of sediment that promotes aquatic vegetation.

6. Line the overflow spillway with crushed rock, and construct the spillway with steep sides to

preclude the accumulation of shallow water and vegetation.

7. Fence pond site to restrict access by livestock and other wild ungulates that trample and disturb

shorelines, enrich sediments with manure and create hoof print pockets of water that are attractive

to breeding mosquitoes.
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Appendix D. Best Management Practices for Fluid Mineral Development

Priority Habitats - BMPs are continuously improving as new science and technology become available

and therefore are subject to change. Include from the following BMPs those that are appropriate to

mitigate effects from the approved action.

Roads

" Design roads to an appropriate standard no higher than necessary to accommodate their

intended purpose.

" Locate roads to avoid important areas and habitats.

" Coordinate road construction and use among ROW holders.

" Construct road crossing at right angles to ephemeral drainages and stream crossings.

" Establish speed limits on BLM system roads to reduce vehicle/wildlife collisions or design roads

to be driven at slower speeds.

" Establish trip restrictions (Lyon and Anderson 2003) or minimization through use of telemetry

and remote well control (e.g., Supervisory Control and Data Acquisition).

" Do not issue ROWs to counties on newly constructed energy development roads, unless for a

temporary use consistent with all other terms and conditions included in this document.

" Restrict vehicle traffic to only authorized users on newly constructed routes (use signing, gates,

etc.)

" Use dust abatement practices on roads and pads.

" Close and rehabilitate duplicate roads.

Operations

" Cluster disturbances, operations (fracture stimulation, liquids gathering, etc.), and facilities.

" Use directional and horizontal drilling to reduce surface disturbance.

" Place infrastructure in already disturbed locations where the habitat has not been restored.

" Consider using oak (or other material) mats for drilling activities to reduce vegetation

disturbance and for roads between closely spaced wells to reduce soil compaction and

maintain soil structure to increase likelihood of vegetation reestablishment following drilling.

" Apply a phased development approach with concurrent reclamation.

" Place liquid gathering facilities outside of priority areas. Have no tanks at well locations within

priority areas (minimizes perching and nesting opportunities for ravens and raptors and truck

traffic). Pipelines must be under or immediately adjacent to the road (Bui et al. 2010).
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" Restrict the construction of tall facilities and fences to the minimum number and amount

needed.

" Site and/or minimize linear ROWs to reduce disturbance to sagebrush habitats.

* Place new utility developments (power lines, pipelines, etc.) and transportation routes in

existing utility or transportation corridors.

" Bury distribution power lines.

" Corridor power, flow, and small pipelines under or immediately adjacent to roads.

* Design or site permanent structures which create movement (e.g. a pump jack) to minimize

impacts to sage-grouse.

" Cover (e.g., fine mesh netting or use other effective techniques) all drilling and production pits

and tanks regardless of size to reduce sage-grouse mortality.

" Equip tanks and other above ground facilities with structures or devices that discourage nesting

of raptors and corvids.

" Control the spread and effects of non-native plant species (Evangelista et al. 2011). (E.g. by

washing vehicles and equipment.)

* Use only closed-loop systems for drilling operations and no reserve pits.

" Restrict pit and impoundment construction to reduce or eliminate threats from West Nile virus

(Doherty 2007).

" Remove or re-inject produced water to reduce habitat for mosquitoes that vector West Nile

virus. If surface disposal of produced water continues, use the following steps for reservoir

design to limit favorable mosquito habitat:

" Overbuild size of ponds for muddy and non-vegetated shorelines.

" Build steep shorelines to decrease vegetation and increase wave actions.

" Avoid flooding terrestrial vegetation in flat terrain or low lying areas.

" Construct dams or impoundments that restrict down slope seepage or overflow.

" Line the channel where discharge water flows into the pond with crushed rock.

" Coirstruct spillway with steep sides and line it with crushed rock.

" Treat waters with larvicides to reduce mosquito production where water occurs on the

surface.

" Limit noise to less than 10 decibels above ambient measures (20-24 dBA) at sunrise at the

perimeter of a lek during active lek season (Patricelli et al. 2010, Blickley et al. In preparation).

" Require noise shields when drilling during the lek, nesting, broodrearing, or wintering season.

" Fit transmission towers with anti-perch devices (Lammers and Collopy 2007).
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" Require sage-grouse-safe fences.

" Locate new compressor stations outside priority habitats and design them to reduce noise that

may be directed towards priority habitat.

" Clean up refuse (Bui et al. 2011).

" Locate man camps outside of priority habitats.

Reclamation

" Include objectives for ensuring habitat restoration to meet sage-grouse habitat needs in

reclamation practices/sites (Pyke 2011). . Address post reclamation management in

reclamation plan such that goals and objectives are to protect and improve sage-grouse habitat

needs.

" Maximize the area of interim reclamation on long-term access roads and well pads including

reshaping, topsoiling and revegetating cut and fill slopes.

" Restore disturbed areas at final reclamation to the pre-disturbance landforms and desired plant

community.

" Irrigate interim reclamation if necessary for establishing seedlings more quickly.

" Utilize mulching techniques to expedite reclamation and to protect soils.

General sage-grouse habitat

Best Management Practices

Make applicable BMPs mandatory as Conditions of Approval within general sage-grouse habitat. BMPs

are continuously improving as new science and technology become available and therefore are subject

to change. At a minimum include the following BMPs:

Roads

" Design roads to an appropriate standard no higher than necessary to accommodate their

intended purpose.

" Do not issue ROWs to counties on energy development roads, unless for a temporary use

consistent with all other terms and conditions included in this document.

" Establish speed limits to reduce vehicle/wildlife collisions or design roads to be driven at slower

speeds.

" Coordinate road construction and use among ROW holders.

" Construct road crossing at right angles to ephemeral drainages and stream crossings.

" Use dust abatement practices on roads and pads.
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* Close and reclaim duplicate roads, by restoring original landform and establishing desired

vegetation.

Operations

" Cluster disturbances, operations (fracture stimulation, liquids gathering, etc.), and facilities.

" Use directional and horizontal drilling to reduce surface disturbance.

" Clean up refuse (Bui et al. 2010).

" Restrict the construction of tall facilities and fences to the minimum number and amount

needed.

" Cover (e.g., fine mesh netting or use other effective techniques) all drilling and production pits

and tanks regardless of size to reduce sage-grouse mortality.

" Equip tanks and other above ground facilities with structures or devices that discourage nesting

of raptors and corvids.

" Use remote monitoring techniques for production facilities and develop a plan to reduce the

frequency of vehicle use.

" Control the spread and effects from non-native plant species. (e.g. by washing vehicles and

equipment.)

" Restrict pit and impoundment construction to reduce or eliminate augmenting threats from

West Nile virus (Dougherty 2007).

Reclamation

Include restoration objectives to meet sage-grouse habitat needs in reclamation practices/sites

(Pyke 2011). Address post reclamation management in reclamation plan such that goals and

objectives are to enhance or restore sage-grouse habitat.
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Appendix E. Best Management Practices for Locatable Mineral Development

BMPs are continuously improving as new science and technology become available and therefore are

subject to change. Include from the following BMPs those that are appropriate to mitigate effects from

the approved action.

Roads

" Design roads to an appropriate standard no higher than necessary to accommodate their

intended purpose.

" Locate roads to avoid important areas and habitats.

" Coordinate road construction and use among ROW holders.

" Construct road crossing at right angles to ephemeral drainages and stream crossings.

" Establish speed limits on BLM system roads to reduce vehicle/wildlife collisions or design roads

to be driven at slower speeds.

" Do not issue ROWs to counties on mining development roads, unless for a temporary use

consistent with all other terms and conditions included in this document.

" Restrict vehicle traffic to only authorized users on newly constructed routes (e. g., use signing,

gates, etc.)

" Use dust abatement practices on roads and pads.

" Close and reclaim duplicate roads, by restoring original landform and establishing desired

vegetation.

Operations

" Cluster disturbances associated with operations and facilities as close as possible.

" Place infrastructure in already disturbed locations where the habitat has not been restored.

" Restrict the construction of tall facilities and fences to the minimum number and amount

needed.

" Site and/or minimize linear ROWs to reduce disturbance to sagebrush habitats.

" Place new utility developments (power lines, pipelines, etc.) and transportation routes in

existing utility or transportation corridors.

" Bury power lines.

" Cover (e.g., fine mesh netting or use other effective techniques) all pits and tanks regardless of

size to reduce sage-grouse mortality.

" Equip tanks and other above ground facilities with structures or devices that discourage nesting

of raptors and corvids.
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" Control the spread and effects of non-native plant species (Gelbard and Belnap 2003, Bergquist

et al. 2007).

" Restrict pit and impoundment construction to reduce or eliminate threats from West Nile virus

(Doherty 2007).

" Remove or re-inject produced water to reduce habitat for mosquitoes that vector West Nile

virus. If surface disposal of produced water continues, use the following steps for reservoir

design to limit favorable mosquito habitat:

" Overbuild size of ponds for muddy and non-vegetated shorelines.

" Build steep shorelines to decrease vegetation and increase wave actions.

" Avoid flooding terrestrial vegetation in flat terrain or low lying areas.

" Construct dams or impoundments that restrict down slope seepage or overflow.

" Line the channel where discharge water flows into the pond with crushed rock.

" Construct spillway with steep sides and line it with crushed rock.

" Treat waters with larvicides to reduce mosquito production where water occurs on the

surface.

" Require sage-grouse-safe fences around sumps.

" Clean up refuse (Bui et al. 2010).

" Locate man camps outside of priority sage-grouse habitats.

Reclamation

" Include restoration objectives to meet sage-grouse habitat needs in reclamation practices/sites.

Address post reclamation management in reclamation plan such that goals and objectives are

to protect and improve sage-grouse habitat needs.

" Maximize the area of interim reclamation on long-term access roads and well pads including

reshaping, topsoiling and revegetating cut and fill slopes.

" Restore disturbed areas at final reclamation to pre-disturbance landform and desired plant

community.

" Irrigate interim reclamation as necessary during dry periods.

Utilize mulching techniques to expedite reclamation.
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Appendix F. Best Management Practices for Fire & Fuels (wo IM 2011-138)

Fuels Management BMPs:

1. Where applicable, design fuels treatment objective to protect existing sagebrush ecosystems, modify fire
behavior, restore native plants, and create landscape patters which most benefit sage-grouse habitat.

2. Provide training to fuels treatment personnel on sage-grouse biology, habitat requirements, and
identification of areas utilized locally.

3. Use fire prescriptions that minimize undesirable effects on vegetation or soils (e.g., minimize mortality of
desirable perennial plant species and reduce risk of hydrophobicity).

4. Ensure proposed sagebrush treatments are planned with interdisciplinary input from BILM and /or state
wildlife agency biologist and that treatment acreage is conservative in the context of surrounding sage-
grouse seasonal habitats and landscape.

5. Where appropriate, ensure that treatments are configured in a manner (e.g., strips) that promotes use
by sage-grouse (See Connelly et al., 2000*)

6. Where applicable, incorporate roads and natural fuel breaks into fuel break design.

7. Power-wash all vehicles and equipment involved in fuels management activities prior to entering the
area to minimize the introduction of undesirable and/or invasive plant species.

8. Design vegetation treatment in areas of high frequency to facilitate firefighting safety, reduce the risk of
extreme fire behavior; and to reduce the risk and rate of fire spread to key and restoration habitats.

9. Give priority for implementing specific sage-grouse habitat restoration projects in annual grasslands first
to sites which are adjacent to or surrounded by sage-grouse key habitats. Annual grasslands are second
priority for restoration when the sites not adjacent to key habitat, but within 2 miles of key habitat. The
third priority for annual grasslands habitat restoration projects are sites beyond 2 miles of key habitat. The
intent is to focus restoration outward from existing, intact habitat.

10. As funding and logistics permit, restore annual grasslands to a species composition characterized by
perennial grasses, forbs, and shrubs.

11. Emphasize the use of native plant species, recognizing that non-native species may be necessary
depending on the availability of native seed and prevailing site conditions.

12. Remove standing and encroaching trees within at least 100 meters of occupied sage-grouse leks and
other habitats (e.g., nesting, wintering, and brood rearing) to reduce the availability of perch sites for avian
predators, as appropriate, and resources permit.
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13. Protect wildland areas from wildfire originating on private lands, infrastructure corridors, and

recreational areas.

14. Reduce the risk of vehicle or human-caused wildfires and the spread of invasive species by planting

perennial vegetation (e.g., green-strips) paralleling road rights-of-way.

15. Strategically place and maintain pre-treated strips/areas (e.g., mowing, herbicide application, and
strictly managed grazed strips) to ail in controlling wildfire should wildfire occur near key habitats or
important restoration areas (such as where investments in restoration have already been made).

Fire Management BMPs:

1. Develop state-specific sage-grouse toolboxes containing maps, a list of resource advisors, contact
information, local guidance, and other relevant information.

2. Provide localized maps to dispatch offices and extended attack incident commanders for use in
prioritizing wildfire suppression resources and designing suppression tactics.

3. Assign a sage-grouse resource advisor to all extended attack fires in or near key sage-grouse habitat
areas. Prior to the fire season, provide training to sage-grouse resource advisors on wildfire suppression
organization, objectives, tactics, and procedures to develop a cadre of qualified individuals.

4. On critical fire weather days, pre-position additional fire suppression resources to optimize a quick and
efficient response in sage-grouse habitat areas.

5. During periods of multiple fires, ensure line officers are involved in setting priorities.

6. To the extent possible, locate wildfire suppression facilities (i.e., base camps, spike camps, drop points,
staging areas, heli-bases) in areas where physical disturbance to sage-grouse habitat can be minimized.
These include disturbed areas, grasslands, near roads/trails or in other areas where there is existing
disturbance or minimal sagebrush cover.

7. Power-wash all firefighting vehicles, to the extent possible, including engines, water tenders, personnel
vehicles, and ATVs prior to deploying in or near sage-grouse habitat areas to minimize noxious weed

spread.

8. Minimize unnecessary cross-country vehicle travel during fire operations in sage-grouse habitat.

9. Minimize burnout operations in key sage-grouse habitat areas by constructing direct fireline whenever
safe and practical to do so.

10. Utilize retardant and mechanized equipment to minimize burned acreage during initial attack.

11. As safety allows, conduct mop-up where the black adjoins unburned islands, dog legs, or other habitat

features to minimize sagebrush loss.
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LINKING OCCURRENCE AND FITNESS TO PERSISTENCE: HABITAT-

BASED APPROACH FOR ENDANGERED GREATER SAGE-GROUSE

CAMERON L. ALDRIDGE' AND MARK S. BoYCE

Department of Biological Sciences, University of Alberta, Edmonton, AB T6G 2E9 Canada

Abstract. Detailed empirical models predicting both species occurrence and fitness across

a landscape are necessary to understand processes related to population persistence. Failure to

consider both occurrence and fitness may result in incorrect assessments of habitat importance

leading to inappropriate management strategies. We took a two-stage approach to identifying

critical nesting and brood-rearing habitat for the endangered Greater Sage-Grouse

(Centrocercus urophasianus) in Alberta at a landscape scale. First, we used logistic regression

to develop spatial models predicting the relative probability of use (occurrence) for Sage-

Grouse nests and broods- Secondly, we used Cox proportional hazards survival models -to

identify the most risky habitats across the landscape. We combined these two approaches to

identify Sage-Grouse habitats that pose minimal risk of failure (source habitats) and attractive

sink habitats that pose increased risk (ecological traps). Our models showed that Sage-Grouse

teleat for heterogeneoua patches of moderate sagebrush cover (quadratic relationship) and

avoid anthropogenic edge habitat for nesting. Nests were more successful in heterogeneous

habitats, but nest success was independent of anthropogenic features. Similarly, broods

selected heterogeneous high-productivity habitats with sagebrush while avoiding human

dtcvIopvtnrntt, cultivated cropland, and high dcnsitics of oil wells. Chick mortalities tended to

occur in proximity to oil and gas developments and along riparian habitats. For nests and

broods, respectively, approximately 10% and 5% of the study area was considered source

habitat, whereas 19% and 15% of habitat was attractive sink habitat. Limited source habitats

appear to ne the main reason tor poor nest success (39%) and low chick survival (12%). Our

habitat models identify areas of protection priority and areas that require immediate

management attention to enhance recruitment to secure the viability of this population. This

novel approach to habitat-based population viability modeling has merit for many species of

concern.
Key wvordv: Alberta, Canada; Centrocercus urophasianus; Cox proportional hazard: fitness, Greater

Sage-Grouse; habitat; logistic regression; occurrence; persistence: population viability: sagebrush.

INTRODUCTION

Detailed theoretical and empirical models linking
resources to both animal occurrence and fitness mea-
sures are necessary to understand the underlying
processes determining population persistence. Although

numerous local population studies focusing on fine-scale
habitat correlations with various species declines have
been conducted, landscape-scale habitat models (Frank-
lin et al. 2000, Wisdom et al. 2002a, b, Akqakaya et al.

2004) or range-wide analyses addressing processes and
patterns of persistence have been attempted for relative-

ly few species (see Mattson and Merrill 2002, Laliberte
and Ripple 2004). Only a handful of these studies have
integrated population dynamics with landscape-level
resources (Wiegand et al. 1998, Akqakaya et al. 2004),

with even fewer successfully decomposing models to
critical life stages and addressing landscape-level drivers
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accepted 10 July 2006. Corresponding Editor: T. R. Simons.
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of fitness (see Breininger et al. 1998, Franklin et al. 2000,
Larson et al. 2004). Links to fitness are a critical and

necessary component for long-term conservation of
many species of concern (Donovan and Thompson

2001) that allows biologists and managers to suitably
assess population viability (Boyce et al. 1994, Boyce and
McDonald 1999).

Ultimately, measures of habitat quality must link
fitness (reproduction and survival; Van Home 1983,

Morrison 2001) to resources to accurately assess how
resources affect population viability. Occurrence or

abundance may not be a good indicator of fitness
(Van Horne 1983, Hobbs and Hanley 1990, Morrison
2001, Tyre et al. 2001), particularly in human-dominated
landscapes (Remes 2000, Bock and Jones 2004), due to
the creation of ecological traps. Thus, assessments
should involve the identification of (1) habitats that
animals are likely to use (occurrence), in addition to (2)

habitats where animals are likely to be successful
(fitness). Habitat patches where animals are likely to

occur and that also have high reproduction and/or
survival measures are source habitats (Pulliam 1988,

Breininger et al. 1998), whereas habitats with abundant

508



. A
March 2007 HABITATS FOR SAGE-GROUSE PERSISTENCE 509

animals but poor fitness have been referred to as
attractive sinks (Delibes et al. 2001, Larson et al. 2004)
or ecological traps (Donovan and Thompson 2001,
Battin 2004, Bock and Jones 2004). Failure to differen-
tiate attractive sinks from source habitats may result in
incorrect assessments of habitat importance, ultimately
leading to inappropriate management. However, the

ability to appropriately assess habitat quality is limited

by the difficulty in gathering suitable basic life-history
information for many species (Donovan and Thompson
2001), particularly those that are rare or have low
reproductive rates.

Sagebrush-steppe habitats have undergone extensive
changes since European settlement. Today, many of
these habitats are considered imperiled, facing continu-
ing fragmentation and degradation (Knick et al. 2003,
Connelly et al. 2004) due to conversion to agriculture
(Connelly et al. 2004), invasion by nonnative species
(Knick et al. 2003, Connelly et al. 2004), energy
extraction activities and developments (Braun et al.
2002, Lyon and Anderson 2003), intense grazing
pressure (Beck and Mitchell 2000, Hayes and Holl
2003, Crawford et al. 2004), and climate change (Neilson
et al. 2005). As a result, species dependent on sagebrush-
steppe have experienced drastic range contractions and
population declines. Sage-Grouse (Centrocercus spp.)
are a notable example. Currently, Sage-Grouse exist in
about half of their historic range (Schroeder et al. 2004),
with individual populations declining by 15-90% since
the early 1970s (Connelly and Braun 1997, Aldridge and
Brigham 2003, Connelly et al. 2004). Many populations
are at risk of extirpation, reinforcing the need to
appropriately assess habitat relationships for this
species.

Although much research has been conducted at fine
scales, addressing factors related to nest success (Al-
dridge and Brigham 2001, Connelly et al. 2004, Holloran
et al. 2005) and some related to chick survival (Aldridge
and Brigham 2001, Aldridge 2005), research assessing
potential landscape features driving habitat selection
and fitness is limited. Other than the recently published
Greater Sage-Grouse (Centrocercus urophasianus) con-
servation assessment (Connelly et al. 2004), which
summarized range-wide habitats and threats, only one
study, to our knowledge, used a habitat-based landscape
approach to assess Greater Sage-Grouse population
persistence within the interior Columbia basin of the
western United States (Wisdom et al. 2002a, b).

Within its current range, the Alberta Greater Sage-
Grouse (hereafter Sage-Grouse) population has declined
66-92% since the 1970s (Aldridge and Brigham 2003,
Connelly et al. 2004). This population (endangered
provincially and within Canada; Aldridge and Brigham
2003) is isolated from other populations and inhabits a
heavily fragmented landscape dominated by oil and gas
activities (Braun et al. 2002), and has only 400-600 birds
remaining (Aldridge 2005). Low productivity limits this
population (Aldridge and Brigham 2001, 2002, 2003,

Aldridge 2005) and the implementation of long-term
habitat management initiatives may be required before
increases occur (Crawford et al. 2004).

Our overall objective was to identify nesting and

brood-rearing habitats critical to the persistence of Sage-
Grouse in Alberta. First, we developed landscape-level

occurrence models predicting where Sage-Grouse are

likely to nest and raise their young. Secondly, we

developed survival models to identify the most risky

habitat for Sage-Grouse nests and for chicks. We

validated the predictive capacity of these models using
independent data sources from prior research in Alberta.
We combined these two approaches to identify source
habitats where Sage-Grouse are likely to occur and also

be successful. Conversely, we identified ecological trap

habitats that are attractive to Sage-Grouse, but are

habitats where nests are likely to fail, or chicks are likely
to die. We used these habitat states to identify areas that
require immediate management attention. We discuss
our findings within the context of potential reclamations
or landscape improvements that could result in the
transformation of ecological trap habitats into higher
quality source habitats that are likely to sustain the
Alberta Greater Sage-Grouse population.

METHODS

Study area

Sage-Grouse are found within a 4000 km 2 area of the
dry mixed-grass prairie of southern Alberta, Canada
(Fig. 1). Our study area (49024' N, 1100421 W, -900 m
elevation) encompasses the core of this range (1110 km 2;
Fig. 1). Most lands are grazed by cattle, and roughly
one-third of this area is influenced by oil and gas
activities. Summer (July-August) temperatures average
19.1 0C and annual precipitation is -358 mm (Onefour
Agriculture and Agri-food Canada Research Station
[2004], unpublished weather data). Silver sagebrush
(Artemisia cana Pursh) is the dominant shrub, and there
are a variety of different forb species, including pasture
sage (A. frigida Willd.), several species of clover
(Trifolium spp. and Melilotus spp.), vetch (Astragalus
spp.), and common dandelion (Taraxacum officinale
Weber ex Wiggers). Needle-and-thread grass (Hesper-
ostipa comata Trin. and Rupr.), june grass (Koeleria
macrantha Ledeb.), blue grama (Bouteloua gracilis
Willd. ex Kunth), and western wheatgrass (Pascopyrum
smithii Rydb.) are the dominant grass species (Coupland
1961, Aldridge and Brigham 2003).

Field techniques

Female Sage-Grouse were captured during the breed-
ing season from five of eight known active leks (breeding
sites) in southeastern Alberta from 2001 to 2004 and
were fitted with a 14-g necklace-style radiotransmitter
(RI-2B transmitters, Holohil Systems, Carp, Ontario,
Canada). Hens were located every second day so that
nesting attempts and nest fate could be assessed. Nest
initiation and hatch/failure were estimated as the
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midpoint between consecutive (every two days) reloca-
tions (Manolis et al. 2000) following Aldridge (2005).
From 2001 to 2003, if a nest was successful (i.e., >_ egg

hatched), we captured chicks by hand as soon as
possible after hatch and attached 1.6-g microtransmit-
ters (BD-2G transmitters, Holohil Systems, Carp,
Ontario, Canada) to two randomly chosen chicks from
each brood (see Burkepile et al. 2002, Aldridge 2005).
Hens with broods (2001-2004) and chicks (2001-2003)
were relocated every two days during the brood-rearing

period.

GIS predictor variables

We developed a suite of variables in a GIS that may
be important as predictors of Sage-Grouse nest and
brood occurrence, as well as survival of nests and chicks.
These variables were related to either habitat character-
istics or human influences (see Table I for a detailed
description of each variable and its data source). We
used a dry mixed-grass plant community guide based
primarily on soil types (Adams et al. 2005) to identify
Sage-Grouse ecosite range plant communities (B. W.
Adams, personal communication). We generated sum-
mary statistics calculating the proportion of each habitat
class within a l-kmi2 moving window across the
landscape. We used a July 2000 Landsat TM Satellite
image to generate brightness, greenness, and NDVI
(Normalized Difference Vegetation Index) values using
a tasselled-cap transformation (Crist and Cicone 1984,
Sellers 1985) in the program PCI Geomatica Prime 8.2
(PCI Geomatics 2001). We also estimated the mean and
standard deviation (SD) of NDVI values within a I-km2

moving window. Higher SD values represent more
heterogeneous (variable) habitat patches.

The importance of sagebrush in providing nesting
habitat at local scales has been demonstrated (Sveum et
al. 1998b, Aldridge and Brigham 2002, Holloran et al.
2005), and sagebrush may also be selected at brood-
rearing sites (Aldridge and Brigham 2002, Aldridge
2005). We used a digital map of sagebrush developed
from aerial photo interpretation to estimate sagebrush
cover (the percentage of each landscape polygon that
was covered with sagebrush plants; Jones et al. 2005) at
the each pixel and I-km2 window scales. Sage-Grouse
may select for intermediate sagebrush cover (quadratic
relationship or concave selection function; Aldridge
2005), because very thick shrub cover can limit
herbaceous understory and reduce a bird's ability to
detect predators (Wiebe and Martin 1998). Thus, we
also assessed selection for sagebrush cover metrics as
quadratic functions (Table i). Finally, we reclassified the
sagebrush density distribution defined by Jones et al.
(2005) into two measures of "patchy" or heterogeneous
sagebrush distribution, estimated per pixel and at the I-
km2 scale (see Table I).

Sage-Grouse broods move to mesic habitats with
greater forb (Drut et al. 1994a, Sveum et al. 1998a) and
insect (Johnson and Boyce 1991, Drut et al. 1994b)

G3E AND MARK S. BOYCE Ecological Applications
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abundance later in the summer. We used a soil-moisture

index derived from a digital elevation model (DEM; see

Evans 2002) called a compound topographic index

(CTI), which is correlated with soil moisture and

nutrients (Gessler et al. 1995). Similar to our lines of

inference for NDVI, we also calculated measures of the

mean CTI and the variability (SD) in CTI within a I-

km 2 moving widow (Table 1). In addition, we calculated

the distance to the nearest water source (Table I).

Anthropogenic landscape features included distance

measures for roads, trails, oil well sites, crop (cultivated

lands), and urban (town, farmstead, energy infrastruc-

ture) areas, as well as a density measure for each variable

calculated as the linear kilometer per square kilometer

for roads and trails, the number of well sites within a I-

km 2 window, and the proportion of area that was either

crop or urban within a i-km2 window. Noise and human

activity associated with road and oil wells may be

avoided by (Braun et al. 2002) or may have negative

consequences (Lyon and Anderson 2003) for Sage-

Grouse. Thus, we also summed the number of pixels

classified as either roads or well sites that were visible

from any given cell within 250, 500, and 1000 m. To

assess how water impoundments (e.g., dams, dugouts,
canals, and so on; McNeil and Sawyer 2003) influence
habitat selection by Sage-Grouse, we generated distance
and density measures for water impoundments (Table
1). The final anthropogenic variables were distance and
density measures (proportion of habitat within I-kmn2

window) for human habitat (roads, oil wells, urban),
and nonnatural edge habitats (roads, oil wells, urban,
and crop). All GIS analyses were conducted using
ArcGIS 8.3 (ESRI 2002).

Model development

We conducted univariate analyses for all predictor
variables (Hosmer and Lemeshow 2000), using P < 0.25
based on a Wald z statistic as a cutoff for inclusion in
the full model. We assessed each variable for outliers
and nonlinearities (Hosmer and Lemeshow 1999, 2000).
If two parameters were correlated (r > 10.61), we
retained the variable with the smaller P value. We
assessed the full model, dropping the least significant
parameter (i.e., largest P value), refitting the reduced
model and repeating the process until all remaining
parameters were significant at a = 0.05 (Hosmer and
Lemeshow 1999, 2000). We tested for multicollinearity
using variance inflation factors (VIF; Menard 1995),
removing variables if VIF scores for individual param-
eters > 10 or mean model scores > I (Chatterjee et al.
2000). All analyses were conducted in STATA 8.2
(STATA 2004), and descriptive results are presented as
means ± SE.

Logistic regression occurrence analyses

We define occurrence as the relative probability of Sage-
Grouse resource use based on detections from radiote-
lemetry. We evaluated third-order habitat selection
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FIG. 1. Alberta Greater Sage-Grouse study area showing sagebrush density along with roads, trails, well pads, and major water
bodies. The inset map shows the study area and current range of Sage-Grouse within Alberta, Canada, with major rivers, water
bodies, and cities for reference.

(Johnson 1980) using resource selection functions (RSFs;
Manly et al. 2002) with a design II approach, following
individuals to identify a set of used resources, but assessing
availability at the population level (Erickson et al. 2001).
The RSF is equivalent to the logistic discriminant
contrasting the distributions of used and available
resource units (Keating and Cherry 2004, Johnson et al.
2006). Coefficients for RSF models are presented as

unstandardized linear estimates and standard errors. We
generated 5000 random locations across a l-km buffer
around a 100% minimum convex polygon surrounding all
Sage-Grouse nest and brood locations combined (1110
km 2 area), resulting in a sample density of about five
available resource units per square kilometer. Due to
models being heavily biased toward the larger sample of
available (0) resource units, we used an importance weight,
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TABLE I. Explanatory GIS variables used for Sage-Grouse nest and brood/chick occurrence and survival models in southeastern

Alberta, Canada.

Variable Data type Description

Brit 30 m cont. brightness generated from a Landsat 7 TM satellite image
Green 30 m cont. greenness generated from a Landsat 7 TM satellite image
Wet 30 m cont. wetness generated from a Landsat 7 TM satellite image
NDVI 30 m cont. NDVI calculated from a TM satellite image
NDVIavg 30 m cont. mean NDVI value within a I-km2 moving window
NDVIsd 30 m cont. standard deviation of NDVI within a I-km 2 window
CTI 30 m cont. Compound Topographic Index (high values - increased moisture)
CTI mean 30 m cont. mean CTI values within a l-km• moving window
CT_-sd 30 rn cont. standard deviation of CTI values within a l-km moving window
Well-dist 10 m cont. distance to nearest standing energy well site
Well-dens 10 m cont. count of energy well sites within a I-km2 moving window
vWell1..km, 500 m, _250 m 30 m cont. no. visible 30-m pixels that are wells within radius of I kin, 500 m, or 250 m
Rd dst 10 m cont. distance (km) to nearest road (any paved or gravel road)
Rd-dens 10 m cont. linear km per km2 of roads
vRdl km. _500 m. -250 m 30 in cont. no. visible 30-m pixels that are road within radius of I km, 500 m, or 250 m
Tr dst 10 m cont. distance (km) to nearest trail (non-paved or gravelled truck trail)
Tr dens 10 m cont. linear km per km 2 of trails
Impdst 10 m cont. distance to nearest water impoundment (dam, dugout, canal, combination)
Impjdens 10 in cont. count of no. water impoundments within a I-kminmoving window
Water__st 10 m cont. distance to nearest natural permanent or semipermanent water body
SB 10 m cont. sagebrush cover (%) as identified from air photo interpretation
SB 2  10 m cont. squared term for SB
SBmean 10 m cont. mean sagebrush cover (%) within a I-km 2 moving window
SBmean2  10 m cont. squared term for SBmean
SBjpchl, SB pch2 10 in cont. patchy sagebrush distribution I (codes 7, 8, 9) or 2 (codes 7, 8, 9, II)

from Jones et al. (2005)
pSBpchl, pSBf._pch2 10 m cont. proportion of habitat within a I-km2 moving window that is SB_pchl

or SBpch2, respectively
Crtp._dt 10 m cont. distance to nearest cultivated lands
pCrop 10 m cont. proportion of habitat within a I-km2 moving window that is cultivated
pUrban 10 in cont. proportion of habitat within a I-km 2 moving window that is urban

(town, ranch, energy compressor station, and so on)
Urban dst 10 m cont. distance to nearest urban developments
Ecol 10 m cat. loamy range site with well-drained soils, low sagebrush cover
Eco2 10 m cat. saline lowlands. swales and depression, sparse low sagebrush
Eco3 10 m cat. blowout and overflow sites, solonetzic soils; plant community varies,

but higher density of sagebrush
Eco4 10 m cat. loamy upland sites with medium texture soils, fescue and wheat grasses
Eco5 10 m cat. thin break range sites, soils vary, characterized by greater shrub cover
Eco6 10 m cat. badlands type habitats with juniper and needle-and-thread-blue grama
Eco7 10 m cat. broad, wetland and shrubby (willow, rose. snowberry) riparian habitats
Eco8 10 mn cat, all altered habitats (urban, crop, wells and roads), see Hum and Edge
pEcol, pEco2, .. pEco7 10 m cont. proportion of habitat within a I-km2 moving window that is Ecol,

Eco2, ... Eco7
Hum dst 10 m cont. distance to any human habitat (roads, wells, urban)
pHum 10 m cont. proportion of habitat within a l-km moving window that is human habitats
Edge dst 10 m cont. distance to habitat that creates nonnatural edge habitats (human above +- crop)
pEdge 10 m cont. proportion of habitat within I-km2 moving window that is edge habitats

Notes: All variables were first tested univariately in occurrence (logistic regression) and survival (proportional hazards) models.
Candidate variables with P < 0.25 were removed, and correlated variables with higher P values were removed. Data type refers to
continuous (cont.) or categorical (cat.) variables. All distance measures are in kilometers. NDVI is the Natural Difference
Vegetation Index. Data sources are as follows: TM-derived variables were based on a 22 July 2000 Landsat 7 image (Path 39 Row
26); digital elevation models (DEM) were derived from 1:50 000 National Topographic Database Contour Lines; sagebrush, crop,
urban, and water base features are from Jones et al. (2005); sagebrush cover is the percentage of the area within each polygon
covered by sagebrush (Jones et al. 2005). linear features were based on a 2001 landscape from Alberta Provincial Base features
(1:20000); well locations were provided by Alberta Energy for the study area as of August 2002; water impoundments were mapped
based on McNeil and Sawyer (2003), EcoI-Eco7 are dry mixed-grass rangeland ecosite plant community bins after Adams et al.
(2005); a viewshed analyses tool for ArcGIS 8.3 (H. L. Beyer, (http://www.spatialecology-com/htools/overview.php)), together with
a DEM to generate these data, was used to generate density of viable wells and roads. For visibility purposes, we assumed that well
sites were 9 m in height and that the average vehicle was 2 m in height.

which gave full weighting to used resource units, but standard errors and P values for coefficient estimates.

available resource units received a weighting (down) Given that a shift in brood habitat to more mesic sites at
proportional to the ratio of sampled use (1) points to about seven weeks of age (Dunn and Braun 1986, Sveumn
available points (STATA 2004, Users Guide). Weighting et al. 1998a) does not occur in Alberta (Aldridge and
effectively adjusts (inflates) the standard errors of the Brigham 2002), we combined locations throughout the

estimates, and allows for traditional inferences about brood-rearing period for all analyses.
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Proportional hazards survival analyses

We used the Cox proportional hazards regression
model (Cox 1972) to assess how landscape variables
affect nest survival or success and chick survival. The
Cox model allows for left- and right-censoring of data
(Andersen and Gill 1982, Cleves et al. 2004) and
estimates the hazard rate. We present coefficients for
all survival models as hazard ratios (exp[~i]) and
standard errors. For chick survival models, we estimated
a shared frailty Cox proportional hazards model to
account for lack of independence of chicks within
broods (Cleves et al. 2004, Wintrebert et al. 2005). We
used the Breslow estimation of the continuous-time
likelihood calculation (Cleves et al. 2004) to partition
deaths with tied failure times. We assessed the propor-
tional hazards assumption (Winterstein et al. 2001) for
our models by testing for nonzero slopes of Schoenfeld
residuals (Schoenfeld 1982) and by inspecting logarithm
plots of the estimated cumulated hazard functiong1

(Cleves et al. 2004).

Model assessment and validation

We used a X2 statistic (Hosmer and Lemeshow 2000)
to asses the fit of all final models, except for the chick
shared frailty model, for which we used a Wald X2

statistic (Hosmer and Lemeshow 1999). We estimated
the cumulative daily relative risk of failure for top
survival models as the sum of the predicted relative
hazard for each individual nest or chick divided by
exposure days. We used these predictions to assess the
predictive accuracy based on receiver operator charac-
teristic (ROC) estimates (Fielding and Bell 1997). High
model accuracy results in ROC estimates above 0.9,
good model accuracy between 0.7 to 0.9, and values
below 0.7 indicate low model accuracy (Swets 1988,
Manel et al. 2001). We used the percentage correctly
classified (PCC) at the optimal cutoff (where the
absolute value of the difference between sensitivity and
specificity is minimized; Liu et al. 2005) to estimate of
the predictive capacity of the top occurrence models. We
considered PCC > 80% as excellent model prediction
and PCC > 70% was reasonable prediction (Nielsen et
al. 2004). We also validated our nest survival model by
predicting it to an independent sample of 38 nests with
known fate produced by 31 different females from 1998
to 2000 (Aldridge and Brigham 2002). We assessed fit
and prediction as previously described for model
training data. We did not have independent chick
survival data for validation, and limited sample sizes
(41 chicks) prevented us from folding our data for cross-
validation purposes (Boyce et al. 2002). Thus, for both
chick and nest survival models, we took the predicted
daily hazard and tested for differences in the rate of
failures or deaths (nest or chick) compared to those that
survived. If the model was predictive, failed chicks or
nests should have been exposed to greater daily hazards.
We used a one-tailed t test with unequal variances to test
for differences in daily relative hazard rates.

X

5

4

3

2

1

Low occurrence/
noncritical habitat

1 2 3 4 5

Occurrence index

FIG. 2. A graphic representation of nesting and brood-
rearing habitat states for Greater Sage-Grouse in southeastern
Alberta. States include noncritical (low occurrence) habitat,
primary habitat (high occurrence and low-to-moderate risk),
secondary habitat (good occurrence and low-to-moderate risk),
primary sink (high occurrence and moderate-to-extreme risk),
and secondary sink (high occurrence and moderate-to-extreme
risk). The figure is developed from the approach of Nielsen et
al. (2006).

For RSF models, it is inappropriate to assess model
accuracy and predictive capacity using ROCs and PCC
(Boyce et al. 2002). Thus, we predicted the RSF to
generate relative index-of-occurrence scores, ranking
habitat pixels into five quantile bins; bin I was the lowest
rank. For each model, we initially grouped the landscape
into 10 quantile bins, each with an equal proportion of
the landscape (see Boyce et al. 2002). In most cases
though, some bins contained no training or validation
data points, forcing us to lump bins to avoid null cells.
We adjusted for availability of habitat (amount of area)
within each bin as suggested by Boyce et al. (2002). We
used a Spearman rank correlation to test for a
correlation between frequency (area-adjusted) of use
locations within increasing bin ranks (Boyce et al. 2002).
Again, we validated both occurrence models using
training data sets (2001 to 2004), and performed out-
of-sample validation (1998 to 2000) using an indepen-
dent sample of 40 nest locations produced by 33
different females, and 151 brood locations from 16
different broods (Aldridge and Brigham 2002, Aldridge
2005).

Development of habitat states

We defined the five ranked bins for nest and brood
occurrence models as (1) poor, (2) low, (3) moderate, (4)
good, and (5) high occurrence, with good-to-high bins
indicating that Sage-Grouse were likely to occur there.
Similarly, we applied survival models, ranking the
predicted relative risk of failure (nest or chick) for the
survival models, into five quantile risk bins: (1) minimal,



514 CAMERON L. ALDRIDGE AND MARK S. BOYCE Ecological Applications
Vol. 17, No. 2

a Nest occurrence index Linea

m Poor Goodi Roads

Low High ---- Trails

ir features

FIG. 3. Relative index of Sage-Grouse (a) nest and (b) brood occurrence in southeastern Alberta, as determined by logistic-
regression occurrence models. Good and high index values indicate that Sage-Grouse are likely to use these habitats for nests or
brood-rearing, respectively.

(2) low, (3) moderate, (4) high, and (5) extreme risk of

failure. We used these occurrence and risk indices to
identify five different habitat states, similar to the
methods of Nielsen et al. (2006). Firstly, occurrence
bins ranking from poor to moderate (1-3) were classified
as overall low use, and it was assumed that Sage-Grouse
would be unlikely to occur in those habitats, although
we tested this with validation data. We refer to bin 5 as
primary habitat and bin 4 as secondary habitat, based

on the relative probability of use of resource units in
these bins. We overlaid the respective nest or chick
survival model predictions on the occurrence maps in

our GIS to identify the habitat states. Primary and
secondary occurrence habitats falling in areas of
moderate-to-extreme risk (bins 3-5) were classified as
attractive sink habitats, broken into primary and
secondary sinks, respectively. Similarly, habitats with
low risk (bins 1-2) but high occurrence (occurrence bins
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5 and 4) were considered primary or secondary source
habitat. We graphically illustrate these conceptual
habitat classes in Fig. 2 and develop maps depicting
these habitat states for nesting and brood-rearing
habitats within each habitat state.

RESULTS

From 2001 to 2004, we located 113 Sage-Grouse nests
for occurrence modeling (two nests were from unmarked
females). Nest survival/success over the 28 day incuba-
tion period was 39.4% ± 4.84% for 111 nests produced
by 61 radio-marked females (all values reported as mean

± SE). With only five of Ill nests produced by
yearlings, we were precluded from testing for age effects.
There was no difference in nest survival among years of
our study (log rank X2 = 5.50, P = 0.14) and there was no
difference in survival between initial (40.2% ± 5.7%, n =
77) and second nesting attempts (37.5% ± 9.0%, n = 34;
log rank j

2 = 0.07, P = 0.79), allowing us to combine all
nests when modeling survival.

From 2001 to 2004, we identified a total of 669 brood
locations from 35 Sage-Grouse broods (19.11 ± 0.60
locations/brood), which we used to model brood
occurrence. From 2001 to 2003, we radio-marked 41
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TABLE 2. Estimated coefficients (0j,) and standard errors for
the final nest occurrence model for 113 Sage-Grouse nests in
southeastern Alberta from 2001 to 2004.

Variable Pi SE P

Brit -0.0215 0.0082 0.009
SBmean 0.1025 0.0401 0.011
SBmean2  -0.0014 0.0007 0.047
pSB__pch2 1.5251 0.7602 0.045
pEco6 -3.0573 0.9654 0.002
pEdge -2.8002 1.3531 0.038

Notes: To characterize habitat availability, 5000 random
points were used; these points were weighted using importance
weights such that the available sample was effectively 113
points. P values indicate the significance of the coefficients
using a Wald z statistic.

chicks from 22 different broods. Chick survival to 56
days using the shared frailty proportional hazards model
was 12.3% and there was significant correlation (at c =
0.10) in the fate of chicks within broods (0 = 0.96, P =
0.086).

Nest occurrence

Our stepwise modeling approach resulted in a final
nest occurrence model that contained six parameters
(Table 2); no interactions were significant. This model
had good fit (likelihood ratio y4 = 53.62, P < 0.0001).
Sage-Grouse showed strong avoidance of badland
habitats (0pEco6 =-- 3 .057 3), areas with a high proportion
of anthropogenic edge habitats (0pEdge = -2.8002), and
areas with greater brightness values (PBat = -0.0212).
Conversely, Sage-Grouse selected nesting habitat that
contained large patches (I km 2) of moderate sagebrush
cover (quadratic or concave relationship; PSBsm.an =

0.1025 + P5Bmean = -0.0014), but where the distribution
of sagebrush within these patches was heterogeneous

( 3pSB._patch2 = 1.5251; Table 2).
When we applied this model to the study area (Fig.

3a) and mapped the five habitat bins, only 30% of the
landscape was considered to have a good-to-high
likelihood of Sage-Grouse nesting there. However, the
majority of nests (72% of training nests and 65% of
validation nests) occurred within the good-to-high
habitat bins, indicating that lower ranked habitat bins
were used less frequently. Both the nests (n = 11 3 nests)
that we used to build the model (years 2001-2004) and
the validation sample (years 1998-2000, n = 40 nests)
showed an increasing frequency (area-adjusted) of
occurrence within the predicted nest index bin (training
data: rs= 1.00, P < 0.0001; testing data: rs= 1.00, P <
0.0001), suggesting that the RSF for nest occurrence was
approximately proportional to probability of use.

Brood occurrence

After stepwise removal of variables, the final brood
occurrence model contained 15 significant variables with
no interaction terms. This model had good fit (likelihood
ratio X25 = 583.32, P < 0.0001). Similar to the nest
occurrence model, hens with broods selected for large

patches (I km2) of moderate sagebrush cover (quadratic;

PSBmean = 0.10 44 5 + p2 . = -0.00 10) that contained a
patchy distribution of sagebrush (0pSB patch2 = 1.7924;
Table 3). Selection was strong for mesic habitats,
selecting for higher wetness values (Pw~t = 0.0217) and
higher mean CTI scores (Iknnmean = 0.4835), while
avoiding high brightness values (PBant = -0.0076; Table
3). Broods avoided habitats associated with a high
density of urban developments (PpUrban = -64.9741),
areas close to cultivated cropland (kCropdist = 0.1525),
and habitats composed largely of ecosite plant commu-
nity types in bins 4 (loamy upland sites), 5 (thin break
sites), and 6 (badland sites; Table 3). Sage-Grouse
broods tended to occur in areas with a greater density of
trails (,rr_der, = 0.2336) and were closer to water
impoundments than random (Pimp._dist = -0.6305; Table
3). Broods tended to be closer to well sites (Wel. dist =

-0.4087), but at the same time, they avoided areas with a
greater density of visible well sites within 1 km

(Pv•weI_1km =-0.2016; Table 3).
We applied this 15-parameter brood occurrence

model to the study area (Fig. 3b), binning habitats from
poor to high occurrence. Only 20% of habitat fell within
good-to-high habitat occurrence, but the majority of
brood locations (77% of training points and 71% of
testing points) fell within the good-to-high habitat,
suggesting that our relative bin ranks capture brood
occurrence across the landscape. The brood occurrence
model was predictive, with the area-adjusted frequency
of occurrence increasing with increasing bin rank; for
669 model training locations, rs = 1.00, P < 0.0001; for
151 validation brood locations, rs = 1.00, P < 0.0001.

Nest survival

The final nest survival model contained three vari-
ables (Table 4). Nest failure was independent of human-

TABLE 3. Estimated coefficients (Pi) and standard errors (SE)
for the final brood occurrence model for 669 Sage-Grouse
brood locations in southeastern Alberta from 2001 to 2004.

Variable Pi SE P

Brit -0.0076 0.0032 0.018
Wet 0.0217 0.0088 0.013
CTI mean 0.4835 0.0872 <0.001
Well dist -0.4087 0.0446 <0.001
vWeHl lkm -0.2016 0.0591 0.001
Tr-dens 0.2336 0.0887 0.008
Impjdist -0.6305 0.2134 0.003
SBmean 0.1044 0.0175 <0.001
SBmean 2  -0.0010 0.0003 <0.001
pSB_pch2 1.7924 0.3703 <0.00 I
Cropjdist 0.1525 0.0339 <0.001
pUrban -64.9741 18.2819 <0.001
pEco4 -1.2791 0.3625 <0.001
pEco5 -2.1208 0.3368 <0.00I
pEco6 -1.8744 0.4931 <0.001

Notes: To characterise habitat availability, 5000 random
points were used; these points were weighted using importance
weights such that the available sample was effectively 669
points. P values indicate the significance of the coefficients
using a Wald z statistic.
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TABLE 4. Estimated hazard ratios (exponentiated coefficients,
exp[13,) and standard errors for the final proportional
hazards nest survival model using Ill Sage-Grouse nest
sites in southeastern Alberta from 2001 to 2004.

Variable P3i SE P

NDVIsd 10.9 X 10-8 9.44 0.034
SB 1.0138 0.0052 0.007
pSBpchl 0.2862 0.1784 0.045

Note: P values indicate the significance of the coefficients
using a Wald z statistic.

use features. Nest failure was greatly reduced in habitats
that contained a heterogeneous mix of sagebrush cover
(P3 sBphi = 0.2862; Table 4). However, there was a slight

increase in risk as sagebrush cover in the immediate
vicinity of the nest site increased (PsB = 1.0138; Table 4).
As the variability in NDVI increased (NDVIsd), risk of
failure decreased significantly (Qr,mvl_ d = 10.9 x 10-s;
Table 4).

Although the final nest survival model had good fit
(likelihood ratiox2 = 12.94, P < 0.005), it had moderate-
to-low predictive accuracy (ROCtrain = 0.67; ROC,,,, =

0.59) and low predictive capacity (PCCtrain = 60.4%;
PCCtest = 55.3%). Using the cumulative daily relative

hazard, however, failed nests were exposed to more risky
habitats for training data set (t10 2 .0 5 = 3.52, P < 0.001),
but this model had difficulty detecting failures using the
independent sample of 40 nests (22 failures; t2 4.5 0 = 0.82,
P = 0.21). When we applied this final nest survival model
to the landscape, -60% of habitat occurred within the
moderate-to-extreme risk categories, in which we predict
Sage-Grouse nests are likely to fail (Fig. 4a).

Chick survival

For the chick survival model, no variables were
significant (oE = 0.05) after sequential removal. However,
the last two variables removed were significant at ot =
0.10 (Ac-nr = 1.1883; Pvweik.m = 1.5219; Table 5) and we
used these in the final model, given small chick sample
size (24 failures of 41 chicks). Based on these parame-
ters, chick failure increased in habitats with a higher
visible well site density within I km, and surprisingly,
risk was also greater in habitats with higher CTI values.
Model fit was moderate (Wald X 2 = 5.74, P < 0.057),
predictive accuracy (ROCtrain = 0.67) was low, but
classification accuracy (PCCt, 0 = 70.7%) was good.
Using only these two parameters, our model accurately
identified chicks that failed as being exposed to more
risky habitats, having higher cumulative daily relative
hazard rates (t 38 .39 = 3.03, P = 0.002), but we had no
independent sample for validation. When we applied
this model to the landscape (Fig. 4b), areas with greater
oil and gas activities fell into the extreme risk category,
but the majority of the riparian areas (linear sections
with high CTI values) were also identified as risky
habitats. About 60% of habitat was identified as risky
for Sage-Grouse chicks.

Nest habitat states

Of the 30% of the landscape that we identified as
having a good-to-high likelihood of being used as
nesting habitat, over half of this habitat (19% of the
landscape) occurs in high-risk areas, with 11.6% of
habitat classified as a primary sink and 7.4% classified as
secondary sink nesting habitat (Fig. 5a). Only a small
portion of the landscape is primary nesting habitat
(8.4%), with just 2.6% of habitat considered secondary
habitat. Primary nesting habitat averaged 5.83 t 0.12
km (mean ± SE) from active leks in Alberta, and
secondary habitat was 6.77 ± 0.22 km. The cumulative
percentage of source nesting habitat increases linearly up
to about 10 kin, where it asymptotes and a threshold is
reached, encompassing about 90% of all source habitats
(Fig. 6a).

Brood habitat states

Our brood occurrence maps indicated that there is
limited habitat available (20% good-to-high occurrence
class) for Sage-Grouse brood-rearing. In addition, three-
quarters of available habitat (15% of the landscape) is
high risk and classified as habitat sinks (Fig. 5b); only
5% is source brood-rearing habitat (primary plus
secondary habitat; Fig. 5b). Primary and secondary
brood-rearing habitats averaged 4.52 ± 0.16 kin, and
6.21 ± 0.17 km from the nearest active lek, respectively.
Similar to nesting habitat, -90% of all source brood-
rearing habitats occur within -10 km of all active lek
sites (Fig. 6b).

DIscuSSION

Our landscape-scale models indicate a limited supply
of habitats selected by Sage-Grouse (good-to-high
occurrence bins), with about 30% of the habitat likely
to be used for nesting (Fig. 3a) and 20% for brood-
rearing (Fig. 3b). Over half of that 30% identified as
attractive nesting habitat (19% of the landscape) is
considered risky (moderate-to-extreme risk; Fig. 5a)
causing an ecological trap (Delibes et al. 2001, Kristan
2003). Therefore, more than half of the nesting habitat
used by Sage-Grouse will not result in successful nesting
attempts (Fig. 5a), even though Sage-Grouse still occupy
those habitat patches. An even greater threat to
recruitment and population persistence may be the
brood habitat ecological trap, with three-quarters of

TABLE 5. Estimated hazard ratios (exponentiated coefficients,
exp[01j) and standard errors (SE) for the shared frailty final
proportional hazards chick survival model using 41 Sage-
Grouse chicks from 22 different broods in southeastern
Alberta from 2001 to 2003.

Variable P3i SE P

CTI 1.1883 0.1145 0.073
vWelllkm 1.5219 0.3437 0.063

Notes: P values indicate the significance of the coefficients
using a Wald z statistic. The shared frailty variance estimate is 0
= 0.96, P = 0.086.



518 CAMERON L. ALDRIDGE AND MARK S. BOYCE Ecological Applications
Vol. 17, No. 2
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FiG. 4. Relative index of risk for Sage-Grouse (a) nest failure and (b) chick failure in southeastern Alberta, as determined by
Cox proportional hazards modeling of survival. High and extreme risk values indicate that a nest is likely to fail or a chick is likely
to die if it occurs in these habitats.

the attractive brood habitat (15% of the landscape out of
the 20% considered attractive) likely to result in chick
failure (Fig. 4b). Low nest success (39%; Sage-Grouse
range 15-86%; Schroeder et al. [1999]), and poor chick
survival (12%) are driven by an abundance of attractive
sink habitats where Sage-Grouse have poor recruitment.
Our approaches not only spatially identify habitats with
poor fitness, which ultimately drive population dynam-
ics (Van Horne 1983, Morrison 2001), but also address
mechanisms driving declines.

Nesting habitat

Consistent with our predictions for nest occurrence
and previous research at finer scales (Aldridge 2005),
nests were more abundant in habitat patches (within a I
km 2 area) with moderate sagebrush cover. Selection was
also strong for large patches (I km 2) that contained a
heterogeneous distribution of sagebrush cover, with
continuous and sparsely distributed sagebrush habitats
used less than expected by chance. Sage-Grouse select
locally for greater herbaceous understory cover and our
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landscape models identified coarse-scale correlates for
habitat that lack this understory cover. Moderate cover
and patchy distributions are likely to provide suitable
overstory shrub cover while allowing for the lateral
herbaceous cover required to conceal nests from
predators (Wallestad and Pyrah 1974, Wiebe and Martin
1998, Aldridge and Brigham 2002). Nest abundance was
lower in habitats with high brightness values, suggesting
that habitats with increased bare ground were avoided.
This idea is reinforced by the apparent avoidance of less
productive badland habitats that contain steep and dry,
exposed soils (Adams et al. 2005).

As predicted, nest failure was lower in habitats that
contained a heterogeneous mix of sagebrush cover

(OSeapch = 0.2862), with limited or continuous dense
cover resulting in nest failure (Table 4). Conceivably,
this may explain the slight increase in risk with
increasing sagebrush cover in the immediate vicinity of
the nest (linear increase; I3sB = 1.0138; Table 4). Risk
also was significantly reduced for increasing NDVIsd
measures. The NDVI index values were small, ranging
from 0.012 to 0.099. Taking the natural logarithm of the
unexponentiated PI coefficient (I

3
NDvI Sd =-18.33) times

an increase in the NDVIsd index values of 0.01 (-10%
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FIG. 5. Habitat states for Sage-Grouse (a) nest and (b) brood habitat in southeastern Alberta. Noncritical habitat indicates that
Sage-Grouse are not likely to occur there. "Primary" and "secondary" indicate high and good likelihood of occurrence,
respectively. "Habitats" are areas with minimal-to-low risk of failure, whereas "sinks" are areas with moderate-to-extreme risk. For
example, primary habitat indicates areas where nests or broods are likely to occur (high occurrence values) and to be successful or
survive (minimal-to-low risk values). Primary sink indicates high occurrence, where nests or broods are likely to fail or die
(moderate-to-extreme risk values).

of value range) indicates that nest survival would
increase by -17% (exp[-18.33 X 0.01] = 0.833). Thus,
more diverse, heterogeneous habitats reduced the risk of
nest failure, as indicated by the small hazard ratio for
the NDVI variability measure (Table 4).

Although the proportion of human-use features did
not enter into our final nest occurrence model, when
roads, well sites, urban habitats, and cropland were

combined into one parameter (pEdge), Sage-Grouse
strongly avoided nesting in these edge-habitat dominat-
ed landscapes. Hens may be responding to increased
predator densities associated with edge-type habitats
(Andr~n and Angelstam 1988, Herkert et al. 2003) and
agricultural landscapes (Andren 1992, Kurki et al. 2000,
Fuhlendorf et al. 2002, Manzer and Hannon 2005).
However, like others (Pasitschniak-Arts and Messier
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FIG. 5. Continued.

1995, Svobodova et al. 2004), we found no effect of edge
habitats, or other human features, on Sage-Grouse nest
success (Table 4). Nest placement for Lesser Prairie-
Chickens (Tympanuchus pallidicinctus) in Kansas, USA
was farther from paved roads than at random (Pitman
2003). In the same area, proximity to human structures
greatly reduced habitat suitability, whereas roads had no
obvious effect (Hagen 2003). Recent work on Sage
Grouse in Wyoming, USA (Lyon and Anderson 2003,
Holloran 2005) suggests that oil and gas activities within
5 km of lek sites results in sharp declines in male
attendance, and avoidance by nesting females. However,

Lyon and Anderson (2003) found no difference in nest
success between disturbed and control leks. In our study,
the mean percentage of edge habitat within a 1-km 2

window around nest sites was 2.9% ± 0.7%, compared
to a mean of 10.1% ± 0.3% (mean ± SE) across the
landscape. Females' strong avoidance of edge habitats
(IpEdge =--2.80) probably prevented us from being able
to detect differences in nest success relative to these
features.

Ecological traps tend to be more prevalent in human-
dominated landscapes (Remes 2000, Bock and Jones
2004), where birds fail to recognize risks with which they
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did not evolve. Sage-Grouse, however, might recognize
some of these habitats as risky, avoiding potential
ecological traps created in human-dominated habitat
patches; at least when selecting nesting habitat. This
does not mean that human features have no ill effects on
nesting Sage-Grouse. Avoidance of human features
removes that habitat patch from use by Sage-Grouse,
and effectively removes habitat within a I km 2 area
(functional habitat loss). This zonal-habitat influence
may be greater, but we did not test the effect of edge
habitat density in windows > 1 km2. Even though Sage-
Grouse might recognize and avoid these anthropogenic
threats, half of all high-use nesting (good-to-high rank)
habitats is considered attractive sinks (Fig. 5a), ecolog-
ical traps driven by habitat features. We suggest that our
habitat maps be used to identify risky nesting habitats
and that managers should focus efforts at improving
nest success by enhancing sagebrush cover above the
currently available 5-10% cover, following recommend-
ed habitat guidelines (Connelly et al. 2000), while
establishing a heterogeneous mix of sagebrush patches.
Management of local range conditions (Crawford et al.
2004; see Aldridge 2005) aimed at enhancing grass and
forb understory that improves visual obstruction cover
in these risky nesting areas probably will be required to
convert sinks into source-type habitats. Range condi-
tions should be assessed locally and grazing could be
used to adaptively manage and enhance these habitats
(Aldridge et al. 2004). For instance, removing cattle or
reducing grazing intensity in some areas may result in
increased shrub cover and/or plant species diversity
(Manier and Hobbs 2006).

Brood habitat

As predicted, Sage-Grouse also selected for moderate
ranges of sagebrush cover at brood-rearing sites. Brood
occurrence was greater in more heterogeneous sagebrush
stands, where patchy cover reduces predator efficiency

(Wiebe and Martin 1998) but still affords necessary forb
resources. Sage-Grouse are more abundant in patchy
habitats containing a mix of mesic, forb-rich foraging
areas interspersed within suitable sagebrush escape
cover (Boyce 1981).

Brooding hens appeared to avoid areas closer to
cultivated cropland or with a greater proportion of
urban developments. Although Sage-Grouse may forage
regularly on alfalfa (Patterson 1952), or occasionally on
insects found in other cereal crops, they typically do not
occur in cultivated lands or landscapes heavily domi-
nated by agriculture. Cultivation directly removes
habitats and is correlated with Sage-Grouse population
declines in Idaho, USA (Leonard et al. 2000).

In some cases, Sage-Grouse broods occurred close to
well sites, but not often in areas with high well densities
(Fig. 3b). This relationship may partially be due to the
static 2002 distribution of well sites for our GIS
landscape, as energy developments have increased
slightly over time. However, Holloran (2005) similarly
found that nest sites occurred closer to well sites in areas
of lower well density. Disturbed habitats, such as trails
and well pads, tend to harbor succulent invasive species
such as dandelions (Taraxacum officinale), important
forage to which Sage-Grouse are attracted. Despite this
attraction, our chick survival model predicts a 1.5 times
increase in risk for each additional oil well that is visible
within I km of brood locations (see Fig. 4a). As a result,
a significant portion of frequently used brood habitat is
classified as attractive sink habitats (see Fig. 5b),
suggesting that Sage-Grouse may only partially recog-
nize some ecological cues related to anthropogenic
features. Birds are run over by vehicles accessing these
wells (C. L. Aldridge, unpublished data), and are killed
by raptorial predators, such as Golden Eagles (Aquila
chrysaebos) and Great Horned Owls (Bubo virginianus),
that perch on the power lines leading to well sites.
Regardless of the mechanism, chicks have a low
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probability of survival, which is further reduced when
energy extraction activities dominate the landscape.

Sage-Grouse broods also avoided the less productive
and more exposed badland range plant community
habitats (pEco6), as well as thin-break range sites
(pEco5) and the loamy upland sites (pEco4; Table 3).
The thin-break sites are similar to badland habitats, but
contain greater sagebrush cover, and the loamy upland
sites are more productive range sites, but are dominated
by various grasses, resulting in a lack of shrubs and
forbs (Adams et al. 2005). Although these two sites
might provide added cover from either sagebrush or
dense grass cover, they lack the forb component
required by Sage-Grouse broods.

More mesic habitats were selected by broods, with
occurrence being associated with lower brightness values
and higher mean CTI and wetness values (Table 3).
These habitats are probably required for birds to meet
dietary requirements, because forb (Drut et al. 1994a,
Sveum et al. 1998 a) and insect (Johnson and Boyce
1991, Drut et al. 1994b) abundance is higher. Hens also
chose to be closer to water impoundments. The effect of
altered water hydrology on the vegetation productivity,
composition, and distribution within this xeric ecosys-
tem is unknown. Removing some of these impound-
ments may allow water to recharge former mesic sites,
rather than retain water behind a dam or within a
dugout.

Although mesic habitats were selected, higher CTI
values resulted in increased chick failure. Excluding the
high-risk values associated with greater well-site densi-
ties (Fig. 4b), the majority of other high-CTI risky
habitats occurred in riparian habitats along creeks and
streams. These habitats are not frequently used by Sage-
Grouse broods (see Fig. 3b), but there may be increased
risk associated with these shrubby riparian corridors,
which often contain a greater concentration of predators
(Wilcove 1985). Aldridge (2005) showed that, at local
scales, mesic, forb-rich habitats preferred by Sage-
Grouse broods tend occur in more risky open habitats.
Sage-Grouse may be making trade-offs between habitats
that provide protective escape cover and risky open,
mesic habitats that provide necessary forage resources.
Recent droughts resulting in reduced cover could have
made these habitats even more risky for Sage-Grouse
chicks, particularly if livestock grazing intensities were
not subsequently reduced. Relationships among water
impoundments, drought conditions, and the availability
of mesic brood habitats are poorly understood (Craw-
ford et al. 2004) and need to be investigated within a
long-term adaptive management framework (Aldridge et
al. 2004).

Conclusions

For most prairie grouse species, the lek is often
thought of as the focal point for year-round activities.
Much research has focused on maintaining required
habitats surrounding leks and attempting to identify

links between habitat alterations and lek dynamics
(Wakkinen et al. 1992, Niemuth 2000, Fuhlendorf et
al. 2002, Niemuth and Boyce 2004). However, our
approach of modeling and mapping high-quality nesting
and brood-rearing habitats suggests that such a heavy
focus on habitat protection around lek sites may not be
suitable to ensure the viability of Sage-Grouse popula-
tions. Both nest and brood source habitats, on average,
are -6 km from active leks, but the curvilinear
relationship (Fig. 6) suggests that a threshold occurs at
-10 km from leks, within which the majority (-90%) of
all source habitats occur. Thus, using a fixed buffer
distance around leks of <10 km to protect Sage-Grouse
habitat may not suitably protect important nesting and
brood-rearing habitats. Wakkinen et al. (1992) suggest-
ed that the originally recommended 3.2-km buffer
around leks (Braun et al. 1977) may not be large enough
to protect nesting habitats, and Connelly et al. (2000)
suggested that polygons of 5 km and 18 km may be
required to protect breeding habitats for nonmigratory
and migratory populations, respectively. The province
of Alberta uses a I-km protection buffer around lek sites
(see Alberta Provincial Government web site, available
online).2 Complete protection of all areas within this
buffer would protect <5% of the available source
nesting and brood-rearing habitat identified by our
models, which is unlikely to sustain this population. The
buffer approach to habitat management and protection
could easily result in important habitats being left
unprotected and noncritical habitats being protected.

We see our empirically based modeling approach as a
framework for identifying and protecting important
source nesting and brood-rearing habitats for Sage-
Grouse. We identify key sink habitats, which provide
managers with the ideal opportunity to evaluate
management alternatives aimed at increasing productiv-
ity through habitat management following an adaptive
management framework (Aldridge et al. 2004), using
these models as the baseline habitat accounting system
for assessments and future monitoring for Sage-Grouse
in Alberta. Careful attention still needs to be given to
managing for other seasonal habitat requirements, such
as lekking, summer, and winter habitat, and connectivity
between habitats. We see great utility in applying our
habitat states modeling approach to population viability
assessments for many species across different ecological
systems.
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