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Columbian sharp-tailed grouse (Tympanuchusphasianellus columbianus) have

declined > 90% in abundance and distribution during the 20th century. I collected

information on reintroduction projects in 21 states to ascertain factors influencing

prairie grouse restoration in the last 50 years. More release attempts were reported

for the 1990s (n = 14) than the previous 3 decades (n = 13) combined. The highest

odds of success was associated with projects soft-releasing 100 grouse for 4

years during spring (P < 0.05).

A total of 179 Columbian sharp-tailed grouse (82 females, 97 males) from 15

leks in southeastern Idaho was translocated to 2 sites in Waliowa County in

northeastern Oregon, from 1991 to 1997. Sixty-five birds (26 females, 39 males)

were radio-tagged to determine how home ranges, movements, dispersal, habitat use,

and survival are affected by reintroduction. Days in captivity was associated with

weight loss (r 2 = 0.278, P = 0.000 1). Fixed kernel home ranges did not differ
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between sex or sites (F> 0.05), but movements and dispersal patterns differed

between sex, ages, and sites (P < 0.05). Yearling females moved farther the first 30

days post-release than males or adult females (P = 0.001). Adult males at Clear

Lake Ridge moved farther than adult males at the Leap Area (P = 0.001). Males

dispersed northeast, females southeast (P < 0.05). Clear Lake Ridge birds were

relocated in native bunchgrasses, Leap Area birds within a mosaic of native

bunchgrass and Conservation Reserve Program cover. Survival functions were

greater for males than females; birds were killed more by avian than mammalian

predators (P < 0.002). A bird's release weight, movements, and lek behavior

affected post-release survival. Birds captured from the same lek and released first in

an area increased lek-formation (P = 0.005 1).

Population persistence models predicted that the population of birds

reintroduced in NE Oregon would decline to extinction within 20 years. Simulated

populations persisted when female mortality rates were 67%, but required 100

years to reach a population of 1,000 birds. Lek formation among reintroduced males

is important in determining female mortality rates and population persistence

because males and females associated with leks moved less and showed higher

survival probabilities.
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RESTORATION OF COLUMBIAN SHARP-TAILED GROUSE
INTO NORTHEASTERN OREGON

I. [NTRODUCTION

Globally, anthropogenic activities in the 20th Century have decreased

biological diversity because of increased habitat loss and species extinction rates

(Ehrlich 1988, Wilson 1988). Restoration of wildlife populations and their habitats

has become one means of correcting these trends (Jackson et al. 1995, Jordan 1995).

Ecological restoration is a process of repairing and restoring biological diversity and

the dynamic integrity of indigenous ecosystems (Jackson et al. 1995, Kauffman et

al. 1997). Species restoration by reintroduction into historic ranges has been

attempted primarily during the latter one-half of the 2Øth Century (Griffith et al.

1989). Between 1973 and 1986, 43% of restorations in North America involved

gallinaceous birds (Griffith et al. 1989).

Among prairie grouse (Tympanuchus spp.), Columbian sharp-tailed grouse

(Tympanuchusphasianellus columbianus) have suffered one of the greatest declines

in both abundance and distribution (Hamerstrom and Hamerstrom 1961, Miller and

Graul 1980), and have been one of the least successful species to restore into historic

habitats (Toepfer 1990). Columbian sharp-tailed grouse occupy <10% of their

former range (Miller and Graul 1980); 70% of the remaining United States

population is in southeastern Idaho (Ulliman 1995). Restoration projects for

Columbian sharp-tailed grouse were initiated in 1985 in Idaho (Gardner 1997) and in

1990 in Montana (Cope 1992); restoration of Columbian sharp-tailed grouse has not

been attempted in Oregon. Understanding the factors associated with restoration of
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prairie grouse is essential to increase success of projects. The overall objectives of

this study were to: (1) gain a better understanding of the factors affecting the

reintroduction of prairie grouse in the United States and, specifically, Columbian

sharp-tailed grouse in northeastern Oregon; (2) determine the movements, home

range sizes, survival, and reproduction of reintroduced Columbian sharp-tailed

grouse; (3) determine the pre- and post-release factors affecting movements and

survival of translocated birds; and (4) model persistence rates of reintroduced

populations and determine how persistence rates are affected by current

reintroduction methods and practices.

The thesis is divided into 3 main chapters; each chapter comprises a different

aspect relating to the process of restoration and our current perception and

understanding of the factors associated with it. In Chapter II, I report on the

development of a logisticregression model to improve restoration success of prairie

grouse in the United States based on an analysis of responses by wildlife

professionals on successful and unsuccessful prairie grouse restoration projects.

Chapter III documents the results of the field study of Columbian sharp-tailed grouse

reintroduction in Northeast Oregon. I report home ranges, movement and dispersal

patterns, habitat use, survival and reproduction of reintroduced birds. Additionally, I

report the pre-release and post-release factors that influence subsequent survival.

Chapter IV is a population viability analysis of the Columbian sharp-tailed grouse

reintroduction using results from the second and third and chapters. Finally, Chapter

V summarizes the results of this research and provides management

recommendations.
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II. TRANSLOCATION HISTORIES OF PRAIRIE GROUSE

IN THE UNITED STATES

Jeffrey W. Snyder, Eric C. Peiren, and John A. Crawford

This chapter is Oregon Agriculture Experiment Station Paper 11,044

and was published in the Wildlife Society Bulletin 27(2):428-432.
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Abstract

Declines in abundance and distribution of North American prairie grouse

(Tympanuchus spp.) during the 20th century have been attributed to habitat loss and

changes within remaining habitats precipitated by rapid Euro-American settlement.

Species translocations have been used in conjunction with habitat management to

restore prairie grouse to former habitats or to augment small extant populations. We

mailed 28 2-page questionnaires to state and federal wildlife biologists, managers,

scientists, and university researchers in 21 states to compile information on

translocations conducted during the last - 50 years, to ascertain success of

translocations, and to determine factors that influenced success. We received 22 of

28 completed questionnaires (79%) for 6 prairie grouse species or subspecies. Mean

project duration was 3 years and was similar among species and subspecies. More

reported translocation projects were initiated in the 1 990s than during the previous

30 years combined. Projects releasing> 100 grouse were 8.8 times more likely to be

successful (self-sustaining) than projects in which fewer birds were released. Long-

term projects were 1.3 times more likely to succeed than those of shorter duration,

and projects incorporating soft-release techniques were 3.1 times more likely to

succeed than projects that used hard-releases. Approximately one-half of spring

releases were successful, whereas no releases during other seasons were reported as

successful. Additional data, evaluation of release, and broader dissemination of

results would allow biologists, managers, and researchers to more effectively share

information related to successful translocation of prairie grouse.



Introduction

Declines in the abundance and distribution of prairie grouse (Tympanuchus

spp.) populations across North America during the 20th century have been attributed

to the effects of rapid expansion of Euro-American settlement in prairie grouse

habitat (Aldrich 1963, Evans 1968, Miller and Graul 1980, Johnsgard 1983). Habitat

changes included conversions from native plant communities to agricultural crops

and pastures grazed by livestock (Yocom 1952, Buss and Dziedzic 1955,

Hamerstrom and Hamerstrom 1961, Miller and Graul 1980). Numerous

translocations of prairie grouse were attempted during the early 20th century (Bent

1932) and were commonly used in attempts to restore prairie grouse populations in

the latter one-half ofthe century (Scott and Carpenter 1987, Griffith et al. 1989).

Virtually all of the early translocations failed, particularly with greater prairie-

chickens (T. cupido pinnatus) that were transplanted into numerous locations,

including Martha's Vineyard in an attempt to increase heath hen (T. c. cupido)

populations (Gross 1928, Bent 1932). However, improved methods for

translocations, a better understanding of grouse-habitat relationships, and habitat

restoration projects have increased success.

Translocations are used frequently as a management tool to restore or

augment populations (Scott and Carpenter 1987); over 700 translocations were

conducted from 1973 to 1986 in Australia, New Zealand, Hawaii, and North

America (Griffith et al. 1989). Game species comprised over 90% of the

translocations; 43% of translocations involved gallinaceous birds. Prairie grouse

5
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(Tympanuchus spp.) have been among the most difficult group to restore into historic

habitats, in part because large numbers of birds (>1,000) may be necessary to restore

populations (Toepfer et al. 1990:570). However, information on the results of prairie

grouse translocations is not readily available. Thus, lack of suitable documentation

regarding previous restoration attempts for this ecologically and taxonomically

related group of birds has limited our understanding of the factors related to

successful restoration of populations (Scott and Carpenter 1987, Griffith et al. 1989,

Toepfer et al. 1990). Information regarding project duration, release type, habitat,

season of release, and number of birds released in relation to success is needed to

increase success of future restoration projects. The objectives of this paper were to:

(1) compile information on prairie grouse restoration projects during the past - 50

years; and (2) determine factors related to successful translocations.

Methods

We mailed two-page questionnaires to state and federal wildlife biologists,

managers, scientists, and university researchers in 21 states that encompassed the

historical distribution of prairie grouse in the contiguous United States (Johnsgard

1983). We obtained the names and addresses of these individuals from the scientific

literature and reports of prairie grouse researchers, and registrants at recent national

Prairie Grouse Technical Council Conferences and Sage grouse/Sharp-tailed Grouse

Workshops. Potential respondents were asked to list the species or subspecies
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reintroduced, dates of the translocation, and project duration (years) in their states.

Respondents were asked to identify the season(s) when the release occurred, source

population, number of grouse released/year, cover types at release sites (native,

agricultural, or conservation reserve program land [CRP]), and type of release. Type

of release was classified as either soft-release (Rodgers 1992), in which birds were

released from remotely-operated boxes, or other methods (hard-release).

Additionally, respondents were asked if an evaluation was conducted, whether a

population was established or significantly augmented by the release, and if the

population still existed.

With this information, translocation histories for 6 species or subspecies of

prairie grouse were compiled: greater, attwater's (T. c. attwateri), and lesser

(T. pallidicinctus) prairie-chickens, plains (T. p.jamesi), prairie (T. p. campestris),

and Columbian sharp-tailed grouse (2'. p. columbianus). A translocation was defined

as the intentional release of animals to the wild in an attempt to establish, reestablish,

or augment a population (Griffith et al. 1989). An introduction was defined as the

translocation of a species or subspecies not originally present in recent times, a

supplement as a translocation into an area where species or subspecies was extant but

present in small numbers, and a reintroduction as the translocation of species or

subspecies into an area from which it was extirpated.

The effects of project type (supplementation or reintroduction), total number

of birds released, type of release (soft or hard), project duration, and the average

number of birds released on project success were analyzed with logistic regression
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(SAS 1990, Hosmer and Lemeshow 1989). Throughout the process, we used

Hosmer and Lemeshow (1989:87) and Burnham and Anderson (1996) to guide us in

model selection. Wald's statistic, Akaike's Information Criteria statistic (AIC), the

2Log 1 (deviance) statistic, and odds ratios were used to assess the significance of

individual variables, the main-effects model and final model selection. We first

conducted a univariate analysis to ascertain significant individual response variables.

Second, a main-effects model was constructed by employing a forward

variable-selection procedure (selecting variables that sequentially contributed most

to the model). Third, we tested for all possible interactions and used the

drop-in-deviance test (Ramsey and Schafer 1997) to assess whether any interaction

contributed to the model. Finally, the fit of the regression model was assessed by the

Hosmer-Lemeshow C-statistic (Hosmer and Lemeshow 1989). Here, a

non-significant result indicates a fit with the data. We hypothesized no relationships

between project success and the response variables.

Results

We received 22 completed questionnaires from 28 potential respondents

(79%); 20 of 21 states were represented in the analysis (95%). Respondents reported

on releases of 6 species or subspecies (Table 1). Average project duration was 3

years (range: 1-10 years). More release attempts were reported for the 1990s

(n = 14) than the previous 3 decades (n = 13) combined. Projects comprised 52%



reintroductions, 33% supplements, and 15% introductions. A mean of 190 birds

(range: 13-1,046) was released/project; approximately 66% of releases occurred in

spring. More than 50% of the projects involved hard releases. Respondents

considered only 32% of the projects successful.

Columbian sharp-tailed grouse

Nine western states completed the questionnaire with information on

Columbian sharp-tailed grouse (Table 1); only 5 states initiated projects (Id., Mont.,

Oreg., Ut., and Wash.). Two states (Mont. and Oreg.) indicated that they had

reintroduced birds with birds from outside their states; 3 states (Id., Ut., and Wash.)

translocated birds within the state, and 3 states (Calif., Nev., and Wyo.) were

evaluating potential sites for reintroduction. Mean project duration was 4 years

(range: 1-7 years). All but 1 project involved spring releases and the majority of the

projects employed a soft-release technique. One state (Oreg.) reintroduced the birds

from 1991 through 1997 into mixed native prairie and CRP cover types; the

remaining states released birds in native habitat.

Plains sharp-tailed grouse

Six respondents indicated they conducted projects on the plains sharp-tailed

grouse. Mean project duration was 3 years (range: 1-10 years). There were 3

introductions and 3 reintroduction projects. Most employed hard-release techniques

9



Table 1. Translocation histories of North American prairie grouse, 1954/1996.

Species
State Type Years

Project Number
Duration Released Season

Release
method

Cover
type Success

Columbian sharp-tailed Grouse
Idaho Reintroduction 1992-1996 5 105 Spring Soft Native Yes
Montana Reintroduction 1987-1996 6 45 Spring Soft Native No
Oregon Reintroduction 1991-1997 7 179 Spring Soft Native/CRP Yes
Utah Reintroduction 1993 55 Spring Soft Native No
Washington Supplement 1954 Winter Hard Native No
Washington Reintroduction 1992-1996 5 200 Spring Soft Native Yes
California Under Evaluation
Nevada Under Evaluation
Wyoming Under Evaluation

Prairie sharp-tailed Grouse
Wisconsin Reintroduction 1990-1992 3 82 Fall Hard Native No

Plains sharp-tailed Grouse
Colorado Reintroduction 1987-1989 3 163 Spring Hard Native No
Colorado Reintroduction 1995-1996 2 76 Spring Hard Native No
Illinois Introduction 1969 1 50 Spring Hard Agricultural No
Iowa Introduction 1995 1 100 Spring Soft CRP Yes
Kansas Reintroduction 1982-1996 10 1,046 Spring Soft Native Yes
Oregon Introduction 1963 85 Spring Hard Native No

Greater prairie-chicken
Colorado Supplement 1991-1993 3 83 Spring Hard Native Yes
Colorado Supplement 1991-1993 3 141 Spring Hard Native Yes
Illinois Reintroduction 1992-1996 5 320 Spring Soft Native/Ag. Yes
Minnesota Supplement 1997-1980 3 94 Fall Hard Native No
Missouri Reintroduction 1993-1996 4 400 Spring Soft Native/Ag. Yes a



Table 1. Translocation histories of North American prairie grouse, 1954/1996, continued.

a - Results were reported as uncertain and censored from analysis.

Species
State Type Years

Project Number
Duration Released Season

Release
method

Cover
type Success

Greater prairie-chicken, continued
Nebraska Reintroduction 1984-1986 3 278 Winter/Spring Soft Native No
North Dakota Reintroduction 1992-1995 3 158 Spring/Summer Hard Native/Ag. No a
Oklahoma Reintroduction 1956-1959 4 370 Winter Hard Native No
Wisconsin Supplement 1974-1977 4 296 Spring Soft Native No

Attwater's prairie-chicken
Texas Supplement 1967-1970 3 59 Winter Hard Native No
Texas Supplement 1979 1 34 Fall Hard Native No
Texas Supplement 1995-1996 2 13 Summer Soft Native No

Lesser prairie-chicken
Colorado Reintroduction 1988-1996 6 155 Spring Hard Native/Ag. No
Texas Supplement 1983-1984 2 46 Spring Hard Native No



and birds were released in a native habitat or a combination of native/agricultural

cover types. Respondents indicated they systematically evaluated the projects by

conducting lek counts and/or brood observations. One state (Cob.) used

radiotelemetry to evaluate the project.

Greater prairie-chicken

There were 9 proj ects associated with the greater prairie-chicken. Projects

were either reintroductions (n = 5) or supplements (n = 4). Mean project duration

was 4 years (range: 3-5 years). The projects used a combination of soft-release

(n = 4) and hard-release (n = 5) techniques in both native (n = 10) and agricultural

habitats (n 4). Spring releases (n = 7) were more common than releases during

other seasons; there was 1 winter release and 1 fall release. Projects were evaluated

with either radiotelemetry (n = 7), personal observations (n 1), or booming ground

counts (n 1). Only 4 respondents (40%) indicated that a population was

established or significantly augmented.

Attwater's prairie-chicken

There were 3 projects to augment Attwater's prairie-chicken populations in

Texas, dating to 1967 (Table 1). Mean project duration was 2 years (range: 1-3

years); the latest project was in the second season of releasing captive-reared birds

into native habitat in 1996. Mean number of released birds/year was 21 (range:

12
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13-34). The current project employs a soft-release technique and radiotelemetry as

the method of evaluation. Respondents indicated the project had not been successful

because radio-equipped birds died; however, they indicated the project would

continue.

Lesser prairie-chicken

Two states (Cob, and Tex.) conducted releases with lesser prairie-chickens.

Mean project duration was 4 years (range: 2-6 years). Both projects were initiated

in the 1980s. One continued into the 1990s. Both projects employed a har&release

technique during spring in native and agricultural habitats. Radiotelemetry was used

to evaluate projects. Colorado indicated that future work was likely within the next

5 years. Low lek counts and poor reproduction were cited as factors in the apparent

failure.

Factors related to success

The model incorporating number of birds released (variable Many, where

many is >100 birds released during a project), project duration, and release type

(variable Soft-release) was significant (x2 =10.4, df= 3, P = 0.02). There were no

significant interactions to the model, and the Hosmer-Lemeshow C-statistic was not

significant (C = 8.04, df= 7, P = 0.32), indicating a model fit to the data. Projects

releasing l 00 grouse were 8.8 times more likely to succeed than projects in which
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fewer grouse were released (Table 2). Long-term projects were 1.3 times more

likely to succeed than shorter duration projects. Projects incorporating a soft-release

method were 3.1 times more likely to succeed than those in which hard-release

techniques were used. However, project duration and number of birds released were

correlated (r = 0.75, P < 0.01, Pearson Correlation Coefficient). All projects

conducted during fall, summer, or winter (n = 9) failed, whereas 50% of projects

conducted during spring (n 20) succeeded.

Discussion

Successful restoration of prairie grouse was related to project duration,

number of birds released, the manner in which the birds were released, and season.

Griffith et al. (1989) suggested that multiple releases over many years in favored

habitat increased the probability of successful reestablishment of a variety of species.

For prairie grouse, we refined the model of Griffith et al. (1989) to show that

successful restoration was significantly increased when a project was long-term,

released more than 100 birds during the spring, and employed a soft-release

technique.

Despite the increasing number of restoration projects in the 1 990s, the

proportion of successful projects remains low (32%). Paucity of information

regarding factors critical for a successful grouse reintroduction may be a factor in

translocation failures. The results from this study identify specific factors, which, if



Table 2. Variables discriminating between successful and unsuccessful prairie
grouse restoration projects, 1954/1996, based on multiple logistic regression
analysis (Hosmer and Lemeshow 1989).

a multiplicative likelihood of success given a 1 unit increase in the value of a
given variable. Odds 1 indicate that an increase in the value of that variable
decreases the likelihood of success whereas odds 1 indicate a greater
likelihood of success with an incremental increase in the value of that
variable.

15

Parameter Standard
Variable estimate error

Wald's
x2

P
value

Odds
ratio a

Intercept -3.60 1.45 6.18 0.013

Many ( 100 birds) 2.18 1.27 2.96 0.086 8.82

Duration 0.28 0.30 0.83 0.362 1.32

Soft-release 1.12 1.01 1.23 0.267 3.09
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followed, likely will increase chances of a successful restoration project. However,

the results should be viewed cautiously because of small samples. Additional data

from future restoration projects are needed to support or reject these results, and to

increase the power of the model (Hayes and Steidi 1997, Steidl et al. 1997).

Subjective j udgements of project success and accuracy of information

regarding previous projects, which often existed only in unpublished records, likely

confound the analysis. A clear and verifiable definition of success across projects is

needed (sensu Hall et al. 1997). Baseline data, such as numbers, sex, age, bird

weight at capture and release, and release site habitat, are relatively inexpensive to

obtain yet valuable to evaluate project success and reference for later projects.

Typically, these data are not recorded (Scott and Carpenter 1987, Toepfer 1990).

Future projects also should include measures of post-release conditions (numbers of

birds released, survival rates, dispersal, reproduction, and habitat use) that may serve

as measures of project success (e.g., Hoffman et al. 1992). Monitoring habitat

conditions to ascertain suitability for releases and post-release population status may

require substantial financial investment, especially during the initial post-release

period. Regardless, the long-term benefits of these adaptive management efforts

likely will outweigh the short-term costs.

Acknowledgments. We thank the state and federal agency biologists,

managers, scientists, and university researchers for completing the questionnaires



17

and returning them in a timely manner. We thank E. Cole, K. Swindle, Drs. W. D.

Edge, E. K. Fritzell, J. B. Kauffman, and an anonymous reviewer for their comments

on the draft manuscript. Dr. J. P. Loegering assisted with statistical advice.

About our Authors

Jeffrey W. Snyder is a Ph.D. candidate in the Department of Fisheries and

Wildlife at Oregon State University. He is completing his dissertation research on

the restoration of the Columbian sharp-tailed grouse in northeast Oregon, and holds

B. S. and M. S. degrees in biology and ecology from Idaho State University,

Pocatello, Idaho. His research interests include avian and restoration ecology.

Eric C. Pelren is an Assistant Professor of Natural Resources at the

University of Tennessee at Martin. He received a B. A. degree in biology from

Berea College, an M. S. degree in wildlife and fisheries science from the University

of Tennessee, Knoxville, and a Ph.D. from Oregon State University. His primary

research interest is upland gamebird habitat associations.

John A. Crawford is Professor of Wildlife Ecology in the Department of

Fisheries and Wildlife at Oregon State University. His primary research interest is

the ecology and management of upland gamebirds.



This chapter will be submitted for publication in the Journal of Wildlife Management.

18

III. HOME RANGE, MOVEMENTS, DISPERSAL, HABITAT USE, AND

SURVIVAL OF REINTRODUCED COLUMBIAN SHARP-TAILED GROUSE IN

NORTHEASTERN OREGON

Jeffrey W. Snyder

Department of Fisheries and Wildlife, 104 Nash Hall, Oregon State University,

Corvallis, Oregon, USA 97331-3803



19

Abstract

Columbian sharp-tailed grouse (Tympanuchus phasianellus columbianus)

were translocated to 2 sites in northeastern Oregon from 1991 to 1997 to determine

their response to reintroduction. We captured 179 grouse (82 females, 97 males)

from 15 leks in southeastern Idaho and translocated them to 2 study sites in Wallowa

County in northeastern Oregon, Clear Lake Ridge and the Leap Area. Of these, 65

birds (26 females and 39 males) were radio-tagged. Number of days in captivity was

correlated with weight loss (r 2 = 0.278, P 0.000 1) for translocated birds. Fixed

kernel home range estimates did not differ between sexes or release sites (P> 0.05),

yet movement and dispersal patterns differed between sexes, ages, and release sites

(P 0.05). Yearling females moved farther from the release site during the first 30

days post-release than either males or adult females (P = 0.001). Adult males

released at Clear Lake Ridge moved greater distances than adult males released at

the Leap Area (P = 0.001). Translocated birds moved in a directional fashion from

the release site; males dispersed northeast, while females dispersed southeast

(P < 0.05). Birds released at Clear Lake Ridge were relocated in native bunchgrass

dominated areas, whereas birds released at the Leap Area were relocated within a

mosaic of native bunchgrass cover and land enrolled in the Conservation Reserve

Program (CRP). Daily survival probabilities were higher for males than females

(P = 0.001); and more birds were killed by avian than mammalian predators

(P < 0.002). Post-release survival was affected by a bird's release weight, movement

pattern, and lek forming behavior. Lek formation was more likely when birds were



captured from the same lek and were released as the first group in a release area

(P = 0.0051). Release sites with males displaying nearby appeared to have smaller

bird movements, lower mortality, higher probability of hen visitation to leks, nest

success, and the odds of successful establishment.

Introduction

The Columbian sharp-tailed grouse (Tympanuchus phasianellus

columbianus) is 1 of 6 subspecies of sharp-tailed grouse in North America (Aldrich

1963, Johnsgard 1983). Settlement during the 19th and early 20th centuries, and

changes in shrub-steppe habitat, principally through livestock grazing and production

of agricultural grains, reduced sharp-tailed grouse abundance and distribution (Buss

and Dziedzic 1955). Isolated populations now occupy <8% of their former range in

eastern British Columbia, northeastern Washington, southeastern Idaho, south-

central Wyoming, western Montana and Colorado, and northern Utah (Miller and

Graul 1980, Marks and Marks 1987, Ulliman 1995, Bart 2000). Today, the

Columbian sharp-tailed grouse is extirpated from the state of Oregon, classified as a

"Species of Concern" under guidelines specified by the U. S. Fish and Wildlife

Service (A. Hernandez, U. S. Fish and Wildlife Service, 1996 pers. comm.). In

1995, the U. S. Fish and Wildlife Service was petitioned to classify the subspecies as

threatened under the Endangered Species Act of 1973 (Federal Register 1999). This

petition was denied in 2000 (Federal Register 2000).

20
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Restoration of Columbian sharp-tailed grouse populations in Oregon may be

achieved by natural range expansion or by trapping and translocation of birds.

However, the nearest available populations in north-central Washington and western

Idaho are small and exist in highly fragmented habitats (Bureau of Land

Management 1992, Washington Department of Fish and Wildlife 1995), reducing the

likelihood of natural range expansion. Greater than 70% of the remaining United

States population is in southeast Idaho (Ulliman 1995) -- the likely source for

possible translocation of the Columbian subspecies. Reintroduction efforts in

Montana and Idaho have been hindered by high mortality rates and low numbers of

birds (Cope 1992, Gardner 1997). Knowledge of factors affecting restoration would

likely increase the probability of success, and improve habitat and species

management.

Information is needed to understand movements, home ranges, and survival

of reintroduced birds and how survival is affected by translocation. Previous studies

of Columbian sharp-tailed grouse focused on brood movements and habitat

associations (Meints 1991, Parker 1970, Marks 1986), their habitat around leks

(Oedekoven 1985), and the habitat associations with sage grouse (Centrocercus

urophasianus) broods (Klott 1987). However, additional information is needed

regarding movements from and around release sites, age, and gender-specific

dispersal distances of reintroduced Columbian sharp-tailed grouse (Wedell 1992).

Moreover, no studies have examined habitat use of reintroduced Columbian sharp-

tailed grouse; specifically the habitat components associated with roost sites. The
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goal of this research was to gain a better understanding of the factors that affect

Columbian sharp-tailed grouse restoration. Specifically, my objectives were to

determine: (1) the home ranges, movements, dispersal, survival, and reproduction of

reintroduced Columbian sharp-tailed grouse in NE Oregon; and (2) how pre- and

post-release factors affected survival of translocated birds. Specifically, I

hypothesized that post-release survival is influenced by pre-release (weight loss,

days in captivity, lek of capture) and post-release (lek formation, movements,

dispersal, roost site selection) factors.

Study Areas

I conducted field work in northeastern Oregon from 1991 to 1994 on 2 study

areas: Clear Lake Ridge, and the Leap Area (Figure 1). Additional releases

occurred annually from 1995 - 1997 and were conducted by Oregon Department of

Fish and Wildlife personnel. Clear Lake Ridge, located 33 km east of Joseph,

Wallowa County, Oregon, was acquired by The Nature Conservancy, in part for

Columbian sharp-tailed reintroduction. The site was a 1,416-ha, mid-elevation

(1,550 m) grassland ridge east of the Wallowa Mountains within historic Columbian

sharp-tailed grouse habitat. Local climate in the valley is dependent on elevation

and topography. Mean summer temperature was 22° C and average precipitation

was 25 cm/year (Johnson and Simon 1987). Dominant cover types on top of the

ridge include bluebunch wheatgrass (Pseudoregnaria spicatum)/Idaho fescue



Washington

Figure 1. Columbian sharp-tailed grouse study sites, Wallowa County, Oregon,
1991 - 1997.
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(Festuca idahoensis), and Idaho fescue/prairie junegrass (Koeleria cristata). The

surrounding private and public lands on the top of the ridge and adjacent gulches

are grazed by domestic livestock during summer and fall (June - October).

The 2,300-ha Leap Area is lower in elevation (- 1,000 m) than Clear Lake

Ridge, and consists of gently rolling Conservation Reserve Program (CRP)

farmland interspersed with patches of untilled native grassland (V. L. Coggins,

Oreg. Dept. Fish and Wildl. 1994 pers. comm.). Bluebunch wheatgrass/Idaho

fescue was the dominant cover type in the native grassland; alfalfa and wheat were

the principal farmland crops. Tilled, highly erodable farmland in the Leap Area

was placed in the Conservation Reserve Program (CRP), creating a contiguous area

of CRP and untilled native bunchgrasses. Title XII of the 1985 Food Security Act

established the voluntary long-term Conservation Reserve Program (CRP), a

cropland retirement program that provides participants (farm owners, operators or

tenants) with an annual per-acre rent plus half cost of establishing perennial

vegetation (Jelinski and Kulakow 1996). In exchange, the participant retires highly

erodible or environmentally sensitive cropland from production for 10 to 15 years.

Ages of CRP farmland in the Leap Area ranged from 3 to 9 years from 1991 - 1997.



Methods

Capture, Translocation and Release of Birds

An agreement between the states of Oregon and Idaho allowed for capture of

Columbian sharp-tailed grouse from leks in southeastern Idaho (K. Durbin, Oreg.

Dept. Fish and Wildi. 1991 pers. comm.). Approximately 50 individuals/year for 4

years was suggested as a target for a minimum number for a successful

translocation (Griffith et al. 1989). Trapping was conducted on leks in the Curlew

and Pocatello Valleys, near Malad, Idaho, and typically began in mid-March and

continued until the end of April. From 1991 through 1994, grouse were captured

with walk-in traps (Schroeder and Braun 1991), weighed to the nearest 5g, and

taken to a holding facility in Pocatello, Idaho, before transport to the release site.

Birds were classified as adults (> 1 yr. old) or yearlings (young of previous year);

gender was based on plumage characteristics (Ammann 1944, Henderson et al.

1967, Hiliman and Jackson 1973, Evans 1968).

Once transported to Oregon, birds were weighed again to the nearest 5 g

with a Pesola spring scale. Radio transmitters equipped with motion sensors were

attached to modified poncho mounts (Amstrup 1980) to a sample of birds during

each year. I banded all birds with aluminum leg bands on one leg, and color-coded

plastic bands on the other leg (with each color denoting the location and year of
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release) except in 1994 when no color-coded bands were used. Transmitters were

battery-powered, with a life expectancy of 6-8 months, and weighed l2 g. We

used these packages because heavier transmitters are thought to contribute to

mortality of Columbian sharp-tailed grouse (Marks and Marks 1987).

Birds were released for this study at Clear Lake Ridge from 1991-1993, and

at the Leap Area from 1993-1997. In 1996 and 1997, the Leap Area releases were

conducted by personnel from the Oregon Department of Fish & Wildlife (ODFW).

Some grouse were released at artificial leks created at the release area, although the

release sites were not known to be historical lek sites. I used Ward's (1984) broad

vegetative and physiographic descriptions of southeast Idaho lek sites, and known

bird movement in and near the 1991 release site and the Leap Area to serve as a

basis for release site selection in 1992 and 1993. Releases in 1994-1997 were

conducted at lek sites occupied by released birds. Artificial leks consisted of 2

remotely-operated release boxes, a sound system on which recorded sounds of

sharp-tailed grouse were played, and 25 sharp-tailed grouse decoys arranged in a

circular pattern between the release boxes (Rodgers 1992) This release method has

been thought to increase survival (Musil 1989). If there was more than I release per

year at a release site, then the release order was recorded for each bird. During the

1991 release period (mid-March - April) recorded sounds of sharp-tailed grouse on

leks were played for 1 hour beginning 30 mm before sunrise and sunset (Rodgers

1992). The method was repeated in 1992 for the first of 3 releases only. Two of the



1992 releases occurred approximately 1 km north of the 1991 release site without

the decoys or the sound system in operation. During this time lek sounds of

Columbian sharp-tailed grouse were recorded for use in future releases. In 1993,

the sound system and release boxes were used to release birds in the Leap Area.

From 1994 to 1997, birds were released by hand (V. L. Coggins, Oreg. Dept. Fish

and Wildl. 1997 pers. comm.).

Home Ranges, Movements and Dispersal

I used a Telonics TR-2 receiver and a TS-1 programmable scanner attached

to an RA-2A, 2-element, hand-held antenna to receive radio signals. The peak

signal method was used to determine the direction of radio signals (Springer 1979).

A compass bearing, measured to the nearest degree and adjusted for 170 east

declination, was taken at 3 locations to provide triangulation data when possible.

The minimum distance between compass bearing was 0.4 km (White and Garrott

1990). I transferred each bearing to a topographic map (scale 1:24,000) overlaid

with a universal transverse mercator (UTM) grid, and calculated UTM x- and y-

coordinates for each location from the triangulation data. I located each radio-

tagged bird twice weekly, if possible. The minimum time period between

sequential locations was 24 h to reduce serial correlation (Swihart and Slade

1985a, b). I conducted aerial searches monthly to locate radio-tagged birds that

could not be found by ground-tracking.
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For qualitative comparisons of home ranges with previous reintroduction

studies of Columbian sharp-tailed grouse (Cope 1992, Gardner 1997), program

CALHOME (Kie et al. 1994) was used to calculate adaptive kernel (Worton 1989),

harmonic mean (Dixon and Chapman 1980), and minimum convex polygon (Mohr

1947) home range estimates for all birds with 20 locations. Fixed kernel

estimators, when used with least squares cross-validation to calculate smoothing

parameters, have been shown to produce more precise estimates of the utilization

distribution (Seaman and Powell 1996). Moreover, Seaman et al. (1999) suggested

an absolute minimum of 20 locations for calculating fixed kernel home ranges. The

HOME RANGER program was used to calculate fixed kernel home range estimates

after localization to an area for comparing these home range estimates with previous

reintroduction studies (Cope 1992, Gardner 1997). Localization was defined as

when the straight line distance between consecutive radio locations for a bird

remained <1 km for 2 weeks (Cope 1992, Gardner 1997). After analysis to

determine data normality (log-transformed if needed), I tested the hypothesis of no

difference in fixed kernel home range estimates among the 3 years with an analysis

of variance test (ANOVA), and between males and females, and between males

released on Clear Lake Ridge and the Leap Area with a Mann-Whitney U-test (Zar

1984). When sample sizes were> 40, I used the normal approximation to the

Mann-Whitney test (Zar 1984:142). All tests were considered significant at

P <0.05.
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I calculated the distance (m) from each previous location (variable

DistancePL), the distance (m) from the release site (Distance RS), and the

distance (m) moved per day (Distance PD). Distance moved per day was

calculated as the distance (m) moved between subsequent locations divided by the

number of days between those locations. These straight line measurements of

animal movements can be biased by long intervals between successive locations,

and represent a conservative estimate of an animal's movement patterns (White and

Garrott 1990). Data were transformed to the natural logarithm (ln) and an analysis

of variance test (ANOVA) was used to test for significant differences among years,

sex and age for the 3 distance measures, and between release areas for adult males.

For this study, I defined dispersal as the one-way directional movement of a

bird from the release site during the post-release period (release - 15 August) (e.g.,

Greenwood 1980, 1982). The direction each bird moved from its previous location,

and its direction from the release site was calculated from UTM location bearings

and converted to azimuths for analysis (White and Garrott 1990). Rayleigh's

circular distribution z-test (Zar 1984:443) was used to test whether dispersal was

random or directional.
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Habitat Use

Third-order cover-type use was collected for each radio location (Johnson

1980). The percentage of locations in each cover type was calculated for each

radio-equipped bird. Cover-types were defined for the release areas, roost sites, and

nests (Appendix I). Percent data were arcsine transformed (Zar 1984:240) and an

analysis of variance test (ANOVA) was used to test for significant differences in

cover-type use among males, females, adults, and yearlings. Additionally, these

data were incorporated as a covariate in Cox's proportional hazard survival model

to test the hypothesis that cover type use did not affect survival during the

monitoring period.

Fourth-order (Johnson 1980) habitat data were measured at roost sites and

random locations. Vegetation sampling for each roost and random site was

conducted within 2 weeks of its location, and during the monitoring period (the last

week in April - 15 August). I found roosts in 2 ways: incidentally-found roosts, and

by flushing radio-tagged birds. Random sites were selected to represent habitat

available within 100 - 300 m from the roost site (Meints 1991). Random sites were

determined by selecting a random number from 0 to 359, which corresponded to

compass direction in degrees from the roost site, and then selecting a random

number from 100 to 300, which corresponded to the distance (m) from the roost

site. At each site 2 10-rn perpendicular-intersecting transects were centered at the

roost or random site. These transects represented 4 5-rn transects radiating outward
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from each roost or random site; each transect was subdivided into 5 1-rn segments.

Each corresponding 1-rn segment of each transect each site constituted a "ring" of

data. I used line interception (Canfield 1941) to estimate the percent cover of

grasses, forbs, shrubs, litter and bare ground. Shrubs, grasses, and forbs were

identified to species (Hitchcock and Cronquist 1973, Johnson and Simon 1987).

Vegetation heights were measured at 50 cm intervals from the roost and random site

to the end of each transect (5.0 rn); each 4 height measurements for each50-cm

segment were averaged and treated as a separate variable. Finally, visual

obstruction readings (VORs) were taken 4-rn from the transect center along each

transect and 1-rn from the ground and averaged for each site (Robe! et al. 1970).

I used conditional logistic regression for 1:1 matching data (SAS 1990) to

model habitat variables to determine the largest cumulative area, which significantly

distinguishes roost sites from random sites. In this analysis the random and roost

sites constituted paired units, and the response variables were the differences

between the roost and random variables as measured within each ring. I compared

the full model (rings Ri through R5) against reduced models, and used the

drop-in-deviance test (Ramsey and Schafer 1997) to retain or drop data rings.
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Survival and Reproduction

I estimated survival of all radio-equipped grouse from time of release until

15 August of each year with the Kaplan-Meier product-limit method for staggered

entry design (Kaplan and Meier 1958, Pollock et al. 1989). Mortalities due to

predation during the monitoring period were classified as avian (intact radio

collars, feathers scattered over the site) or mammalian (radio collars with tooth

marks, broken bones) (Gardner 1997). The date of mortality was the midpoint

between a bird's last known location, and the day I detected the individual's radio

mortality sensor (Mayfield 1961). Birds that were lost because of radio failure or

emigration from the area were censored from analysis. I used a series of 3

progressively conservative 2 to test for significant differences in the survival

probability estimates between females and males (Bunck 1987, Hutchings et al.

1991, White and Garrott 1990:240).

I used 2 multivariate analyses to determine if pre- and post-release factors

affected subsequent survival and lek formation of released birds. First, Cox' s

nonparametric proportional hazards model (Cox and Oaks 1984, Allison 1995) was

used to determine if pre-release and post-release factors affected survival of

translocated birds. Pre-release factors included age of the bird, the lek of capture,

the number of days held in captivity, capture weight, release weight, total weight (g)

lost between capture and release, and weight lost per day (g/day). Post-release

factors included release order, mean distance moved per day and its coefficient of
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variation (variables distance PD and CV), the maximum distances moved from the

release site (variables distance RS), and the percent of locations in native grass

cover after arcsine transformation (31d1 order cover type data). I developed a second

logistic regression model with the same explanatory variables to determine if pre- or

post-release factors affected the formation of lek(s) by released males. Lek

formation was defined as two or more males in an area exhibiting ritualistic mating

displays (Johnsgard 1983).

Throughout the modeling process, I used Hosmer and Lemeshow (1989:87)

and Burnham and Anderson (1996, 1998) as a guide to model selection. For both

models I first identified potentially important explanatory variables by using each

regression model with a single variable, with P 0.25 (Hosmer and Lemeshow

1989:86). Second, I constructed a main-effects model by employing a forward

variable-selection procedure from the univariate analysis (selecting variables that

sequentially contributed most to the model), with the P < 0.10. Third, I tested for

all possible interactions and used the drop-in-deviance test (Ramsey and Schafer

1997) to assess if any interaction explained a significant amount of the model

deviance. Deviance measures lack-of-fit of a model to the observed data, and the

drop-in-deviance for a set of variables entering in the model has an approximate

chi-square distribution with the degrees of freedom equaling the number of

variables in the set. Only those interactions that reduced model deviance (P 0.10)

were retained in the model. Finally, I assessed the fit of the regression model by the



Hosmer-Lemeshow C-statistic (Hosmer and Lemeshow 1989). Here, a non-

significant result indicates a fit with the data.

Results

Capture, Translocation and Release of Birds

From 1991 to 1997, 179 birds (97 males, 82 females) were released on Clear

Lake Ridge and the Leap Area (Appendix J). A total of 86 birds (46 males, 40

females) was captured from 12 different leks in southeast Idaho and released on

Clear Lake Ridge from 1991 to 1993, and 93 birds (51 males, 42 females) from 11

leks were released on the Leap Area from 1993 to 1997. Birds were trapped from

15 different southeast Idaho leks. There were 11 pre-release losses: 6 in 1991 and 5

in 1993. There were 7 separate releases from 1991 to 1994 (range 1 to 3

releases/year), with an average of 15 birds/release (range 10-33 birds/release).

In 1991 and 1994, when birds were released by ODFW personnel; bird

weights and capture data were not recorded. In 1992 and 1993, birds were held an

average of 4.7 days (± 0.3) in captivity before release (Table 3). Birds were held

captive longer in 1993 than in 1992 (F132 = 26.03, P = 0.0001). Furthermore,

females were held longer than males (F132 = 5.07, P = 0.03), but I detected no

interaction of sex-by-year on days in captivity (F132 1.18, p = 0.28). I detected a
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sex-by-age interaction where yearling females and adult males were held longer

than adult females and yearling males (F13, = 8.68, P = 0.006).

Mean capture weights were higher for males than females (F132 = 30.42,

P = 0.001) in 1992 and 1993 (Table 3); female release weights were lower than

males (F1 32 = 59.52, P = 0.001). Birds released in 1993 lost more total weight than

birds in 1992 (F132 = 8.49, P = 0.007). In 1993, birds lost proportionally more

weight than birds released in 1992 (F132 = 9.59, P = 0.004). Females lost a higher

proportion than males (F132 = 14.94, P 0.00 1); there was a sex-by-year interaction

where females released in 1993 lost proportionally more total weight than either

females released in 1992, or males released in 1992 or 1993 (F1 32 = 6.51, P =

0.0 17). Weight loss was associated with days in captivity for all birds released in

1992 and 1993 (r2 = 0.278, P = 0.000) (Appendix K).

Home Ranges, Movements and Dispersal

I equipped 65 birds (19 in 1991, 29 in 1992, 12 in 1993, and 5 in 1994) with

radio-transmitters to determine post-release survival. I obtained a total of 850

locations (x = 15 relocations/bird, ± 3) from 56 of these birds (7 adult females, 16

yearling females, 33 adult males, and 10 yearling males) to determine their

movement and dispersal patterns. I calculated home range estimates for 19 birds

that exhibited localized movements (1 adult female, 3 yearling females, 12 adult

males, and 3 yearling males, n = 735 locations).



Table 3. Mean (± 1 S. E.) days in captivity, capture and release weights, weight lost, and weight loss per day for
Columbian sharp-tailed grouse released on Clear Lake Ridge and Leap Area, Wallowa County, Oregon, 1992 - 1993.

Year n
Days in

captivity
Capture

weight (g)
Release

weight (g)

Weight loss
Mean
weight
lost (g)

% of
capture
weight

Loss
per day

(g)

% of
capture
weight

1992
Adult Females 5 4.4 ±0.8 652±18 573±19 9± 6 12.2±0.94 20± 3 3.1±0.4
YearlingFemales 5 4.4±1.1 668±19 607±19 61 ± 15 9.6±2.1 15± 3 2.3 ±0.5
Females 10 4.4±0.7 660±13 590±14 70± 8 10.6± 1.2 18± 2 2.7±0.3

AduitMales 11 3.5±0.5 753± 8 685± 8 68± 8 9.0±1.0 21 ± 2 2.8±0.3
Yearling Males 6 3.3 ± 0.5 712 ± 6 658 ± 16 53 ± 13 7.5 ± 1,9 17 ± 4 2.4 ± 0.6
Males 17 3.5 ± 0.3 738 ± 7 676 ± 8 63 ± 7 8.4 ± 0.9 19 ± 2 2.6 ± 0.3

l992Birds 27 3.8±0.3 710±10 644±11 65± 5 9.2±0.8 19± 2 2.6±0.2

1993
Adult Females 1 8.0 670 520 150 22.4 19 2.8
YearlingFemales 3 11.0± 1.0 657±32 528± 7 129±27 19.3 ±3.1 12± 2 1.8±0.3
Females 4 10.3 ± 1.0 660±23 526± 6 134± 2 20.0±2.3 14± 2 2.0±0.3

Adult Males 1 10.0 760 700 60 7.9 6 0.8
Yearling Males 2 3.5 ± 1.5 760 ± 10 680 ± 20 80 ± 10 10.5 ± 1.5 27 ± 9 3.5 ± 1.1
Males 3 3.6±0.8 760± 6 687±13 73± 9 9.7± 1.2 20± 8 2.6± 1.1

1993 Birds 7 8.3 ± 1.4 703 ± 24 595 ± 33 108 ± 17 15.6 ± 2.5 16 ± 4 2.3 ± 0.46



Table 3. Continued

Year n
Days in

captivity
Capture

weight (g)
Release
weight (g)

Weight lost
Mean
weight
lost (g)

% of
capture
weight

Loss
per day

(g)

% of
capture
weight

1992 and 1993
Adult Females 6 5.0±0.9 655±15 564+18 91 ± 13 13.9± 1.9 20± 3 3.0 ±0.3
Yearling Females 8 6.9 ± 1.4 664 ± 16 578 j 19 86 ± 18 12.9 ±2.5 14 2 2.1 ±0.3
Females 14 6.1±0.9 660±11 572±13 88±11 13.3±1.6 17± 2 2.5±0.3

Adult Males 12 4.1 ± 0.7 753 ± 7 686 ± 8 67 ± 7 8.9 ± 0.9 20 ± 3 2.6 ± 0.3
YearlingMales 8 3.4±0.5 724± 9 664±13 60±11 8.3±1.5 20± 4 2.7±0.5
Males 20 3.8 ± 0.5 742 ± 7 673 ± 7 64 ± 6 8.6 ± 0.8 20 ± 2 2.6 ± 0.3

Adults 18 4.4±0.5 721 ± 13 646±16 75± 7 10.5±0.8 20± 2 2.7±0.2

Yearlings 16 5.1 ±0.9 694±12 621 ± 16 73±11 10.6± 1.5 17± 2 2.4 ±0.3

AilBirds 34 4.7±0.5 708± 3 634± 2 7± 2 10.6±0.2 18± 1 2.6±0.1
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Ninety-five percent fixed kernel home range estimates did not differ among

years (F2 16 = 1.37, P = 0.283), or between males (473 ha± 183) and females

(464 ha ± 455) (U 0.05,4,15 = 46, F> 0.05) (Appendix L). Nor were there differences

in home range estimates between 7 adult males released on Clear Lake Ridge (676

ha ± 375) and 5 adult males released on Leap Area (452 ha ± 113) (U 0.05,5,10 35,

F> 0.05).

Translocated grouse moved an average of 298 m per day (± 19 m). There

were no differences in daily movements among males, females, yearlings or adults

(P = 0.25). However, males moved less (871 m ± 126) from each previous location

than females (1,247 m ± 234) (F1848 = 4.45, P = 0.035) (Appendix M). Distance

moved from the release site was greater for females (9,616 m ± 449) than for males

(2,949 m ± 242) (F1848 = 87.71, P = 0.000). Yearling grouse also moved farther

than adults (F1848 22.7, P = 0.000). I detected a sex-by-age interaction, where

yearling females moved significantly farther (11,040 m ± 527) than adult females

(5,678 m + 88), yearling males (3,036 m ± 456) and adult males (2,915 m ± 286)

(F1848 = 20.77,P = 0.000). The longest recorded movement from the release site

was 57 km by an adult male from Clear Lake Ridge north to the Zumwalt Prairie,

and east across the Snake River into Idaho. The longest recorded movement by an

adult female was 33 km northwest from Clear Lake Ridge to the Leap Area in 1992.

Females, particularly yearlings, moved farther away from the release sites

after 30 days, in contrast to the first 30 days post-release (Figure 2). Males, on the

other hand, remained closer to the release site. Overall, males and females
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remained within 5 km of the release site for the first 30 days, thereafter females

moved farther from the release site than males (F 1,847 = 4.77, P = 0.000).

Movements by adult males, the only group for which there were adequate

data to compare between Clear Lake Ridge and Leap Area, showed distinct

differences. Consistently, adult males released at the Leap Area moved less

distance per day (z = -5.61, P 0.000), less distance from previous location

(z = 2.39, P = 0.017), and less distance from the release site (z = -16.30, P= 0.000)

than adult males released at Clear Lake Ridge (Figure 3).

Translocated birds moved in a directional fashion, both from each previous

location and with respect to direction from the release site (Rayleigh's z 7.90, and

92.79, P < 0.05) (Appendix N). Yearling females moved in a directional maimer

from each previous location (Rayleigh's z = 7.56, P < 0.05), in contrast to random

movement by adult females, and adult and yearling males. Length of the mean

vector [r] is a measure of the concentration of the angles (Zar 1984:43 1); the values

range from 0.0 (low level of angle concentration) to 1.0 (high level of angle

concentration). Among sex and age groups, yearling females had the highest level

of concentrated movement (r = 0.23) in terms of direction from each previous

location, relative to adult females and males, and yearling males. Females, on

average, moved 93.07 degrees east (r = 0.20) from each previous location. Males

moved in a similar direction (89.63 degrees) eastward, however, in a random and

less concentrated manner (Rayleigh's z = 2.89, P> 0.05, r = 0.07). Yearling males
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Figure 2. Mean (± 1 S. E.) distance moved from release site versus days since
release for females and males, adult (top) and yearling (bottom) Columbian sharp-
tailed grouse released at Clear Lake Ridge and the Leap Area, Wallowa County,
Oregon, 1991 - 1994.
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Figure 3. Mean (± S. E.) distance moved from release site versus days since release
for adult male Columbian sharp-tailed grouse released from Clear Lake Ridge and
Leap Area, Wallowa County, Oregon, 1991 - 1994.
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also moved randomly from each previous location (Rayleigh's z = 1.01, P> 0.05,

r = 0.07). In addition, adult males released on Clear Lake Ridge and the Leap Area

moved randomly from each previous location (Rayleigh's z 1.80, P> 0.05,

r 0.08). Each sex and age group moved in a directional manner, although in

somewhat different directions. Whereas males moved northeast (31.48 degrees,

Rayleigh's z = 121.74, P 0.05) from the release site, females moved south and

east (149.17 degrees, Rayleigh's z = 0.12, P> 0.05). Adult females and Clear Lake

Ridge males showed high levels of concentrated movement (r 0.74 and 0.70).

Habitat Use

Analysis of 3' order cover-type use was based on 828 relocations among 45

birds (Appendix 0). Most birds were relocated in Idaho fescue/bluebunch

wheatgrass, bluebunch wheatgrass/Sandberg's bluegrass (Poa sandbergii)

scablands, or CRP cover types in 1991 and 1992. In 1991 adult males were located

in Idaho fescue/bluebunch wheatgrass cover type 74% of the time. In 1992,

translocated birds continued to use Idaho fescue/bluebunch wheatgrass cover. In

contrast, females were located less in the Idaho fescue/bluebunch wheatgrass cover

type, and more frequently in the bluebunch wheatgrass/Sandberg's bluegrass

scabland cover type. In 1994, adult males translocated and released at the Leap

Area were found in CRP cover types 62% of the time, followed by 22% in adjacent

croplands, and 16% in Idaho fescue/bluebunch wheatgrass cover. Females were
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located in bluebunch wheatgrass/Sandberg' s bluegrass scabland cover type more

than males (F143 = 6.29, P = 0.016). Use of meadow and cropland cover-types was

consistently below 10% except for adult males in 1994.

Logistic regression analysis of 64 roost sites, and the drop-in-deviance test

identified rings I and 3 and the variables percent grass and vegetative height as

dissimilar to random sites [Pr(2> 6.932) = 0.013J. The remaining ring

comparisons did not differ between random and roost sites. Thus, the largest

cumulative area around the roost site which distinguishes roost sites from random

sites includes rings 1 to 4; a cumulative area of 50.27 m 2 Visual obstruction

readings were greater for roosts (T005(2) = 11.0, P < 0.05) than random sites.

Survival and Reproduction

Survival functions of translocated Columbian sharp-tailed grouse were not

constant but rather declined sharply the first 35 to 40 days following release

(Figures 4, 5, and 6). Thereafter, survival functions remained relatively constant

until the end of the post-release monitoring period (15 August of each year). Daily

survival functions for males were higher than for females during the monitoring

period in 1991 (x2 = 5.48, P = 0.02), 1992 (x2 = 9.74, P = 0.002), and 1993 (2

12.06, P = 0.002), and all years combined (x2 30.90, P = 0.001). Survival for

females released at Clear Lake Ridge in 1991 and 1992 was different from females

released on the Leap Area in 1993 (x2 16.02, P = 0.00 1). Survival functions for
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birds released on Clear Lake Ridge in 1992 were higher than birds released there in

1991 (Figure 5) (x2 = 19.76, P 0.0001). However, adult survival did not differ

from yearling survival (x2 = 2.10, P = 0.148). Finally, the daily survival function of

adult males released on Clear Lake Ridge ( = 0.58 1) was lower than for adult

males released on the Leap Area ( = 0.933, x2 = 93.54, P 0.000 1).

I documented 47 mortalities during the study, with 31 birds killed by avian

predators, 10 by mammalian predators, and 6 undetennined. More were taken by

avian predators than by mammalian predators (x2 = 14.90, P = 0.002). In 1991, 3

radio-equipped birds survived from 15 August to mid-December. Two birds that

dispersed from Clear Lake Ridge towards the Leap Area after their release were

found within 1 km of the release site in mid-November (V. Coggins, Oreg. Dept.

Fish and Wildi. 1991 pers. comm.). In 1993, one radio-equipped bird survived to

Spring 1994 in the Leap Area and initiated display behavior. During each

subsequent fall, flush counts in this area ranged between 22 and 43 birds (V.

Coggins, Oreg. Dept. Fish and Wild!. 1994 pers. comm)

Survival of translocated birds was affected by pre-release capture weight

(P = 0.024) and release weight (P = 0.0 17) (Appendix P). Important post-release

variables included the coefficient of variation of mean distance from the release site

(P = 0.054) and lek-forming birds (P = 0.208). The logistic model incorporating

release weight, the coefficient of variation of the mean daily movement, and

lek-forming birds was significant (P = 0.006) (Table 4). There were no significant



Table 4. Logistic regression model predicting survival of Columbian sharp-tailed
grouse released on Clear Lake Ridge and Leap Area, Wallowa County, Oregon,
1991- 1994, using Cox's proportional hazards model.

Variable
Releaseweight

Coefficient of
variation - mean
daily movement

Lek forming birds

48

Parameter
estimate SE

Wald's
x2

P
value

Risk
ratio

-0.013 0.005 7.833 0.005 0.987

1.287 0.543 5.6 12 0.018 3.624

0.549 0.274 3.993 0.046 1.731
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interactions, and the final model also indicated a negative relationship between

survival and release weight. The final model indicated a higher risk of mortality for

non-lekking males (risk ratio = 1.731, 95% confidence interval 1.011 to 2.966).

Six leks were located near the release areas at Clear Lake Ridge and the

Leap Area from 1991 to 1997; 1 lek was formed on Clear Lake Ridge in 1992, 2

leks on the Leap Area in 1994, 2 in 1996, and 1 in 1997 (Table 5). Mean interlek

distance for Leap Area leks was 0.92 km (± 0.85). In 1992, a lek (12 -15 birds) was

found approximately 100 m from the release site on 8 May, 38 days after the initial

release of the season, and 23 days after the final release of the season. Between 8

and 12 color-banded birds (of which 4 males were radio-tagged) were observed

displaying at this lek until the end of May; these birds remained in the area until the

end of the monitoring period. No leks were found in the Leap Area in 1993.

However, 1 radio-tagged male survived through the winter and began displaying in

Spring, 1994. This location was used as the release site from 1994 to 1997 (V.

Coggins, Oreg. Dept. Fish and Wildi. 1997 pers. comm.). From 1994 to 1997 the

number of leks in the Leap Area increased from 2 to 5; the mean number of males

attending leks at the Leap Area (± 1 S. E.) was 5.8 males/lek (±1.1).

I constructed a logistic regression model, post priori, based on a hypothesis

developed after the 1991 field season, to determine ifpre- or post-release factors

affected lek formation among released males, using a pre- and post-release variable

array similar to my survival analyses. An additional variable, called "home-lek

hypothesis", was coded as a binary variable (1/0). Males captured from the same



Table 5. Leap Area lek counts, 1994 - 1997. A dashed line in a category indicates
that the lek did not exist during that year.

a Count before 1997 release.
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LekName
Number of Birds Observed

1994 1995 1996 l997
Columbus 5 7 10 16
Custer 5 8 7 2
Short Pine - 2 5
Saddle 4 0
Middle Ridge -

Total 10 15 23 28
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lek and released at the same time were coded with a 1, other males with a 0, thus

testing the hypothesis that males captured from the same lek and released at the

same time would be more likely to form leks than birds captured from different

leks. The univariate analysis identified the variables capture weight (P = 0.033),

release weight (P = 0.115), release order (P = 0.053), and the "home-lek hypothesis"

variable (P = 0.019) as important variables (Appendix Q). The final model

incorporated variables release order and "home-lek hypothesis" (x2 = 3.801,

P 0.0511) with no interactions (Table 6).

Discussion

Restoration of lek-forming grouse involves the trapping, translocation and

release of birds into suitable habitats within their historic distribution. Birds are

released with the intent they will form a sustainable population and exhibit similar

demographic parameters of birds in resident populations. However, reintroduced

birds in this study and previous restoration studies have exhibited higher movement

and dispersal patterns, and lower survival and nest success than birds in resident

populations (Cope 1992, Gardner 1997). As a result, populations become extinct

within a few years of the last release; Leopold (1933:87) referred to this as a

"straggling failure." Identifying the factors and the underlying processes that result

in these high rates of movement, dispersal and mortality may lead to increased

chances of a sustainable population.



Table 6. Logistic regression model for lek-forming Columbian sharp-tailed
grouse released at Clear Lake Ridge and Leap Area, Wallowa County, Oregon,
1991 - 1994.
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Variable
Parameter
Estimate SE

Wald's P
value

Odds
ratio

Intercept -3.076 1.577 3.807 0.051

Home-lek hypothesis 2.720 1.3 17 4.262 0.039 15.177

Release order 2.521 1.508 2.760 0.094 12.445
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Reintroduced galliformes typically show a pattern of extensive movements

>5 km from the release site (Hamerstrom and Hamerstrom 1951, Toepfer 1988,

Hoffman et al. 1992, Musil et al. 1993, Gardner 1997). However, movements and

the subsequent home ranges of resident Columbian sharp-tailed grouse are typically

confined to within 3 to 4 km around a lek (Parker 1970, Marks and Marks 1987,

Meints 1991, Giesen and Connelly 1993). In lek-mating systems, males congregate

on leks and compete for females by defending small territories, placing their effort

into self-advertisement, visual, acoustic, or olfactory displays for breeding purposes

(Kermott and Oring 1975, Johnsgard 1983, Sparling 1983, Harvey and Bradbury

199 1:274). Females may visit numerous leks during the breeding season solely for

mating and, consequently, have larger movements and home ranges than males

(Harvey and Bradbury 1991). Females released into areas devoid of leks, as is with

reintroduction projects, likely could be searching for areas with lekking males and

favorable nesting habitat, initiating ever-increasing movement patterns away from

the release area.

Females released at Clear Lake Ridge died there or moved and dispersed in

directions different from males. No females were found within 5 km of the Clear

Lake Ridge lek in 1991 or 1992. In contrast, females released at the Leap Area

from 1994 to 1997 remained within 5 km of the release site or lek (Pat Mathews,

Oreg. Dept. Fish and Wildl. 1997 pers. comm.). These females were found closer

to their release sites than females released at Clear Lake Ridge. Presumably, the

presence of multiple leks and favorable nesting cover within native bunchgrass
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patches resulted in lower daily movements and reduced female dispersal from the

Leap Area.

Physical barriers, such as islands and mountain ranges, also have been

hypothesized to reduce movements and dispersal of released birds (Ammann 1957,

Cope 1992, Musil et al. 1993, Gardner 1997). Whereas Clear Lake Ridge is

bounded on three sides by canyons, the Leap Area is an open agricultural area with

no physical barriers to impede bird movement or dispersal. I predicted that birds

released on Clear Lake Ridge would not have exhibited large movements and

dispersed away from the release area. Yet only I of 19 radio-equipped birds

released on Clear Lake Ridge in 1991, and 5 of 28 remained there in 1992. Given

the results from Clear Lake Ridge, birds released on the Leap Area should have

moved and dispersed. Yet radio-equipped birds released on the Leap Area from

1993 to 1997 remained within 5 km of the release site (Pat Mathews, Oreg. Dept.

Fish and Wildl. 1997 pers. comm.). A total of 5 leks was found in the Leap Area,

and females released there from 1995 to 1997 nested within 2 km of the leks. Thus,

factors other than topographic barriers affect a bird's likelihood of dispersing from a

release area.

Directional movement by reintroduced grouse is thought to be a search

response for favorable cover types, to reduce predation, or to locate similar habitats

to those in resident population areas (Toepfer 1988, Cope 1992, Gardner 1997). In

addition, females may avoid other females and nearby displaying males to reduce

the chances for nest predation and avoid conspicuous behaviors that might attract
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predators (Bergerud 1988:576). Yet little information exists regarding the reasons

behind random or directional movement by reintroduced grouse (Wedell 1992).

Neither Cope (1992) nor Gardner (1997) determined if birds dispersed randomly or

directionally from their release site, although they reported similar dispersal

distances. In this study released birds dispersed directionally, with some females

dispersing >5 km distances from the release site. Birds that remained on Clear Lake

Ridge dispersed in a northeast direction towards the tip of the ridge, and birds

dispersed off the ridge in a north-by-northwest direction. The size of the release

area may have been an additional factor in prompting movement from the release

area. Because the Clear Lake Ridge release area was located in patchy,

intermittently grazed, grassland habitat at the end of a ridge, there may not have

been suitable distance between leks and nesting habitat. Although males formed a

lek on Clear Lake Ridge, likely the nest-lek distance may have been too short for

both lekking males and nesting females (e. g. Schroeder 1991), thereby prompting

female dispersal.

Immediate post-release survival may be a function of lek formation at the

release site. Survival functions indicated higher mortality during the first 30 days

than for the rest of the monitoring period. Similar survival functions were found for

reintroduced Columbian sharp-tailed grouse (Cope 1992, Gardner 1997), greater

prairie-chickens (Toepfer 1988), and sage grouse (Musil et al. 1993). Female

Columbian sharp-tailed grouse had lower survival than males during the first 3 0-40

days post-release during all years. Survival was higher in 1992 than in 1991, and
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probably was a function of lek formation by released males. About 12-15 birds

formed a lek 100 m from the release boxes in 1992, and survived throughout the

monitoring period.

Release weight, movement patterns (i.e., coefficient of variation), and

factors favoring lek formation among released males affect post-release survival of

birds. Release weight was affected by the number of days held in captivity (this

study, Gardner 1997), and climatic conditions in the trapping area also likely

affected physiological condition of the birds. The southeast Idaho winter preceding

the 1993 transplant was one of the harshest on record, with record snowfall and low

air temperatures (J. Connelly, Idaho Department of Fish and Game, 1993 pers.

comm.). Fewer birds were available for capture and likely in poor physiological

condition. Because a minimum number of birds were required to initiate a transport

flight from Oregon to Idaho, the poor trapping record required birds to be held

longer. Subsequently birds lost weight which, in their poor physiological condition,

exacerbated the conditions that likely led to low post-release survival in 1993.

Post-release survival was also affected by movement patterns and lek-

formation. Males released at the Leap Area formed leks and exhibited smaller

movements than birds released at Clear Lake Ridge. Lek formation has been

hypothesized to reduce dispersal of reintroduced sage grouse (Musil 1989). My

analysis suggests that capturing birds from the same lek and releasing themas the

first group in an area significantly increased the probability of lek-formation.

Behavioral factors of Iekking males, such as mutual recognition and social status,
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likely were maintained fortuitously during capture and facilitated lek formation

after release (Rippin and Boag 1974a, Moyles and Boag 1981).

Lek formation at a release area seems to be the first step to reduce male and

female dispersal from a release area and increase their post-release survival,

particularly for females. I hypothesize that the process of capturing, holding and

releasing birds from different leks disrupts the behavioral interactions of lekking

males and, subsequently, of females visiting known leks. Releasing males from the

same lek may increase the odds of lek formation and bird retention to a release area,

survival, and reproductive potential. Successful nesting of reintroduced lek-forming

galliformes is low the first year following translocation and release (Hoffman et al.

1992, Toepfer 1988, Musil et al. 1993), but increased in the second year of release

(Musil 1989). Females released at leks increase their chances of post-release

mating and nest initiation. Without leks at the release site, males are likely

scattered throughout the release site, which decreases the chances of successful

female mating and nest initiation.

Habitat quality at the release site likely affected dispersal and post-release

survival as well. Birds occupied native bunchgrasses and CRP cover-types that

were taller and provided greater concealment than random sites. Survival and mean

movements were inversely correlated for reintroduced Columbian sharp-tailed

grouse in northwest Montana, leading Cope (1992) to suggest that favorable cover

near the release site was a factor in higher survival among released birds.

Translocated sage grouse that moved more, on average, were more vulnerable to
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predation (Musil et al. 1993). Reintroduced ruffed grouse (Bonasa umbellus) that

exhibited greater than average movements had lower survival rates than birds that

moved less, an association believed to be attributed to increasing susceptibility to

predation in areas with less available cover (Kurzejeski and Root 1988).

Native bunchgrasses and CRP cover-types were used by translocated grouse

for roost sites. In southeastern and western Idaho, a combination of shrubs and

grasses provide favorable cover for roosting and nesting Columbian sharp-tailed

grouse (Meints 1991, Marks 1986). However, in areas devoid of shrub cover, grass

cover, particularly native bunchgrasses, becomes the important habitat component

for roosts and nests (Swenson 1985, ,Giesen 1987, Saab and Marks 1992). If a

release area consists of unfavorable vegetation for roost and nests (lacks the spatial

heterogeneity necessary to successfully conceal birds), then it likely prompts

dispersal from the release area, thereby exposing reintroduced birds, particularly

females, to lower daily survival probabilities in their search for more favorable

cover (Bowman and Harris 1980, Toepfer 1990, Cope 1992, Gardner 1997).

Land placed under the CRP designation and juxtaposed to native habitat

may provide favorable habitat components (tall, dense vegetative grasses) for

established and reintroduced Columbian sharp-tailed grouse populations.

Conservation Reserve Program lands have been hypothesized as a factor behind

population increases in southeastern Idaho (Sirotnak et al. 1991) and for

maintaining viable populations in southeastern Wyoming (Wachob 1997). In this

study, early CRP cover juxtaposed to native bunchgrasses seemed to provide
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favorable cover for leks, roosts and nests. Land management policies and practices

that negatively affect the amount of CRP land and native bunchgrass cover-types

likely will be detrimental to existing populations, thereby reducing the odds of

successful reintroductions.

The demographic parameters of reintroduced birds closely resemble those in

resident populations only after leks form near the release area. Reestablished leks

near a release site seemed to positively affect movements, dispersal, and survival of

released birds. Translocation of captured birds from the same lek and releasing

them first in an area increased the odds of lek formation in the area. Thus trapping

and maintaining birds from the same lek as part of the translocation process is an

integral component of successful restoration.

Management Recommendations

The results from the 1991-1997 releases show that numerous factors affect

the movement, dispersal, reproduction, and survival of reintroduced Columbian

sharp-tailed grouse. When the holding time of captured birds was reduced, less

weight was lost and likely improved the physical condition and survival odds post-

release. Moreover, the logistic model showed that capturing adult males from the

same lek and releasing them first in an area increased the odds of lek formation at

the site. Once a lek was formed, bird movement and subsequent mortality was

reduced. I suggest that future reintroductions: (1) reduce the time from point-of-

capture to point-of-release. Weight loss during translocation will be lower and
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increase the probability of survival and, (2) release adult males from the same lek

first in an area to increase the odds of lek formation. Lek formation will reduce

post-release movements and dispersal, and increase daily survival of males and

females.

During this study, reintroduced Columbian sharp-tailed grouse were killed

more by avian than mammalian predators (P 0.002). The effect of predation on

viability of North American prairie grouse populations is poorly understood and

largely unstudied (Nelson 2001), but mostly affects breeding-age birds, particularly

females, during the breeding season (Bergerud 1988:576). Nest success is thought

to be the most important factor influencing prairie grouse populations because

differences in nest success can be attributed to variation in habitat characteristics,

population density or management strategy (Peterson and Silvy 1996). Increased

attention has been directed toward managing habitat to increase survival of

juveniles (Peterson and Silvy 1996), and nest success (Connelly et al. 1991) by

providing habitat in sufficient quantity and quality. Cover for breeding birds

provides necessary shelter concealment (via increased spatial heterogeneity) for the

hen and nest (Bowman and Harris 1980, Jiménez and Conover 2001), whereas

inadequate cover and habitat fragmentation can result in birds moving across

unfavorable habitats, increase the time spent in those habitats, and subject them to

an increased probability of predation (Andrén et al. 1985, Andrén and Angelstam

1988).
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There is no information on the long-term impacts of predator controls on the

behavior, genetics, and abundance of prairie grouse (Schroeder and Baydack 2001).

Predator management for North American prairie grouse has been indirectly

addressed by habitat management, believing it to be the most efficient, viable, long-

term solution (Schroeder and Baydack 2001). Recovery and management of

marginal farmland as wildlife habitat is one management practice that has been

proposed to reduce the effects of predation on ground-nesting gamebirds (Jiménez

and Conover 2001). In this study, indirect predator management through

maintaining and managing the Leap Area habitat as an intact patch of native

bunchgrasses and CRP land may be the preferred management practice.
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Abstract

I modeled the population persistence probability of Columbian sharp-tailed

grouse (Tympanuchusphasianellus columbianus) reintroduced in northeast Oregon

from 1991 to 1997. Continuous supplementation of 24 females/year sustained

populations below 200 birds, but only with a low probability of survival. Long-

term (self-sustaining) population persistence was achieved only when female annual

mortality rates were <67%. At favorable rates of female mortality (e.g., 66 and

67%) without incorporating environmental variation or genetic stochasticity 29

years would be required for a population to reach 500 birds and >100 years to reach

1,000 birds. Multivariate analysis of persistence at 3 levels of environmental

variation (5%, 10%, and 20%) and nest success showed that nest success rates

>39 % would be required to achieve a low level of persistence ( 1,500 birds) at

high environmental variation When nest success was 43 %, populations during

the first 40 years post-release were influenced more by environmental variation than

demographic variation. After 40 years post-release, demographic variation more

strongly influenced persistence than environmental variation. Thus, the time

required for population viability (self-sustaining) is 2 - 3 decades longer than

previously thought (Chapter II), and factors negatively affecting annual mortality

rates of females significantly affect population persistence, population growth, and

the survival probability. The importance of field data in the formulation and

interpretation of this model is underscored by the results in Chapter III, where bird

survival was associated with small movements and lek-forming males at the release



sites, and males captured from one lek and released together first in an area

increased the probability of males forming a lek upon release. Lek formation and

factors affecting lek formation among males are important in determining female

mortality rates, and the persistence or survival of this reintroduced population.

Introduction

Recent efforts to conserve threatened and endangered species have

concentrated on the development of species recovery plans to provide a conceptual

framework for species restoration (Possingham et al. 1993). Population Viability

Analyses (PVA) are increasingly used in recovery plans because these analyses

assess the probability of a small population's persistence or survival for a specified

time, and the factors that affect persistence (Gilpin and Soulé 1986, Shaffer 1990,

Boyce 1992, Lindenmayer et al. 1993, Possingham et al. 1993). The probability of

persistence for a recovering population can be affected by variation in demographic

and habitat parameters (Boyce 1992). Sensitivity analysis examines how changes in

these parameters affect population persistence and is an important procedure in

PVA for assessing threatened and endangered species recovery options (Boyce

1992, McCarthy et al. 1995).

Translocations are used frequently as a management tool to restore or augment

populations (Scott and Carpenter 1987); more than 700 translocations were

conducted from 1973 to 1986 in Australia, New Zealand, Hawaii, and North
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America (Griffith et al. 1989). Game species comprised more than 90% of the

translocations, and 43% of translocations involved gallinaceous birds. Prairie

grouse (Tympanuchus spp.) have been among the most difficult group to restore

into historic habitats, in part because large numbers of birds ( 1,000) are thought to

be necessary to restore populations (Toepfer et al. 1990:570). Columbian sharp-

tailed grouse (Tympanuchus phasianellus columbianus) have declined in abundance

arid distribution by 90% (Yocum 1952, Miller and Graul 1980). Recent PVA's for

sharp-tailed grouse have focused on grouse-habitat relationships (Temple 1992,

Gardner 1997) with few demographic data from reintroduced populations

incorporated into analyses. Furthermore, no PVA's have been conducted for

reintroduced Columbian sharp-tailed grouse. Because demographic data from

reintroduced prairie grouse populations may differ from resident populations, these

data are necessary to improve knowledge of the processes and factors affecting

population persistence and successful restoration. Such data are available from the

1991-1997 reintroduction study in Northeast Oregon. The objectives of this study

were to determine: 1) if local demographic data from the reintroduction study and

estimates derived from the literature yield models predicting a self-sustaining

population of reintroduced Columbian sharp-tailed grouse and; 2) identif' key

variables that affect population persistence.
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Methods

I used program VORTEX (Lacy et al. 1995) to simulate reintroduced

Columbian sharp-tailed grouse populations and determine their probability of

persistence given parameters derived from Chapter 3 and the literature. Program

VORTEX uses Monte Carlo simulations to model population processes as discrete,

sequential events, with probabilistic outcomes determined by a random number

generator (Lacy et al. 1995). Mortality and reproduction (clutch size) estimates,

and demographic data were modeled independently for each age class (yearlings, 1

yr; adults, >1 yr). I specified the mating system as polygynous (Johnsgard 1973).

Males were randomly reassigned to the breeding pool each year of the simulation,

and males in the breeding pool have an equal chance of siring offspring. A

population persisted if a simulated population did not drop to 1 bird for 100 years.

The probability of persistence was defined as the number of computer simulations

out of 10,000 that resulted in a population persisting for 100 years (Lacy et al.

1995).

Males and females were assumed to have the ability to breed during their first

year. The percent of male Columbian sharp-tailed grouse that actually breed in the

model was 51% (Gratson 1991, 1993). The sex ratio was defined at 50:50 (Temple

1992). Mean clutch size ( = 10) was based on the mean clutch size of nests

initiated by released females in the Leap area 1993-1997 (Appendix J). Daily

mortality estimates were converted to annual mortality rates by taking the 365th root



of the mean Kaplan-Meier estimate (36.K - M) for each age and gender. All birds

were assumed to have died by the end of the third year (Hiliman and Jackson

1973:20). Annual populations supplements consisted of 24 birds (12 females and

12 males) per year for 5 years following the first release year. This number was

based on the mean number of birds released in northeast Oregon, 1991-1997.

I performed sensitivity analyses using VORTEX with the initial release of

birds at the Leap Area in 1994 as the founder population (n = 2 adult females,

1 yearling male, and 7 adult males). In each simulation I changed one variable

while holding all others constant (Table 7). First, I examined the effect of changing

the founder population size on population persistence by adding 2 males (1 yearling

and 1 adult) and 2 females (1 yearling and 1 adult) to the initial founder size to each

set of simulations, up to the maximum number of birds captured and released during

any field season (48 birds). The effect of annual supplementation rates on

persistence was examined at 3 levels: (1) supplementation of 12 females and 12

males/year for 50 years, (2) supplementation of 12 females and 12 males/year for

100 years, and (3) supplementation of 24 females/year for 100 years. The effect of

nest success on persistence was based on results reported in the literature for steppe

grouse (Bergerud 1988:593), from Chapter III (46%), and simulated at 5%

increments from 30% to 70%, including 72% from Columbian sharp-tailed grouse

in southeast Idaho (Meints 1991). Nest success was defined as the percentage of

known nests that hatched at least one young (Bergerud 1988:592, Meints 1991).

The effect of annual female mortality rate (85%) on persistence was analyzed across
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a range of mortality rates from 50 to 80% in 5% increments. Once a population

persisted, simulations were conducted at 1% increments to determine an upper limit

of female mortality that resulted in population persistence.

Environmental variation (EV) is the annual variation in the probabilities of

reproduction and mortality that occur because of changes in the environment. It

impacts all individuals in the population simultaneously. The sources of EV are

thus extrinsic to the population itself, due to weather, predator and prey populations,

parasite loads. Annual EV was set at zero in initial simulations. Once a simulated

population persisted for 100 years with the highest probability of extinction,

environmental variability was included in the model by setting the standard

deviation to 5% of the means. This is similar to PVA's for prairie sharp-tailed

grouse (Tympanuchus phasianellus campestris) in Wisconsin (Temple 1992). Next,

the effect of different nest success rates and environmental variability on persistence

was evaluated by a series of sensitivity analyses. Environmental variation was set 3

levels: 5%, 10%, and 20% of mean values. Nest success rates initially were

evaluated at 5% intervals and beginning at 30% to determine the lowest level of

nest success and highest level of EV for population persistence. Once a simulated

population persisted at the high level of environmental variation, nest success rates

were reduced by 1% intervals to determine the minimum level of nest success at

different levels of environmental variation that resulted in population persistence.

The annual female mortality rate was set at 63%, which was the highest level of

mortality that provided a 1.00 probability of survival. Setting the rate higher would
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have incorporated a probability of extinction due to female mortality that could not

be accounted for in the analysis.

Program VORTEX produced summary statistics on (1) population growth

rate, (2) mean ending population size, (3) survival probability (1 - extinction

probability), (4) number of simulations that survived/became extinct, and (5) mean

generation time for males and females. Each simulation was repeated 10,000 times

to obtain variability estimates (Lindenmayer and Lacy 1995). I set the carrying

capacity at 5,000 birds as an upper limit to examine the variability of each

simulation; Grumbine (1990) suggested this value as a population persistence level.

Carrying capacity sets an upper limit on how large populations can grow, and

models without such limits may overestimate population persistence (Ginzburg et

al. 1990).

Results

In the first set of simulations, representing the releases in northeast Oregon,

the population increased to a maximum mean of 75-80 birds during the first 3 years

following initial release (Figure 7). Thereafter, the population rapidly declined

towards extinction by year 20. Increasing the initial starting population size up to

the maximum number of birds captured during the study (n = 48) did not result in

population persistence (Table 7). Instead, the number of birds peaked near 85 birds
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Table 7. Results of different restoration strategies on persistence of reintroduced Columbian sharp-tailed
grouse.

Population
growth rate (r)

during simulation

Mean ending
population size

(X ± I S. E.)

Probability
of extinction
(± I S. E.)

Number of
extinctions!
survived

Mean
Generation time (yr)

Females Males
Current strategy
OYF, 2AF, 1YM, 7AM -0.513 0.00±0.00 1.000±0.00 10,000/0 1.28 2.18

Starting population
2YF,2AF,2YM,7AM -0.487 0.00±0.00 1.000±0.00 10,000/0 1.28 2.18
3YF, 3AF, 3YM, 7AM -0.468 0.00 ±0.00 1.000±0.00 10,000/0 1.28 2.18
4YF, 4AF, 4YM, 7AM -0.456 0.00 ± 0.00 1.000 ± 0.00 10,000/0 1.28 2.18
5YF, 5AF, 5YM, 7AM -0.450 0.00±0.00 1.000±0.00 10,000/0 1.28 2.18
6YF, 6AF, 6YM, 7AM -0.446 0.00 ± 0.00 1.000 ± 0.00 10,000/0 1.28 2.18
7YF, 7AF, 7YM, 7AM -0.440 0.00 ± 0.00 1.000 ± 0.00 10,000/0 1.28 2.18
8YF, 8AF, 8YM, 8AM -0.439 0.00 ±0.00 1.000±0.00 10,000/0 1.28 2.18
9YF, 9AF, 9YM, 9AM -0.440 0.00 ± 0.00 1.000 ± 0.00 10,000/0 1.28 2.18
IOYF, lOAF, 1OYM, 10AM -0.442 0.00 ±0.00 1.000±0.00 10,000/0 1.28 2.18
IIYF, IIAF, 11YM, 11AM -0.440 0.00 ±0.00 1.000±0.00 10,000/0 1.28 2.18
I2YF, I2AF, I2YM, 12AM -0.440 0.00 ±0.00 1.000±0.00 10,000/0 1.28 2.18

Population supplementation
12F, 12 M for 50 years -0.498 0.00±0.00 1.000±0.00 10,000/0 1.28 2.18
12F, 12 M for 100 years -0.352 89.00±0.47 0.000±0.00 0/10,000 1.28 2.18
24F for 100 years -0.419 134.00±0.66 0.030±0.02 300/9,700 1.28 2.18



Table 7. Results of different restoration strategies on persistence of reintroduced Columbian sharp-tailed
grouse continued.

Population
growth rate (r)

during simulation

Mean ending
population size

( ± 1 S. E.)

Probability
of extinction

(± 1 S. E.)

Number of
extinctions!

survived

Mean
Generation time (yr)

Females Males
Nest success

50% nest success -0.495 0.00 ±0.00 1.000 10,000/0 1.27 2.15
55% nest success -0.449 0.00±0.00 1.000 10,000/0 1.26 2.11
60% nest success -0.440 0.00 ± 0.00 1.000 10,000/0 1.25 2.07
65% nest success -0.400 0.00 ± 0.00 1.000 10,000/0 1.24 2.03
70% nest success -0.372 0.00±0.00 1.000 10,000/0 1.23 2.00
72% nest success -0.368 0.00±0.00 1.000 10,000/0 1.23 1.99

Female mortality
80% annual mortality rate -0.401 0.00±0.00 1.000±0.00 10,000/0 1.33 2.01
75% annual mortality rate -0.288 0.00±0.00 1.000±0.00 10,000/0 1.38 1.89
70% annual mortality rate -0.140 0.00±0.00 1.000±0.00 10,000/0 1.42 1.80
67% annual mortality rate 0.011 507.00± 14.01 0.269±0.01 2,690/7,3 10 1.44 1.75
66% annual mortality rate 0.029 3,927.00±47.61 0.032±0.00 322/9,678 1.45 1.74
65% annual mortality rate 0.061 4,990.00±5.25 0.005±0.00 50/9,950 1.46 1.73
64% annual mortality rate 0.089 4,999.00±0.65 0.001 ± 0.00 12/9,988 1.47 1.72
63% annual mortality rate 0.117 4,999.00 ± 0.77 0.000 ± 0.00 0/10,000 1.48 1.70
60% annual mortality rate 0.197 5,000.00 ± 3.41 0.000 ± 0.00 0/10,000 1.50 1.67
55% annual mortality rate 0.312 4,999.00±3.58 0.000±0.00 0/10,000 1.54 1.63
50% annual mortality rate 0.416 4,992.00 + 4.35 0.000 ± 0.00 0/10,000 1.58 1.59

Environmental variability (5 %)
w/current strategy -0.515 0.00±0.00 1.000 10,000/0 1.28 2.18
w/63% female mortality 0.117 5,000.00 +0.75 0.000 0/10,000 1.48 1.70



Table 7. Results of different restoration strategies on persistence of reintroduced Columbian sharp-tailed
grouse continued.

Population
growth rate (r)

during simulation

Mean ending
population size

( ± 1 S. E.)

Probability
of extinction

( 1 S. E.)

Number of
extinctions!

survived

Mean
Generation time (yr)

Females Males
Multivariate analysis
30% nest success, 5% EV -0.275 0.00 ± 0.00 1.000±0.00 5,000/0 1.47 1.64
35%nestsuccess, 5%EV -0.162 36.29±0.45 0.997±0.00 4,986/14 1.45 1.61
36% nest success, 5%EV -0.141 63.16± 1.36 0.991 ± 0.00 4,956/44 1.44 1.60
37%nestsuccess, 5%EV -0.115 108.88±2.79 0.957±0.00 4,787/213 1.44 1.60
38%nestsuccess, 5%EV -0.088 219.62±6.22 0.890±0.00 4,450/550 1.43 1.59
39% nest success, 5% EV -0.066 319.58 ± 9.51 0.790 ±0.00 3,950/1,050 1.43 1.59
40% nest success, 5%EV -0.037 824.39± 16.04 0.588±0.01 2,939/2,061 1.43 1.58
43%nestsuccess, 5%EV 0.033 3,137.50±23.32 0.104±0.04 520/4,480 1.42 1.57
44% nest success, 5% EV 0.049 3,648.72 ± 19.57 0.066 ± 0.01 330/4,670 1.42 1.57
45%nestsuccess, 5%EV 0.067 4,152.87± 15.84 0.027±0.00 136/4,864 1.41 1.56
50% nest success, 5%EV 0.148 4,779.41 ± 6.98 0.001 ± 0.00 3/4,997 1.39 1.54
60%nestsuccess, 5%EV 0.283 4,967.24±2.32 0.000±0.00 0/5,000 1.37 1.51
70% nest success, 5% EV 0.403 4,997.39 ± 0.80 0.000 ± 0.00 0/5,000 1.35 1.48
30% nest success, 10% EV -0.303 0.00 ± 0.00 1.000 ± 0.00 5,000/0 1.47 1.64
35% nest success, 10% EV -0.194 473.43 ± 11.02 0.997 ± 0.00 4,986/14 1.45 1.61
36% nest success, 10%EV -0.170 457.53 ± 10.95 0.993 ± 0.00 4,966/34 1.44 1.60
37% nest success, 10%EV -0.149 430.27+ 12.99 0.975±0.00 4,876/124 1.44 1.60
38% nest success, 10%EV -0.130 387.92+ 10.40 0.961 ± 0.00 4,805/195 1.43 1.59
39% nest success, l0%EV -0.108 624.47+ 14.67 0.921 ± 0.00 4,607/393 1.43 1.59
40% nest success, 10%EV -0.084 902.03 + 19.32 0.864±0.00 4,318/682 1.43 1.58
43% nest success, 10% EV -0.019 1,606.43 + 24.14 0.586 ± 0.00 2,932/2,068 1.42 1.57
44%nestsuccess, 10%EV -0.001 1,864.09+25.03 0.472±0.00 2,361/2,639 1.41 1.57
45% nest success, 10% EV 0.018 2,136.84 + 25.34 0.3 83 ± 0.00 1,915/3,085 1.41 1.56



Table 7. Results of different restoration strategies on persistence of reintroduced Columbian sharp-tailed
grouse continued.

multivariate analysis with nest success and environmental variation with the annual mortality rate set at a constant 63 %.

Population
growth rate (r)

during simulation

Mean ending
population size

( ± 1 S. E.)

Probability
of extinction

( 1 S. E.)

Number of
extinctions!

survived

Mean
Generation time (yr)

Females Males
Multivariate analysis

50% nest success, 10%EV 0.104 3,367.56 ±24.76 0.084±0.00 419/4,581 1.39 1.54
60% nest success, 10% EV 0.246 4,437.16 ± 14.38 0.005 ± 0.00 23/4,977 1.37 1.51
70% nest success, 10%EV 0.367 4,751.86±9.31 0.004±0.00 18/4,982 1.35 1.48
30% nest success, 20% EV -0.391 0.00 ± 0.00 1.000 ± 0.00 5,000/0 1.47 1.64
35% nest success, 20% EV -0.275 0.00 ± 0.00 1.000 ± 0.00 5,000/0 1.45 1.61
36%nestsuccess,20%EV -0.250 0.00±0.00 1.000±0.00 5,000/0 1.44 1.60
37% nest success, 20% EV -0.231 56.00 ± 0.00 0.999 ± 0.00 4,999/1 1.44 1.60
38%nestsuccess,20%EV -0.217 1,444.00±0.00 0.999±0.00 4,999/1 1.43 1.59
39% nest success, 20% EV -0.199 0.00 ± 0.00 1.000 ± 0.00 5,000/0 1.43 1.59
40% nest success, 20% EV -0.185 458.00 ± 446.00 0.999 ± 0.00 4,998/2 1.43 1.58
43% nest success, 20% EV -0.129 2,497.33±149.12 0.999±0.00 4,997/3 1.42 1.57
44%nestsuccess,20%EV -0.116 0.00±0.00 1.000±0.00 5,000/0 1.41 1.57
45%nestsuccess,20%EV -0.099 612.00±259.19 0.999±0.00 4,995/5 1.41 1.56
50%nestsuccess,20%EV -0.012 1,558.17±367.99 0.998±0.00 4,994/6 1.39 1.54
60% nest success, 20% EV 0.127 3,714.80 ± 462.51 0.997 ± 0.00 4,985/15 1.37 1.51
70%nestsuccess,20%EV 0.237 3,037.50±740.16 0.998±0.00 4,992/18 1.35 1.48
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midway through the 5-year supplementation period and then declined quickly to

extinction in 20-25 years.

Continuous supplementation of birds (12 F, 12 M) for 50 and 100 years

resulted in population persistence, but only as long as birds were supplemented.

Following 50 years of annual supplements, the population quickly declined to

extinction 10 years after the last supplement (Figure 8). Moreover, mean maximum

population sizes for both the 50-year and 1 00-year simulations did not increase

above 100 birds. Adjusting the supplementation sex ratio to 24 females/year for

100 years increased the mean maximum population to near 140 birds.

Increases in nest success did not change population persistence probabilities

from the current release strategy. As nest success was increased to levels reported

for resident populations in southeast Idaho (72%);(Meints 1991), the mean

maximum number of birds increased to 120 birds. However, the extinction

probability did not change and simulated populations became extinct within 30

years of initial release.

Population persistence was achieved when annual female mortality was 67%

(Figure 9). At 67% the mean ending population size was 507 birds and the

probability of extinction was 0.269. As female mortality was reduced, both the

extinction probability and time to persistence declined. At 63% annual female

mortality, no simulated populations became extinct and the population reached

carrying capacity at 30-40 years post-release. Environmental variation (5%) added

to this model did not change the persistence probability (Figure 10). Multivariate
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Figure 8. Effect of supplementation (top) and nest success rates (bottom) on mean
population persistence of Columbian sharp-tailed grouse.

76

160
150
140
1)Ii
120
110
100
90
80

I

I'

I-II I -r

- -
.- -

- -

I- - -
Oregon releases

70
50-year supplementation'' 60

50 100-year supplementation
ri 40 100-year supplementation

+ 30 of 24 females/year
20
10

I I LI I I

160
150 5 supplementation periodyr.

140
,

0
1'I-,
120
110
100
90
80
70
60
50
40
n

20
10
0

-i
=

=

If \
'I \.

\

50% Nest success

-. - 55%Nest success
- 60% Nest Success

- 65% Nest success

- 70% Nest success

72% Nest success

I i I I I I I



-

63% - -
/ /64% /
5-ye,.r supp1enntation period

/ /
/ 1

= 65% /// /
/ /

/ / 66%ii /
I//

67%/-- - 70%

0 10 20 30 40 50 60 70 80 90 100

Years since release

Figure 9. Effect of aimual female mortality rates on mean population persistence of
Columbian sharp-tailed grouse.

77

5000

4000

+1

1:'

3000

2000
0

1000

0



5000

o 4000

+
3000

2000

J
1000

0

Effect of environmental variability on persistence

Northeast Oregon release
Northeast Oregon release with
5% environmental variation

- 63% annual female mortality
w/o environmental variation

- 63% annual female mortality
w/5% environmental variation

78

0 10 20 30 40 50 60 70 80 90 100

Years since release

Figure 10. Effect of environmental variability on the current strategy, and the
current strategy with 63% female mortality, on mean population persistence of
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analysis of 3 levels of environmental variation (5%, 10%, and 20%) and nest

success showed that nest success rates >39% would be required for low-level

persistence (< 1,500 birds) at high environmental variation (Figure 11). At 40%

nest success, the probability of persistence increased, yet mean population estimates

were highest at 20% environmental variation buy only increased mean population

estimates to 2,000 birds. When nest success was 43%, populations during the first

40 years post-release were influenced more by environmental variation than

demographic parameters. After 40 years post-release, demographic variation more

strongly influenced persistence than environmental variation.

Discussion

Sensitivity analysis is an important tool in the conservation of threatened

species because it focuses attention on the parameters likely to be critical to

dynamics of a population and therefore, indicates information of greatest

importance to collect in the field (Lacy 1995). Second, sensitivity analysis provide

an opportunity to assess the information in hypothetical situations, and can identifr

important aspects of population behavior (Shaffer 1990, Boyce 1992). Models

lacking important demographic data such as survival or reproduction may lead to

poorly constructed, inaccurate PVAs (Beissinger and Westphal 1998).
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Population simulations of Columbian sharp-tailed grouse release numbers and

demographic data representing the releases in northeast Oregon predicted that

extinction will occur in this population within 20 years post-release. Changing

supplementation and nest success rates still resulted in population extinction.

Theoretically, as founder (starting) population size increases, the persistence

probability of the population should increase (Lande 1988). Yet, all simulations

that changed the starting population size declined to extinction before year 30. The

effect of increasing the starting population size on population persistence likely was

masked by the interactive effects of low nest success, supplementation time, and

high annual female mortality rates. The effect seemed to be ameliorated somewhat

by annual supplementation for 50 and 100 years, although simulations produced

mean population sizes no higher than 150 birds. Although this strategy may be

considered unrealistic they predict that the population can be sustained indefinitely,

but only as long as the supplements continue.

Annual female mortality rates for prairie grouse vary between 0.63 and 0.70,

depending on species and location (Bergerud 1988:6 18). Simulations that

incorporated female mortality rates 67% persisted for >L 00 years. Because this

preliminary model-analysis did not incorporate environmental and genetic

stochasticity, the extinction probabilities most likely are conservative estimates

(Beissinger and Westphal 1998). Actual extinction probabilities are likely to be

higher. Even at favorable rates of female mortality (e.g., <66 and 67%) and

acknowledging that environmental variation or genetic stochasticity were not

incorporated in the model, the population would require 49 to >100 years to reach a
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population of 1,000 birds. Thus, the time required for population persistence is 2 to

3 decades longer than previously thought (Chapter II), and factors affecting female

annual mortality rates affect population growth and persistence.

Population persistence can be affected by 4 main sources: 1) demographic

stochasticity, 2) environmental stochasticity, 3) genetic stochasticity, and 4) natural

catastrophes (Shaffer 1981). Persistence probabilities are usually more affected by

demographic than genetic factors because populations can persist if the long-term

population growth rate is substantially positive, even in the presence of

environmental stochasticity and catastrophes (Lande 1988, Boyce 1992).

Persistence probabilities also can be influenced by density-dependence effects on

population dynamics. However, without long-term data to assess and model

density-dependence, probabilities were assessed without these effects (Ginzburg et

al. 1990).

Modeling natural populations is complex, however initial models

incorporating sensitivity analysis provides practical information on parameters that

have the largest influence on populations (McCarthy et al. 1995). Stochastic,

demographic models are among the most commonly used in viability analyses, yet

should be used cautiously as a means to validate and test additional hypotheses and

the robustness of initial models (Beissinger and Westphal 1998). The use of more

complicated, spatially-explicit models provide a technique for studying population

persistence and ecological processes from local to landscape scales, and the means

to predict population persistence in response to land-use practices, reserve design,
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or other management options (Boyce 1992). The results from these preliminary

models show that key demographic components of female mortality rate and nest

success, combined with environmental variation determine persistence or extinction

in this type of a restoration effort.

Management Recommendations

The results from the sensitivity analysis show that population persistence was

achieved when annual female mortality <67%. Multivariate analysis predicted that

at high levels of environmental variation, nest success 39% was needed for

persistence of a population of 1,500 birds. However, the time to persistence and

population viability was decades longer than previously thought and continuous

supplementation will not result in a self-sustaining population. Persistence was

associated with factors that affect female mortality and nest success. In the NE

Oregon releases, annual female mortality rates were not low enough for population

persistence. Based on information from this study, lek formation and the factors

that affect lek formation (releasing adult males from the same lek first in an area),

may reduce female mortality. Once a lek formed at the site, bird movement and

subsequent mortality was reduced. Future reintroductions should reduce the time

from point-of-capture to point-of-release to reduce the physiological stress on the

birds, and release adult males from the same lek first in an area to increase the odds

of lek formation.

Finally, restoration efforts should proceed with the understanding that the

restoration process will be longer than anticipated. I recommend a minimum of 10



years for each restoration effort and monitor the population so as to more

thoroughly understand the factors affecting population persistence. Moreover,

persistence models did not incorporate the effects genetic stochasticity on

persistence. Therefore, I recommend genetic studies to determine the effects of

releasing birds from a limited number of known leks on population persistence.
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V. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

Ecological restoration is the process of repairing the diversity and dynamics of

indigenous ecosystems (Jackson et al. 1995). When humans attempt to manage

natural resources and plan for their restoration, they must strive to restore

long-term, large-scale interactions among biotic and abiotic components (Cairns

1993). These interactions include restoring biotic and abiotic processes that shape

communities (e. g. periodic floods and fires, nutrient cycling, and their interactive

effects on population recruitment, survival, and species persistence) (Bradshaw

1993, Cairns 1993). Human intervention likely is needed if required interactions

with these species and ecosystems processes are absent (Bradshaw 1993).

Alternately, a system restored with these interactions supports populations

indefinitely, with minimum human intervention (Bradshaw 1993, Cairns 1993).

Understanding the factors associated with the success or failure of species

restoration is an important prerequisite to overall ecosystem restoration (Bradshaw

1993, Cairns 1993, Morrison 1995).

The number of wildlife populations extirpated from historic ranges in North

America has increased throughout the 20th Century. As a result, the number of

species restoration projects has increased during this time. A better understanding

of the factors associated with "success" (population persistence) and "failure"

(population extinction) is needed so that researchers, biologists, and land

management agencies can effectively restore populations.
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Populations of prairie grouse (Tympanuchus spp.) across North America have

been affected negatively by anthropogenic landscape-scale habitat changes. The

abundance and distribution of Columbian sharp-tailed grouse (Tympanuchus

phasianellus columbianus) has declined by 92% during the 20th Century (Bart

200 1). Though restoration has been attempted within its historic distribution,

success has been limited by a lack of knowledge relating to: 1) the effects of the

translocation process on released birds, 2) their habitat use, 3) movements, 4)

survival, and 5) reproduction. Knowledge of these population variables as they

relate to reintroduced birds likely would increase restoration success.

In chapter II, I reported on questionnaires to state and federal wildlife

biologists, managers, scientists, and university researchers in 21 states

encompassing the historical distribution of prairie grouse in the United States. The

purpose of the surveys was to compile information on prairie grouse translocations

conducted during the last 50 years, and to ascertain the factors influencing the

success or failures of translocations. I received 22 of 28 completed questionnaires

(79%) for 6 prairie grouse species or subspecies. Mean project duration was 3 years

and was similar among species and subspecies. More reported translocation

projects were initiated in the 1990s than during the previous 30 years combined.

Projects releasing 1 00 grouse were 8.8 times more likely to be successful

(self-sustaining) than projects in which fewer birds were released. Long-term

projects were 1.3 times more likely to succeed than those of shorter duration, and

projects incorporating soft-release techniques were 3.1 times more likely to succeed
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than projects that used hard-releases. Approximately one-half of spring releases

were successful, whereas no releases during other seasons were reported as

successful.

In chapter III, I presented home ranges, movements, dispersal, habitat use, and

survival of Columbian sharp-tailed grouse translocated to 2 sites in northeastern

Oregon from 1991 to 1997. I captured and translocated 179 grouse (82 females, 97

males) from 15 leks in southeastern Idaho to 2 northeastern Oregon study sites at

Clear Lake Ridge and the Leap Area. I found an association between the number of

days in captivity and weight loss (r 2 = 0.278, P = 0.000 1). Upon release, mean

daily movement of 65 radioed birds (26 females and 39 males) was 300 m (± 19).

Fixed kernel home range estimates did not differ between sexes (P> 0.05), yet

movement and dispersal patterns differed between sexes, ages, and birds released at

the 2 sites (P 0.05). Yearling females moved farther from the release site during

the first 30 days post-release than either males or adult females (P = 0.00 1). Adult

males released at Clear Lake Ridge moved greater distances than adult males

released at the Leap Area (P = 0.00 1). Translocated birds moved in a directionally

instead of randomly from the release site; males dispersed northeast, while females

dispersed southeast (P 0.05). Birds released at Clear Lake Ridge were relocated

in native bunchgrass cover, whereas birds released at the Leap Area were relocated

within a mosaic of native bunchgrass and Conservation Reserve Program cover.

Mean Kaplan-Meier survival functions were higher for males than females; and

more birds were killed by avian than mammalian predators (P 0.002).



88

Post-release survival was affected by a bird's capture weight, movement pattern,

and lek forming behavior. Lek formation was more likely when adult males were

captured from the same lek and released together (P = 0.0051). Lek formation in

the release area appeared to result in smaller bird movements and lower mortality,

and a higher likelihood of hen visitation to leks and nest success that increased the

odds of successful establishment.

In Chapter IV, I modeled population persistence of Columbian sharp-tailed

grouse reintroduced in northeast Oregon from 1991 to 1997 to predict if the current

restoration strategy would result in a persistent population. If the modeled

population did not persist, then I used sensitivity analysis to determine the

demographic variables most likely influencing persistence. Observed variables in

the model such as founder size, annual mortality rates, supplementation rate, clutch

size, and nest success were derived from the reintroduction study; variables that the

model required but could not be derived from the field study, such as the percent of

males reproducing, life span and levels of environmental variation, were derived

from the literature. My analysis predicts that the current translocation strategy will

likely result in population extinction within 20 years. Annual supplementation of

up to 24 females/year for 100 years sustained the population below 200 birds only,

with a low probability of survival. Population persistence was achieved only when

female annual mortality rates were 67%. Excluding environmental variation or

genetic stochasticity and at favorable rates of annual female mortality (e.g., 66 and

67%), 29 years would be required for a population to reach 500 birds and >100
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years to reach 1,000 birds. Next, I examined the effects of environmental variation

and nest success on persistence given a constant 63% annual female mortality rate.

Nest success rates >39 % among 3 levels of environmental variation (5%, 10%, and

20%) resulted in population persistence. When nest success was a43%, populations

during the first 40 years post-release were influenced more by environmental

variation than demographic parameters. After 40 years post-release, demographic

variation more strongly influenced persistence than environmental variation. These

results demonstrate that the time required for population persistence is decades

longer than previously thought (Chapter II). Also, factors negatively affecting

annual mortality rates, and nest success of females significantly affect population

persistence, population growth, and the probability of survival. Furthermore, the

importance of field data in the formulation and interpretation of this model is

underscored by the results in Chapter III. Analysis showed that bird survival was

associated with males captured from one lek and released together first in an area.

Lek formation and factors affecting lek formation among males are important in

determining female mortality rates, and the persistence or extinction of this

reintroduced population. Additional factors may include habitat quality in patches

where birds are released, and the abundance of predators in the release area.
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Management recommendations for species restoration

The Columbian sharp-tailed grouse is considered extirpated from the state of

Oregon, classified as a "Species of Concern" under guidelines specified by the U. S.

Fish and Wildlife Service (A. Hernandez, U. S. Fish and Wildlife Service, 1997

pers. comm.), and was under consideration for reclassification as threatened under

the Endangered Species Act of 1973 (Federal Register 1999, 2000). Other than

populations in southeast Idaho and northern Colorado, the remaining remnant

populations over the species historic range are small, isolated, and likely to become

extinct within the next 5-10 years (Bart 2000). Prompt restoration is recommended

on public lands across its historic distribution (Bart 2000). Excluding Idaho,

Oregon contains the largest amount of public land available for species restoration

(Bart 2000). However, species restoration should be part of system restoration and

should reflect a commitment by land management agencies to implement necessary

changes (Jackson et al. 1995). Moreover, restoration should reflect the current

understanding of species and system restoration. Recommendations for specific

changes in land use practices by land-management agencies for Columbian sharp-

tailed grouse have been written (Giesen and Connelly 1993).

Selection of a release area(s) traditionally has been based on observations by

and input from local biologists and researchers (e.g., Crawford 1989). This type of

process provides input for preliminary site selection, however it should not serve as

the final determinant when other methods and analyses are available and preferable.

In this study, no habitat analysis was performed to evaluate potential site similarity
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from habitats within resident populations to potential reintroduction sites, or their

spatial association in relevance to an overall strategy of species restoration within

Oregon. As a result, the Clear Lake Ridge release site likely was too small, and

isolated from other habitats to serve as a favorable release site, and provided no

habitat connectivity to other potential sites in Oregon that would increase

population persistence. Although the Leap Area release site was larger in size and

provided more favorable habitat, its isolation from other sites within the historical

distribution in Oregon likely will reduce the population's probability for persistence

as well.

The foundation for future successful restoration of Columbian sharp-tailed

grouse in Oregon should begin with an analysis of potential sites as they compare to

habitat within resident populations in southeast Idaho. Geographic information

system (GIS) analysis has been used to broadly identif' the amount of historic

Columbian sharp-tailed grouse habitat held by federal land management agencies in

Oregon for restoration (Bart 2000). Results from Chapter III show that 95% of all

relocations were <5 km from the release site. Thus, I recommend additional GIS

analysis to specifically identify potential release sites within federally-held public

land in Oregon. Only after this analysis has been com]pleted, and areas identified

that contain favorable year-round habitat components should translocations begin. I

recommend a goal of establishing 1 metapopulation of Columbian sharp-tailed

grouse on public lands in Oregon. This goal is suggested because viable,

interconnected populations have a high probability of persistence as opposed to



small, isolated populations. Furthermore, metapopulations may provide the

replication and minimum samples necessary to test management hypotheses

(Huribert 1984, Zar 1984: 178).

Releases in additional areas would occur only after populations approach

persistence. Results from Chapter II and IV show that the time required for a

reintroduced population to persist is 20-40 years( 4,000 birds), because smaller

populations likely will be influenced by environmental and demographic variation,

thus affecting their persistence probability. Successful restoration will require

annual, multi-state and multi-agency cooperation.

Research recommendations for species restoration

The translocation process has been shown to negatively affect the subsequent

movements and survival of birds during the first 5 months post-release. Pre-release

weight loss also negatively affected post-release survival. Therefore, I concur with

Gardner (1997) and recommend that the time from capture to release should occur

as quickly as possible to reduce the effect of translocation stress on captive birds.

Gardner (1997) also recommends removing different birds from different leks in

resident populations during trapping to ameliorate the effects of bird removal and

human disturbance on lek integrity. Some levels of human disturbance and bird

removal can occur at leks while retaining lek integrity (Baydack and Hem 1987,

Baydack 1988, Moyles and Boag 1981, Rippin and Boag 1974a, b, Tsuji 1996).
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Results from this study show that birds from the same lek, particularly dominant

adult males, captured and released first in an area increases the odds of lek

formation within the release area. Once leks have formed within the release area

bird movement and dispersal from the release area is reduced and bird survival

increases. Although I agree with Gardner's recommendation to spread the trapping

effort over a larger number of leks in resident populations, I recommend that the

translocation strategy also should concentrate on capturing and releasing the

dominant, adult males from specific leks to increase the odds of lek formation and

bird survival. Females should not be released during the first year of releases. Only

after successful establishment of 5 or more leks near a release area, likely in the

second or third year, should adult females be released so as to reduce their

post-release movements, increase their survival, and subsequent nest success.

Population persistence is affected by demographic, environmental, and genetic

stochasticity (Shaffer 1981). Future restoration efforts also must include studies of

the genetic effects on population persistence. No such studies have been conducted.

For example, the results from Chapter III show lek formation by males released in

an area is an important factor in determining movement and survival. Yet no

studies have been conducted to determine if dominant males at leks are closely

related, particularly adult dominant males, and if closely related males dominate

leks. This may be shown to be an important factor in lek formation following

release in an area. I recommend experimental studies to determine the genetic

relatedness of dominant males on leks, and the genetic composition of all



translocated birds. Incorporating genetic information into VORTEX can refine the

predictability of persistence models. Further, I propose 5 testable hypotheses to

experimentally determine how lek formation likely affects bird movement and

survival. Answering these hypotheses will provide important information for

improving our knowledge of grouse restoration and persistence.

Hypothesis 1: Dominant Columbian sharp-tailed grouse males at

established leks in resident populations are genetically

related.

Hypothesis 2: Leks will more quickly form with dominant males

captured and released from the same lek than with males

from different leks.

Hypothesis 3: Females will not move or disperse km from the release

site if released at leks.

Hypothesis 4: Nest initiation and success by females will be higher in

release areas with leks, than in areas without leks.

Hypothesis 5: Female and male mortality rates will be lower at release

sites with leks, in comparison to release sites without

leks.

These recommendations and hypotheses can be used as part of a combined

adaptive management and experimental approach (MacNab 1983, Grumbine 1994)

for restoration and experimental hypothesis-testing. Ultimately, this framework can
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increase our understanding of the factors affecting restoration of Columbian sharp-

tailed grouse in Oregon and our knowledge of species restoration.
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Appendix A. Survival and movements of radio-tagged birds translocated and
released on Clear Lake Ridge and Leap Area, Wallowa County, Oregon,
199 1-1997.
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Year Sex Age

Number
of

locations

Days
lived from

release to 8/15

Mean distance
moved from

release site (m)

Mean distance
moved

per day (m)
Band

number
1991 Female Adult 34 48 2553.3 391.1 ST 524
1991 Female Adult 5 330.9 160.3 ST 523
1991 Female Adult OD 357
1991 Female Adult ST 519
1991 Female Adult ST 520
1991 Female Adult ST 540
1991 Female Yearling 47 140 4809.4 456.6 ST518
1991 Female Yearling 33 140 25062.1 95.2 ST 522
1991 Female Yearling 8 13 772.5 319.3 ST536
1991 Female Yearling 7 38 2015.1 677.1 ST521
1991 Female Yearling 6 13 664.2 272.2 ST 512
1991 Female Yearling 4 38 1063.7 457.1 0D351
1991 Female Yearling 4 10 1406.5 265.8 ST 535
1991 Female Yearling I 20 733.8 733.8 ST 530
1991 Female Yearling OD 354
1991 Female Yearling ST 511
1991 Female Yearling OD 358
1991 Female Yearling - ST538
1991 Female Yearling ST 533
1991 Female Yearling - - ST537
1991 Male Adult 39 95 5363.2 747.1 ST 532
1991 Male Adult 21 140 4748.7 309.0 ST 539
1991 Male Adult 1 598.0 598.0 ST 541
1991 Male Adult 0 0 0 0 0D355
1991 Male Adult ST 535
1991 Male Adult ST 5 17
1991 Male Adult - ST528
1991 Male Adult - ST5I5
1991 Male Adult ST 529
1991 Male Yearling 55 140 2370.1 187.7 ST514
1991 Male Yearling 46 117 4995.0 514.8 ST 534
1991 Male Yearling 0 0 0 0 ST513
1991 Male Yearling ST 516
1992 Female Adult 7 117 23048.3 195.2 ST 204
1992 Female Adult 2 9 1833.6 417.8- ST 206
1992 Female Adult 16 821.7 138.7 ST 203
1992 Female Adult 6 0 0 ST249
1992 Female Adult Unknown 33315.3 482.8 ST 214
1992 Female Adult 0 0 0 0 ST542
1992 Female Adult - - ST2I3



Appendix A. continued.
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1992
1992
1992

Female Adult
Female Adult
Female Adult

-
- ST 209

ST 265
ST 266

1992 Female Yearling 21 117 21061.1 322.0 ST 217
1992 Female Yearling 3 14 3182.3 626.9 ST 202
1992 Female Yearling 1 6 826.1 137.7 ST 932
1992 Female Yearling 1 19 9276.0 843.3 ST 939
1992 Female Yearling 1 Unknown 0 0 ST 936
1992 Female Yearling 0 0 0 0 ST 138
1992 Female Yearling - ST 103
1992 Female Yearling - ST 277
1992 Male Adult 63 137 2353.5 264.3 ST 205
1992 Male Adult 60 137 2268.6 199.9 ODFW 102
1992 Male Adult 45 137 2483.3 243.0 ST 218
1992 Male Adult 29 137 7146.4 839.8 ST21I
1992 Male Adult 8 130 18534.5 221.6 ST2SO
1992 Male Adult 4 11 5054.8 517.7 ST321
1992 Male Adult 1 4 0 0 ST 207
1992 Male Adult - ST 212
1992 Male Adult 20 57 2032.5 285.0 ST 212
1992 Male Adult 4 23 2575.5 459.7 ST 208
1992 Male Adult 1 10 0 0 ST 250
1992 Male Adult 1 20 856.3 142.7 ST 284
1992 Male Adult - ST 251
1992 Male Adult ST 272
1992 Male Adult ST 336
1992 Male Adult - ST 341
1992 Male Adult ST 937
1992 Male Adult ST 263
1992 Male Adult ST 935
1992 Male Adult - ST 242
1992 Male Adult ST 941
1992 Male Yearling 64 137 2201.7 186.8 ST 543
1992 Male Yearling 4 27 10089.9 517.4 ST260
1992 Male Yearling 2 10 393.1 476.2 ST 262
1992 Male Yearling 2 3 45.3 45.3 ST 934
1992 Male Yearling 1 10 545.9 273.0 ST 254
1992 Male Yearling 0 Unknown 400.0 400.0 ST 554
1992 Male Yearling - ST 255
1992 Male Yearling - ST 281
1992 Male Yearling - ST 283
1993 Female Yearling 1 2 1791.6 295.8 OD 1107
1993 Female Yearling 1 2 1366.9 683.5 OD 1105
1993 Female Yearling I 1 272.9 272.9 OD 1102
1993 Female Yearling I Unknown 1550.8 129.2 OD 1119
1993 Female 2 Yearling 0 Unknown 0 0 ST 64
1993 Female 2 Yearling - - ST 68



Appendix A. continued.

112

1993 Male Adult 4 29 3396.5 173.1 OD 1103
1993 Male Adult I Unknown 4176.1 348.0 OD 1109
1993 Male Adult 1 Unknown 905.2 226.3 OD 1116
1993 Male 2 Adult 0 Unknown 0 0 ST 83
1993 Male 2 Adult - ST 73
1993 Male Yearling 10 124 1941.4 224.3 0D1120
1993 Male Yearling 1 4 2126.6 531.7 OD 1117
1993 Male 2 Yearling 0 Unknown 0 0 ST 79
1993 Male Yearling - - - OD 1106
1993 Male Yearling - OD 1115
1993 Male Yearling OD 1118
1993 Male Yearling - - OD 1112
1994 Female Adult - - OD 1124
1994 Female Adult OD 1125
1994 Male Adult 39 146 1128.2 147.9 0D1126
1994 Male Adult 31 146 1553.2 91.5 OD 1127
1994 Male Adult 11 21 272.2 206.4 OD 1122
1994 Male Adult - - OD 1123
1994 Male Yearling - OD 1199
1994 Male Unknown 33 130 919.8 169.2 None
1994 Male Unknown 32 130 1287.4- 134.1 None
1994 Male Unknown - None
1995 Female Adult SG 4014
1995 Female Adult - - SG 4017
1995 Female Adult - - SG 4022
1995 Female Yearling - SG 4003
1995 Female Yearling - SG 4006
1995 Female Yearling - - SG 4008
1995 Female Yearling - SG 4009
1995 Female Yearling - - SG 4011
1995 Female Unknown ST 623
1995 Male Adult SG 4012
1995 Male Adult - SG 4013
1995 Male Adult - SG4015
1995 Male Adult - SG 4018
1995 Male Adult - None
1995 Male Adult - - - None
1995 Male Adult - - None
1995 Male Adult - None
1995 Male Yearling - SG 4007
1995 Male Yearling - SG 4010
1995 Male Yearling - - SG 4020
1995 Male Yearling - None
1995 Male Yearling - None
1995 Male Unknown ST 621
1995 Male Unknown - - ST 622
1996 Female Adult - ST 432



Appendix A. continued.

113

- Radio lost from bird.
2 - Bird released on Clear Lake Ridge for that year.

1996 Female Adult ST 496
1996 Female Adult ST 497
1996 Female Adult - ST 498
1996 Female Adult ST 499
1996 Female Adult - ST 500
1996 Female Yearling - ST 436
1996 Female Yearling - - ST 483
1996 Male Adult - - - ST 428
1996 Male Adult ST 431
1996 Male Adult - - - ST 434
1996 Male Adult - ST 437
1996 Male Adult ST 439
1996 Male Adult - - ST 487
1996 Male Adult ST 491
1996 Male Adult ST489
1996 Male Yearling ST 478
1996 Male Yearling - ST 479
1997 Female Adult - ST 31
1997 Female Adult ST 41
1997 Female Adult - ST 445
1997 Female Adult ST 453
1997 Female Adult ST 463
1997 Female Adult - - ST 999
1997 Female Yearling ST 33
1997 Female Yearling ST 43
1997 Female Yearling ST 46
1997 Female Yearling ST 73
1997 Female Yearling ST 430
1997 Female Yearling - ST 433
1997 Female Yearling ST 473
1997 Female Unknown - - None
1997 Male Adult ST 27
1997 Male Adult - ST4O
1997 Male Adult ST 50
1997 Male Adult ST 71
1997 Male Adult ST 74
1997 Male Adult - - ST 75
1997 Male Adult ST 456
1997 Male Yearling - ST 429



Appendix B. Capture and release weights (g) of Columbian sharp-tailed grouse
translocated and released at Clear Lake Ridge and Leap Area, Wallowa County,
Oregon, 1992-1993.
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Year Sex Age
Weight (g)

Band
NumberCapture Release

1992 Female Adult 620 535 ST 203
1992 Female Adult 670 590 ST 204
1992 Female Adult 680 585 ST 206
1992 Female Adult 750 615 ST 209
1992 Female Adult 680 630 ST 213
1992 Female Adult 690 630 ST 214
1992 Female Adult 670 585 ST 249
1992 Female Adult 650 620 ST 265
1992 Female Adult 700 630 ST 266
1992 Female Adult 600 525 ST 542
1992 Female Yearling 710 635 ST 138
1992 Female Yearling 600 540 ST 202
1992 Female Yearling 670 640 ST 217
1992 Female Yearling 660 590 ST 277
1992 Female Yearling 700 590 ST 932
1992 Female Yearling 600 575 ST 936
1992 Female Yearling 660 630 ST 939
1992 Female Yearling 640 550 OD 103
1992 Male Adult 760 685 ST 205
1992 Male Adult 780 680 ST 207
1992 Male Adult 680 720 ST 208
1992 Male Adult 730 690 ST 211
1992 Male Adult 780 710 ST 212
1992 Male Adult 770 715 ST 218
1992 Male Adult 780 675 ST 221
1992 Male Adult 690 590 ST 242
1992 Male Adult 750 635 ST 250
1992 Male Adult 700 635 ST251
1992 Male Adult 800 730 ST 263
1992 Male Adult 750 720 ST 272
1992 Male Adult 750 690 ST 280
1992 Male Adult 710 640 ST 284
1992 Male Adult 710 690 ST 321
1992 Male Adult 740 615 ST 336
1992 Male Adult 750 640 ST 341
1992 Male Adult 710 635 ST 935
1992 Male Adult 700 720 ST 937
1992 Male Adult 750 650 ST 941
1992 Male Adult 760 680 OD 102
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- Birds released on Clear Lake Ridge for that year.
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Year Sex Age
Weight (g)

Band
NumberCapture Release

1992 Male Yearling 700 635 ST 254
1992 Male Yearling 710 640 ST 255
1992 Male Yearling 710 670 ST 260
1992 Male Yearling 740 690 ST 262
1992 Male Yearling 680 590 ST 281
1992 Male Yearling 690 600 ST 283
1992 Male Yearling 740 685 ST 543
1992 Male Yearling 710 680 ST 554
1992 Male Yearling 700 590 ST 934
1993 Female Yearling 630 540 ST 64
1993 Female Yearling 720 580 ST 68
1993 Female Yearling 720 540 OD 1102
1993 Female Yearling 620 530 OD 1105
1993 Female Yearling 640 540 OD 1107
1993 Female Yearling 630 515 OD 1119
1993 Male' Adult 770 630 ST 73
1993 Male' Adult 650 660 ST 81
1993 Male Adult 760 700 OD 1103
1993 Male Adult 760 635 OD 1109
1993 Male Adult 785 645 OD 1116
1993 Male' Yearling 690 585 ST 79
1993 Male Yearling 540 455 OD 1106
1993 Male Yearling 760 610 OD 1112
1993 Male Yearling 750 660 OD 1117
1993 Male Yearling 830 700 OD 1118
1993 Male Yearling 770 700 OD 1120
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Appendix C. Percent horizontal cover (mean ± 1 S. E.) for Columbian sharp-tailed
grouse roosts, Clear Lake Ridge, Oregon, 1991 (n = 5).

% Cover
Roasts Random

Species Mean SE Mean SE
Grasses

Pseudoregnaria spicatum 35.5 5.3 22.0 4.5
Festucaidahoensis 28.1 6.4 11.0 4.2
Bromus tectorum 0.0 0.0 0.0 0.0
Bromus inermis 0.0 0.0 0.0 0.0
Poapraetensus 0.0 0.0 0.0 0.0
Bromus brizaeformis 0.0 0.0 0.0 0.0
Stipaoccidentalis 0.0 0.0 0.0 0.0
Koeleriacristata 0.0 0.0 0.0 0.0

Forbs
Lupinussericeus 1.4 1.2 1.0 2.5
Antennaria anaphaloides 1.1 0.6 0.5 0.5
Lithophragna bulbfera 0.8 0.6 1.2 2.3
Taraxacum officinale 0.4 0.4 0.6 0.5
Grindelianana 0.2 0.4 1.1 1.5
Achillea millefolium 0.1 0.1 1.0 0.8
Arenaria nultallii 0.0 0.0 0.0 0.0
Aster occidentalis 0.0 0.0 0.0 0.0
Astragalusreventus 0.0 0.0 0.0 0.0
Balsamorhiza sagitata 0.0 0.0 0.0 0.0
Castilleja spp. 0.0 0.0 0.0 0.0
Cirsiumvulgare 0.0 0.0 0.0 0.0
Descurainia richardsonii 0.0 0.0 0.0 0.0
Eriogonum heracleoides 0.0 0.0 0.0 0.0
Fritilariapudica 0.0 0.0 0.0 0.0
Geranium viscosissium 0.0 0.0 0.1 0.2
Giliaaggregata 0.0 0.0 0.0 0.0
Lomatium macrocarpum 0.0 0.0 0.0 0.0
Linumperenne 0.0 0.0 0.0 0.0
Phlox vixcida 0.0 0.0 0.0 0.0
Potentillaglandulosa 0.0 0.0 0.0 0.0
Rannuncullus unicantus 0.0 0.0 0.1 0.1
Solidago missouriensis 0.0 0.0 0.0 0.0
Thalaspiarvense 0.0 0.0 0.0 0.0
Tragopogondubius 0.0 0.0 0.0 0.0
Veronica arvensis 0.0 0.0 0.0 0.0

Litter 17.0 4.5 26.4 4.3
Bare Ground 15.5 4.1 35.0 6.2



Appendix D. Percent horizontal cover (mean ± 1 S. E.) for Columbian
sharp-tailed grouse roosts, Clear Lake Ridge, Oregon, 1992 (n 55).
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% Cover
Roosts Random

Species Mean SE Mean SE
Grasses

Pseudoregnaria spicatum 26.6 3.8 22.1 5.3
Festucaidahoensis 15.8 4.5 17.4 5.3
Bromus tectorum 6.2 2.1 9.4 4.1
Bromusinermis 4.7 3.9 8.8 1.5
Poapraetensus 3.2 1.9 2.2 2.2
Bromus brizaeformis 0.5 0.1 1.7 0.6
Stipa occidentalis 0.1 0.1 0.0 0.0
Koeleria cristata 0.0 0.0 0.5 0.1

Forbs
Arenaria nuttallii 2.3 0.1 0.0 0.0
Phlox viscida 2.0 0.9 1.9 0.5
Taraxacuni officinale 1.8 0.8 3.1 1.7
Rannuncullus unicantus 1.6 0.3 0.9 0.9
Aster occidentalis 1.2 0.5 0.2 0.0
Potentilla glandulosa 0.5 0.1 1.7 0.8
Astragalus reventus 1.0 0.6 0.2 0.1
Geranium viscosissium 0.9 0.3 1.5 0.9
Lupinussericeus 0.9 0.9 1.2 0.7
Achillea mullefolium 0.2 0.2 0.0 0.0
Castillejaspp. 0.4 0.1 0.0 0.0
Lithophragna bulbfera 0.6 0.1 0.0 0.0
Fritillariapudica 0.7 0.5 0.0 0.0
Cirsiumvulgare 0.6 0.3 0.0 0.0
Thalaspiarvense 0.2 0.2 0.0 0.0
Lomatium macrocarpum 0.3 0.2 0.5 0.1
Grindelia nana 0.1 0.4 0.0 0.0
Tragopogondubius 0.1 0.1 0.0 0.0
Balsamorhizasagitata 0.1 0.1 0.5 0.2
Descurainia richarc/sonii 0.0 0.0 0.0 0.0
Linumperenne 0.0 0.0 0.0 0.0
Eriogonum heracleoides 0.0 0.0 0.3 0.1
Gilia aggregata 0.0 0.0 0.1 0.1
Antennaria anaphaloides 0.0 0.6 0.1 0.1
Solidago missouriensis 0.0 0.0 0.0 0.0
Veronica arvensis 0.0 0.0 0.1 0.0

Litter 16.2 2.5 9.2 4.2
Bare Ground 11.3 2.0 16.3 1.7



Appendix E. Percent horizontal cover (mean ± 1 S. E.) for Columbian
sharp-tailed grouse roosts, Leap Area, Oregon, 1993 (n = 5).
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% Cover
Roosts Random

Species Mean SE Mean SE
Grasses

Festucaidahoensis 20.4 3.1 11.9 2.6
Daclylisglomerata 16.2 5.1 26.3 4.2
Pseudoregnaria spicatum 4.9 2.2 4.3 2.9
Bromus tectorum 3.5 0.2 5.8 3.8
Koeleriacristata 1.3 0.1 0.9 0.2
Festucapratensis 1.1 0.1 0.0 0.0
Stipaoccidentalis 0.0 0.0 0.0 0.0
Bromus brizaeformis 0.0 0.0 0.0 0.0
Bromus inermis 0.0 0.0 0.0 0.0
Poapraetensus 0.0 0.0. 0.0 0.0

Forbs
Medicagosativa 7.3 2.9 9.2 1.8
Achillea millefolium 1.2 1.3 0.5 0.1
Taraxacumofficinale 1.2 0.1 0.0 0.0
Aster occidentalis 1.0 0.1 2.3 0.7
Tragopogondubius 1.0 0.1 0.1 0.0
Lupinussericeus 0.2 0.0 1.4 0.2
Potentilla glandulosa 0.1 0.0 0.0 0.0
Astragalus reventus 0.1 0.0 0.0 0.0
Eriogonum heracleoides 0.0 0.0 1.8 0.4
Arenaria nuttallii 0.0 0.0 0.0 0.0
Antennaria anaphaloides 0.0 0.0 0.0 0.0
Balsamorhizasagitata 0.0 0.0 0.0 0.0
Castillejaspp. 0.0 0.0 0.0 0.0
Cirsiumvulgare 0.0 0.0 0.0 0.0
Descurainia richardsonii 0.0 0.0 0.0 0.0
Fritillariapudica 0.0 0.0 0.0 0.0
Gilia aggregata 0.0 0.0 0.0 0.0
Grindelia nana 0.0 0.0 0.0 0.0
Linumperenne 0.0 0.0 0.0 0.0

Lithophragnabulbfera 0.0 0.0 0.0 0.0
Lomatium macrocarpum 0.0 0.0 0.0 0.1
Rannuncullus unicantus 0.0 0.0 0.0 0.0
Solidagomissouriensis 0.0 0.0 0.0 0.0
Thalaspi arvense 0.0 0.0 0.0 0.0
Veronica arvensis 0.0 0.0 0.0 0.0

Litter 25.7 5.9 14.5 8.2
Bare Ground 14.8 2.5 20.8 5.5



Appendix F. Percent horizontal cover (mean ± 1 S. B.) for Columbian

119

sharp-tailed grouse roosts, Leap Area, Oregon, 1994 (n 15).
% Cover

Roosts Random
Species Mean SE Mean SE
Grasses

Dactylis glomerata 48.6 2.8 35.4 4.3
Phleumpratense 3.2 1.7 1.8 1.7
Festucapratensis 2.5 1.8 1.9 1.9
Festucaidahoensis 0.7 0.2 14.7 11.2
Bromustectorum 0.1 0.1 1.7 1.2

Koeleria cristata 0.1 0.1 0.4 0.2
Bromus brizaeformis 0.2 0.2 0.9 0.3
Pseudoregnaria spicatum 0.1 0.1 0.4 0.2
Bromus carinatus 0.1 0.1 0.3 0.1
Sitanionhistrix 0.1 0.1. 0.0 0.0
Poasandbergii 0.0 0.0 0.1 0.1

Forbs
Medicagosativa 6.4 1.9 1.7 1.3
Tragopogondubius 1.2 0.7 1.3 0.4
Trfolium repens 0.7 0.6 1.1 1.0
Achillea millefolium 0.5 0.1 0.2 0.2
Epilobiumminutum 0.2 0.1 0.8 0.5
Unknown Composite 0.1 0.1 0.1 0.1
Potentilla glandulosa 0.1 0.1 0.0 0.0
Eriophyllumspp. 0.1 0.1 0.3 0.3
Lupinussericeus 0.0 0.0 0.1 0.1
Astragalus reventus 0.0 0.0 0.2 0.2
Cfrsiumarvense 0.0 0.0 0.1 0.1

Eriogonum heracleoides 0.0 0.0 0.1 0.1

Castilleja spp. 0.0 0.0 0.1 0.1

Antennaria anaphaloides 0.0 0.0 0.0 0.0
Arenaria nuttallii 0.0 0.0 0.0 0.0
Aster occidentalis 0.0 0.0 0.0 0.0
Balsamorhiza sagitata 0.0 0.0 0.0 0.0
Descurainia richardsonii 0.0 0.0 0.0 0.0
Fritillariapudica 0.0 0.0 0.0 0.0
Giliaaggregata 0.0 0.0 0.0 0.0
Lomatium macrocarpum 0.0 0.0 0.0 0.0
Rannuncullus unicantus 0.0 0.0 0.0 0.0
Tara.xacum officinale 0.0 0.0 0.0 0.0
Thalaspiarvense 0.0 0.0 0.0 0.0
Veronica arvensis 0.0 0.0 0.0 0.0

Litter 21.0 2.3 17.4 3.5
Bare Ground 13.9 3.3 18.8 2.6



Appendix G. Percent horizontal cover (mean ± 1 S. E.) for Columbian
sharp-tailed grouse nests, Wallowa County, Oregon, 1991 (n = 2).
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% Cover
Roosts Random

Species Mean SE Mean SE
Grasses

Pseudoregn.aria spicatum 47.2 10.8 24.4 5.2
Festuca idahoensis 29.8 2.5 13.6 4.7
Bromus tectorum 0.0 0.0 0.0 0.0
Bromus brizaeformis 0.0 0.0 0.0 0.0
Bromus inermis 0.0 0.0 0.0 0.0

Forbs
Achillea millefolium 1.1 0.8 0.2 0.2
Grindelia nana 0.2 0.1 0.0 0.0
Lithophragna bu1bfera 0.1 0.1 0.1 0.1
Lupinus sericeus 0.0 0.0 0.6 0.5
Castilleja spp. 0.0 0.0 0.4 0.4
Astragalus reventus 0.0 0.0 0.3 0.3
Aster occidentalis 0.0 0.0 0.0 0.0
Eriogonum heracleoides 0.0 0.0 0.0 0.0
Solidago missouriensis 0.0 0.0 0.0 0.0
Cirsium vulgare 0.0 0.0 0.0 0.0

Litter 12.9 9.2 45.3 14.0
Bare Ground 8.6 0.6 15.1 2.9



Appendix H. Percent horizontal cover (mean ± 1 S. E.) for Columbian
sharp-tailed grouse nests, Leap Area, Oregon, 1995 (n = 2).
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% Cover
Roosts Random

Species Mean SE Mean SE
Grasses

Festuca idahoensis 43.6 5.7 40.9 5.8
Pseudoregnaria spicatum 19.8 4.7 11.4 2.1
Bromus tectorum 4.1 2.5 1.7 0.4
Bromus brizaeformis 2.0 1.4 0.4 0.3
Bromus inermis 1.5 0.6 0.9 0.4

Forbs
Lupinus sericeus 2.9 1.1 1.6 0.5
Grindelia nana 2.3 0.9 0.1 0.1
Achillea millefolium 1.8 0.7 1.1 0.9
Unknown Composite 0.5 0.2 0.0 0.0
Aster occidentalis 1.l 0.7 0.5 0.2
Eriogonum heracleo ides 0.2 0.2 0.0 0.0
Solidago missouriensis 0.1 0.1 0.6 0.4
Cirsium vulgare 0.0 0.0 0.2 0.2
Astragalus reventus 0.0 0.0 0.0 0.0
Castilleja spp. 0.0 0.0 0.0 0.0
Lithophragna bulbfera 0.0 0.0 0.0 0.0

Litter 7.4 1.8 22.3 2.6
Bare Ground 12.7 4.2 18.2 5.8



Appendix I. Description of cover types at Clear Lake Ridge, and the Leap Area,
Wallowa County, Oregon, 1991-1994 (Johnson and Simon 1987).
Cover Type Cover Type Description

Idaho Fescue - bluebunch wheatgrass

Bluebunch wheatgrass - Sandberg's
bluegrass scabland.

Meadow

Conservation Reserve Program

Cropland

Dominated by Idaho fescue (Festuca
idahoensis) and bluebunch
wheatgrass (Pseudoregnaria
spicatum). Symphoricarpos albus
and Rosa spp. Are the dominant
shrub species associated with these
grasslands.

A transitional community between
the ridge top and canyon slopes.
Rocky surface material incapable of
supporting dominant stands F.
idahoensis or Poa sandbergii.

Occur on nearly level ridgetops with
sedges (Carex spp.), yarrow
(Achillea millefolium), and ridgetop
grasses (A. spicatum, F. idahoensis,
and K. cristata).

Farmland set aside un the Federal
Conservation Reserve Program
(CRP). Species include orchard
grass (Dactylis glomerata) and Idaho
Fescue (F. idahoensis).

Cultivated land of corn, wheat, and
alfalfa.
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Birds released on Clear Lake Ridge.
2 In 1993, 13 birds were released on the Leap Area and 5 at Clear Lake Ridge.

Birds released on the Leap Area.
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Appendix J. Numbers of Columbian sharp-tailed grouse from Idaho, pre-release
losses, and number released at Clear Lake Ridge and the Leap Area, Wallowa
County, Oregon, 1991-1997. Numbers in parentheses indicate the number of radio-
tagged birds.

Number of Birds

Category 1991 1992 1 1993 2 1994 1995 1996 1997 Total

Birds from Idaho 39 48 23 10 24 23 23 190

Pre-release losses 6 0 5 0 0 0 0 11

Number released 33 48 18 10 24 23 23 179

Adult males 9 (6) 21(11) 5 (4) 4 (3) 8 8 8 63
Yearling males 4 (4) 9 (6) 7 (3) 1 (0) 5 2 1 29
Undetermined males 0 (0) 0 (0) 0 (0) 3 (2) 2 0 0 5

Adult females 6 (2) 10 (6) 0 (0) 2 (0) 3 11 6 38
Yearling females 14 (7) 8 (6) 6 (5) 0 (0) 5 2 7 42
Undetermined females 0 (0) 0 (0) 0 (0) 0 (0) 1 0 1 2



Appendix K. Correlation between weight loss (g) and the number of days in

captivity by Columbian sharp-tailed grouse released in 1992, 1993, and both years

combined. Dashed lines indicate 95% confidence intervals for the regression line.
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a number of birds/number of relocations.
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Appendix L. Ninety-five percent home range estimates (ha) (mean ± 1 S. E.) using
the minimum convex polygon, harmonic mean adaptive, and fixed kernel methods,
for localized Columbian sharp-tailed grouse released on Clear Lake Ridge, and the
Leap Area, Wallowa County, Oregon, 1991-1994.

Home Range Estimator

Females Males

Adults Yearlings
(n = 1/34) a (n = 3/101)

Adults
(n = 12/435)

Yearlings
(n = 3/165)

Minimum Convex Polygon (MCP) 159 701 ± 327 798 ± 377 282 ±259

Harmonic Mean 451 1,831 ± 1,050 1,217 ± 819 571 ±524

Adaptive Kernel 427 1,067 ± 914 1,166 ± 442 911 ±860

FixedKemel 12 614 ± 608 820 ± 327 34±13



Appendix M. Mean (± 1 S. E.) and maximum distance moved (m) by Columbian
sharp-tailed grouse released at Clear Lake Ridge and the Leap Area, Wallowa
County, Oregon, 1991-1994.

a number of birds/number of relocations.

Meandistanceperday(m)

Mean distance from
previous location (m)

Mean distance
from release site (m)

Maximum distance
from release site (m) 33,315 30,588 56,617 3,396
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Females Males
Adults
(n=7/5l)a

Yearlings
(n= 16/141)

Adults
(n33/472)

Yearlings
(n= 10/186)

336 ± 72 344 ± 327 287 ± 26 280 ± 34

1,677 ± 773 1,116 ± 1,050 730 ± 83 515 ± 81

5,678 ± 1,161 11,040 ± 914 2,778 ± 164 3,036 ± 148



Appendix N. Mean angle, angular deviation {SJ, length of mean vector (r), and Rayleigh's z, for Columbian sharp-tailed
grouse released on Clear Lake Ridge and Leap Area, Wallowa County, Oregon, 1991-1994.

Mean Angular Mean Angular
angle deviation [Si r z angle deviation [S] r z

a number of birds/number of relocations.
* - significant at P < 0.05 level.

Direction from previous location Direction from release site

Females (23/l92) 93.07 72.47 0.20 7.65 * 149.17 80.01 0.03 0.12
Adults (7/51) 74.77 76.10 0.12 0.72 44.60 41.48 0.74 27.80 *
Yearlings (16/141) 96.39 71.01 0.23 7.56 * 142.19 68.85 0.28 10.86

Males 43/658) 89.63 78.31 0.07 2.89 31.48 61.18 0.43 121.74 *
Adults (33/472) 77.81 78.23 0.07 2.21 35.73 63.96 0.38 67.19 *
Yearlings (10/186) 118.46 77.97 0.07 1.01 24.36 53.07 0.57 60.70 *

Clear Lake Ridge males (13/297) 83.22 77.80 0.08 1.80 36.85 44.16 0.70 146.88 *

Leap Area males (9/175) 64.55 78.81 0.05 0.52 36.71 73.51 0.18 5.50 *

Adults (40/523) 77.33 78.02 0.07 2.81 37.27 62.13 0.41 88.68 *

Yearlings (26/327) 102.87 75.14 0.14 6.38 * 16.75 72.02 0.21 14.48 *

All Birds (66/850) 91.24 77.04 0.09 7.90 * 32.35 66.32 0.33 92.79



Appendix 0. Mean percent of locations (+ 1 S. E.) in cover-types occupied by
Columbian sharp-tailed grouse released on Clear Lake Ridge and the Leap area,
Wallowa County, Oregon, 1991-1994.

a number of birds/number of relocations
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idaho Fescue/
Bluebunch
wheatgrass

Bluebunch wheatgrass/
Sandberg's bluegrass

scablands Meadow Cropland CRP

1991
Females

Adults (2/37) a 47.1±47.1 52.9±47.1 0.0±0.0 0.0±0.0 0.0±0.0
Yearlings (2/110) 41.8± 13.7 55.9± 14.7 0.0±0.0 0.0±0.0 2.3±2.3

Males
Adults (3/6 1) 73.8±27.6 18.0±7.8 0.0±0.0 0.0±0.0 8.2±3.9
Yearlings (3/10 1) 50.3±24.8 49.6±31.7 0.0±0.0 0.0±0.0 0.0±0.0

1992
Females

Adults (3/10) 66.6±33.3 0.0±0.0 0.0±0.0 0.0±0.0
Yearlings (3/24) 34.9±32.6 65.1±32.6 0.0±0.0 0.0±0.0 0.0±0.0

Males
Adults (9/23 0) 68.8±13.8 30.8±13.8 0.4±0.4 0.0±0.0 0.0±0.0
Yearlings (5/71) 86.6± 13.3 0.0± 0.0 13.3± 13.3 0.0± 0.0 0.0± 0.0

1993
Females

Yearlings (i/i) 100.0 0.0 0.0 0.0 0.0

Males
Adults (1/4) 50.0 25.0 0.0 0.0 25.0
Yearlings (1/10) 20.0 0.0 0.0 0.0 80.0

1994
Males

Adults (6/169) 15.6±3.2 0.0±0.0 0.0±0.0 22.0±6.2 62.4±3.2

All Years

Females (17/182) 39.6± 10.9 59.3± 11.2 0.0±0.0 0.0±0.0 1.1± 1.1

Males (28/646) 58.6± 8.4 22.5± 7.3 0.1±0.1 4.7±2.4 14.1±5.0
Adults (24/511) 47.5 ± 9.2 34.2 ± 9.2 0.2±0.2 5.3±2.7 12.9±5.0
Yearlings (21/317) 55.5 ± 9.9 40.0± 10.3 0.0±0.0 0.0±0.0 4.5±3.6
All Birds (45/828) 5 1.2± 6.7 36.9± 6.8 0.1±0.1 2.8± 1.5 9.0±3.2
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Appendix P. Univariate relationship of explanatory variables to post-release
survival of Columbian sharp-tailed grouse released on Clear Lake Ridge and Leap
Area, Wallowa County, Oregon, 1991-1994, using Cox' s proportional hazards
model.

Variable - 2 Log 1 AIC
Wald's

x2

P
value

Risk
ratio

Age 96.2 19 98.219 1.2 17 0.267 0.608
Days in captivity 97.293 99.293 0.106 0.740 0.965
Capture weight 92.694 94.694 5.120 0.024 0.989
Release weight 92.340 94.340 5.717 0.017 0.989
Weight lost 97.352 99.352 0.049 0.825 0.997
Loss per day 97.224 99.224 0.18 1 0.671 0.989
Lek of capture 96.641 98.641 0.769 0.381 1.058
Release order 97.265 99.265 0.130 0.718 0.861
Lek-forming birds 96.107 98.107 1.5 80 0.208 1.408
Mean distance PD 97.30 1 99.30 1 0.102 0.748 1.000
Mean distanceRS 97.273 99.273 0.134 0.716 1.000
Coefficient of variation a 93.694 95. 694 3.724 0.054 2.751
Percent native grass 97.301 99.30 1 0.101 0.751 0.998
a The coefficient of the mean distance from the release site for each location.
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Appendix Q. Univariate relationship of predictive variables to lek formation by
male Columbian sharp-tailed grouse released on Clear Lake Ridge and Leap Area,
Wallow County, Oregon, 1991-1994, using logistic regression.

Variable - 2 Log 1 AIC
Wald's

x2

P
value

Risk
ratio

Days in captivity 24.861 28.86 1 1.208 0.272 1.308
Capture weight 19.440 23.440 4.537 0.033 0.960
Releaseweight 19.778 23.778 2.488 0.115 0.960
Weight lost 25.739 29.739 0.530 0.467 0.987
Lossperday 25.621 29.621 0.634 0.426 1.046
Lekofcapture 25.946 29.946 0.334 0.563 1.079
Home-lek hypothesis 19.543 23.543 5.493 0.019 14.000
Release order 21.455 25.455 3.773 0.053 11.250
Mean distance FL 24.572 28.572 1.495 0.221 1.000
Mean distance PD 25.770 29.770 0.498 0.484 1.002
Mean distanceRS 24.982 28.982 1.016 0.3 13 1.000
Percent native grass 26.27 1 30.27 1 0.016 0.900 0.998



Appendix R. Variables to survival and lek formation by male Columbian sharp-tailed grouse released on Clear Lake
Ridge and Leap Area, Wallow County, Oregon, 1991-1994, using logistic regression.

Model/Variables - 2 Log 1 AIC
Wald's

x2

P
value

Risk
ratio

Proportional Hazards Model
Capture weight 92.694 94.694 5.119 0.024 0.989
Release weight 92.340 94.340 5.717 0.017 0.989
Lek-forming birds 96.107 98.107 1.580 0.208 1.408
Coefficient of variation (movement) 93.694 95.694 3.724 0.054 2.751

Release weight + Lek-forming birds 90.221 94.221 7.718 0.02 1
Release weight + Coefficient of variation (movement) 88.044 92.044 9.689 0.008
Lek-forming birds + Coefficient of variation (movement) 91.810 95.810 5.875 0.05 3
Release weight + Lek-forming birds + Coefficient of variation 84.629 88.629 12.555 0.006

Lek-formation Model
Capture weight 19.440 23.440 4.537 0.033 0.960
Release weight 19.778 23.778 2.488 0.115 0.960
Home-lek hypothesis 19.543 23.543 5.493 0.0 19 14.000
Release order 21.455 25.455 3.773 0.053 11.250

Capture weight + Home-lek hypothesis 14.605 20.605 2.835 0.092
Capture weight + Release order 17.332 23.332 8.955 0.0 14
Release weight + Home-lek hypothesis 16.267 22.267 1.488 0.022
Release order + Home-lek hypothesis 16.021 22.021 3.807 0.051
Capture weight + Home-lek hypothesis + Release order 13.294 21.294 2.105 0.147
Release weight + Home-lek hypothesis + Release order 14.079 22.079 1.156 0.282




