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EXECUTIVE SUMMARY 
 

In March 2005, we initiated a 3 year research project to study the natal dispersal of 
greater sage-grouse in northwestern Colorado by employing both genetic and demographic 
methods.  Additionally, we have investigated the feasibility of collecting wild eggs, 
incubating, hatching, and raising chicks, and the potential benefits of augmenting wild broods 
with these domestically-hatched chicks as part of this project.  This report represents the third 
and full year of field work on this project, with final data collection in June/July of 2008. 
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INTRODUCTION 

 

      Recent research on greater sage-grouse (Centrocercus urophasianus) has focused on 

the population ecology, habitat relationships, and responses to management practices by this 

species.  This research has provided key guidelines (Braun et al. 1977, Connelly et al. 2000) 

for specific habitat requirements and vegetation characteristics for nesting, brood rearing, and 

wintering habitats needed to sustain healthy populations.  In addition, these studies have 

documented that by providing suitable habitat within these seasonal periods sufficient 

survivorship and productivity within age and sex classes can be maintained. However, the 

mechanisms, patterns, and consequences of movements between these seasonal patches, 

especially among juveniles during natal dispersal (i.e., the one-way movement of juvenile 

individuals from their natal area (i.e., birth site) to first breeding site without return), and the 

effects of this movement on survival, recruitment, the redistribution of individuals, as well as 

the population dynamics within and between populations remains largely unknown (Howard 

1960, Greenwood and Harvey 1982). 

      Quantifiable data and information on juvenile dispersal and survival in the greater 

sage-grouse is one of the least understood aspects of this species life history (Dobkin 1995).  

In a recent review of literature pertaining to sage-grouse (Rowland and Wisdom 2002) only 8 

citations out of 742 covered dispersal and only 2 of these (Dunn and Braun 1985, 1986) were 

cited in a peer reviewed journal.  In Colorado, Dunn and Braun (1985) found females on 

average dispersing further than males (8.8 km vs. 7.4 km), but found no difference in the 

proportion of males and females returning to the lek closest to their capture site (i.e., natal-lek 

area) (58.3% returned).  In addition, recruitment of juveniles to their natal-lek areas varied 

from 53% to 100% (Dunn and Braun 1985).  Despite the difference in mean distances of 

dispersal between the sexes, these initial findings would suggest that both sexes of sage-

grouse are philopatric to their natal-lek area and that proportions of individuals undertaking 

natal dispersal are less than would be expected based on natal dispersal predictions of 

Greenwood (1980) and Johnson and Gaines (1990).  However, the results from this study are 

based on low sample sizes of radio-marked (n = 24) and color-banded juveniles during a 

single year in one population, as well as the critical assumption concerning the natal-lek area 

being equivalent to lek of actual breeding and/or nest site (Dunn and Braun 1985).  In 
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addition, dispersal studies of banded individuals are often biased low due to decreasing 

detectability away from a study site often biasing estimates of dispersal parameters (Kenward 

et al. 2002).  Besides this one study no other empirical information is available on natal 

dispersal and survival in juvenile sage-grouse.   

      Dispersal patterns and recruitment processes of juvenile sage-grouse, as well the 

landscape characteristics that influence and contribute to these movements remain lacking.  

Knowledge of the dispersal ecology (timing, distances moved, frequency and rate of 

movement, immigration and emigration rates within and between populations, and juvenile 

survivorship) will provide better information on how to manage this species at the landscape 

level, as well as within and between populations. This information will be useful in 

attempting to improve and plan for the conservation of this species as its habitat becomes 

more fragmented and altered. Without detailed knowledge of the dispersal ecology of juvenile 

sage-grouse (independence, timing, distances moved, frequency and rate of movement, 

immigration and emigration rates, survivorship, dispersal success) planning for the 

conservation and management of this species into the long term will become more difficult. 

Thus, the main objectives of our study are:  

1) To determine the sex-specific movement patterns of juvenile sage-grouse during 

natal dispersal including timing, duration, rate of movement, distances moved and 

recruitment rate,  

2) To determine the effects of these dispersal patterns on survival rates and causes of 

mortality, and  

3) To determine how landscape structure influences both the movement patterns and 

survival of juveniles during this period.  

 

      In addition to investigating natal dispersal in juvenile greater sage-grouse this study is 

also determining the feasibility of supplementing successfully nesting female’s broods after 

hatching with wild sage-grouse chicks that were hatched in captivity (i.e., domestically-

hatched) as an alternative to translocating adult birds into declining populations.  Historical 

and recent translocation efforts have focused on trapping reproductively active birds from 

stable populations and translocating them into declining ones (Musil et al. 1993, Reese and 

Connelly 1997, Baxter et al. 2008).  Efforts at translocation have been relatively unsuccessful 
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(5-12% reported by Reese and Connelly 1997) given the high site fidelity of adults to 

traditional breeding, nesting, and wintering areas, inexperience of yearling birds to new 

breeding grounds (i.e. lowered nest initiation rates), and the long range movement patterns 

that the species is capable of making across a landscape (Patterson 1952, Musil et al. 1993).  

Reese and Connelly (1997), in light of these difficulties, have made several recommendations 

to increase the successfulness of any given translocation, but still viewed them as 

experimental and limited in their ability to substantially increase population numbers.  

      A potential alternative to translocation is augmenting successful wild-hatched broods 

with domestically-hatched chicks in captivity. Augmenting successful wild-hatched broods 

would have the following potential benefits: (1) increased survival of brood-mates by reduced 

risk due to “dilution” of broods, increased predator detection, or reduction in exposure time 

depending on date of introduction into a surrogate brood (i.e., during pre-flight development), 

(2) increased familiarity to brood-rearing areas, dispersal and migration routes and corridors, 

wintering areas, and breeding areas from early contact with female, brood-mates, and local 

juveniles and adults, (3) increased proportion of yearlings successfully breeding (i.e., 

initiating a nest for females and establishing a territory on a lek for males) compared to 

translocated yearlings, and (4) less restrictions and concerns about what populations could 

take advantage of this management option (not just non-migratory, isolated, and buffered 

populations). However, the feasibility and benefits of this method have not been widely and 

rigorously tested in avian species including upland game bird species.  The main issues 

determining whether the feasibility and benefits of this method can be tested depends on (1) 

the successful hatching of wild sage-grouse chicks in captivity, and (2) the successful 

adoption and acceptance of unrelated offspring into sage-grouse broods.  

      Successful hatching and raising of wild sage-grouse chicks has been accomplished in 

2 previous studies both investigating feeding habitats of young birds (Huwer (2004) with 

chicks and Johnson and Boyce (1990, 1991) with chicks and juveniles).  With the recent 

dramatic declines in Gunnison sage-grouse in Colorado and the range-wide declines in the 

greater sage-grouse, the Colorado Division of Wildlife has started developing procedures and 

testing pilot studies on captive rearing of young sage-grouse.  These pilot studies have 

demonstrated that greater sage-grouse eggs can be collected, incubated, hatched, and chicks 

returned to surrogate wild broods successfully (Tony Apa, personal communication).  
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However, the frequency, mechanisms and conditions, and effect on survival and movement 

patterns of adoption in sage-grouse have not been investigated. Our objectives for this part of 

the study are:  

1) To verify and evaluate the mechanisms and conditions of adoption in wild broods 

through the introduction of domestically-hatched chicks and observation of natural 

adoption rates,  

2) To assess the movement patterns and survivorship of successfully adopted 

domestically-hatched < 4 day and > 5 day-old chicks from the natal area of the 

surrogate brood to chick independence and brood break-up (approximately 16 weeks 

of age).  

 

STUDY AREA 

 

      This study is being conducted at 2 sites in Moffat County, Colorado located in the 

extreme northwestern corner of the state (Figure 1).  The study sites were selected for the 

following reasons: (1) Moffat county has the highest density of greater sage-grouse and 

sagebrush habitats in Colorado (Braun 1995), (2) populations within the county and at both 

sites have annually been surveyed during lek counts by Colorado Division of Wildlife since 

the mid 1970s, (3) a population dynamics, habitat use, and movement study of sage-grouse 

was recently completed within the county (Hausleitner 2003), (4) the distance between the 2 

sites represents a compromise between the need for independence between sites (i.e., sites can 

act as replicates) as well as accessibility (i.e., both sites are within 1 ½ -2 hour drive of the 

field station), and (5) both study sites have strong cooperation between private landowners 

and state and federal agencies operating on a ‘working’ landscape.  

      The Axial Basin/ Danforth Hills study site is located 30 km southwest of Craig, 

Colorado in the southeastern portion of the county, while the Cold Springs Mountain site is 

located in the northwestern portion of the county.  Study sites are separated by a maximum 

straight-line distance of approximately 100 km. The Axial Basin/ Danforth Hills site consists 

of rolling topography ranging from 1,800 – 2,350 m in elevation. The Axial Basin 

encompasses the northern and eastern portion of the study site and is bounded by Highway 40 

to the north and Highway 13 to the east.  The northernmost area of the Danforth Hills 
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comprises the south and southwestern portion of the study site and ranges in elevation from 

2,000 to 2,350 m.  The Cold Springs Mountain study site encompasses the eastern edge of the 

Unita Mountain Range that extends approximately 30 km into the northwest corner of 

Colorado.  Topography consists of mountainous areas, rolling hills, and mesas ranging in 

elevation from 1,900 – 2,900 meters. Numerous canyons and drainages including Talamantes 

Creek bisect the region running generally west to east across the landscape.  The study site is 

bounded by the Green River to the south and Vermillion Creek to the east.  To the west the 

study extends approximately 5 km into Dagget County, Utah including Willow Creek and the 

Bender Mountains, and to the north approximately 6 km into Sweetwater County, Wyoming 

including Kinney Rim, Horseshoe Basin, Four-J Rim, and Pine Mountain.  

      The climate of northwestern Colorado is semiarid receiving 20.3 to 50.8 cm of 

precipitation annually depending on elevation (Western Regional Climate Center 2003). The 

mean annual temperature for Moffat County is 6.3C (Braun and Hoffman 1979), but can be 

less in areas of higher elevation like Cold Springs Mountain (4.4C) (U.S. Department of 

Interior 1978).  Annual average precipitation and temperature fluctuate widely within and 

among years making drought a frequent occurrence.  Big sagebrush (Artemisia tridentata 

spp.) rangeland communities within the county comprise approximately 60% of the land area 

while the remaining area is comprised of pinyon (Pinus edulis) –juniper (Juniperus spp.), 

aspen (Populus tremuloides), spruce (Picea spp.), mountain shrub communities with 

Gambel’s oak (Quercus gambelii), serviceberry (Amelanchier sp.), snowberry 

(Symphoricarpos oreophilus), and chokecherry (Prunus virginiana) (Hausleitner 2003).  A 

combination of private landowners and state and federal (i.e., Bureau of Land Management, 

BLM) agencies oversee the use and management of the land in the county. Federal and state 

agencies administer approximately 60% of land (BLM being the largest holder at 46.8%) with 

private landowners make up the remaining 40%. Land use is primarily cattle and sheep 

production, agriculture (e.g., small grain and hay farming, and Conservation Reserve Program 

(CRP) lands primarily in the southeastern portion of the county), mineral exploration and 

extraction, and ecotourism (hunting, fishing, and outdoor recreation activities).  The major 

impacts affecting the sagebrush rangeland communities include cattle, sheep, horse, and wild 

ungulate (mule deer (Odocoileus hemionus) and elk (Cervus elaphus)) grazing, herbicide and 

mechanical application, fire, and mineral exploration and extraction.  
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METHODS 

 

Capture Techniques of Adult Sage-Grouse 

      Female greater sage-grouse were trapped near or on known active leks within the 

Axial Basin/ Danforth Hills, Cold Spring Mountain, and North Moffat study areas (Figure 1; 

Table 1).  Trapping took place during mid to late March and early April during peak female 

attendance at leks. Sage-grouse were captured by spotlighting and using long-handled hoop-

nets (Giesen et al. 1982, Wakkinen et al. 1992, Connelly et al. 2003).  Captured females were 

aged as yearling or adult by examining the condition of the outer primaries (Patterson 1952, 

Dalke et al. 1963) and fitted with numbered aluminum legbands and < 18 gram, 540 day ATS 

(Advanced Telemetry Systems, Inc.) necklace-mounted transmitters (Connelly et al. 1993).  

 

Nest Monitoring of Primary Hens 

      Birds within each study site were monitored by a 2 person field crew.  A 3-element 

yagi antenna and portable receivers were used to locate and monitor females and a handheld 

Global Positioning System (GPS) unit to record locations.  Radio-marked females were 

monitored every 2-3 days starting April 1 to determine nesting status by walking within 50 m 

and circling the bird without flushing it.  Once a female had been identified as possibly 

initiating a nest (2-3 locations near the same spot), the specific location was confirmed by 

observing the female on the nest.  Females that were confirmed as nesting were monitored 

every 3-4 days from a distance of >100 m until fate of the nest was determined (i.e. 

abandoned, depredated, or successful).  

 

Egg Acquisition 

      The protocols used for egg acquisition were similar to those developed by Huwer 

(2004). This protocol has been approved by the University of Idaho and the Colorado 

Division of Wildlife Animal Care and Use Committees. Females were monitored every 1-2 

days until a nest was found.  Females were located between 0800 and 1100 by circling within 

15-20 m and recording the position (Huwer 2004).  This position was then searched later in 

the day when the female was off the nest to verify if a nest was present.  Once a nest with 

eggs was located, eggs were removed and replaced with artificial latex eggs.  This procedure 
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was repeated 1- 2 days during afternoon hours until the desired number of eggs were collect 

(3-4).  Females were continued to be monitored for 1-2 weeks post-egg removal to determine 

renesting status.  Additionally, eggs were collected from incubating females (incubating < 4 

days) by bumping the female off the nest and removing all eggs. 

 

Egg Storage and Incubation 

      Collected eggs were stored at 10 to 150 
C and turned twice a day (Harvey 1993). 

Collected eggs were stored until hatching dates of nesting primary hens in the Axial Basin 

were determined to synchronize incubation periods and hatch dates.  Collected eggs were 

incubated in a 1502 Sportsman cabinet incubator owned by CODW.  Eggs were incubated at 

37.50 C, 58% relative humidity and turned every 4 hours during the first 24 days of incubation 

(Huwer 2004).  To achieve 15% egg-mass loss as recommended by Harvey (1993), small 

adjustments in humidity were made and eggs were monitored periodically (i.e., weighed every 

5 days) to determine mass loss and development (Huwer 2004).  During the final days of 

incubation (day 24–28) eggs were removed to a 1550 Sportsman Hatcher.  

 

Chick Protocol for Domestically-Hatched Chicks 

      Hatched chicks were left in the hatcher for 24 hours to dry.  They were then 

individually marked with plastic ringing bands, weighed to nearest 0.01 gram, and moved to 

the brooder.  Day-old chicks were placed in 2.5 m diameter pens under natural conditions 

(i.e., natural vegetation, substrate, weather) on the afternoon of day 1 and provided with a 

decoy female brooder for thermoregulation (35°C) and imprinting.  Chicks were provided 

with 14-16 hours of feeding opportunities under natural conditions and provided with meal 

worms, crickets, and chopped vegetables, as well as water.  Interactions with field technicians 

were minimal to reduce imprinting of chicks on humans.  On the day chicks were introduced 

into surrogate wild broods a 1.4 gram, 60-day radio-transmitter was attached with 2 sutures 

along the dorsal midline between the chick’s wings following the procedure of Burkepile et 

al. (2002).  Chicks were introduced into wild broods during the evening to facilitate brooding 

by surrogate female.  This involved capturing part or all of the brood and then releasing all 

chicks (wild and domestic) back to the female after several minutes.  
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Trapping and Marking of Wild Broods 

      Once monitoring revealed the successful hatch of a nest all chicks in the brood were 

captured 1-3 days after hatching.  Successfully nesting radio-marked females were located < 1 

hour before sunset and chicks captured while the female was brooding. Chicks were captured 

by hand and held in nylon bird bags for processing.  Three chicks within each wild brood 

were randomly selected and a 1.4 gram, 60-day radio-transmitter was sutured along the dorsal 

midline between the chick’s wings following the procedure of Burkepile et al. (2002).  All 

other chicks within wild broods were subcutaneously injected mid-dorsally just above the 

wings with an 11 x 2 mm 0.078 gram PIT tag via a 12-gauge needle (Carver et al. 1999).  

 

Monitoring of Broods 

      Radio-marked females with radio-marked chicks were monitored daily to determine 

survival of chicks, location of brood, and acceptance of domestically-hatched chicks into wild 

broods.  Brood position was determined by locating the female and circling to within 25 m.  

Position and relationship (i.e., distance) of radio-marked chicks in relation to the female was 

also recorded.  In addition, cover type was determined at all locations. Daily observation of 

broods was continued for 28 days or until death.  Attempts were made to find all chicks 

immediately after becoming separated or missing from broods to determine fate and/ or cause 

of mortality. After day 28 radio-marked chicks and females were located every 1-3 days 

depending on logistics.  

 

Capture Techniques of Juvenile Sage-Grouse  

      Trapping of juvenile sage-grouse occurred between 35-65 days (approximate battery 

life of chick transmitter) and at approximately 90-120 days of age.  At 35-65 days of age 

chicks were recaptured by locating and following the transmitter at night and using spotlights 

and long-handled hoop-nets (Giesen et al. 1982, Wakkinen et al. 1992, Connelly et al. 2003).  

Chick transmitters were replaced with a 1.9 gram, 90-day transmitter following the same 

procedure used for the chicks.  Chicks were then recaptured at 90-120 days (at which time 

they were considered juveniles) using the same methods.  Juveniles had the second transmitter 

removed and replaced with an adult 18 gram, 500-day adult transmitter.  
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RESULTS AND DISCUSSION 

 
Juvenile Yearly Survival and Recruitment, 2006-2007

Survival of juvenile greater sage-grouse in Moffat County, Colorado from hatching in 

May/June 2006 to entering the breeding population 1 April 2007 was 23.2% (95% CI = 15.3 – 

44.4) (Table 1).  This was slightly higher than the 20.8% (95% CI = 17.6 – 37.6) reported for 

the period May/June 2005 to 1 April 2006.  Twenty-four of the 31 juveniles surviving from 

hatch to entering the breeding population in April 2007 were known chicks either radio-

marked or PIT-tagged at 1-3 days post hatch.  Five of these known juveniles (2 females and 3 

males) in the Axial Basin were domestically-hatched chicks.  The remaining juveniles were 

added during fall captures in September and October of 2006.   

Chick survival was slightly higher to 16 weeks of age at Cold Springs Mountain 

compared to Axial Basin, however after 16 weeks survival was lower at Cold Springs 

Mountain, especially during the fall (Table 1).  Recruitment into the breeding population was 

slightly higher, although comparable between the 2 study populations (Axial Basin: 26.5; 

Cold Springs Mountain 20.1%).  During the period from brood break-up (approximately 16 

weeks of age) in 2006 to entering the breeding population in April of 2007, males had lower 

survival rate compared to females (males: 42.1% (8/19); females: 65.7% (23/35)).  This 

survival rate in sexes was consistent between the study areas.  All known yearlings (i.e., natal 

nest area known) of both sexes returned to the population were they were produced (Axial 

Basin/ Danforth Hills or Cold Springs Mountain) (Figure 1).  No known yearlings dispersed 

outside of these areas, however distances from the natal nest and the average breeding season 

locations for these yearlings varied depending upon the sex of the bird (see Natal Dispersal 

below).  Thus far out of the 2 dispersal years (2005-2006 and 2006-2007) only 1 individual, a 

male, has dispersed outside of the population in which it was produced.  This yields a 

recruitment rate of 98.3% (58/59; 34/35 for 2006 and 24/24 for 2007) of individuals back into 

the population where they were produced.  

 

Spring Trapping and Monitoring of Sage-Grouse 

Trapping commenced on 12 March in the Axial Basin/ Danforth Hills, and on 24 

March at Cold Springs Mountain.  In total, 89 new females (50 adults and 39 yearlings) were 
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captured (Table 2).  In the Axial Basin/ Danforth Hills, 47 female sage-grouse were captured 

(Table 2).  The majority were captured from leks on the west side of the basin (west of 

County Road 133) (Table 2) during the weeks of 12 and 19 March.  Trapping was completed 

in the Axial Basin on 25 April.  At Cold Springs Mountain, 24 females were captured from 

the lower elevation leks over 3 nights of trapping (Table 2).  The remaining 15 females were 

captured off the higher elevation leks over 17 nights of trapping (Table 2).  Trapping was 

completed at Cold Springs Mountain on 5 May.  Additionally, 3 females were captured in the 

Sand Wash Basin, east of Cold Springs Mountain on 1 April.  In addition, males were 

captured during spring trapping to obtain DNA samples (blood and feathers) for genetic 

analysis.  One-hundred and nineteen male sage-grouse were captured from leks within 

CDOW Management Zones 1 (Cold Springs Mountain study area), 2 (Sand Wash Basin), 3 

(North Moffat), and 5 (Axial Basin/ Danforth Hills).  Additionally, 22 male sage-grouse were 

captured off 2 leks in Wyoming (Chicken Springs and Rifes Rim) (Figure 1). 

During the spring and early summer of 2007, 187 female sage-grouse were monitored 

to determine nesting fate, survival, and movement patterns (Table 3).  More (>60%) adult 

females were radio-marked than yearlings (Table 3).  Approximately 40% of the yearling 

females in the Axial Basin/ Danforth Hills and Cold Springs Mountain were from chicks and 

juveniles radio-marked in 2006 (Table 3 and 4).  In addition to the 26 yearling females from 

2006, 14 yearling males (radio-marked as chicks or juveniles in 2007) were monitored (Table 

4).   

 

Sage-grouse Nesting Chronology and Biology 

Nesting was confirmed on 10 and 11 April in the Axial Basin and Cold Springs 

Mountain, respectively.  This was consistent with previous years in the Axial Basin, but over 

7 days earlier at Cold Springs Mountain.  However, hatching dates still differed between the 

two study areas.  Peak hatching of first nesting attempt occurred in the Axial Basin between 

the 13 and 23 May (first hatch was 8 May).  A majority of renests hatched during the first 

week of June.  At Cold Springs Mountain peak hatching occurred between the 21 and 31 May 

(first hatch was 15 May).  A majority of renests hatched during the second week of June.   

One-hundred and forty-six nests (123 first nests and 23 renests) were located and 

monitored within the Axial Basin/ Danforth Hills and Cold Springs Mountain study areas 
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(Table 5).  Nest initiation rate was 88% (n = 123/139) and included only females with known 

nesting status (Table 5).  Nest initiation rates were lower in the Axial Basin/ Danforth Hills 

compared to Cold Springs Mountain (Table 6).  Initial nesting success, renest initiation rates, 

renest success, and female nesting success varied between the two study areas (Table 6).  

Initial nesting success, overall nest success, and female success appeared lower in the Axial 

Basin compared to Cold Springs Mountain, especially among the yearlings (Table 6).  In 

2007, nest and female success on Cold Springs Mountain was the highest documented on this 

study.  In contrast, nest and female success in the Axial Basin was the lowest documented 

over the same time period.  Additionally, renest initiation rates were >25% in both study areas 

(Table 6). 

     Ninety-five nests were depredated (85 initial nests and 10 renests; Table 5).  In the 

majority of cases all or some of the eggs were removed, or damaged such that accurate 

identification of the cause-specific depredation could not be identified.  However, potential 

predators observed in the field include black-billed magpies, common ravens, ground 

squirrels, porcupines, badgers, weasels, red foxes, and coyotes.  Additionally, 3 initial nests 

were abandoned after a mid-May snowstorm at Cold Springs Mountain (Table 5).  Twenty 

four (14.2%; 24/169) female sage-grouse were depredated during the 2007 breeding season 

(March – June).  For the 2 study areas, 75.0% (18/24) of the mortalities occurred during the 

pre-nesting period, the remaining occurring during nesting or renesting (Table 5).  Yearling 

male mortality was 50% (4/8) in the Axial Basin/ Danforth Hills, as well as 50% (3/6) at Cold 

Springs Mountain.  

   

Natal Dispersal and Breeding Season Fate of Yearlings 

 Thirty-three known (radio-marked or PIT-tagged at 1-3 days post-hatch) sage-grouse 

were monitored during the 2007 breeding season, 22 females and 10 males (Table 7, 8, and 

9).  Twelve of the sage-grouse monitored were marked as chicks in 2005 (Table 7), the 

remaining 21 were yearlings marked as chicks in 2006 (Table 8 and 9).  Among the known 

yearling females from 2006 nest initiation rate was 58.3% (7/12) and nesting success was 

8.3% (1/12) (Table 8).  Among the known females from 2005 nest initiation rate was 100% 

(9/9) and nesting success was 22.2% (2/9), and 2 females attempted to renest (Table 7).  In 

2007, known yearling females that attempted to nest (n = 7) nested within an average distance 
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of 2.3 + 0.3 km of their natal nest (Table 10).  This is comparable to the 2.1 + 0.9 km distance 

observed in 2006 (n = 16).  Yearling females that did not nest had an average breeding season 

location (average of locations from April 15 through May 15) of 3.1 + 0.2 km from their natal 

nest (Table 10).  Once again this was comparable to the 4.0 + 1.4 km observed in 2006. 

 First nests of yearling females ranged from 1.0 to 3.6 km from their natal nests (Figure 

2).   If known females from 2005 are included in this the range is 0.09 to 12.3 km, with 27.8% 

(5/18) and 66.7% (12/18) of the nest < 1 or < 3 km from the natal nest, respectively (Figure 

2).  The same 2 females from 2006, one from the Axial Basin and one from Cold Springs 

Mountain, did nest > 10 km from their natal nest area.  Female C-322-05 moved 10.7 km 

from her natal nest in Beaver Basin at Cold Springs Mountain to the southwest of Pine 

Mountain in southern Wyoming, while female A-351-05 moved 12.3 km (first nest) and 10.7 

km (second nest) from her natal nest in west Axial (Juniper Springs II strutting ground) (Table 

7).  Known females from the 2006 breeding season that survived to the 2007 breeding season 

showed similar trends and distances between the years (Table 7).  In general, natal dispersal 

of female sage-grouse was leptokurtic (skewed left) reflecting natal fidelity (at least to nest-

lek area) and decreased dispersal away from the natal nest area ( > 4.8 km) (Figure 2).    

 Natal dispersal distances for known yearling males were calculated as the distance 

between the natal nest and the average breeding season (15 April through 15 May) locations.   

During this time males were located between 5 – 12 times.   In 2007 yearling males averaged 

4.1 + 0.5 km from their natal nest with a range of 1.7 – 10.6 km (Table 7 and 9; Figure 2).  

This was less than the 7.7 + 2.0 km from their natal nest observed in 2006.  The natal 

dispersal pattern for males was also skewed with the majority of locations greater than 1.6 and 

less than 4.8 km (Figure 2).  No yearling male’s average breeding season distance was less 

than 1.7 km from its natal nest, and only 2 were greater than 4.8 km (Table 9; Figure 2).  For 

2007 it appeared that yearling males were not strictly philopatric to their natal nest areas in 

the first year, but ranged over a wider area during this time.  However, this trend was 

observed less in 2007 than 2006.   In addition, mortality of yearling males was high during 

this time (March through May).  In 2007, survival of yearling males was 70.0% (7/10) 

compared to 90.9% (20/22) for females (includes the random yearlings for both sexes). 

  In addition to the 21 known yearlings, 11 random yearlings were radio-marked (as 

juveniles) in September and October 2006 and monitored during the 2007 breeding season.  
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For the females, 77.8% (7/9) initiated a nest, however all nests were subsequently depredated.  

Natal dispersal for these random yearlings (both male and female) was calculated based on 

the fall (September or October) capture location due to the actual nest site not being known.  

In this calculation it is assumed that these captures are taking place near the time of brood 

break-up (i.e., late brood period) and that the juveniles have not started the fall phase of 

dispersal.  Under this assumption random yearlings of both sexes showed similar, although 

slightly higher trends in natal dispersal distance to those of the known yearlings (Table 11).  

This slight difference in distance may reflect the movement of broods into mesic late brood 

habitat (the fall capture locations) that is separate and distinct from nesting (natal-lek area) 

habitat (e.g., movement from Axial Basin nesting habitat to Danforth Hills late brood habitat).   

 

Sage-Grouse Egg Acquisition, Incubation, and Hatching 

Fifteen females were designated as egg acquisition (EA) females in each study area.  

Eggs were collected from 15 radio-marked females (11 adults and 4 yearlings) from the 2 

areas (9 from Axial Basin/Danforth Hills and 3 from Cold Springs Mountain) and 1 incidental 

female in the Axial Basin. 

      Seventy-nine eggs were collected from EA females (Table 12).  The first egg was 

collected on 4 April and the last egg on 9 May.  In total, 70 “good” (eggs that were collected 

from laying or incubating females) eggs were collected from 13 females for an average of 5.4 

eggs/female.  The remaining 9 eggs were collected from depredated females or nests that were 

abandoned.   

      The majority of eggs were collected from incubating (58%) and laying (30%) females 

(Table 12).  Eggs from laying females were stored in a refrigerator (10-15o C) for an average 

of 7.5 days before placing them in the incubator (storage length reflects the amount of time 

needed to synchronize the hatching of collected eggs with wild broods in the 2 study areas).  

The egg hatching rate of “good” eggs was 87.1% (n = 61/70).  This was the highest hatch rate 

documented in the study (Table 12).  In addition, the number of eggs showing no signs of 

development after being placed in the incubator was lower compared to the previous 2 years 

(Table 12).  In 2007, hatching rates and domestic chick success to brood adoption was higher 

for eggs collected from incubating females compared to laying females, as well as for stored 
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eggs (Table 13 and 14).  This might reflect the decreased hatchability of stored eggs (i.e., the 

majority of which are laying eggs).  

      Sixty-three chicks were hatched in captivity, and 50 of these chicks (79.4%) were 

subsequently released into the wild (Table 15).  Compared to previous years the number of 

chicks with external abnormalities (i.e., splayed legs, curly toes), those that needed to be 

euthanized, and those dying from unknown reasons in captivity appeared to be lower (Table 

15).  Additionally, the initial hatch weight of the domestically hatched chicks appeared to be 

higher in 2007 compared to the previous 2 years (Table 15).  In total, 29 domestically-hatched 

chicks were released to 8 broods in the Axial Basin/ Danforth Hills and 21 chicks were 

released to 7 broods at Cold Springs Mountain.  Adoption success, the percent of 

domestically-hatched chicks alive with a brood 24 hours after release, was 100% (50/50) in 

2007. 

 

Sage-grouse Brood and Chick Captures 

Forty-nine broods were produced from 146 nests that were initiated during the spring 

of 2007 (Table 16).  Thirty-six broods were captured and radio-mark in 2007.  The remaining 

13 broods were depredated or died of other causes within 24 to 48 hours post-hatch (Table 

16).  During May and June 212 chicks were radio-marked.  On each study area, 106 chicks 

were radio-marked (77 wild-hatched and 29 domestically-hatched in the Axial Basin/ 

Danforth Hills and 85 wild-hatched and 21 domestically-hatched at Cold Springs Mountain) 

(Table 16).  However, because of the early brood loss at Cold Springs Mountain (see Brood 

and Chick Survival below), and low nesting success in the Axial Basin (Table 6), more chicks 

were radio-marked per brood in 2007 compared to the previous 2 years (Table 16).  In 

addition, 72 non-radio-marked chicks were PIT-tagged over the 2 study areas. 

From the 212 radio-marked chicks, 51 survived to the second recapture and re-radio-

marking.  At this stage both wild- and domestically-hatched chicks had similar apparent 

survival (40/162 or 24.7%, and 11/50 or 22.0%, respectively).  Additionally, apparent survival 

at this stage was greater in the Axial Basin/ Danforth Hills (36/106 or 34.0%) compared to 

Cold Springs Mountain (15/106 or 14.2%).  From hatch to approximately 60 days, the fate of 

only 7 chicks (6 transmitters that could not be found and 1 dropped transmitter) or 3.3% could 

not be determined (2 in the Axial Basin and 5 at Cold Springs Mountain).  Eighty-four 
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approximately 60 day-old sage-grouse were radio-marked during this stage of capture, 52 

from Axial Basin/ Danforth Hills and 32 from Cold Springs Mountain study areas (Table 16).  

Twenty-eight juvenile sage-grouse from Axial Basin/ Danforth Hills and 12 from Cold 

Springs Mountain were re-radio-marked (i.e., those originally radio-marked 1-3 days post-

hatch) during this time period (Table 16).  In addition to the 40 re-radio-marked juveniles 

captured at 60-days, 4 juveniles PIT-tagged as chicks (2 from the Axial Basin/ Danforth Hills 

and 2 from Cold Springs Mountain) and 29 unknown random-juveniles (14 from the Axial 

Basin/ Danforth Hills and 15 from Cold Springs Mountain) were radio-marked (Table 16).  

Random juveniles were those individuals captured while attempting to capture known broods, 

and they did not have a PIT tag or signs of previously being radio-marked as chicks.  These 

random juveniles could possibly be unmarked related brood-mates, adopted unrelated brood-

mates, or individuals from other broods that were using the same roosting areas. 

 

2007 Greater Sage-grouse Brood and Chick Survival 

In 2007, broods had a survival rate 26.5% and radio-marked chicks (both wild-hatched 

and domestically-hatched combined) had a survival rate of 12.2% to 16 weeks of age (Figure 

3).  Both of these estimates were substantially lower than previous years (2005 Brood: 50.0%, 

2005 Chick: 37.4%; 2006 Brood: 46.8%, 2006 Chick: 37.4).  In 2007, survival was once 

again lowest during the two weeks post-hatch for both broods and chicks with over 40% of 

total losses occurring during this time (40.8% and 50.3%, respectively) (Figure 3).  This 

period represents the most critical time for young chicks and broods because: (1) they are not 

able to thermoregulate properly until they are greater than two weeks of age and as such are 

highly susceptible to weather extremes and exposure, and (2) they are not able to properly fly 

until they are greater than 14-21 days of age and are highly susceptible to predation, 

especially young broods.  In 2007, brood survival differed between the 2 study areas (Axial 

Basin/ Danforth Hills: 42.9% and Cold Springs Mountain: 14.3%) (P = 0.03) (Figure 4).  The 

largest difference between the sites occurred during the first week in which 10 broods at Cold 

Springs Mountain were lost 1-2 post hatching (i.e., before capture and radio-marking of 

chicks). 

Among wild-hatched chicks, there were no differences in survival rates between Axial 

Basin and Cold Springs Mountain from hatch to 16 weeks of age (16.6% and 8.3%, 
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respectively; P = 0.064) (Figure 5).  Compared to wild-hatched chicks, domestically-hatched 

chicks had significantly lower survival from adoption to 2 weeks of age (39.4% and 52.8%, 

respectively).  However, this rate was higher for domestically-hatched in 2007 compared to 

2006 (26.4%).  After this first 2 weeks there was no difference in survival between wild-

hatched (14.0%) and the domestically-hatched chicks (6.7%) (P = 0.06) (Figure 6).  Only 18 

wild-hatched (12 Axial Basin and 6 Cold Springs Mountain) and 3 domestically-hatched (2 

Axial Basin and 1 Cold Springs Mountain) survived past 16 weeks of age.   

 

2007 Fall Captures of Juvenile Greater Sage-Grouse 

During September and October, 54 juvenile sage-grouse were captured and radio-

marked (Table 17).  Thirty-one were radio-collared in the Axial Basin/ Danforth Hills and 23 

at Cold Springs Mountain (Table 17).  Twenty-five of these, 17 from Axial Basin/ Danforth 

Hills and 8 from Cold Springs Mountain, were from the original cohort radio-marked or PIT-

tagged at 1-3 days post-hatch (Table 17).  In addition, 29 unknown (i.e., natal nest area 

unknown) random juveniles, 14 from the Axial Basin and 15 from Cold Springs Mountain, 

were added.  At this age (> 100 days-old) the sex of the juveniles can be determined.  From 

the 54 juveniles captured 40 were females and 14 were males (Table 17).  The ratios were 

skewed in favor of females in both study areas, and between known and random groups 

(Table 17).  Among the known individuals this could suggest that males have lower survival 

from chick to brood independence compared to females.   

 

Future Work 

From January to June/July of 2008, we will continue to collect movement and survival 

data for all known and random juveniles radio-marked during 2007, as well as any surviving 

known and random individuals marked during the 2005 and 2006 hatch years.  Nesting and 

breeding status will be determined for these individuals (approximately June or July).  This 

will mark the end of the data collection period for this research project.  In addition, during 

the spring of 2008, we plan on collecting DNA samples (blood and/or feathers) from 

primarily males and opportunistic females from leks (approximately 20-30 individuals/ per 

site) in Utah (adjacent to Cold Springs Mountain population), the Blue Mountains (southwest 

Moffat County and south of Dinosaur National Monument), and possibly from northeast 
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Moffat County (Zone 3b or 4a) (Figure 1).  This will give us the full complement of DNA 

samples from Moffat County (roughly 350-450 samples).  No birds are planned to be radio-

marked during this period and the 2007 field season represented the last year of the captive 

rearing project. 

We are anticipating the full final report for this project (i.e., dissertation) in May 2009.  

However, the following chapters and/or manuscripts will be completed during the current 

year: (1) evaluation of the captive rearing and domestic-chick technique (May 2008), (2) 

handbook of chick rearing (May 2008), (3) chick biology: from hatch to brood break-up 

(August 2008), and (4) natal dispersal movements and survival (December 2008).  In 

addition, genetic lab work will be completed, and analyses and evaluations started. 
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Figure 1. 

Racetrack Flats 
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Table 1.  Kaplan-Meier survival estimates for juvenile greater sage-grouse from hatch (May/ June 2006) 
through first breeding (May 2007). 
       
  Juvenile Survival  Yearling 

Survival 
 Chick Survival 

(hatch – 16 
weeks) 

(n = 145)A

Fall 
(Sep – Nov) 

(n = 54)B

Winter 
(Dec – Feb) 

(n = 39)B

First Year 
(hatch – 

Mar) 
(n = 176) 

 Spring 
(Mar – May) 

(n = 35) 

       
Axial Basin/ 

Danforth Hills 
37.5 

(26.7 – 60.0) 
89.3 

(78.5 – 1.0) 
91.7 

(81.3 – 1.0) 
26.5 

(15.1 – 53.2)  72.7 
(57.2 – 92.5) 

       

Cold Springs 
Mountain 

41.3 
(29.8 – 58.7) 

60.9 
(45.7 – 
81.1) 

86.7 
(71.6 – 1.0) 

20.1 
(9.9 – 42.0)  84.6 

(67.4 – 1.0) 

       

Total 38.5 
(29.3 – 50.7) 

75.8 
(65.4 – 
87.9) 

89.7 
(80.1 – 99.6) 

23.2 
(17.6 – 37.6)  77.1 

(64.8 – 91.8) 

       
A Includes only the wild-hatched chicks originally radio-marked at 1-3 days post-hatch to 16 weeks of 
age. 
B Includes all surviving chicks (wild-hatched, domestically-hatched, PIT-tagged radio-marked, and  
   opportunistically added randoms) surviving until 1 September or added in September during trapping. 
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Table 2. Age of female greater sage-grouse captured and radio-marked in March 
and April, 2007 in northwestern Colorado.  
    
Study Area a Total Adult Yearling 
    

Axial Basin/ Danforth Hills 47 27 20 
     East Half 7 2 5 
     West Half 37 24 13 
     Danforth Hills 3 1 2 
Cold Springs Mountain 39 23 16 
     Lower Elevation 24 16 8 
     Higher Elevation 15 7 8 
Sand Wash Basin      3 0 3 
    

Total 89 50 39 
 

a Axial Basin/ Danforth Hills Leks: East (CRP, Morgan Gulch 2, Tic Tac), West (West Box Elder, 
Juniper 2, Bekkedahl, Red Gravel), Danforth Hills (SG7 – Burn,); Cold Springs Mountain : Lower 
Elevation (Whiskey Draw, G Flats), Upper Elevation (Beaver Basin, Cold Springs, Swede Flats); 
Sand Wash Basin (Racetrack Flats 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Table 3. Age of female greater sage-grouse monitored in northwestern Colorado 
during the spring and summer, 2007.  
    
Study Area  Total Adult Yearling a

    

Axial Basin/ Danforth Hills 100 62 37 (16) 
Cold Springs Mountain 84 58 26 (10) 
Sand Wash Basin 3 0 3 
    

Total 187 121 66 (26) 
    
a Numbers in parentheses are juveniles radio-marked in the fall of 2006.  
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Table 4. Greater sage-grouse yearlings radio-marked as chicks and juveniles in 2006 
and monitored in northwestern Colorado during the spring and summer, 2007.  
    
Study Area  Total Female Male 
    

Axial Basin/ Danforth Hills 23 15 8 
Cold Springs Mountain 17 11 6 
    

Total 40 26 14 
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Table 5. Fate of radio-marked female greater sage-grouse monitored during the spring and summer in northwestern Colorado, 2007. 
             
 Axial Basin Cold Springs Mountain Northwest Colorado 
 Total 

(n = 91) 
Adult 

(n = 56) 
Yearling 
(n = 34) 

Unk 
(n = 1) 

Total 
(n = 78) 

Adult 
(n = 49) 

Yearling 
(n = 27) 

Unk 
(n = 2) 

Total 
(n = 169) 

Adult 
(n = 105) 

Yearling 
(n = 61) 

Unk 
(n = 3) 

Female Initiated 
nesting 64 42 21 1 59 35 22 2 123 77 43 3 

Successfully 
Nested Female 19 16 2 1 28 19 9 0 47 35 11 1 

Initial Nest  
Depredated 51 30 21 0 34 20 12 2 85 50 33 2 

Nest 
Abandoned 1 1 0 0 3 2 1 0 4 3 1 0 

Renest Initiated 14 12 2 0 9 8 1 0 23 20 3 0 

Renest 
Successful 7 5 2 0 6 6 0 0 13 11 2 0 

Renest 
Depredated 7 7 0 0 3 2 1 0 10 9 1 0 

Did Not Nest 12 3 9 0 4 2 2 0 16 5 11 0 

Unknown Fate 5 3 2 0 3 3 0 0 8 6 2 0 

Mortality  
(Prelaying) 8 6 2 0 10 7 3 0 18 13 5 0 

Transmitter 
Failure 2 2 0 0 2 2 0 0 4 4 0 0 

a  Fate of egg acquisition (EA) females (i.e., females that had all or some of the eggs collected from the nest bowl) from the Axial Basin (n = 9) and Cold Springs 
Mountain (n = 3) were not included in the table.   
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Table 6. Nesting parameters of radio-marked greater sage-grouse monitored during the spring and summer in northwestern Colorado, 2007. 
             

 Axial Basin Cold Springs Mountain Northwest Colorado 
 Total 

(%) 
Adult 
(%) 

Yearling 
(%) 

Unk 
(%) 

Total 
(%) 

Adult 
(%) 

Yearling 
(%) 

Unk 
(%) 

Total 
(%) 

Adult 
(%) 

Yearling 
(%) 

Unk 
(%) 

             

Nest Initiation 84.2 
(64/76) 

93.3 
(42/45) 

70.0 
(21/30) 

100 
(1/1) 

93.7 
(59/63) 

94.6 
(35/37) 

91.7 
(22/24) 

100 
(2/2) 

88.5 
(123/139) 

93.9 
(77/82) 

79.6 
(43/54) 

100 
(3/3) 

Initial Nest 
Success 

17.7 
(11/62) 

26.8 
(11/41) 

0.0 
(0/21) NA 39.3 

(22/56) 
39.4 

(13/33) 
42.9 

(9/21) 
0.0 

(0/2) 
28.0 

(33/118) 
32.4 

(24/74) 
21.4 

(9/42) NA 

Renest Initiation 31.1 
(14/45) 

46.2 
(12/26) 

10.5 
(2/19) NA 26.5 

(9/34) 
40.0 

(8/20) 
8.3 

(1/12) 
0.0 

(0/2) 
29.1 

(23/79) 
43.5 

(20/46) 
9.7 

(3/31) NA 

Renest Success 50.0 
(7/14) 

41.7 
(5/12) 

100 
(2/2) NA 66.7 

(6/9) 
75.0 
(6/8) 

0.0 
(0/1) NA 61.9 

(13/21) 
61.1 

(11/18) 
66.7 
(2/3) NA 

Nest success 24.4 
(19/78) 

29.6 
(16/54) 

8.7 
(2/23) 

100 
(1/1) 

44.4 
(28/63) 

47.5 
(19/40) 

42.8 
(9/21) 

0.0 
(0/2) 

33.3 
(47/141) 

37.2 
(35/94) 

25.0 
(11/44) 

33.3 
(1/3) 

Female Success 29.7 
(19/64) 

38.1 
(16/42) 

9.5 
(2/21) 

100 
(1/1) 

47.5 
(28/59) 

54.3 
(19/35) 

40.9 
(9/22) 

0.0 
(0/2) 

38.2 
(47/123) 

45.5 
(35/77) 

25.6 
(11/43) 

33.3 
(1/3) 

a  Fate of egg acquisition (EA) females (i.e., females that had all or some of the eggs collected from the nest bowl) from the Axial Basin (n = 9) and Cold Springs 
Mountain (n = 3) were not included in the table.   
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Table 7. Natal dispersal and breeding season status of known and random (RJ) greater sage-grouse (n = 14) radio-marked as chicks 
in 2005 and monitored through the breeding season 2006 and 2007 in Moffat County, Colorado. 

         
   2006  2007  

 
 

ID 
Maternal 
Female Nest 

Avg. Breeding 
Season 

Locations 

 

Nest 

Avg. Breeding 
Season 

Locations 
Status 

June 1, 2007 
Females:         
         

Cold Springs C-310-05 C-264-05 0.20 N/A  0.09 N/A Depredated 
Mountain C-316-05 RJ 11.86 N/A  1.59 N/A Successful 

  * 11.86 N/A  N/A N/A  
 C-319-05 RJ 2.90 N/A  3.32 N/A Depredated 
 C-322-05 C-290-05 10.66 N/A  10.73 N/A Depredated 
         

Axial Basin/ A-335-05 A-173-05 1.75 N/A  N/A 1.31 Radio Failure 
Danforth Hills A-346-05 A-164-05 0.43 N/A  2.75 N/A Successful 

 A-348-05 A-155-05 0.31 N/A  0.31 N/A Depredated 
 A-349-05 A-176-05 1.12 N/A  0.76 N/A Depredated 
 A-350-05 A-196-05 N/A 5.37 (+ 0.26)  8.70 N/A Depredated 
 A-351-05 A-196-05 11.69 N/A  12.27 N/A Depredated 
  *    10.65 N/A Depredated 

 A-353-05 A-238-05 1.87 N/A  1.56 N/A Depredated 
 A-357-05 A-191-05 NA 4.35 (+ 0.39)  5.70 N/A Depredated 
  *    6.56 N/A Depredated 

Males:         
         

Cold Springs C-317-05 C-265-05 N/A 1.62 (+ 0.80)  N/A 0.26 Mortality (4/05) 
Mountain         

         
Axial Basin/ A-324-05 A-213-05 N/A 7.82 (+ 0.28)  N/A 7.79 (+ 0.21) Mortality (4/20) 

Danforth Hills         
* Denotes renest attempt. 
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Table 8. Natal dispersal and breeding season status of female yearling greater sage-grouse (n = 22) radio-marked as chicks in 2006 and 
monitored through the breeding season 2007 in Moffat County, Colorado. 

    Distance (km) from:   

Area 
Yearling  

ID 
Maternal 
Female 

2007 
Breeding 

Status 

Natal Nest/ 
Fall Capture   
 to First Nest 

Natal Nest/ Fall Capture 
to Avg. Breeding 

Season Location a
Nest 
Fate 

Status 
June 1 

        
Cold Springs C-444-06 C-298-05 Nested 1.36 N/A Depredated Broodless 

Mountain C-447-06 C-308-05 Nested 2.50 N/A Depredated Broodless 
 C-454-06 C-391-05 Nested 2.60 N/A Successful Brood 
 C-457-06 C-301-05 Nested 1.03 N/A Depredated Broodless 
 C-459-06 RJ Nested 1.59 N/A Depredated Broodless 
 C-460-06 RJ Did Not Nest N/A 3.07 (+ 0.15) N/A Alive 
 C-463-06 RJ Nested 5.85 N/A Depredated Broodless 
 C-467-06 RJ Nested 2.04 N/A Depredated Broodless 
        

Axial Basin/ A-413-06 A-195-05 Did Not Nest N/A 2.39 (+ 0.34) N/A Alive 
Danforth Hills A-414-06 A-195-05 Did Not Nest N/A 2.99 (+ 0.33) N/A Alive 

 A-415-06 A-195-05 Pre-nesting N/A 3.90 N/A Mortality (4/2) 
* A-418-06 A-195-05 Nested 1.98 N/A Depredated Broodless 
* A-420-06 A-195-05 Did Not Nest N/A 3.92 (+ 0.18) N/A Alive 

 A-422-06 RJ Nested 2.55 N/A Depredated Broodless 
 A-425-06 A-224-05 Did Not Nest N/A 2.64 (+ 0.12) N/A Alive 
 A-431-06 RJ Nested 6.96 N/A Depredated Mortality (5/7) 
 A-433-06 A-213-05 Nested 3.55 N/A Depredated Broodless 
 A-434-06 A-225-05 Did Not Nest N/A 3.17 (+ 0.45) N/A Alive 
 A-436-06 A-289-05 Nested 3.13 N/A Depredated Broodless 
 A-438-06 RJ Nested 11.16 N/A Depredated Broodless 
 A-442-06 RJ Did Not Nest N/A 2.19 (+ 0.12) N/A Alive 
 A-443-06 RJ Nested 2.09 N/A Depredated Broodless 

aMean distance between natal nest (or fall capture location for random juveniles (RJ)) and locations between April 15 – May 15.  * Domestically-
hatched chick; natal nest for domestically-hatched chicks refers to the location where chicks were introduced into (adopted by) wild broods. 
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Table 9. Natal dispersal and breeding season status of male yearling greater sage-grouse (n = 10) 
radio-marked as chicks in 2006 and monitored through the breeding season (April 15 – May 15) 
2007 in Moffat County, Colorado. 

     

Area 
Yearling 

ID 
Maternal 
Female 

Distance (km) 
from Natal Nest/ 
Avg. Breeding 

Season Location 
(km/ SE) 

Status 
June 1 

     

Cold Springs Mountain C-451-06 C-273-05 10.64 (+ 2.13) Alive 
 C-453-06 C-305-05 3.62 (+ 0.42) Mortality (4/15) 
 C-456-06 C-410-05 4.25 (+ 0.73) Alive 
 C-462-06 RJA 9.12 (+ 0.40) Mortality (4/23) 
 C-465-06 RJA 10.64 (+ 2.13) Alive 
     

Axial Basin                * A-419-06 A-195-05 2.99 (+ 0.80) Alive 
                                   * A-423-06 A-225-05 2.22 (+ 0.76) Mortality (5/8/) 
                                   * A-424-06 A-225-05 1.69 (+ 0.38) Alive 

 A-429-06 A-380-05 1.66 (+ 0.27) Alive 
                     A-435-05 A-225-05 4.34 (+ 0.52) Alive 
     

A RJ refers to random juveniles captured in September or October 2006 and followed through the 
breeding season 2007.  Natal dispersal for these individuals is the straight line distance between 
the fall capture location and the average breeding season locations.  
* Domestically-hatched chick; natal nest for domestically-hatched chicks refers to the location 
where chicks were introduced into (adopted by) wild broods. 
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Table 10. Natal dispersal (km) of known greater sage-grouse chicks 
radio-marked or PIT-tagged in the spring of 2006 and monitored through 
the breeding season 2007 in Moffat County, Colorado. Natal dispersal is 
the straight-line distance between the natal nest and the first nesting 
attempt for females that nested or the average breeding season locations 
(April 15 – May 15, 2007) for females that did not nest and males. 
 
    

From Natal Nest: 

Axial Basin/ 
Danforth Hills 

(n = 14) 

Cold Springs 
Mountain      

(n = 7) 

Northwest 
Colorado 
(n = 21) 

    
To First Nest: Mean (SE) Mean (SE) Mean (SE) 
    
     Known Females 
 

2.9 (+ 0.5) 
(n = 3) 

1.9 (+ 0.4) 
(n = 4) 

2.3 (+ 0.3) 
(n = 7) 

    

To Average  
Breeding Season  
Location: Mean (SE) Mean (SE) Mean (SE) 
    
     Known Females 3.1 (+ 0.2) 

(n = 6) N/A 3.1 (+ 0.2) 
(n = 6) 

     Known Males  2.6 (+ 0.3) 
(n = 5) 

6.9 (+ 1.2) 
(n = 3) 

4.1 (+ 0.5) 
(n = 8) 

Combined: Mean (SE) Mean (SE) Mean (SE) 

     Known Females 3.1 (+ 0.2) 
(n = 9) 

1.9 (+ 0.4) 
(n = 4) 

3.0 (+ 0.2) 
(n = 13) 
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Figure 2. Frequency distribution of natal dispersal for known yearling male and female greater sage-grouse radio-marked as chicks in 
2006 (n = 22) and 2005 (n = 14) and followed through the breeding season in Moffat County, Colorado during 2007. Female natal 
dispersal is the average of the straight line distance between the natal nest and the first breeding season nest for females that attempted to 
nest and the average distance between the natal nest and the average breeding season locations for females that did not nest, and male 
natal dispersal is the average distance between the natal nest and the average breeding season locations. 
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Table 11. Natal dispersal (km) of random greater sage-grouse juveniles 
captured in the early fall (September or October) brood break-up period 
and monitored through the breeding season 2007 in Moffat County, 
Colorado. Natal dispersal is the straight-line distance between the fall 
capture location and the first nesting attempt for females that nested or the 
average breeding season locations (April 15 – May 15, 2007) for females 
that did not nest and males. 
 
    

From Fall Capture: 

Axial Basin/ 
Danforth Hills 

(n = 5) 

Cold Springs 
Mountain      

(n = 6) 

Northwest 
Colorado 
(n = 11) 

    
To First Nest: Mean (SE) Mean (SE) Mean (SE) 
    
     Random Females 5.7 (+ 2.1) 

(n = 4) 
3.2 (+ 1.3) 

(n = 3) 
4.6 (+ 1.3) 

(n = 7) 
    
To Average  
Breeding Season  
Location: Mean (SE) Mean (SE) Mean (SE) 
    
     Random Females 2.2 

(n = 1) 
3.1 

(n = 1) 
2.5 (+ 0.1) 

(n = 2) 
     Random Males 

N/A 5.2 (+ 1.0) 
(n = 2) 

5.2 (+ 1.0) 
(n = 2) 

Combined: Mean (SE) Mean (SE) Mean (SE) 

     Random Females 3.1 (+ 0.5) 
(n = 5) 

3.1 (+ 0.4) 
(n = 4) 

3.1 (+ 0.4) 
(n = 9) 
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Table 12 . Summary of greater sage-grouse eggs collected in northwestern Colorado 2004 – 2007.  
           

Year 
Total 
Eggsa

EA 
Eggsb

Laying 
Eggsc

Incub. 
Eggsd

Ab/Dep 
Eggse

Average 
Refrigeration

Time 
(days) 

Total 
Hatched 

(%) 

EA 
Hatched 

(%) 

Total 
Died 

in 
Eggf

Total 
Sterile/ 

No 
Dev.g

           

2004 39 36 22 14 3 < 7 
(range 2-7) 

79.5  
(31/39) 

80.6  
(29/36) NA NA 

2005 82 62 36 24 22 7.9  
(range 3-12) 

58.5  
(48/82) 

70.0  
(42/60) 14 4 

2006 102 76 48 28 26 8.0 
(range 6-10) 

53.9 
(55/102)

64.5 
(49/76) 15 12 

2007 79 70 24 46 9 7.5  
(range 4-11) 

79.7 
(63/79) 

87.1 
(61/70) 9 4 

           
aIncludes all eggs collected from both abandoned/depredated nests and egg acquisition nests.  
bEggs collected from females designated for egg acquisition (EA). 
cEggs collected from EA females before the start of incubation. 
dEggs collected from incubating EA females.  
eEggs collected from abandoned nests.  
fEggs collected from EA females where embryos died in the egg (i.e., showed signs of development). 
g Eggs collected from EA females that were either sterile or showed no signs of development.  
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Table 13. Summary of female status and hatching rates for greater sage-grouse eggs collected in 
northwestern Colorado 2004 – 2007.  
     

Year 

Laying  
Eggs 

Incubating  
Eggs 

(%) 

Incubating:  
Abandoned/ depredated 

Eggs 

(%) (%) 

Unknown:  
Laying/ Incubating 

(%) 
     

2005 
(n=82) 

50.0 
(18/36) 

100 
(24/24) 

30.0 
(6/20) 

0 
(0/2) 

2006 
(n=102) 

56.3 
(27/48) 

78.6 
(22/28) 

23.1 
(6/26) NA 

2007 
(n=79) 

83.3 
(20/24) 

89.1 
(41/46) 

22.2 
(2/9) NA 

Total 
(n=263) 

60.2 
(65/108) 

88.8 25.5 0 
(87/98) (14/55) (0/2) 

     

 
 
 
Table 14. Percentage of domestically-hatched chicks surviving to brood adoption depending on how 
the egg was originally collected and on whether it was stored in a refrigerator (4 – 11 days) in 
northwestern Colorado 2005 – 2007.  
     

Stored  
 (%) 

Laying  
 (%) 

Incubating  
Year  (%) 

Incubating:  
Abandoned/ 
 depredated 

 (%) 
     

2005 
(n=32) 

44.4 
(8/18) 

44.4 
(8/18) 

83.3 
(20/24) 

66.7 
(4/6) 

2006 
(n=37) 

58.6 
(17/29) 

70.4 
(19/27) 

77.3 
(17/22) 

16.7 
(1/6) 

2007 
(n=50) 

59.4 
(19/32) 

75.0 
(18/24) 

65.2 
(30/46) 

22.2 
(2/9) 

Total 
(n=119) 

55.6 
(4479) 

65.2 72.8 33.3 
(45/69) (67/92) (7/21) 
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Table 15.  Summary of domestically-raised greater sage-grouse chick fates in northwest Colorado in 2004 - 2007. 
          

Year 

Total 
Hatched 
Chicks 

Successful 
Chicks 

(%) 

Total 
Dead 

Chicks 
(%) 

Deformities a

(%) 

 

Euthanized. 
(%) 

Human 
Error 
(%) 

Unknown 
Cause b

(%) 

 
Initial 

Weight 
(grams) 

          

2004 30 60.0  
(18/30) 

40.0  
(12/30) 

16.7  
(5/30) 

 58.3 
(7/12) 

33.3 
(4/12) 

8.3 
(1/12) NA 

2005 48 66.7  
(32/48) 

33.3  
(16/48) 

29.2 
(14/48) 

 31.3 
(5/16) 

6.3 
(1/16) 

62.3  
(10/16) 

30.1 
(+ 0.4) 

2006 55 65.5 
(36/55) 

34.5 
(19/55) 

14.5 
(8/55) 

 15.8 
(3/19) 

10.5 
(2/19) 

73.7 
(14/19) 

28.8 
(+ 0.4) 

2007 63 79.4 
(50/63) 

20.6 
(13/63) 

9.5 
(6/63) 

 46.2 
(6/13) 

0 
(0/13) 

53.8 
(7/13) 

32.5 
(+ 0.3) 

Total c 166 71.1 
(118/166) 

28.9 16.9 
(28/166) 

 29.2 
(14/48) 

6.3 64.6 
(48/166) (3/48) (31/48) 

30.5 
(+ 0.3) 

 

a Deformities included splayed legs, seizures, malformed appendages, or other irregularities. This did not 
determine that a  chick would be euthanized if it could recover after hatching (i.e.,  in 2005 and 2006  partially 
splayed legs or curled toes on chicks did  straighten out after the chicks were removed from the hatcher).     
 
b Involves  cases when chicks are found dead in the outside or inside of brooders and pens and cause of death is 
unable to be determined upon inspection in the field.  Probable causes could include any one or a combination of 
the following: malnutrition, internal abnormalities (seizures, gastrointestinal problems, birth defects, etc.), or 
environmental factors and stresses (overheating, feeding schedules, substrate, etc.). 
 
c Total is a summary from 2005 to 2007 only. 
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Table 16. Broods and chicks of radio-marked females monitored during the spring and summer in 
northwestern Colorado, 2007. 
    
 Axial Basin/ 

Danforth Hills 
Cold Springs 

Mountain Total 
    

Total Broods 21 28 49 
Radio-marked Broods 18 18 36 
Total Chicks Radio-marked 106 106 212 
Wild Chicks Radio-marked 77 85 162 
Domestic Chicks Radio-marked 29 21 50 
Radio-marked Chicks per Brood 5.9 5.9 5.9 
Total Chicks PIT Tagged 46 26 72 
    
Grouse radio-marked at 60-days: 52 32 84 
     Original radio-marked chicks 28 12 40 
     PIT-tagged chicks added 2 2 4 
     New random juveniles 14 15 29 
         

 
Figure 3. Estimated weekly Kaplan-Meier survival rate estimates with 95% confidence intervals 
(CI) of radio-marked greater sage-grouse chicks (both wild- and domestically-hatched) and broods 
from hatch to 16 weeks of age in Moffat County, northwest Colorado (NWC) 2007. 
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Figure 4. Estimated weekly Kaplan-Meier survival rate estimates with 95% confidence intervals 
(CI) of radio-marked greater sage-grouse broods from hatch to 16 weeks of age in the Axial Basin 
(AB) and Cold Springs Mountain (CSM) study areas in Moffat County, Colorado 2007.  
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Figure 5. Estimated weekly Kaplan-Meier survival rate estimates with 95% confidence intervals 
(CI) of radio-marked greater sage-grouse chicks (wild-hatched and domestically-hatched) from 
hatch to 16 weeks of age in the Axial Basin (AB) and Cold Springs Mountain (CSM) study areas in 
Moffat County, Colorado 2007. 
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Figure 6. Estimated weekly Kaplan-Meier survival rate estimates with 95% confidence intervals 
(CI) of wild-hatched (W-H) and domestically-hatched (D-H) radio-marked greater sage-grouse 
chicks from hatch (or adoption date for D-H chicks) to 16 weeks of age in Moffat County, Colorado 
2007.  
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Table 17. Knowna and randomb juvenile greater sage-grouse 
captured during September and October 2007 and radio-marked 
with adult collars in Moffat County , Colorado. 
     
  Axial Basin/ 

Danforth Hills 
Cold Springs 

Mountain 
Northwest 
Colorado 

     
Females     
     Known  15 6 21 
     Random  10 9 19 
     Total  25 15 40 
     
Males     
     Known  2 2 4 
     Random  4 6 10 
     Total  6 8 14 
     
Total     
     Known  17 8 25 
     Random  14 15 29 
     Total  31 23 54 
     
a Known refers to juveniles marked (either with a chick  
transmitter or PIT tag) at 1-3 days post-hatch.  
b Random refers to juveniles of unknown parentage (female 
unknown) and origin (nest location unknown, and captured 
opportunistically.  
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