Utah State University
Digital Commons@USU

All Graduate Theses and Dissertations Graduate Studies, School of

1-1-2013

Vital Rates, Population Trends, and Habitat-Use
Patterns of a Translocated Greater Sage-Grouse
Population: Implications for Future Translocations

Orrin V. Duvuvuei
Utah State University

Recommended Citation

Duvuvuei, Orrin V., "Vital Rates, Population Trends, and Habitat-Use Patterns of a Translocated Greater Sage-Grouse Population:
Implications for Future Translocations” (2013). All Graduate Theses and Dissertations. Paper 2016.
http://digitalcommons.usu.edu/etd /2016

This Thesis is brought to you for free and open access by the Graduate A

Studies, School of at Digital Commons@USU. It has been accepted for A

inclusion in All Graduate Theses and Dissertations by an authorized ||. m UtahStateUnive rSity
administrator of Digital Commons@USU. For more information, please /’&Nﬂ ERRILL-CAZIER LIBRARY

contact becky.thoms@usu.edu.


http://digitalcommons.usu.edu
http://digitalcommons.usu.edu/etd
http://digitalcommons.usu.edu/gradstudies
mailto:becky.thoms@usu.edu
http://library.usu.edu/
http://library.usu.edu/

VITAL RATES, POPULATION TRENDS, AND HABITAT-USE PATERNS

OF A TRANSLOCATED GREATER SAGE-GROUSE POPULATION:

IMPLICATIONS FOR FUTURE TRANSLOCATIONS

Approved:

by

Orrin V. Duvuvuei

of

A thesis submitted in partial fulfillment
of the requirements for the degree

MASTER OF SCIENCE

in

Wildlife Biology

Dr. Terry A. Messmer
Major Professor

Dr. Frank P. Howe
Committee Member

Dr. Randy T. Larsen
Committee Member

Dr. Mark R. McLellan
Vice President for Research and
Dean of the School of Graduate Studies

UTAH STATE UNIVERSITY
Logan, Utah

2013



Copyright © Orrin Duvuvuei 2013

All Rights Reserved



ABSTRACT

Vital Rates, Population Trends, and Habitat-uséePag of a Translocated

Greater Sage-grouse Population: Implications fdufeuTranslocations

by

Orrin V. Duvuvuei, Master of Science
Utah State University, 2013

Major Professor: Dr. Terry A. Messmer
Department: Wildland resources

Translocations have been used as a managemeergsgttatsuccessfully augment
declining native wildlife populations. Greater sagyouse Centrocercus urophasianus;
sage-grouse) population declines on Anthro Mountadiah prompted managers to
translocate sage-grouse and test protocols frome@essful translocation project in
Strawberry Valley, Utah. Sage-grouse from ParkeuMain, Utah were used as the
source population for Anthro Mountain and Strawpé&falley translocations. Sixty hens
were translocated to Anthro Mountain in 2009 anti®0 monitored vital rates of the 60
translocated hens and 32 resident hens from 2002:-2Bly objective was to determine
the overall success of the translocation 4 yedes Hfe initial release and compare vital
rates to the source population and Strawberry Yalle

In Chapter 2, | determined that survival variedshydy area and hen age but was

not affected by residency status. Annual survofdnthro Mountain hens was lower



than Parker Mountain and Strawberry Valley hendul®hen survival in all three
populations was higher than yearling survival.

In Chapter 3, | determined that the translocatiomtitbuted to population growth.
Adult resident and previously translocated hensthadighest reproductive success,
followed by resident yearlings, newly translocaaedlts, and newly translocated
yearlings. Lek counts increased from 2009-2013andw lek was discovered in 2011.
Survival was not affected by residency status e, gt varied greatly by year and
season. Mean monthly survival was lowest in thietfas differs from range-wide
trends.

In Chapter 4, | determined that translocated hdaptd to the release area.
They exhibited similar seasonal movements and siseitar habitats as residents. The
home range size of resident and translocated hass@mparable; however, previously
translocated hens had smaller home ranges thaty nelebsed hens.

Despite landscape level differences between thees@nd release areas,
translocated hens assimilated to the populatiorcanttibuted to population growth.
Although the translocation was successful, theVdal rate estimates are cause for
concern. The low estimates suggest that factars as predation, habitat quality and
guantity, and anthropogenic influences may be j@robtic for this isolated population.

185 pages



PUBLIC ABSTRACT

Vital Rates, Population Trends, and Habitat-uséePag of a Translocated

Greater Sage-grouse Population: Implications fdufeuTranslocations

by

Orrin V. Duvuvuei, Master of Science
Utah State University, 2013

Major Professor: Dr. Terry A. Messmer
Department: Wildland resources

Greater sage-grous€dntrocercus urophasianus; sage-grouse) populations have
declined range-wide with some local populationsilgikhg dramatic decreases. In
2009-2010, radio-marked hens (30 hens in 2009 @reeBs in 2010) were translocated
from Parker Mountain in south-central Utah to augtr@erapidly declining population on
Anthro Mountain in northeastern Utah. Thirty-twesident female sage-grouse on
Anthro Mountain were also radio-collared from 202012.

| compared population vital rates (i.e., nest arabd success, and survival) of
resident and translocated hens in Anthro Mountgnjsulation to those of a translocated
population in Strawberry Valley, Utah and the seypopulation. Of these populations,
Anthro Mountain sage-grouse exhibited the lowestage survival rates. Anthro

Mountain survival rates were lower than range-wademates while hens in Strawberry
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Valley and on Parker Mountain had survival ratesmgarable to the range-wide
estimates.

| evaluated the effect of the translocations on&hthro Mountain population 4
years after the initial release by comparing swaiiates, reproductive success, home
ranges, and breeding habitat use of translocatédesident hens. | also examined if the
translocations had any effect on Anthro Mountakndeunt trends. Vital rates were
similar for resident and translocated hens regasdbé age or year. However, resident
and previously translocated adult hens had higlegsbductive success and newly
translocated yearling hens had the lowest. Homgesand breeding habitat use were
comparable for each cohort (yearling vs. adult @sitlent vs. translocated hens). Lek
counts gradually increased from 2010 to 2013 anelvalek was discovered in 2011.
Based on these data, the translocation effortsaapddo have augmented Anthro
Mountain’s declining population. The translocasage-grouse successfully adapted to
the release area and integrated into the resiagntl@tion. Although lek counts
indicated that the population increased, vitalgdte both resident and translocated sage-
grouse remained low compared to range-wide estBnabese observations suggest that
other factors such as predation and habitat avhtjaht the landscape scale may be
inhibiting population growth. Managers shouldwario mitigate limiting factors to

stabilize this isolated population.
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CHAPTER 1

INTRODUCTION AND LITERATURE REVIEW

POPULATION STATUS

Greater sage-grous€dntrocercus urophasianus; sage-grouse), the largest of all
grouse species in North America, are dependenagelsushArtemisia spp.)
communities throughout their range for annual fand cover (Griner 1939). Sage-
grouse were once found in 16 western states arehadian provinces, but populations
declined range-wide over the past century (Schroeidal. 2004). Currently, sage-
grouse occur in 11 states and 2 Canadian provii@mselly and Braun 1997). In Utah,
sage-grouse are estimated to occupy less tharpéftyent of their historical range (Beck
et al. 2003). Sage-grouse population trends basedale lek attendance rates continue
to decline range-wide, with some local populatierkibiting dramatic decreases (Garton
et al. 2011).

Concern about sage-grouse population declinesteglsial petitions to the U.S.
Fish and Wildlife Service (USFWS) to list the sgascunder the Endangered Species Act
of 1973. In December 2005, the USFWS announceddisiiag the sage-grouse was
unwarranted. A lawsuit was subsequently filedhallenge the decision and process.
The lawsuit resulted in a U.S. District Court rglithat the USFWS must reconsider its
previous decision. In March 2010, after reviewirggv information, USFWS concluded
that listing the sage-grouse was warranted butymted from listing by species of higher
concern. The USFWS cited habitat loss and inadeqegulatory mechanisms for the

declining population as a basis for their finding.



THREATS

Because sage-grouse depend on sagebrush to cothgletiée cycles, they are
only found within the distribution of the sagebrestosystem in western North America
(Johnsgard 1983). Expansion of agriculture, ink@species, drought, change in fire
regimes, and ranching activities have resultedaiitht loss and long-term impacts in
sagebrush ecosystems (Swenson et al. 1987, Comamellraun 1997, Beck and
Mitchell 2000, Connelly et al. 2004, Crawford et2004). Habitat loss has been
identified as the primary cause for range-wide sgrgeise population declines
(Wallestad and Eng 1975, Connelly et al. 2004, &ather et al. 2004). Continuing
development and urbanization in sagebrush ecosgstesults in further fragmentation
and loss of sage-grouse habitat (Aldridge and B@@&, Walker et al. 2007, Doherty et
al. 2008). In addition to direct habitat lossyastructure avoidance associated with
development and urbanization may cause functioalaitéit loss and thus contribute to
sage-grouse population declines (Lyon and Ande?2883, Aldridge and Boyce 2007,

Walker et al. 2007, Doherty et al. 2008).

VITAL RATES

Compared to most other galliforms, sage-grouséoaiger lived and have lower
reproductive output resulting from smaller clutetes and lower renesting rates
(Schroeder et al. 1999). Adult female survivalcktsurvival, and nest success are
important to population growth and changes in dth@se vital rates drive fluctuations
within a population (Schroeder et al. 1999, Moymabgal. 2006, Taylor et al. 2012).

Vital rates are influenced by site-specific evesush as disease, predation, and weather



3
and can vary by year, season, and geographic doc@tohnson and Braun 1999, Naugle
et al. 2004, Holloran et al. 2005, Moynahan eR@06, Taylor et al. 2012). Survival
rates in some populations vary little, while suatiin others may vary dramatically by
season and year (Zablan et al. 2003, Beck et @6,20oynahan et al. 2006). Range-
wide annual survival rates of hens are documemtedity 37—78% depending on the
study population, with winter survival rates betgpically highest (Connelly et al.
2011a). Survival in long distance migratory populatidres been reported to be lower
than for more sedentary or non-migratory popula&imnidaho (Beck et al. 2006). Nest
success is also variable by year and location ngnigom 15-86% (Connelly et al. 2004).
Stable populations typically have higher nest ss&d¢kan declining populations (Dalke

et al. 1963, Schroeder et al. 1999).

HABITAT

Higher survival rates and nest success in soméestiidve been linked to habitat
characteristics and vegetation cover. Shrub cacopgr and herbaceous understory are
important vegetation parameters which may dirdaflyence survival and nest success
(Aldridge and Brigham 2002, Holloran et al. 2003diWdge and Boyce 2007, Robinson
2007, Kolada et al. 2009). Low survival and repicidze rates could be an indication of
poor habitat conditions. Invasive species, chandiee regimes, drought, encroachment
of unsuitable native vegetation, and overgrazingalblead to unsuitable habitat
conditions for sage-grouse (Connelly et al. 20@@4). Wildlife biologists recognize
that protecting large expanses of viable sagelnabitat is necessary to conserve sage-

grouse populations (Braun et al. 1977). Wildlifamagers strive to enhance population
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growth by maintaining or improving key sagebrushitaa components that positively
influence sage-grouse survival and reproductiveess: Core areas are identified and
habitat projects are implemented to achieve optsagkbrush cover while increasing
beneficial grass and forb cover (Pyke 2011, Conretlal. 201b).

The Utah Division of Wildlife Resources (UDWR) repexd over 155,449 ha
(384,125 ac) of habitat have been protected orrez@thin the state to benefit sage-
grouse (UDWR, unpublished data). Herbicides ard@ibed fires are used to treat
invasive and unwanted plant species. Chainingatapscatter, and bullhogging of
pinyon-pine Pinus edulis) and juniper treesl(niperus spp.) are used in areas where the
trees are encroaching on sagebrush habitat. Spgdatments are implemented to
restore habitat to native shrubs, grasses, and.fokdditionally, wildlife managers work
with ranchers to implement livestock grazing regsrtteat are mutually beneficial to

sage-grouse and livestock (UDWR 2009).

TRANSLOCATION

Biologists have attempted sage-grouse transloGatmaugment declining
populations in areas where habitat conditions withacupied or historic ranges
approximates the recommended habitat guideliness@®and Connelly 1997, Connelly
et al. 2000, Baxter et al. 2008). Translocatiomgehbeen used successfully as a
management tool to augment extirpated or decliniiidjife populations for both game
and nongame species including native upland gams fVicMahon and Johnson 1980,

Woolf et al. 1984, Miller et al. 1985, Griffith at. 1989).
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Sage-grouse translocations have been attempteglatiines in 7 states and one
Canadian province since the early 1930s, but defipéise attempts, peer-reviewed
published information regarding their success &sp (Reese and Connelly 1997).
Published and anecdotal sage-grouse translocatiomnration indicates that despite
being relocated to suitable habitat, translocaseggyrouse show little fidelity to their
release site unless there are barriers to moveimentthe release site (Baxter et al.
2008).

In 1949-1950, 500 sage-grouse were trapped in Whgohiring August and
September; the birds were banded and translocat@eas 32—-64 km from the capture
site that were open to hunting (Patterson 1952)th€se 500 sage-grouse, over half of
the adult males and 80% of the adult femaleslhefrélease site. Many returned to the
exact capture area, while some were harvestedar areas, up to 48 km from the
release site.

Colorado Parks and Wildlife (CPW) biologists rele20—-30 sage-grouse to an
area that was not previously occupied during a 329712 translocation project (Reese
and Connelly 1997). The release area was approedyrg0 km from the nearest
established population but was separated by atalintain range. Through personal
communication with CPW, Reese and Connelly (19¢énted the translocation
successful because approximately 50 sage-grousteexn the release area in 1996.

The first sage-grouse translocation that used red@metry to monitor success
occurred in the Sawtooth Valley, Idaho in 1986 4887 (Musil et al. 1993, Reese and

Connelly 1997). During this time 196 sage-grouseenranslocated approximately 144
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km during the spring breeding season. Forty-fdur9 translocated sage-grouse were
equipped with radio transmitters to monitor suryjiveproduction and movements.
Although some birds left temporarily, the transkecbsage-grouse remained near the
release site during the summer following releasd,rone were known to return to the
capture site. Musil et al. (1993) hypothesized kthigh mountains surrounding the
release site provided a barrier that deterred peemtadispersal from the valley.

Although previous sage-grouse translocations fadegarovide criteria to evaluate
success, Reese and Connelly (1997) estimated%haf Sage-grouse translocations were
successful compared to an 86% success rates fer makive game species (Griffith et al.
1989). Persisting low population numbers followsage-grouse translocations were the
reason for the low estimate. Translocated sagesgrthat are unfamiliar with the release
habitat are likely to have reduced survival andadpctive rates and, therefore,
contribute little to population growth (Taylor dt 4012). However, Musil et al. (1993)
found that sage-grouse translocated in Idaho reymextisuccessfully and that this
management practice could be useful in restorimgicesage-grouse populations.
Nevertheless, Reese and Connelly (1997) warnedrtratlocations should be viewed as

experimental and not as a viable option to restatepated populations.

Sage-grouse Translocations in Utah

In Utah, two previous sage-grouse translocatiooreffhave been conducted. In
the Wildcat Knolls, 18 males and 35 hens were selédy UDWR biologists from
1987-1990 in sagebrush habitats. Lek counts isete®llowing translocations and in

2008, 34 males were counted during the peak leka@éince (Perkins 2010). This



increase in male lek counts suggested that thelteation was successful (UDWR
2009).

The second translocation was conducted in Strawbé&iley, Utah over a period
of 6 years (Baxter et al. 2008). Strawberry Vaikeg montane valley surrounded by
high mountain ridges and was historically occupgés many as 3,000-4,000 sage-
grouse (Griner 1939). Prior to sage-grouse traasion efforts, this population had
declined to an estimated 150 breeding sage-gr@isengll 2000). From 2003 through
2008, 336 hens from 4 different source populativese translocated to the ar@axter
et al. 2013)

The high mountain ridges surrounding Strawberryiéjaprovided a geomorphic
barrier that may have discouraged translocated gamgese from leaving the area (Baxter
et al. 2008). Additionally, Baxter et al. (2008uhd that releasing hens in the spring
time near active leks increased site fidelity. VBtal and nest success rates of
translocated hens in this study were comparahiartge-wide estimates of hens in
resident populations. At the conclusion of thestacation study, Strawberry Valley’s
population had increased to approximately 500 bngehirds (UDWR 2009). Baxter et
al. (2008) concluded that adult hen and chick sahand nest success, metrics which
may most influence population growth rates, werpartant to the success of this
translocation effort (Dahlgren 2009, Guttery 20T4aylor et al. 2012).

Based on the success of these translocation psajetitah, the Utah Greater
Sage-grouse Management Plan recognized translosai®a viable management tool for

enhancing sage-grouse populations (UDWR 2009). pldre stated that “translocations
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may be used to augment populations wkeié5 males< 500 adult sage-grouse) make
up the breeding population, or an increase in gedetersity is warranted.” The UDWR
cautioned biologists to consider site differencetsveen the source and release areas.
The plan also stated that translocations in Utalulshuse the protocols described by
Baxter et al. (2008).

Baxter et al. (2008) recommended that sage-groeiselbased near an active lek
during hours of breeding activity to increase &delity. Coupled with findings from
previous sage-grouse translocation studies, Baxial (2008) found it effective to
release sage-grouse into sagebrush habitat distamthe source population and
surrounded by a geomorphic barrier to dispersaé$éBand Connelly 1997).
Additionally, translocations should be employeddoefthe population dwindles to the
point that a single stochastic event could exte@apopulation (Baxter et al. 2008).

Baxter et al. (2008) reported that success shaeldebermined based on
translocated hen survival rates, courtship compijilreproductive success, fidelity to
the release area, integration into the existingufaafon, and overall contribution to the
resident population. The metrics used to evaltiadranslocation success in Strawberry
Valley included 1) translocated female survivalaiendance at leks, 3) nest initiation,
4) nest success, 5) translocated hen’s chick salp\ey flocking and movements of the

translocated females, and 7) changes or trendssident male lek attendance.

Sage-grouse Management in Northeastern Utah
In 2002, U.S. Forest Service (USFS) biologistshenAshley National Forest

began monitoring sage-grouse Anthro Mountain. Jimpose of the research was to
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gather baseline data and document population treffdsn 2002 through 2006, sage-
grouse were radio-collared to monitor vital ratetermine habitat use, and track
movements. Survival rates of resident hens duhirggtime were similar to those
recorded by Connelly et al. (206)1(B. Christensen 2007, USFS Ashley National Forest
unpublished report). The report concluded thahfmtMountain provided nesting, brood
rearing, and wintering habitats that were withie tabitat guidelines recommended by
Connelly et al. (2014).

Anthro Mountain’s sage-grouse population appeavetktline based on lek count
indices which reported 44 males in 2006 to 13 mal&®08 (B. Maxfield, UDWR,
unpublished data). Because of the concerns alopuilgtion declines in an area where
habitats were within published guidelines, the UDVWISFS, and Utah State University
initiated a sage-grouse translocation project id920The sage-grouse population that
inhabited Parker Mountain in south-central Utah selected as the source population
because it was deemed stable by the UDWR and wetigally compatible with the
sage-grouse population on Anthro Mountain (Smitb@0 Translocation protocols, in
compliance with Utah Greater Sage-grouse ManageRiant(UDWR 2009), were based
on the long-term translocation research conducteitriawberry Valley. Strawberry
Valley also used Parker Mountain as the sourcéhiotranslocation efforts (Baxter et al.
2008).

The first phase of the Anthro Mountain project doemted the effects of sage-
grouse translocations on the population durinditsetwo years after initial release

(Gruber 2012). This study compared adult and chickival of translocated and resident
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hens as well as the nest success of each coharbef3(2012) also investigated the
integration of translocated sage-grouse into AnMoantain’s population through
flocking tendencies and by comparing translocasegsyrouse seasonal movements to

resident birds.

RESEARCH PURPOSE

The purpose of my research was to determine thadgtaf the translocation to
Anthro Mountain’s population four years after ialtrelease. In Chapter 2, | compared
long-term annual and seasonal survival rates inttarslocated populations to the source
population to determine if survival differed betwg@pulations and among cohorts.
This chapter answered the question: Were long-saasonal and annual survival rates of
resident and translocated hens on Anthro Mountiaiiias to those observed for
Strawberry Valley and/or the Parker Mountain soyrapulation?

Chapter 3 focused on the ecology of sage-grouéatinro Mountain’s
translocated population and compared the vitabrateesident and translocated hens to
determine their relative contribution to the popiola. This chapter answered two
guestions: 1) What were the vital rates and retatontributions of sage-grouse on
Anthro Mountain and 2) Did the sage-grouse trarstlon augment the resident
population on Anthro Mountain four years afteriaditelease?

Chapter 4 compared seasonal movements, habitandseome-ranges of
resident and translocated sage-grouse on AnthranMou This chapter answered the

guestions: 1) Did habitat use at reproductive gitisr for translocated and resident hens
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on Anthro Mountain and 2) Did home-range differ i@nslocated and resident hens on

Anthro Mountain?
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CHAPTER 2
GREATER SAGE-GROUSE HEN SURVIVAL IN RESIDENT AND

TRANSLOCATED POPULATIONS IN UTAH

ABSTRACT

Greater sage-grous€dntrocercus urophasianus, sage-grouse) have experienced
range-wide declines with some local populationstakhg sudden short-term decreases.
Adult hen survival has been identified as an imgatrvital rate driving population
growth. Translocations have been successfully aselmanagement strategy to
augment declining native wildlife populations indlng upland game birds. However,
sage-grouse translocations have had limited sutezsaise translocated birds released
into unfamiliar habitats may exhibit survival rates/er than those of resident and source
populations. | analyzed average annual and sebsaomnvaval rates for resident and
translocated hens in two translocated populatiorigtah (Anthro Mountain and
Strawberry Valley) to determine if they differedn the source population (Parker
Mountain, Utah). Although each study area apprated the recommended habitat
parameters, they differed in the amount of avadlaointiguous habitat, site management,
predator communities, and anthropogenic disturbmndée top survival model, which
contained 14% of the AIC weight, indicated thatvstal was most influenced by the
additive effect of study area and hen age, butveasiffected by residency status. All
hens on Parker Mountain and in Strawberry Valley $ienilar annual survival (0.56,
95% Confidence Interval (CI) = 0.51-0.60) which vggher than survival of all hens on

Anthro Mountain (0.40, CI = 0.31-0.50). Adult hersParker Mountain and in
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Strawberry Valley had the highest survival (0.59=©.53-0.64) followed by yearling
hens in these 2 areas (0.52, Cl = 0.46-0.59). tAdaris on Anthro Mountain had an
annual survival of 0.43 (Cl = 0.33-0.54); yearlmens had the lowest survival of all
cohorts (0.36, Cl = 0.26—-0.48). Range-wide sagese survival is typically lowest
during the spring breeding season, but survivahoiinro Mountain was lowest from
August through October (0.67, Cl = 0.56-0.76) aigthdst in winter (0.97, Cl = 0.91-
1.0). Conversely, Parker Mountain and Strawbemifey sage-grouse populations
exhibited seasonal survival trends similar to oftaguulations range-wide. Seasonal
survival on Parker Mountain was lowest in the spand summer (0.73, Cl = 0.67-0.78)
and highest from September through November (€98,0.94-1.0). Seasonal survival
in Strawberry Valley was lowest in the spring (Q.€8= 0.73-0.83) and highest from
August through October (0.87, Cl = 0.82-0.92).hAiigh the translocation and source
populations were in relatively close proximity, sagyouse seasonal and annual survival
varied for the three populations. Site specifftuences, such as land use patterns and
predator management, may account for the obselffedethces in survival for these
distinct populations. Because of the site spedaificiences on individual population vital
rates, managers should not employ a comprehensiwagement regime based solely on
recommended literature guidelines. They shouldagareach population according to
unique landscape characteristics and habits gidpelation, and limiting factors should
be mitigated. My research also demonstrated tla@iagers should consider
environmental factors for resident and source patpris when planning sage-grouse

translocations.
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INTRODUCTION

Greater sage-grous€dntrocercus urophasianus, sage-grouse) are dependent on
sagebrushArtemisia spp.) communities throughout their range for sealsfmod and
cover (Griner 1939). They were once found in 16ten states and 3 Canadian
provinces, but now occur in 11 states and 2 Cangahiavinces (Connelly and Braun
1997, Schroeder et al. 2004). Based on lek copofajlations have declined range-wide
with some populations facing increased risk ofrpztion (Garton et al. 2011). Sage-
grouse populations in Utah have mirrored range-vneleds and currently occupy less
than 50% of their historical distribution (Beckadt 2003).

Stakeholders concerned about declining sage-gmysd@ations petitioned the
U.S. Fish and Wildlife Service (USFWS) to list Sygecies for protection under the
Endangered Species Act of 1973. In 2010, USFW8ladad that listing the sage-
grouse was warranted but precluded from listingogcies of higher concern. The
USFWS cited continued habitat loss and fragmentaswell as inadequate regulatory
mechanisms as the greatest threats to the existétioe species.

Compared to other galliformes, sage-grouse aréivelalong-lived with low
fecundity rates (Schroeder et al. 1999). Therefadelt hen survival constitutes an
important component of population growth (Dahlge®@9, Taylor et al. 2012). Annual
survival rates of female sage-grouse range fronY8%-(Connelly et al. 20H).

Survival rates in some local populations may véthelwhile others exhibit drastic

seasonal and annual swings (Zablan et al. 200 &eal. 2006, Moynahan et al. 2006).
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Additionally, populations that migrate long distasanay exhibit lower annual survival
than more sedentary or non-migratory populatioreckBet al. 2006).

Site-specific factors such as weather, predatiod,disease affect survival and
can vary by year, season, and geographic localimmnéon and Braun 1999, Naugle et al.
2004, Holloran 2005, Moynahan et al. 2006, Taytale2012). Late summer and winter
are typically periods of high survival, while sural is lower during the spring breeding
season (Connelly et al. 20§(Naugle et al. 2004, Moynahan et al. 2006, HagHri P
Conversely, extreme winter weather and snows adurceewinter survival rates by
impacting forage availability (Patterson 1952).

Predation constitutes the major source of sagesgraortality, but no predators
specialize in sage-grouse. Thus, Hagen (2011palid¢onsider predation a limiting
factor in most populations (Hagen 2011). Incregsedation during the breeding season
resulted in lower spring survival in Montana (Naaugt al. 2004, Moynahan et al. 2006).
Survival rates are also affected by disease; famgte, West Nile virus outbreaks in
Montana and the Dakotas contributed to high maytédom July through October
(Moynahan et al. 2006, Walker 2008, Swanson 2009).

Because sage-grouse are dependent on sagebrusthuoitiesn sufficient
amounts of high quality habitat are important fiabée populations (Connelly et al.
200, Schroeder and Baydack 2001). Therefore, prateetnd restoration of important
habitats remains a high conservation priority ramge. In areas where populations
have declined while habitat conditions remainetllstananagers have sought to

augment populations through translocations.
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A translocation is the intentional moving of anisilom one portion of their
range to another to establish or augment a deglipopulation (Griffith et al. 1989,
Dickens et al. 2009). Wildlife managers have sssfidly used translocations as a
management tool to augment extirpated or declinitdjife populations for both game
and nongame species including native upland gands b&riffith et al. 1989, Snyder et
al. 1999). Griffith et al. (1989) estimated an 88%nslocation success rate for all native
bird and mammal game species.

Translocated individuals that are unfamiliar witibhat in the release site may
have lower survival than residents of the poputafidusil et al. 1993, Reese and
Connelly 1997, Baxter et al. 2008, Taylor et all20 Translocated game birds may
exhibit variability in seasonal and annual survirses. Research conducted in Utah on
established and self-sustaining non-native chuklacioris chukar) populations found
seasonal survival was lowest during peak fall naptigration periods (Robinson et al.
2009). Female ring-necked pheasdtiasianus colchicus) translocated in central
Missouri were found to have lower survival in theisg than during other seasons
(Wilson et al. 1992).

Biologists have attempted sage-grouse transloatmaugment declining
populations in areas where habitat conditions apprate the recommended guidelines
for sustainable populations (Reese and Connelly 188nnelly et al. 2004) Baxter et
al. 2008). Sage-grouse translocations have béematied multiple times in 7 states and
one Canadian province since the early 1930s; nfdbkeee releases occurred in the fall

(Reese and Connelly 1997). Despite these attempitdished information regarding
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impacts to the populations is limited. Published anecdotal information suggests that
translocated sage-grouse show little fidelity teitmelease site unless there is a
geomorphic barrier to movement, even when relocateditable habitat (Musil et al.
1993).

Although most previous sage-grouse translocatiaihsd to provide criteria for
evaluating success, Reese and Connelly (1997) astihthat 5% of sage-grouse
translocations were successful compared to a 32%ess rate for other grouse species in
the United States (Snyder et al. 1999). This loacess rate was based on the fact that
population numbers remained low following sage-getranslocations (Reese and
Connelly 1997). Musil et al. (1993) found thatisbbcated sage-grouse reproduced
successfully and recommended that this managemactige could be useful in restoring
certain populations. However, because of low ssecates, Reese and Connelly (1997)
warned that sage-grouse translocations shoulddveed as experimental. They further
stressed that adequate monitoring is necessass&ssithe fate of the translocations.

In Utah, two sage-grouse translocation efforts Haen conducted. On the
Wildcat Knolls, 18 males and 35 hens were releagedtah Division of Wildlife
Resources (UDWR) biologists from 1987-1990 in sag&bhabitat not previously
inhabited by sage-grouse. The released sage-gnmrsenot radio-collared and the
success of the translocation was evaluated bydekts and establishment of new leks
(Perkins 2010). In 2008, 27 males were countelksduring the peak lek attendance
(UDWR 2009, Perkins 2010). The persistence opthigulation 21 years after the initial

translocation suggested that the translocationsuasessful (UDWR 2009). The release
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site consisted of a small, isolated high elevagitateau surrounded by non-habitat areas.
The plateau and characteristics of the surroundieg may have discouraged bird
dispersal.

The second translocation was conducted in Strawbé&iley, Utah over a period
of 6 years (Baxter et al. 2013). Strawberry Vaikeg montane valley surrounded by
high mountain ridges and was historically occupgds many as 3,000-4,000 sage-
grouse (Griner 1939). Immediately prior to sagedge translocation efforts, this
population declined to an estimated 150 breedigg-gmouse (Bunnell 2000). Red fox
(Vulpes vulpes) were indicated as a major factor limiting sageuge population growth
in Strawberry Valley, and intensive predator mamagyat was practiced from 2000-2010
to reduce mammalian predator populations (Baxtat.&2009). From 2003 through
2008, 336 hens from 4 different source populativese translocated to the area (Baxter
et al. 2013). Movement and vital rates of radiaked translocated sage-grouse, as well
as population estimates from lek counts, were ts@deasure the success of the
translocation (Baxter 2007).

The high mountain ridges surrounding Strawberryiéjaprovided a geomorphic
barrier that discouraged translocated sage-groaseleaving the area (Musil et al. 1993,
Baxter 2007). Additionally, Baxter et al. (2008ported that releasing hens near active
leks in the spring increased site fidelity of tiacated hens. Translocated hen survival
rates were comparable to range-wide estimatesrd imeresident populations (Baxter et
al. 2013). Translocations were discontinued whigavierry Valley’s population

increased to approximately 500 breeding birds antharned stable (UDWR 2009).
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Baxter et al. (2008) concluded that adult hen satyichick survival, and nest success,
metrics which may most influence population grovetes, were important to the success
of the sage-grouse translocation efforts in Strawytéalley (Johnson and Braun 1999,
Dahlgren 2009, Guttery 2011, Taylor et al. 2012).

Based on the success of these translocation psajetitah, the Utah Greater
Sage-grouse Management Plan considered translosatsoa viable management tool for
enhancing sage-grouse populations in the state (R2009). The plan stated that
“translocations may be used to augment populatidrere< 165 males< 500 adult
sage-grouse) make up the breeding population, orcaease in genetic diversity is
warranted.” The UDWR cautioned biologists to cdesisite differences when using this
management tool and stated that translocationgah should employ Baxter et al.
(2008) protocols.

From 2002 through 2006, U.S. Forest Service (US@dgists in the Ashley
National Forest used radio-telemetry to monitoresggpuse habitat use and vital rates on
Anthro Mountain in northeastern Utah (Fig. 2-1)esRlent hen survival over this period
was similar to estimates reported range-wide (Bistdnsen 2007, USFS Ashley
National Forest, unpublished report). The reportatuded that Anthro Mountain
provided nesting, brood rearing, and wintering tabithat approximated recommended
habitat guidelines (Connelly et al. 2@)0

Despite having adequate year-round habitat, Anthwantain’s sage-grouse
population declined from 2006 to 2008 based orctaint indices (44 males in 2006 to

13 males in 2008; B. Maxfield, UDWR, unpublishedaja Because of concerns about
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population declines in areas where habitats wetleimypublished guidelines, the UDWR,
USFS, and Utah State University (USU) initiatechgesgrouse translocation project in
2009.

The sage-grouse population that inhabited Parkermtéin in south-central Utah
was selected as the source for translocations bedawas considered stable and
genetically compatible with Anthro Mountain’s sag@use population (Smith 2009,
UDWR 2009; Fig. 2-1). Vital rates and habitat o§sage-grouse on Parker Mountain
were monitored from 1997 through 2009 (Chi 2004hiB@en 2006, 2009, Caudill 2011,
Guttery 2011). Translocation protocols were basethe long-term translocation
research conducted in Strawberry Valley which alsed sage-grouse from Parker
Mountain (Baxter et al. 2008, UDWR 2009).

During the first phase of Anthro Mountain’s trargation project, Gruber (2012)
reported that translocated sage-grouse had sisutaival and reproductive success as
residents, but that both rates were low comparedrige-wide estimates. Additionally,
translocated sage-grouse integrated into the popualand displayed movement patterns
similar to residents. Gruber (2012) concluded thatoverall effect of the translocation
was inconclusive and cited low survival and lowroejuctive success as the reasons for
this finding.

The objectives of my study were to: 1) estimateaye annual survival of hens in
Anthro Mountain, Strawberry Valley, and Parker Mtain populations, and 2) determine
if residency status in the population affected saiv | hypothesized that survival would

vary by study area, age, and residency status.
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STUDY AREA
Anthro Mountain, Utah

Anthro Mountain was located in Ashley National i@ Duchesne County,
Utah approximately 29 km southeast of the town ofliesne (Fig. 2-1). This high
elevation mountain big sagebrugh {ridentata ssp. vaseyana) community contained
approximately 2,500 ha of suitable sage-grousetdtabiPockets of quaking aspen
(Populus tremuloides) and Douglas-fir Pseudotsuga menziesii) were intermixed
throughout the sagebrush, and black sagebrstioga) was found on ridge tops across
the mountain. Dense, expansive stands of two-eg®don pineRinus edulis) and
juniper Quniperus spp.) (together, PJ) surrounded the mountain dbther elevations
and were encroaching on the sagebrush communityer@ative vegetation included:
gray horsebrushTétradymia canescens), serviceberryAmelanchier utahensis),
rabbitbrush Chrysothamnus viscidiflorus), snowberry ymphoricarpos oreophilus),
lupine (upinus argenteus), June grasKeleria macrantha), basin wildrye ILeymus
cinereus), salina wildrye .. salinus), and bluebunch wheatgrag&3ymus spicatus).
Smooth bromeRromusinermis) was seeded in the 1950s in portions of the area.

Anthro Mountain received an average of 49 cm o€ipitation annually. The
majority of the precipitation occurred as heavyvgaiin winter and rain during the
monsoon season in July and August. Anthro Mourneanged from 2,400-2,800 m in
elevation and was bordered by the Uintah Basihémbrth and east, Gilsonite Canyon
to the south, and Indian canyon to the west, alVlath were lower in elevation than

Anthro Mountain.
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The current and historical land use was domestastock grazing (Thacker
2010). Sage-grouse hunting was not allowed on varithbountain. In 2010, U.S.
Department of Agriculture, Animal and Plant Hedhbpection Services, Wildlife
Services (WS) placed poison eggs on Anthro Mourttanemove corvids near active
sage-grouse lekking and nesting sites. Althoughdat&sionally removed mammalian
predators for livestock protection on Anthro Mountahey did not intensively control
predators for sage-grouse management as was piatithe Strawberry Valley
translocation.

Mammalian predators that inhabited Anthro Mountatiuded: coyote@anus
latrans), red fox, gray foxJrocyon cinereoargenteus), mountain lion Puma concolor),
badger Taxidea taxus), and long-tailed weasdlAustela frenata). Raptors were observed
using Anthro Mountain throughout the year. Aviaedators detected on Anthro
Mountain included: red-tailed hawB\teo jamaicensis), rough-legged hawk(
lagopus), American kestrelRalco sparverius), common ravendorvus corax), golden
eagle Aquila chrysaetos), Cooper’s hawkAccipiter cooperii), northern harrier@ircus
cyaneus), and sharp-shinned hawk. (striatus). We also detected great-horned owls

(Bubo virginianus) on several occasions while trapping in the spahg011 and 2012.

Parker Mountain, Utah

Parker Mountain, the source of the translocated-gaguse, was located in south-
central Utah approximately 218 km southwest of Amtountain (Fig. 2-1). Parker
Mountain exhibited one of the largest contiguougesaush ecosystems in Utah (Chi

2004). This high elevation sagebrush ecosystencivasacterized by rolling hills and



29
gently northeastern sloping plateaus (Chi 2004)e iidges and slopes were dominated
by black sagebrush while mountain big sagebrusterbrush Purshia tridentata), and
rabbitbrush were found in the drainages. Grassesronly found on Parker Mountain
included grama gras8dguteloua spp.), wheatgrass, bluegraBed spp.), squirreltail
grass E. elymoides), needlegrasdHesperostipa spp.), and June grass.

Parker Mountain experienced hot, dry summers atelved 25-51 cm of annual
precipitation, most of which accumulated in the #ald winter (Chi 2004). Elevations on
Parker Mountain ranged from 2,134-3,018 m. Pavkauntain was situated on 2
plateaus and was bounded by an escarpment to #teane Rabbit Valley to the east.

Coyotes were the predominant mammalian predat&asker Mountain.
Common avian predators detected on Parker Mountera: red-tailed hawk, American
kestrel, golden eagle, prairie falcdn (nexicanus), and common raven (Dahlgren 2006,
2009). Previous research concluded that goldelegagre the main predators of adult
sage-grouse on Parker Mountain (Chi 2004, Dahlg6£6).

The predominant land use on Parker Mountain wasoselng deferred-rotation
livestock grazing from late May through October {8ty 2011). Livestock entered
lower elevation pastures in late May and moveddgbér pastures as vegetation matured
using a three pasture rotation. For livestockgmitidon, mammalian predators,
particularly coyotes, were seasonally removed akd?dountain (Chi 2004).
Additionally, Wayne County, Utah, the county in whimost of Parker Mountain was

situated, had a bounty on coyotes which may hastdtesl in additional coyotes taken
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from the study area (Chi 2004). The sage-groupelption on Parker Mountain was one

of two hunted populations in Utah.

Strawberry Valley, Utah

Strawberry Valley was located in north-central Usgiproximately 68 km east of
Anthro Mountain (Fig. 2-1). This montane sagebrstppe community had over 9,000
ha of sagebrush habitat (Baxter et al. 2008). Nearbig sagebrush was the
predominant shrub with silver sagebrushdana) found in wet meadows and riparian
areas. Strawberry Valley experienced cool dry semsmand cold wet winters and
received about 58 cm of precipitation annually (8a2007). Strawberry Valley ranged
from 2,330-3,050 m in elevation and was surrourijechountain ridges and high
mountain meadows. The dominant feature in theeyallas Strawberry Reservoir which
covered approximately 6,950 ha.

Mammalian predators common to Strawberry Valleyuded coyotes, red fox,
and raccoons. Avian predators, including manyaiagpecies and corvids, were detected
in Strawberry Valley (R. Baxter, USFS, personal ommication). To aid in the
translocation effort, WS conducted an active pr@dedntrol program. Aggressive
predator removal management was conducted from-2@0®. During this time, WS
targeted and removed invasive mammalian and avighafor species which included red

foxes, raccoondfocyon lotor), and corvids (Baxter et al. 2009).
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METHODS

Field Technigues — The UDWR and USU translocated 60 radio-markeubfe
sage-grouse (30 yearlings and 30 adults) from Pakentain to Anthro Mountain in
the spring of 2009 and 2010 (Gruber 2012). Thintg-resident female sage-grouse (21
yearlings and 11 adults) were captured and radide@darom 2009-2012 on Anthro
Mountain.

Sage-grouse were captured by spotlighting rooss sit night; grouse were netted
with long-handled hoop nets from the back of afteailain vehicle or on foot (Giesen et
al. 1982, Wakkinen et al. 1992). Handling protsomkre approved by Utah State
University Institutional Animal Care and Use Comext (Permit # 1404). We
determined the sex and age of each grouse usinggagkel characteristics outlined by
Beck et al. (1975). Each captured sage-grousdities with a necklace-mounted radio-
transmitter equipped with an 8 hour mortality switddvanced Telemetry Systems,
Insanti, MN and American Wildlife Enterprises, Mmallo, FL). We bent the antenna to
rest along the back of the sage-grouse to minimizeference with movement. After
fitting the transmitter, the hens were weighed witResola scale™ (Pesola, Zeg, Baar,
Switzerland). For each grouse captured, we redafitime and UTMs (NAD 83) of
the capture site and release time. We also redadg injuries and comments about the
bird’s condition or behavior upon release.

Translocation followed protocols outlined by Bax¢¢ml. (2008) and Reese and
Connelly (1997). Each captured hen was placed individual cardboard box with

holes for ventilation and transported overnight/bizicle to Anthro Mountain for release.
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The hens were released during hours of breedimgtgicpproximately 100 m from an
established lek. Reese and Connelly (1997) recardetkthat translocated grouse be
released in an area of sagebrush habitat thatrisuswled by a barrier to movement.
Although Anthro Mountain exhibited contiguous sagesh habitat, there was no
geomorphic barrier to dispersal from the releate(8axter et al. 2008). The release
was considered to be remote and isolated by afeamehabitat. The non-habitats areas
did not impede winter dispersal of resident bir@super 2012, this study Chapter 4)

Survival of all collared sage-grouse in Anthro M@ain’s population was
monitored weekly from April through September. Racharked sage-grouse were
located opportunistically from October through Madue to logistic constraints caused
by snow pack. All monitoring was conducted withtba ground telemetry and lasted
from March 2009 through March 2013. Radio-colkaE remained in one location for 8
consecutive hours broadcasted a faster pulse kasvamortality signal. If we detected
a mortality signal, the date and time that it west fletected was recorded and used when
analyzing survival.

Long-term sage-grouse research projects have lmeelucted on Parker
Mountain and in Strawberry Valley. Researcher®arker Mountain collected monthly
hen survival data from 1998 through 2009 and cosdpdl robust dataset of monthly
survival encounters using similar techniques asri®esd above. Similarly, researchers
began monitoring vital rates, movements, and habga of resident hens in Strawberry
Valley in 1998. To bolster a declining populatiarStrawberry Valley, biologists

translocated hens to the area from 2003 to 2008 fowr different source populations
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including Parker Mountain (Baxter et al. 2013). ring this period, researchers
monitored survival of translocated and residenshaonthly.

Data Analysis. — Survival data collected from tracking radio-metkhens was
used to estimate survival. The ragged natureefdlemetry data was best suited for
estimating monthly survival rates (MSR) of markesh& using the nest survival model in
program MARK (White and Burnham 1999). The nesvisal model allows for
staggered entry, irregular monitoring of markedvrtihals, and right-censoring of
missing individuals (Rotella et al. 2004). | uskd R (R Development Core Team 2011)
package RMark (Laake and Rexstad 2008) to constesttsurvival models (White and
Burnham 1999). Encounter histories for all popals were formatted into months
beginning 1 April and ending 31 March.

Research conducted in the three populations didecmir in overlapping years;
therefore, | could not directly compare inter-arinugaiation in survival for each
population. Instead | examined the effects of dga and residency status on average
survival for each population. Hen survival was ®led as a function of study area
(Anthro Mountain, Parker Mountain, or Strawberryilgg), residency status (newly
translocated hens, translocated hens that suraivkst one year in the release area, or
resident hens), and hen age (yearling, adultpdbiition to the null model, 18priori
models were developed to test for variation in sahby study area, residency status,
and age (Table 2-1).

Using the logit-link function, | obtained the maxim likelihood estimates of

each model to test for variation in survival (Diremet al. 2002, Rotella et al. 2004). |
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used Akaike’s Information Criterion adjusted forrgde size to select the best estimating
model for survival across all demographic paranset&iCc; Akaike 1973, Burnham and
Anderson 2002). Estimates of variance and 95%idente intervals were calculated
using the delta method (Seber 1982).

Although I could not directly compare temporal @éion in survival, | wanted to
examine trends in seasonal survival for each paipuala In addition to the null model, |
developed 1@ priori models to test for seasonal survival trends i gepulation
(Table 2-2). 1 used Akaike’s Information Criteriadjusted for sample size to select the
model that best describes seasonal survival in stacly area (AlICc; Akaike 1973,
Burnham and Anderson 2002). Estimates of variamce95% confidence intervals were
calculated using the delta method (Seber 198#)erl compared the overall seasonal

survival trends for the three populations.

RESULTS

Individual survival histories were recorded foR4@sident hens from 1998
through 2009 for Parker Mountain. In Strawberryi&g survival histories for 284
resident and translocated hens were recorded f898-2008. Of these 284 hens, 60
were residents and 224 were translocated hensPamier Mountain. From 2009-2012,
individual survival encounters for 123 hens wem@rded on Anthro Mountain and
analyzed. Forty-four encounters were of residentshand 79 were of translocated hens.

The top model testing for differences in survivalicated that average annual
survival was most influenced by study area andagen(Table 2-3). Parker Mountain

and Strawberry Valley hens experienced similarisahand survival in both study areas
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was higher than that on Anthro Mountain (Table 2-A¥ditionally, adult hen survival
was consistently higher than yearling hen sunvivadach of the study areas. Strawberry
Valley and Parker Mountain adult hens had highestial survival (0.59, 95%
Confidence Interval (Cl) = 0.53-0.64) followed bgaylings in the two study areas (0.52,
Cl =0.46-0.59). Adult hens on Anthro Mountain leedannual survival of 0.43 (Cl =
0.33-0.54) while yearling hens on Anthro Mountatperienced the lowest survival of
all cohorts (0.36, Cl = 0.26-0.48). Average anrsuaVival of all hens in Strawberry
Valley and on Parker Mountain was 0.56 (Cl = 0.5&8pwhile all hens on Anthro
Mountain had an average annual survival of 0.404G131-0.50).

The model that best described temporal variatiosurvival on Anthro Mountain
indicated that seasonal survival was consisteatiebt from August through October
(0.67; SE = 0.024) and was highest from Novembmuih March (0.97; SE = 0.0064).
Conversely, seasonal survival rates on Strawbeatiey was lowest from April through
July (0.78; SE = 0.0077) and highest from Augusiulgh October (0.87; SE = 0.0095).
On Parker Mountain, seasonal survival rates wexe$b from April through August
(0.73; SE = 0.0067) and highest from SeptembeutiiraNovember (0.98; SE = 0.0067;

Fig. 2-2).

DISCUSSION

Adult hen survival is one of the most importanal/itates driving population
growth (Dahlgren 2009, Taylor et al. 2012). Tracsaked sage-grouse that are unfamiliar
with habitat in the release site are likely to hea@uced survival compared to residents

in the population (Musil et al. 1993, Reese andr@tg 1997, Baxter et al. 2008, Taylor
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et al. 2012). Although I hypothesized that tranated hens would have lower survival
rates than residents on Anthro Mountain and inv@ieary Valley, there were no
apparent effects of residency status on survivahifty of the populations.

Hens on Anthro Mountain experienced lower annualigal, regardless of
residency status or age, than hens in Strawberitg\and on Parker Mountain, the
source population. Both translocated and residens in Strawberry Valley had similar
survival to resident hens in the source populatRarker Mountain. Adult hens had
higher survival than yearlings regardless of staya or residency status.

| attempted to remove inter-annual variation invatal by ignoring the year
effect and averaging annual survival across theares period for each study area. By
averaging survival across the period of studytdrapted to remove the effects that an
individual year might have on the survival rat&ecause research in the 3 study areas
was not conducted in the same years, my resultsoaalightly skewed.

Resident and translocated hens on Anthro Mountaghstightly higher average
survival than the average survival of translocaagle-grouse in Idaho (0.36; SE £0.07),
but survival was at the low end of range-wide eates for resident sage-grouse (37—
78%; Connelly et al. 20H). Average survival of resident and translocatedshin
Strawberry Valley and resident hens on Parker Mainrwas notably higher than
survival of sage-grouse translocated in Idaho (08¥+0.07), but it was in the median
of the reported range-wide survival rates (MusiletLl993, Connelly et al. 204}

Range-wide, late summer is typically a period ghhsurvival while spring is a

period of lower survival (Connelly et al. 2Naugle et al. 2004, Moynahan et al.
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2006, Hagen 2011). Seasonal survival on Parkemiiéau and in Strawberry Valley
mirrored the range-wide seasonal trends; monthiyiwal was consistently lower during
the spring breeding season and higher in the mallveinter. Conversely, late summer
and fall were periods of low survival on Anthro Maain while spring survival was
relatively higher.

Survival may have varied by population due to saivctors including: amount
of quality habitat, predator community dynamics amthagement regimes, migratory
status, and anthropogenic disturbances. Sage&regsire a mosaic of large,
contiguous patches of sagebrush patches withind@neual range and they are more
likely to be affected by habitat fragmentation tlggmeralist species because
fragmentation can hinder movement between imposgeasonal areas (Leu et al. 2008,
Sawyer et al. 2009).

Anthro Mountain, the study area with the lowestrage survival, contained the
least amount of suitable sage-grouse habitat (a0 In addition to having a smaller
amount of suitable habitat, Anthro Mountain’s sagesh community was isolated by
dense, expansive stands of PJ that surroundeddbtetain. The dense PJ stands were
also encroaching into the sagebrush habitat atrleleeations and diminishing the
inhabitable area. The long sagebrush ridges thatcterized Anthro Mountain were
fragmented by intermixed pockets of quaking aspeh@ouglas-fir and were separated
by steep canyons. Anthro Mountain was furtherrfragted by two-tracks, low
maintenance gravel roads and recent exploratomggmevelopment. In Strawberry

Valley, the development of Strawberry Reservoiultesl in direct habitat loss and
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increased fragmentation. The remaining habitag&tiawberry Valley were intact stands
of dense sagebrush that was treated to enhancgysagee breeding habitats. Parker
Mountain was part of the largest contiguous sagdgbeacosystem in Utah (Chi 2004).
Although Parker Mountain exhibited a well-definestwork of two-tracks, fragmentation
was limited (Dahlgren 2009, Caudill 2011). Neit#rawberry Valley nor Parker
Mountain were impacted by energy development anghedachment was minimal.

Predator management regimes might partially explesorepancies in survival
between the populations. Although no predatorsiapee in sage-grouse, predation has
been identified as a factor that limits sage-grqumaulations, particularly in fragmented
landscapes (Braun 1998, Hagen 2011). Anthro Mauiatad Strawberry Valley were
fragmented landscapes with large amounts of edgsapors including coyotes and red
fox (Baxter et al. 2009). Despite this similari8trawberry Valley experienced higher
overall survival than Anthro Mountain. Although Vé8casionally removed coyotes
from Anthro Mountain, intensive predator managenvesst not practiced on Anthro
Mountain as was practiced in Strawberry Valleytehsive mammalian predator control
was conducted from 2000-2010 in Strawberry Valeeyrtprove sage-grouse survival
and the practice appeared to be successful (Bextdr 2008, 2009). Intensive predator
management was also practiced on and around theagasbrush ecosystem of Parker
Mountain to reduce livestock depredations and ports(Guttery 2011). Parker
Mountain and Strawberry Valley had the highest isaihof the three populations.

High quality habitat is important for reducing teiéects of predation, and given

an adequate amount of quality habitat, game b&dslarive in spite of predation by
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native predators (Connelly et al. 2@0@&chroeder and Baydack 2001, Hagen 2011).
Research on northern bobwhit@o(inus virginianus) suggested that predator removal is
more effective at boosting survival in low-qualitgbitat than in high-quality habitat
(Hagen 2011). However, when predator removal wastjged, fluctuations in survival
were stabilized in both landscapes. Parker Moaordantained an expansive and intact
sagebrush community that may have protected sagesgifrom exposure to predators.
Although Strawberry Valley was more fragmented tRanker Mountain, the area
contained vast amounts of high quality sage-grtwasdtat. Anthro Mountain, on the
other hand, had highly fragmented, low-quality kethivhich may have resulted in
increased exposure to predators. Therefore, thst efi@ctive long-term management on
Anthro Mountain may be through increasing and imprg overall habitat quality
(Schroeder and Baydack 2001, Hagen 2011).

Differences in habitat scales and migration pattsnaythe study areas may have
affected overall survival. Migration is an imparta&omponent of an organism’s life
history because it connects multiple areas of disaresources that are necessary for
completing life cycles. Some sage-grouse populatiaigrate from breeding areas to
wintering areas. Migrations typically occur alcatyroad network of routes and in a
stepping-stone manner that allows the sage-grausest and refuel (Sawyer et al. 2009,
Smith 2013). During stopovers, sage-grouse séatiires similar to their summer and
winter ranges while avoiding habitats that proJitite cover or food (Smith 2013).

Intact systems provide the necessary stepping stwhie fractured landscapes can
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hinder populations from moving between importartssemal habitats (Leu et al. 2008,
Sawyer et al. 2009).

The sage-grouse on Anthro Mountain migrate to disected areas in multiple
directions during the winter and migrations aveth8@-35 km (see Chapter 4). To
reach these wintering areas, sage-grouse passiosgitable habitat and fractured
landscapes. The fractured landscapes are domibgteciyon and juniper and contain
very little sagebrush cover for stopping over. Wkaow covers food sources, sage-
grouse in Strawberry Valley are forced to migr&®uigh a narrow corridor of suitable
habitat as they move to their wintering areas (&t8r, USFS, personal communication).
Sage-grouse rarely leave Parker Mountain, and ngraccurs on an elevational scale.
When snow pack covers food resources at the hgjbeations, Parker Mountain sage-
grouse will move through quality habitat to winkeisuitable habitat at lower elevations
(M. Guttery, USU, personal communication). Theyuag levels of stresses placed on
migrating grouse in these 3 populations might dessedoody conditions and lead to the
varying survival rates.

Based on information provided by UDWR and USFSdgdts in each area, the
scale of human disturbance might also explain ifierdnces in survival between the 3
populations. Studies have demonstrated that denedat negatively impacts sage-
grouse because it prohibits dispersal and migratmyements (Walker et al. 2007,
Doherty et al. 2008, Tack et al. 2011, Smith 2018)addition to prohibiting movement
and reducing habitat, anthropogenic disturbandes alresponse of avoidance, higher

stress levels, and lower fitness (Smith 2013).imdtely, these stresses reduce body
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conditions and lower survival rates; the reducedytmnditions make it more difficult to
perform breeding rituals and raise broods while@ding predators (Thiel et al. 2008).

Anthro Mountain, the area with the lowest survivehs highly fragmented and
experienced substantial anthropogenic influendego-track roads in the summer range
received heavy recreational use by ATV riders amutdérs. Four exploratory oil wells
were located in Anthro Mountain’s sage-grouse bregchnge. Additionally, Anthro
Mountain’s wintering areas and non-habitat migragpathways were highly fragmented
by energy development. Although there was a héawyan presence in Strawberry
Valley, it consisted of recreational activity prirmgfocused around the reservoir and did
not extend into the sagebrush habitat; energy dpuatnt was non-existent in
Strawberry Valley. Parker Mountain had a largeveek of unimproved roads that
received low, dispersed recreational use. Thuseational uses on Parker Mountain, a
much larger area, were more dispersed than on Amliountain. Similar to Strawberry

Valley, Parker Mountain was not impacted by enetgyelopment.

MANAGEMENT IMPLICATIONS

Fluctuations in adult hen survival have a large&fbn population growth, and
adult survival is the most influential when popidat are rapidly declining (Davis
2012). Simulation studies indicated that trandiogaall yearling hens resulted in an
increase in both the overall population size ardiean extinction time in translocated
populations (Davis 2012). No difference in surVmwas observed for resident and
translocated hens; however, adult hens had a hggyreival rate than yearlings

regardless of the study area or residency std&esause yearling and adult survival play
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different but vital roles in population growth, naayers should consider moving both
yearling and adult hens. Because adults had hggheival, though, managers should
consider moving a higher proportion of adults whenducting translocations.

Although translocations generally improve populag@rsistence, specific
attributes within the release area might drivedierall success of sage-grouse
translocations (Griffith et al. 1989, Rout et @07, Davis 2012). My results indicated
that, although characteristics at the releasealffiered from the source site, translocated
sage-grouse experienced similar survival to resgiernthe release site. However,
overall survival varied greatly between the 3 stadgas. Because of this, managers
should focus efforts on improving overall survivakach individual population,
particularly those that warrant translocations.

Despite populations being in close proximity, therxe stark differences in the
factors influencing survival in each populationheTldifference in average annual and
seasonal survival for each population is furthedence of the effects of site-specific
characteristics. Managers should not employ a cehgmsive management regime
based solely on recommended literature guidelif@senhance the success of sage-
grouse translocations, unique characteristics ¢h @apulation should be considered and
limiting factors should be remedied prior to trasitions.

Management actions that increase adult survivakrpast their natural bounds
should be considered for reversing populationgaesdecline or improving the success
of translocations (Davis 2012). Because qualityitahin sufficient amounts is important

for reducing the effects of predation, managersighwork to provide optimal habitat for
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the sage-grouse population. If habitat restoratemmot be achieved in a timely manner
in areas where predation rates result in low satyimanagers should consider predator
reduction programs (Hagen 2011). These prograrghtrprotect a sink population and
reduce fluctuations in annual survival (Connellyake200®). In the case of Strawberry
Valley, intense predator removal was necessanyd@ase survival and the success of
the translocation efforts (Baxter et al. 2008, 20(Predator reductions might also buffer
translocated sage-grouse from predation as theyt &al#éhe new area.

Lastly, understanding the movements and needsgratmg wildlife is crucial,
even more so when considering translocations. vbalaevering migration corridors
and compromising the population and the successiélocation efforts, managers
should strive to determine migration corridors aedsonal destinations. By identifying
these movements, managers will be able to makeppate management decisions for
each population. Examining seasonal movementsalgitl assist with identifying areas
where habitat can be improved to increase seasamgé connectivity. The increased
connectivity will benefit translocated and residsatjie-grouse by providing more
opportunity to locate suitable habitat as they nthlee seasonal movements.
Additionally, managers should consider stopovenisoalong the migration corridors of
each population. Habitat improvements within thieter and summer ranges might not
benefit translocated and resident sage-grousepbser habitats do not contain adequate

food and cover for grouse to maintain body condiaod avoid predators.
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Table 2 - 1. Models testing for variance in ovesaftrage survival of greater sage-grouse
(Centrocercus urophasianus) on Anthro Mountain, Utah, USA from 2009-2013, in
Strawberry Valley, Utah, USA from 1998-2008, andRamker Mountain, Utah, USA

from 1998-20009.

Model Name Description
Null No difference in survival
Grou Tests if there is a difference in survival betwgeoups (Parker Mountain vs.
P Anthro Mountain vs. Strawberry Valley)
HenAge Tests if a difference exists for age of fyearling and adult)
Tests if Anthro Mountain differs from both StrawheWalley and Parker
SVPM ,
Mountain.
AgeGroup Tests the additive effect of age and group
AgeSVPM Tests the additive effect of age and th®&\model
TransGroup Tests the additive effect of translatatatus (resident and translocated) and group
Tests the additive effect of translocated statesident and translocated) and the
TransSVPM
SVPM model
TransAgeGroup Tests the additive effect of traretled status, age, and group
TransAgeSVPM Tests the additive effect of trandledatatus, age, and the SVPM model

OrdinalGroup

OrdinalSVPM

OrdinalAgeGroup
OrdinalAgeSVPM

Tests the additive effect of ordinal and group.if@abltests if first year translocated
hens differ from translocated hens that survivégear

Tests the additive effect of ordinal and the SVPbUel. Ordinal tests if first year
translocated hens differ from translocated henssinaived>1 year

Tests the additive effect of ortliage, and group
Tests the additive effect of ordjreae, and group
Tests the additive effect of binomial and groupndanial tests if translocated hens

BinGroup that survived>1 year become like residents

BINSVPM Tests the additive effect of pinomial and the Syﬁhlldlde'l. Binomial tests if
translocated hens that survivetl year become like residents

BinAgeGroup Tests the additive effect of binomée, and group

BinAgeSVPM

Tests the additive effect of binomiajeaand the SVPM model
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Table 2 - 2. Models testing for trends in seassnalival of greater sage-grouse
(Centrocercus urophasianus) on Anthro Mountain, Utah, USA from 2009-2013, in
Strawberry Valley, Utah, USA from 1998-2008, andRamker Mountain, Utah, USA
from 1998-20009.

Model Name  Description

Null No difference for season or month

4 season Gives survival estimates for months Ajuihe,
July-September, October—December, and January—March

Nesting 1 Model to test if survival varies by negtseason (April-May),
summer (June—August), or fall/winter (September-diar

Nesting 2 Model to test if survival is lower in tiag season (April-May)
than other times of year (June—March)

3 Season Model to test if survival varies from Aphuly,
August—November, and December—March

Monthly Model to see if survival varies by month

Fall 1 Model to test if survival varies from Apridly,
August—October, or November—March

Fall 2 Model to test if survival varies from Apridgust,
September—November, or December—March

Fall 3 Model to test if survival varies from Aprigust,
September—October, or November—March

Fall 4 Model to test if survival varies from Aprixgust,
September—October, or November—March

Spring Model to test if survival is lower in thersp (April-June)

than at other times of the year
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Table 2 - 3. Models assessing variation in overadirage survival of greater sage-grouse
(Centrocercus urophasianus) by study area and cohort on Anthro Mountain, UtdBA
from 2009-2013, in Strawberry Valley, Utah, USAMrd 998-2008, and on Parker
Mountain, Utah, USA from 1998-2009.

Model s AICc®  AAICCc® wt® Deviance

1807.95 2.657 0.038 1799.94
1807.97 2.680 0.038 1797.96
1808.83 3.544 0.025 1800.82
1809.75 4.465 0.015 1799.74
OrdinalAgeGroup 1809.94 4.654 0.014 1797.93
HenAge 1811.29 6.003 0.007 1807.29
Null 1 1811.47 6.176 0.007 1809.46

& K: number of parameters in each model

® AICc: Akaike’s Information Criterion corrected femall sample size
¢ AAICc: Difference between a model and the top penfog model
4wt: Model weight

BinGroup
BinAgeGroup
TransGroup
OrdinalGroup

AgeSVPM 3 1805.29 0.000 0.144 1799.28
SVPM 2 1805.71 0.425 0.117 1801.71
BinAgeSVPM 4 1805.97 0.677 0.103 1797.96
BinSVPM 3 1806.07 0.784 0.097 1800.07
TransAgeSVPM 4 1806.11 0.823 0.096 1798.1
AgeGroup 4 1806.81 1.516 0.068 1798.8
TransSVPM 3 1806.89 1.598 0.065 1800.88
Group 3 1807.49 2.200 0.048 1801.48
OrdinalSVPM 4 1807.75 2.464 0.042 1799.74
TransAgeGroup 5 1807.93 2.640 0.039 1797.92
OrdinalAgeSVPM 5 1807.94 2.653 0.038 1797.93

4

5

4

5

6

2

Table 2 - 4. Average annual survival estimatesreatpr sage-grous€éntrocercus
urophasianus) on Anthro Mountain, Utah, USA from 2009-2013, ima8tberry Valley,
Utah, USA from 1998-2008, and Parker Mountain, U@8A from 1998-2009.

95% Confidence Interval

Survival Standard

Group Estimate Error Lower CI Upper ClI
SVPM Yearling 0.52 0.033 0.46 0.59
SVPM Adulf 0.59 0.029 0.53 0.64
AM Yearling® 0.36 0.056 0.26 0.48
AM Adult? 0.43 0.054 0.33 0.54

4 SVPM Yearling: Yearling hens in Strawberry Vallayd on Parker Mountain
® SVPM Adult: Adult hens in Strawberry Valley and Barker Mountain

° AM Yearling: Yearling hens on Anthro Mountain

4 AM Adult: Adult hens on Anthro Mountain
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Strawberry Valley was researched fr1998-2008, and Parker Mount: was researched
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CHAPTER 3
VITAL RATES AND RELATIVE CONTRIBUTION OF TRANSLOCAT ED

GREATER SAGE-GROUSE IN NORTHEASTERN UTAH

ABSTRACT

Greater sage-grous€dntrocercus urophasianus, sage-grouse) have experienced
range-wide declines with some populations exhigiinramatic decreases. Managers
have successfully used translocations to augmeatinde populations of native game
animals including upland game birds. However, sgrgeise translocations have been
used with limited success. Additional informatismeeded to determine factors that
most limit the success of sage-grouse translocatiim2009-2010, 60 radio-collared
hens (30 each year) were translocated from Parkemhain, in south-central Utah to
Anthro Mountain, in northeastern Utah. | studiled vital rates of 60 translocated and 32
resident sage-grouse 4 years post-release to deeetine relative contributions of each
group on population productivity. Survival did rdbffer for resident (0.47, 95% CI =
0.31-0.63) and translocated (0.36, CI = 0.25-0n485. The top model of survival,
which accounted for 41% of the AlCc weight, inclddeear and season effects. Survival
was consistently lowest from August through Octadred the probability of surviving
this period was 0.66 (Cl = 0.56-0.78) regardleshefyear. Nest initiation, the
probability that a hen will initiate a nest, wamaar for previously translocated
(translocated hens that survivell year) and adult resident hens (0.96, CI = 0.888-0.
both groups). Yearling resident hens had the higktest nest initiation (0.87, Cl = 0.67—

0.95) followed by adult newly translocated heng90CI = 0.66—0.91) and yearling
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newly translocated hens (0.50, Cl = 0.30-0.69)er&hvas no difference in nest success
for resident and translocated or yearling and dueris (0.53, Cl = 0.41-0.65). Results
testing for differences in brood success were emailv Overall brood success was 0.55
(Cl =0.41-0.69) for all grouse on Anthro Mountai®@ome evidence suggests that adult
hens had higher brood success than yearlings (A@l6i8, Cl = 0.47-0.80, Yearling:
0.34 Cl = 0.085-0.59) and that resident and presiyoinanslocated hens had higher
brood success than newly translocated hens (ResaddrPreviously Translocated: 0.62,
Cl =0.46-0.79, Newly Translocated: 0.38, Cl = 80.B3). More information is needed
to determine the degree to which hen age and mesydgatus impact brood success.
Overall reproductive success, the probability thaen will successfully raise a brood in
a given year, was higher for adult resident andiptesly translocated hens (0.28, Cl =
0.19-0.37) than resident yearlings (0.25, Cl =80185), adult newly translocated hens
(0.23, CI = 0.14-0.32), and yearling newly tranated hens (0.15, Cl = 0.066-0.22).
Adult hen survival has been previously identifisdaamajor factor influencing population
growth. Although adult and yearling translocatetshad similar survival, adults were
more likely to raise a brood. Therefore, managbmild consider translocating a higher

ratio of adult hens to see a more immediate impagiopulation growth.

INTRODUCTION

Greater sage-grous€dntrocercus urophasianus, sage-grouse) have declined
range-wide over the past century (Schroeder @084). Once found in 16 western
states and 3 Canadian provinces, sage-grouse tiymenur in 11 states and 2 provinces

(Connelly and Braun 1997, Schroeder et al. 2004ale lek attendance rates suggest that
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populations have declined range-wide with somel lpopulations exhibiting dramatic
decreases (Garton et al. 2011). Sage-grouse pgndan Utah have mirrored the range-
wide trends and currently occupy less than 50%eif thistorical distribution (Beck et al.
2003).

Compared to other galliformes, sage-grouse areelolinged and have lower
reproductive output resulting from smaller clutetes and lower renesting rates
(Schroeder et al. 1999). Adult hen survival, chéokvival, and nest success are
important to population growth and changes in dthese vital rates drive fluctuations
within a population (Moynahan et al. 2006, Aldrideyed Boyce 2007, Dahigren 2009,
Guttery 2011, Taylor et al. 2012). Vital rates enftuenced by events such as disease,
predation, and weather (Johnson and Braun 1999jI8latial. 2004, Holloran 2005,
Moynahan et al. 2006, Taylor et al. 2012).

Range-wide annual survival rate estimates for hange from 37-78% and
winter survival is usually higher than at otheresof the year (Connelly et al. 2@)1
Survival rates in long distance migratory populasi@re reportedly lower than more
sedentary or non-migratory populations (Beck e2@06). Nest success is also variable
by year and location ranging from 15-86% (Connetlgl. 2004). Stable populations
typically have higher nest success than declinogufations (Dalke et al. 1963,
Schroeder et al. 1999). Predation of nests, chamkd adults constitutes the major source
of mortality in sage-grouse populations; howevegedation is not considered a major

limiting factor in most populations (Hagen 2011).
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Because sage-grouse are sagebrush obligates,tfmotacd restoration of
important habitats remains a high conservationrppyioange-wide (Connelly et al.
2011b). In areas where year-round habitat conditionsaiaed stable but populations
have declined because of anthropogenic impactsagess have sought to augment
populations through translocations (Reese and Clgrit@97).

A translocation is intentionally moving animalsritane portion of their range to
another in order to establish or augment a poudtsriffith et al. 1989, Dickens et al.
2009). Translocations have been successfully asedmanagement tool to augment
extirpated or declining wildlife populations forthagame and nongame species including
native upland game birds (Griffith et al. 1989, 8aiyet al. 1999). Griffith et al. (1989)
estimated an 86% success rate for all native gpeees.

Biologists have attempted sage-grouse translocatioareas where habitat
conditions in occupied or historic ranges approxerhe recommended guidelines for
sustainable populations (Reese and Connelly 198inélly et al. 2000, Baxter et al.
2008). Sage-grouse translocations have been agdmpultiple times in 7 states and one
Canadian province since the early 1930s. Dedpéset attempts, published information
on methods used and their impacts on populatiol®iged. Published and anecdotal
sage-grouse translocation information suggests dieapite being relocated to suitable
habitat, translocated sage-grouse show littleifyled their release site unless there is a
barrier to movement (Musil et al. 1993).

Although most previous sage-grouse translocatiaihsd to provide criteria for

evaluating success, Reese and Connelly (1997) atstihthat 5% of sage-grouse



62
translocations were successful compared to 32%essagates for all grouse
translocations in the United States (Snyder €1399). Persisting low population
numbers following sage-grouse translocations witeel @s the reason for this low
estimate of success (Reese and Connelly 1997nhslbeated sage-grouse that are
unfamiliar with new habitat are likely to have redd survival and lower reproductive
rates when compared to residents of the populéiitusil et al. 1993, Reese and
Connelly 1997, Baxter et al. 2008, Taylor et all20 Therefore, translocated sage-
grouse may contribute less to population growth.

Musil et al. (1993) found that sage-grouse traretied in Idaho reproduced
successfully and that this management practiceddeeiluseful in restoring certain sage-
grouse populations; however, Reese and ConnelB7(1®arned that they should be
viewed as experimental and not as a viable optiaedtore extirpated populations. They
further stressed that adequately monitoring vags of translocated sage-grouse is
necessary to assess the fate of these translogation

In Utah, two sage-grouse translocation efforts Haen successful. In the
Wildcat Knolls and Horn Mountain area, 18 males 8hdens were released by Utah
Division of Wildlife Resources (UDWR) biologistsoim 1987-1990 in sagebrush
(Artemisia spp.) habitats where sage-grouse were believed &xtirpated. The released
sage-grouse were not radio-collared and the suoddbe translocation was evaluated by
lek counts and establishment of new leks (Perkdi®® In 2008, 27 males were

counted on leks during the peak lek attendance (B2®009, Perkins 2010). The
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persistence of the population 21 years after thialitranslocation suggested that the
translocation was successful (UDWR 2009).

The second translocation was conducted in Strawhé&iley, Utah over a period
of 6 years (Baxter et al. 2008). Strawberry Vaikeg montane valley surrounded by
high mountain ridges and was historically occupgés many as 3,000-4,000 sage-
grouse (Griner 1939). Prior to sage-grouse traasion efforts, this population had
declined to an estimated 150 breeding sage-gr@isengll 2000). From 2003 through
2008, 336 hens from 4 different source populativese radio-collared and translocated
to the area (Baxter et al. 2013). Predator comtes conducted from 1999 through 2005
and targeted mammalian predators and corvids (BU20@O, Baxter et al. 2008). Vital
rates and movement of radio-marked translocatee-gemuse, as well as population
estimates from lek counts, were used to measursuiteess of the translocation (Baxter
2007).

The high mountain ridges surrounding Strawberryiéfgprovided a barrier that
discouraged translocated sage-grouse from leakimgrea (Baxter 2007). Baxter et al.
(2008) also found that releasing hens in the sprgay active leks increased site fidelity
of the translocated grouse. Translocated henwalrand nest success rates were
comparable to range-wide estimates of hens ineasigopulations. Translocations were
discontinued when Strawberry Valley’s populationl ivacreased to approximately 500
breeding birds (UDWR 2009). Baxter et al. (2008)acduded that adult hen survival,
chick survival, nest success, and brood successnétrics which influence population

growth rates, were important to the success oSthewberry Valley sage-grouse
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translocation efforts (Johnson and Braun 1999, @rahl 2009, Guttery 2011, Taylor et
al. 2012).

Based on the success of these translocation psajetitah, the Utah Greater
Sage-grouse Management Plan (UDWR 2009) identifeetslocations as a viable
management tool for enhancing sage-grouse popunsaiiothe state. The plan stated that
“translocations may be used to augment populatidrere< 165 males< 500 adult
sage-grouse) make up the breeding population, orcaease in genetic diversity is
warranted.” The plan cautioned biologists considetranslocations in Utah to use the
protocols employed by Baxter et al. (2008).

Baxter et al. (2008) stated that translocation essshould be based on hen
survival, courtship compatibility, reproductive sass, fidelity to the release area,
integration into the existing population, and ollerantribution to the resident
population. Metrics used to evaluate the trangiona success in Strawberry Valley
included: 1) translocated female survival, 2) ateerce at leks, 3) nest initiation, 4) nest
success, 5) translocated hen’s chick survivallogking and movements of the
translocated females, and 7) changes or trendsile ek attendance.

From 2002 through 2006, U.S. Forest Service (US@dgists in the Ashley
National Forest used radio-telemetry to monitoresggpuse movement, vital rates, and
habitat-use on Anthro Mountain. The study fourat gage-grouse migrate from Anthro
Mountain in the winter and return in the springhwitultiple trips in between. Two
wintering areas were found, one approximately 32d&nme south and another

approximately 26 km to the north of Anthro MountaiResident hen survival over this
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period was similar to estimates reported range-WBde&Christensen 2007, USFS Ashley
National Forest, unpublished report). The reportatuded that the study area provided
nesting, brood rearing, and wintering habitats wwte within the recommended habitat
guidelines (Connelly et al. 2000).

Despite having adequate year-round habitat, Anthwantain’s sage-grouse
population declined from 2006 to 2008 based orctaint indices (44 males in 2006 to
13 males in 2008; B. Maxfield, UDWR, unpublishedaja Because of the concerns
about population declines in areas where habitate within published guidelines, the
UDWR, USFS, and Utah State University (USU) inéha sage-grouse translocation
project in 2009 to try to reverse the populationlides.

The sage-grouse population that inhabited Parkermitéin in south-central Utah
was selected as the source population for transtesabecause it was considered robust
and was genetically compatible with the sage-gr@ageilation on Anthro Mountain
(Smith 2009). Translocation protocols followedgedures employed by Baxter et al.
(2008).

During the first phase of this translocation prgj€ruber (2012) reported that
sage-grouse translocated to Anthro Mountain hadagisurvival and reproductive rates
as residents but that rates were low comparedhgeravide estimates. Translocated
sage-grouse integrated into the population andadisd summer movement patterns
similar to residents (Gruber 2012). Gruber (20d®)cluded that the overall effect of the
translocation was inconclusive and cited low sualvand reproductive success as the

reasons for this finding.



66
The objectives of my study were to: 1) comparel véates of translocated and
resident hens, 2) determine and the relative dmution of translocated and resident
sage-grouse on Anthro Mountain, a)assess the effects of the translocation on Anthro

Mountain’s population four years after the initialease.

STUDY AREA
Anthro Mountain, Utah

Anthro Mountain was located on Ashley National Bbia Duchesne County,
Utah approximately 29 km southeast of the town ofliesne (Fig. 3-1). This high
elevation mountain contained approximately 2,500faountain big sagebrush.(
tridentata ssp. vaseyana) habitat and was intermixed with pockets of qualkisgen
(Populus tremuloides) and Douglas-fir Pseudotsuga menziesii). Black sagebrushA(
nova) was found on ridge tops across the mountain. -eexdle pinyon pineRinus
edulis) and juniper Juniperus spp.) were encroaching on the sagebrush commurtitg a
lower elevations. Other native vegetation includgdy horsebrushrétradymia
canescens), serviceberryAmelanchier utahensis), rabbitbrush Chrysothamnus
viscidiflorus), snowberry ymphoricarpos oreophilus), lupine (upinus argenteus), June
grass Koeleria macrantha), basin wildrye Leymus cinereus), salina wildrye I(. salinus),
and bluebunch wheatgra€dyfmus spicatus). Smooth bromeBromus inermis) was
seeded in the 1950s in portions of the area.

Anthro Mountain received an average of 49 cm o€ipitation annually with the
majority of the precipitation in the form of heawynter snow and heavy rains during the

monsoon season in July and August. Anthro Mountanged from 2,400 m—2,800 m in
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elevation and was bordered by the Uintah Basihémbrth and east, Gilsonite Canyon
to the south, and Indian canyon to the west, alVlmth were lower in elevation than
Anthro Mountain.

The current and historical dominant land use waseastic cattle grazing
(Thacker 2010). Sage-grouse hunting was not atfoeveAnthro Mountain. In 2010,
U.S. Department of Agriculture, Animal and Plantatile Inspection Services, Wildlife
Services (WS) placed poison eggs on Anthro Mourttaiarget and remove corvids
around active sage-grouse lekking and nesting. sAéthough WS occasionally targeted
and removed mammalian predators on Anthro Mounthaey, did not intensively control
predators as was practiced in the Strawberry Vatkyslocation (Baxter et al. 2008).

Many mammalian predators that inhabited Anthro Maimincluded: coyote
(Canuslatrans), red fox {/ulpes vulpes), gray fox {Jrocyon cinereoargenteus), mountain
lion (Puma concolor), badger Taxidea taxus), and long-tailed weaseWiustela frenata).

Raptors were observed using Anthro Mountain througjthe year. Avian
predators detected on Anthro Mountain included:tedléd hawk Buteo jamaicensis),
rough-legged hawkB. lagopus), American kestrelRalco sparverius), common raven
(Corvus corax), golden eagleAguila chrysaetos), cooper’s hawkAccipiter cooperii),
northern harrier@ircus cyaneus), and sharp-shinned hawA.(striatus). We also detected
great-horned owlsBubo virginianus) on several occasions while trapping in the spahg

2011 and 2012.
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Parker Mountain, Utah

Parker Mountain, the source population for thedieeated sage-grouse, was
located in south-central Utah approximately 218dautheast of Anthro Mountain (Fig.
3-1) and exhibited the largest contiguous sagebeaskystem ( > 200,000 ha) in Utah
(Chi 2004). This high elevation sagebrush ecosystas characterized by rolling hills
and gently northeastern sloping plateaus. The sidgel slopes were dominated by black
sagebrush while big sagebrush, bitterbrigirghia tridentata), and rabbitbrush were
found in the drainages. Grasses commonly founBarker Mountain included grama
grass Bouteloua spp.), wheatgrass, bluegraBed spp.), squirreltail gras&(
elymoides), needlegrasdHesperostipa spp.), and June grass.

Parker Mountain received 25 cm-51 cm of annualipitation with the majority
of the precipitation accumulating in the fall anchter (Chi 2004). Elevations on Parker
Mountain ranged from 2,134 m-3,018 m and the maunntas situated on 2 plateaus and
was bounded by an escarpment to the west and Radllaly to the east.

The predominant land use on Parker Mountain wasiock (sheep and cattle)
grazing (Guttery 2011). To reduce livestock deptieah, predators on Parker Mountain
were removed throughout the year (Chi 2004). Addélly, Wayne County, Utah, the
county in which most of Parker Mountain was sitdatead a bounty on coyoteSahis
latrans) which may have resulted in additional coyotegiakom the study area (Chi
2004). The sage-grouse population on Parker Maumtas one of the few hunted

populations in Utah (UDWR 2009).
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Coyotes were the predominant mammalian predat&avsker Mountain.
Common avian predators detected on Parker Mountera: red-tailed hawk, American
kestrel, golden eagle, prairie falcdn (nexicanus), and common raven (Dahlgren 2006,
2009). Previous research concluded that goldeleeagre the main predator on adult

sage-grouse on Parker Mountain (Chi 2004, Dahlg6£6).

METHODS
Data Collection

Utah Division of Wildlife Resources and USU trartslted 60 female sage-grouse
(30 yearlings and 30 adults) from Parker Mountaidtnthro Mountain in the spring of
2009 and 2010. Thirty-two resident female sagersgeq21 yearlings and 11 adults)
were captured from 2009 through 2012 on Anthro Maum(Table 3-1). Two resident
hens from previous studies remained in the santpleeebeginning of this study.

We captured sage-grouse by spotlighting roost sg@s active leks, and grouse
were netted with long-handled hoop nets from theklzd an all-terrain vehicle or on foot
(Giesen et al. 1982, Wakkinen et al. 1992). Hamgprotocols were approved by Utah
State University Institutional Animal Care and WWemmittee (Permit #: 1404). The sex
and age of the grouse were determined using plurcta@acteristics outlined by Beck et
al. (1975), and each captured sage-grouse wag Wit a necklace-mounted radio-
transmitter equipped with an 8 hour mortality swi{édvanced Telemetry Systems,
Insanti, MN and American Wildlife Enterprises, Mmallo, FL). The antenna was bent
to rest along the back of the sage-grouse to maa@nmterference with movement. After

fitting the transmitter, the hens were weighed witResola Scale™ (Pesola, Zeg, Baar,
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Switzerland). For each grouse captured, | recotidedime and UTMs (NAD 83) of the
capture site and release time. | also recordedrgumyes and comments about the bird’s
condition or behavior upon release.

Translocation followed protocols outlined by Bax¢¢ml. (2008) and Reese and
Connelly (1997). Hens on Parker Mountain were wagat at night near active leks
during the breeding season in April and May. Haeh was placed in an individual
cardboard box with holes for ventilation and trasrégd overnight in the back of a pickup
truck to Anthro Mountain for release. The hensemeleased during hours of breeding
activity approximately 100 m from an establishdd (@ruber 2012).

Reese and Connelly (1997) and Baxter et al. (266 mmended that
translocated sage-grouse be released in suitajpdsesh habitat that is surrounded by a
barrier to movement. Although Anthro Mountain héable sagebrush habitat, there was
no geographic barriers inhibiting sage-grouse fleaving the study area.

Survival — Survival of all collared sage-grouse in Anthro Mtain’s population
was monitored weekly from April through SeptembRiadio-marked sage-grouse were
located opportunistically from October through Madue to logistic constraints caused
by snow pack. Monitoring lasted from March 200&tigh March 2013.

Radio-collars that remained in one location folo8secutive hours broadcasted a
faster pulse known as a mortality signal. The daidtime that a mortality signal was
first detected was recorded and used for survivalysis.

Nest Initiation and Nest Success — During the spring lekking season, all radio-

marked female sage-grouse were monitored everydvaur days to determine the
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nesting status. As hens localized in search ¢éBl& nesting habitat and began laying
eggs, precautions were taken to avoid flushinghéreso it did not abandon an initiated
nest. During this phase, I circled the strongegtad and attempted to observe the hen
through binoculars from a distance of approximat€lym. | stood perpendicular to the
strongest signal and spent a maximum of 10 miredel day circling the hen. If the hen
was located under a shrub, | drew a nest locatiagram. If, after 10 minutes, | could
not confirm a visual of the hen, | took an azim@stimated the distance to the strongest
signal, and drew a diagram of the hen’s approxirtwatation. In each instance, |
returned the following day to determine if the lveas in the same location. If the hen
was in the exact same location for two consecudasess, | noted that the hen initiated
incubation (Aldridge and Brigham 2001). If the heas not on the nest on the second
day, | checked the shrub for the presence of a nkatnest was absent, | continued with
the relocation schedule until a nest was initiated.

Nesting hens were monitored three times a weeltierohine the fate of the nest
and the date. | monitored nesting hens from apprately 50 m to avoid disturbing the
hen. A 28 day incubation period was added to #ie df incubation initiation to
determine the approximate hatch date (Schroedsr £099). As the approximate hatch
date approached, | monitored the nest daily tordete exact hatch date. When a hen
was located off the nest after initiating incubatibinspected the nest to determine the
status of the nest, clutch size, and number of Bggghed. | considered a nest successful

if it contained at least one egg with a detachethbrane (Klebenow 1969). Nests were
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classified as unsuccessful if they were depredateaihdoned, or if the hen died during
incubation.

Broken eggs or empty nests indicated that thehsetbeen depredated; |
inspected the nest, egg shells, and surroundiragfarevidence (tracks, scat, hair,
whitewash, and feathers) indicating the causeefitpredation. Coates et al. (2008)
found mammalian nest depredation sign to be ambiguberefore | only distinguished
between avian or mammalian predators. Eggs tha mat crushed but had large holes
in them indicated an avian depredation (Coatet 2088). Crushed egg shells likely
indicated a mammalian predator such as a coyotegriéan badgers, or ground squirrels
(Coates et al. 2008). If the eggs or eggshellewet present and there were no clear
indications of a predator, | recorded the causgepfedation as unknown. Hens with
unsuccessful nests were monitored 2 to 3 timesek weedocument renesting attempts.

Reproductive Success — | monitored hens with successful nests threegimmweek
until the brood was lost or the brood fledged atl&@s of age (Schroeder 1997). | noted
anytime chicks were observed with a collared brioex and if the hen gave a wing
dragging or flutter-hopping display or aggressivabproached the observer when
flushed. In 2009 and 2010, transmitters were sdttw chicks to determine chick
survival (Gruber 2012). In 2011 and 2012, | condddrood counts at 35 and 50 days
old. Brood counts consisted of either flushingpotlighting the hen and counting the
number of chicks with the hen.

If a brood hen made a large move, such as moviagdifferent ridge, | flushed

the hen, observed her behavior, and searched iickschif the hen did not act broody
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and no chicks were seen, | flushed the hen againgithe next relocation to observe
behavior and search for chicks. If chicks wereatiterved during the second flush, |
recorded that the brood was unsuccessful. Thignmdtion was used to acquire brood
encounter histories and determine the status dbribed.

Lek Counts and Searches — | attempted to count all known established leks
Anthro Mountain a minimum of 3 times during thekeilg season from 0.5 hours before
sunrise to 1.5 hours after sunrise (UDWR 2009)k ¢@unts were conducted at
approximately weekly intervals and the maximum nandf males and females
attending the lek were recorded at each visit. [$onducting these counts, |
documented any radio-collared sage-grouse thatdstea lek to determine attendance of
resident and translocated grouse. If no grouse wighted on or near a lek, | searched
the surrounding area for tracks or other evideneetfacks, feathers, pellets, and cecal
droppings) that sage-grouse were using the lek.

In addition to counts at established leks, | anyusdarched for new leks on
Anthro Mountain. Searches were conducted fromhOLs before sunrise to 1.5 hours
after sunrise. These searches consisted of dragngssible roads and stopping every
half mile to scan suitable sage-grouse habitat tiitloculars while listening for
displaying grouse (Connelly et al. 2003). If agedvas inaccessible by vehicle due to
snow pack, | accessed it on foot and scanned #zefar signs of displaying grouse. In
2011, | also accompanied the UDWR and searchedeferleks on Anthro Mountain

from a helicopter.
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Data Analysis

Survival — Although 11 resident males were radio-collarexdmales were
translocated from Parker Mountain. Thereforedimibt use males in the survival
analysis. Data collected from year-round traclohgadio-marked hens were used to
estimate survival. Occasionally a hen would goatected for an extended period. If a
hen went undetected during the study, it was regisored after the last known survival
period. | wanted to test if capture and translioceimpacted hen survival; therefore |
also included hens that died within 2 weeks of wagpt

The ragged telemetry data were best suited fomasitig monthly survival rates
(MSR) of marked hens using the nest survival madplogram MARK (White and
Burnham 1999). The nest survival model allowedstaggered entry, irregular
monitoring of marked individuals, and right-censgrof missing individuals (Rotella et
al. 2004). I used the R (R Development Core Te@frlPpackage RMark (Laake and
Rexstad 2008) to construct nest survival modelpfogram MARK (White and
Burnham 1999). Encounter histories were formaittealmonths beginning 1 April 2009
and ending 31 March 2012.

| evaluated survival using a hierarchical procdsmadel selection using
Akaike’s Information Criterion corrected for smalmple size (AlCc; Akaike 1973,
Burnham and Anderson 2002, Miller and Conner 200®Vvaluated seasonal, annual,
and demographic effects of sage-grouse survivastay first selecting the best temporal
model (season and year). Various seasonal modetsevaluated to determine the

interval that best described survival. | hypothedithat translocated hens would have
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lower survival than resident hens. Therefore, arydidate models for stage 2 tested for
differences in translocated status (translocateésident), overall residency status
(newly translocated, previously translocated, sident), and hen age (adult or yearling;
Table 3-2). In addition to seasonal and demogragifiierences, | considered the null
model (no variation between cohorts, seasons,ansydable 3-3). Using the logit-link
function, | obtained the maximum likelihood estiembf each model to test for variation
in MSR (Dinsmore et al. 2002, Rotella et al. 200Bach model was ranked using AICc
and | used the model selection procedures deschp&ilirnham and Anderson (2002) to
select the model that best described survival ottdrMountain (Akaike 1973). Using
the top model, | estimated survival rates as ddrperameters. Estimates of variance
and 95% confidence intervals were calculated ugiagDelta Method (Seber 1982).

Nest Initiation — Nest initiation, the proportion of sexually mademales that
were documented to initiate a nest, is based ana lattempt to nest and does not take
nest fate into account. | coded hens that werevkrio attempt to nest as “10” and those
that were not detected attempting to nest as “Th’avoid inflating estimates by double
counting hens that renested, | only counted onenueattempt per hen per year.

| estimated nest initiation using the R (R DeveleptnCore Team 2011) package
RMark (Laake and Rexstad 2008) to construct thevkniate models for program
MARK (White and Burnham 1999). | developedd.riori models to capture potential
variation in nest initiation for residency (transhted vs. resident), age (yearling vs.
adult), and resident status (newly translocateelipusly translocated, and resident;

Table 3-4). Each model was ranked using Akaikefsrmation Criterion corrected for
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small sample size and | based model selection@mihimization of AlCc to select the
model that best explained nest initiation for &hk on Anthro Mountain (Akaike 1973,
Burnham and Anderson 2002). | then estimated tblegbility that a hen would nest and
the 95% confidence intervals using the Delta Met{®&ber 1982).

Nest Success — The date that the first nest was found was dened the first day
of the nesting season and all subsequent nestsnwaralized to this date. | used the
normalized date that each nest was found, regardfescubation status, in the nest
success analyses. Two hens incubated infertile fagdonger than the average sage-
grouse incubation period (>28 days) (Schroedek. 4989). Because these hens
incubated a nest for longer than the natural intabaime, | counted the nests as
successful. To avoid over-estimating the dailyt sesvival rate, | only counted a 28 day
incubation period for these two hens. On two octes hens with failing collars went
undetected for several weeks and were later reddoaith broods. For the purpose of
estimating nest survival, | censored hens if theptwndetected during the nesting
season (Baxter et al. 2008). If a hen was inadwu#yt flushed by research activities and
abandoned the nest, the nest was excluded froemtlgses. When a nest successfully
hatched between consecutive checks, | used theomidpf the checks as the hatch date.
| did not use the midpoint of consecutive checkauftsuccessful nests because the
MARK nest survival model automatically does thishif& and Burnham 1999).

Daily survival rates (dsr) were estimated usingrtast survival model in the R (R
Development Core Team 2011) package RMark (WhiteBairnham 1999, Laake and

Rexstad 2008). Tempriori models were evaluated to determine which factarstm
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strongly influenced nest success (Table 3-5). dahd combinations of several
covariates including: hen age (yearling and adrdgidency (resident or translocated),
year (2009, 2010, 2011, and 2012), resident starly translocated, previously
translocated, and resident), and no variation \ndilused the logit-link function to obtain
the maximum likelihood estimates of all parame({®issmore et al. 2002, Rotella et al.
2004). Each model was ranked using AICc and | nsedel selection procedures to
select the model that best explained nest sucédsske 1973, Burnham and Anderson
2002). | used a 28 day incubation period in cocijiom with the dsr of the top model
(dsF®) to extrapolate nest success for hens on Anthroritéon. The Delta Method was
used to calculate variance and 95% confidencevialefSeber 1982).

Reproductive Success — | used the tracking and brood count scheduéstionate
brood success using the R (R Development Core B¥drh) package RMark (Laake and
Rexstad 2008) to construct nest survival modelpfogram MARK (White and
Burnham 1999). The date that the first successfat hatched was considered the first
day of the brood season and all subsequent broedsermalized to this date. |
considered a brood successful if a hen successhiigd>1 chick to independence at 50
days of age (Schroeder 1997). | modeled pliori models to determine which factors
most strongly influence brood success (Table 3t&ing the logit-link function, |
obtained the maximum likelihood estimates of dailyvival rates. Each model was
ranked using AICc (Burnham and Anderson 2002). émaithAAICc <2 of the top
model were considered to be equally supported &ygltta. When this occurred, |

reported the results of competing models and baseithferences on the most
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parsimonious model (Arnold 2010). | extrapolatee dverall brood success for hens on
Anthro Mountain using a 50 day survival period angnction with the dsr of the model
averaged estimates (dr | calculated the 95% confidence intervals usheDelta
Method (Seber 1982).

Sage-grouse exhibit a social brood rearing strategyhich brood mixing can
occur (Dahlgren 2009). On multiple occasions,desked broods with different sized
chicks suggesting that younger or older chicks veglegpted. This could bias brood
success estimates low if chicks from one femaleeweaccessfully raised by another or
high if a radio-marked female adopted and raisecksHrom a different brood.
Therefore, | only compared the brood survival eates to those from other studies with
similar methodologies to avoid interpretation bias.

To determine the overall reproductive success n§loe Anthro Mountain, |
multiplied the top ranked models for nest initiatimest success, and brood success.
Ninety-five percent confidence intervals for repuotive success were calculated using

the Delta Method (Seber 1982).

RESULTS
Survival

Sixty translocated and 32 resident radio-collaredishwere monitored (Table 3-
1). No sage-grouse were injured during the captraiasport, or release, and all
translocated hens were released approximately 100rth of the most active lek on

Anthro Mountain (Gruber 2012).



79

Thirteen yearling and 17 adult hens were transéat&bom Parker Mountain to
Anthro Mountain in April 2009 (Gruber 2012). Fie resident hens were also radio-
collared on Anthro Mountain in 2009 (6 yearlingsl&adults, including 2 adult females
that remained in the sample from a previous studtyApril and May 2010, an
additional 17 yearling and 13 adult hens were tomaged from Parker Mountain to
Anthro Mountain and 2 additional adult residentshemre captured on Anthro
Mountain. In the spring and fall of 2011, 12 resithens were captured and added to
the sample size (11 yearlings and 1 adult). Fesgdent hens were captured in 2012 (4
yearlings and 1 adult).

Over the course of the study, one resident andr&&lkocated hens were never re-
located after release. Three collared hens weserebd with new transmitters that were
not transmitting a signal in 2010 (Gruber 2012¥.tl& 30 hens that were translocated in
2009, 7 were re-located in 2010 and 2 were re-&utat 2011. Of the 30 hens
translocated in 2010, 12 were re-located in 20Hl3awere re-located in 2012 and were
alive at their last location. No grouse that weea@slocated in 2009 were re-located in
2012.

The top survival model for hens on Anthro Mountaidicated that survival is
most influenced by season and year and containdofthe weight (Table 3-3). The
top 4 models included the same season and yeat affd contained over 99% of the
weight. There was no statistical support for gahessidency status (resident and

translocated), specific residency status (residew]y translocated, and previously
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translocated), or age (yearling and adult) beifigémtial to hen survival on Anthro
Mountain.

Winter survival was highest while survival from Awgy through October was
consistently lower during each year of the study.(B-2). The probability of surviving
August through October was 0.66 (95% Confidenceriatl (Cl) = 0.56-0.78) regardless
of the year. The probability of surviving wintegardless of year was 0.97 (C091—
1.03). The lowest single seasonal survival pewad from August through October of
2009 (0.53, Cl = 0.36-0.69) and the highest sisgkesonal survival was from November
2012 through March 2013 (0.996, CI = 0.986-1.01).

Survival was higher in 2012 (0.887, Cl = 0.496—@)3®an in all other years.
The next highest annual survival was in 2010 (0,4£44= 0.300-0.655) followed by
2011 (0.378, Cl = 0.201-0.596). The lowest ansualival was in 2009 (0.242, Cl =

0.132-0.399).

Nest Initiation

Over the course of the study, 85 nests were iadiacluding 4 renests (Table 3-
7). Resident hens initiated 34 nests and transddaens initiated 51 nests. In 2009, 21
nests (including 1 renest) were initiated by then88s that were adequately monitored
through the nesting season. Of the 33 hens, Sideet and 16/26 translocated hens
initiated nests. In 2010, 26 nests were initiddgd resident and 19 translocated hens
(Gruber 2012). All radio-marked resident (7/7) amelviously translocated (8/8) hens
initiated a nest while 50% (11/22) of newly trartslted hens initiated nests during 2010.

In 2011, 23 nests were initiated (10 by residemishend 13 by translocated hens)
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including 2 renests (1 by a resident hen and 1 togreslocated hen). Twenty-one of 22
hens initiated a nest (9/10 resident and 12/12ipusly translocated) including 2 hens
with failing collars that were not located whilestiag but reappeared with broods. In
2012, 15 nests were initiated including 1 rené&sich of the 14 hens that were in the
sample initiated a nest (3/3 translocated and 1dg4itlent) and 1 resident hen renested.

The top model for nest initiation indicated tha probability that a hen would

nest was dependent on the additive effect of heraad overall residency status (Table
3-4. Adult resident and previously translocatedsh@hens that surviveel year) had
highest nest initiation (0.96, CI = 0.88—0.99) deled by yearling resident hens (0.87, CI
= 0.67-0.95) and adult newly translocated hen®(CT = 0.59-0.91). The lowest nest

initiation was by yearling newly translocated héd$0, Cl = 0.30-0.69; Table 3-8).

Nest Success

The earliest initiated nest was found on 15 Apdi02 by a translocated hen that
was accidentally flushed off her nest by reseaativides (Gruber 2012). The latest
initiated nest was a renest found on 6 June 20k ttkgnslocated hen. Nest hatch dates
ranged from 27 May—26 June in 2009, 29 May-20 Ju2€10, 31 May-30 June in
2011, and 13 May-3 June in 2012.

During the 4 year study, 47/85 (55%) of nests wate initiated successfully
hatched>1 egg (including nests that were abandoned by imnadlsertently flushed from
the nest). Resident hens hatched 20/34 (59%) wdis translocated hens hatched

27/51 (53%) (Table 3-7).
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In 2009, 3/5 (60%) resident hens and 8/16 (50%stocated nests hatched
egg (Gruber 2012). The two unsuccessful residesiisnwere predated (1 mammalian
and 1 unknown; Table 3-9). Of the 8 unsuccessfmisiocated hen nests, 4 were
predated (1 avian and 3 unknown), 1 nest was aledior unknown reasons, and 3
hens were inadvertently flushed off their nestsdsearchers. One hen renested after
being flushed off her first nest by a researcheraas successful on her second attempt.

In 2010, 7/7 (100%) resident and 8/19 (42%) tracetied hens hatched. egg
(Gruber 2012). Eleven nests were unsuccessfld109;26 were depredated (1
mammalian, 2 avian, 5 unknown), 2 abandoned duestarcher error, and 1 nest was
infertile.

In 2011, 5/10 (50%) resident and 9/13 (69%) tracetled nests were successful.
A resident hen that renested was unsuccessful wiel&ranslocated hen had a successful
renest attempt. Three of the 5 unsuccessful nesitEsts were depredated by
mammalian predators and 2 were caused by undetedrpiredators. Of the 4
unsuccessful translocated nests, 3 were due tafiwed1 avian, 2 unknown) and 1 hen
was killed off nest which caused the nest to fadle 3-9).

In 2012, 5/12 (41.7%) resident and 2/3 (66.7%)di@ated nests hatched egg.
A resident hen that renested was successful osdwend attempt. Six of the
unsuccessful resident nests were depredated (3 rmbann?2 avian, 1 unknown) and 1
nest had infertile eggs. The unsuccessful traagtacnest was depredated by a

mammalian predator (Table 3-9).
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The average clutch size for all grouse in the study 7.4 eggs per nest and
average clutch sizes were slightly larger for edlident compared to all translocated hens
on Anthro Mountain (Table 3-10). The average nunabe@ggs hatched for all years was
4.3 with resident hens hatching an average ofdgs #hile translocated hens hatched an
average of 4.2 eggs (Table 3-10).

For the analysis of nest success, | only includatshihat were adequately
monitored through the nesting season; | did ndugte nests where hens were abandoned
due to researcher error. The nest survival armbg&imated that the null model was best
supported by the data indicating that differenoesdst success cannot be explained by
hen age, residency status, or temporal variatiabl€'3-5). Nest survival to 28 days was

0.53 (Cl = 0.42-0.65; Table 3-11).

Brood Success

Over the course of the study, resident and traasbal hens attempted to raise 47
broods (20 resident, 27 translocated). Of thes@adbroods (57.4%) hagll chick reach
independence at 50 days (12 by resident hens abg tt&nslocated hens). In 2009,
45.5% (5/11) of broods were successful with 339)(f resident hens and 50% (4/8) of
translocated hens raising broods to independeneé&:2012). In 2010, 53.3% (8/15)
of brood hens successfully raised broods (5/7 eesidrood hens and 3/8 translocated
brood hens; Gruber 2012). In 2011, 64.3% (9/14)lldfens raisedl chick to
independence (3/5 by resident hens and 6/9 bylt@ated hens). In 2012, 71.4% (5/7)
of all brood hens were successful (3/5 residens lagrl 2/2 translocated hens; Table 3-

12).
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Using the principles of parsimony, the null moldest explained variation in
brood success for hens on Anthro Mountain (Talbg. 3WWhen all effects were held at a
constant, the probability that a hen would sucediysfaise>1 chick was 0.55 (Cl =
0.41-0.69; Table 3-13). Although the null modebwlae most parsimonious model, hen
age and residency status were competing modelsaitiag there was some evidence that
brood success was impacted by hen age and ovesalency status (Table 3-6). The
probability that an adult hen would successfuligeaa brood to independence was 0.63
(Cl =0.47-0.80) while yearlings had a 0.34 (C1.685—-0.59) probability of being
successful. Resident and previously translocaéed had higher brood success (0.62, ClI
= 0.46-0.79) than newly translocated hens (0.38; CIL2-0.63; Table 3-13). More data
is needed, however, to fully understand the roleesf age and residency status on

predicting brood success.

Reproductive Success

| analyzed the overall reproductive success oflenAnthro Mountain by
multiplying the top models for nest initiation, hesiccess, and brood success. Models
with AAICc <2 were considered to be equally supported by thee d&/hen this occurred,
| used the most parsimonious model to estimateativeproductive success (Arnold
2010, Hamel et al. 2010). Adult resident and presiy translocated hens had the
highest reproductive success (0.28, Cl = 0.19-GdIowed by resident yearlings (0.25,
Cl = 0.16-0.35) and adult newly translocated héria3( Cl = 0.14—-0.32; Table 3-14).
Newly translocated yearling hens had the lowestodyrctive success (0.15, Cl = 0.066—

0.22; Table 3-14).
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Lekking

Prior to 2011, the UDWR documented 4 leks on Amtiountain. In 2009 and
2010, 2 of the 4 leks were known to be active (dltgtRidge Lek and Alkali Ridge Lek).
The maximum male count was 6 males in 2009 andldswa 2010 (Fig. 3-3). On 15
April 2011, a new lek (Jeep Trail Lek) was discageon Anthro Mountain and was the
only active lek in the study area. The maximumnton 2011 was 8 males and 9
females. In 2012, Jeep Trail and Alkali Ridge Lalse active. The total male count on
these two leks was 18 (13 on Jeep Trail Lek and Blkali Ridge Lek; Fig. 3-3). The
only lek to have documented female attendance egs Trail Lek and the maximum
female count was 7. In 2013, Jeep Trail Lek hadya male count of 24 and 2
traditional leks had an attendance of 6 total m@edaxfield, UDWR, personal
communication).

In 2009, no translocated females were observddkan however translocated
females were observed on leks in subsequent yéafX10, 3 translocated females were
observed on leks (Gruber 2012). In 2011, 1 travagbd and 2 marked resident hens
were observed on leks while 5 marked resident ineme observed attending leks in

2012.

DISCUSSION
Survival

Hen survival is one of the most important vitdaesadriving population growth
(Guttery 2011, Taylor et al. 2012). Although | loyipesized that translocated hens would

have lower survival rates than residents, therenwaapparent effects of resident status
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or age on survival. These findings were consistetit results from Strawberry Valley
(Baxter et al. 2008). The top survival analysisdeiacontained 41% of the AICc weight
and indicated that survival in my study area wélsi@mced by season and year.
Additionally, the top 4 models each contained #m®e seasonal and year effect and
contained over 99% of the AlICc weight. Similardiothro Mountain, hens in Strawberry
Valley experienced a seasonal and year effect onvall (Baxter et al. 2013). Unlike
Strawberry Valley which experienced high fall syatiand low survival during the
nesting season, survival on Anthro Mountain waselstvin the fall (August through
October) and was higher in the winter and the ngsteason (Fig. 3-2).

Average survival rates of all hens on Anthro Moum(@.40, SE + 0.05, all years)
were slightly higher than average survival ratemafe and female sage-grouse
translocated in Idaho (0.36; SE £0.07; Musil etl@93). Annual survival was lowest in
2009 (24%) followed by 2011 (38%) and 2010 (47%gns experienced highest survival
in 2012 (89%) which was considerably higher tham#ier years. Survival in 2009 fell
below the estimates reported for sage-grouse ih (B@-78%); survival in 2010 and
2011 was within the estimates and survival in 2042 above the estimates (Bunnell
2000, Baxter 2007, Dahlgren 2009). My reportedreses for 2009 and 2010 differed
slightly from those reported by Gruber (2012). sTdiscrepancy might be attributed to
the fact that Gruber (2012) included males in siavéstimates while | only used hens.

Resident hen survival (46% all years combined) widisin survival rates
reported throughout the sage-grouse range (37-Z@&¥nelly et al. 2014) and survival

rates of resident hens in Strawberry Valley (30%niBell 2000). Translocated hens on
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Anthro Mountain had lower survival estimates (3@fbyears combined) than
translocated hen survival in Strawberry Valley (68%rage; Baxter et al. 2008).

Weather, predator abundance, and alternate prehalaility could have
contributed to the temporal differences in survimalAnthro Mountain. Moynahan et al.
(2006) reported reduced survival following severeter weather events. In 2009 and
2011, temperatures were slightly lower and totatjmitation was greater than in 2010
and 2012. Anthro Mountain experienced above awesagwfall in 2011 and snowpack
persisted on Anthro Mountain through May. Hen2009 and 2011 had lower survival
compared to 2010 and 2012. The winter encompag§ihi—2012 brought relatively
little snowfall and the snowpack diminished in gakpril 2012. Survival following the
2011-2012 winter was notably higher than all ogfe&rs. Although severe weather
might not directly increase mortality rates, it nfewe a delayed effect and hinder the
sage-grouse’s ability to cope with the stressds@éding, raising young, and avoiding
predators.

Predation has been identified as a factor limiiage-grouse populations (Braun
1998). Although sage-grouse face a suite of poegahone specialize in sage-grouse
and predation is typically higher during the bregdseason (Hagen 2011). My results,
however, suggest that mortality was highest frongusi through October regardless of
the year. Although ambiguous evidence at mortaiigs and scavenging by rodents
made it difficult to determine the exact cause exitti in most cases (Larsen et al. 2008),
predation appeared to be a major source of mortaiitedator densities are often highest

in the fall and predation is likely to have moréesef on population densities at this time
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compared to the spring (Hewitt et al. 2001). Qudiabitat in sufficient amounts is
oftentimes adequate for reducing predation rates¢€lly et al. 2000, Schroeder and
Baydack 2001, Hagen 2011). The increased mort@ailisage-grouse in the fall may be
in response to increased predator abundance cowgledragmented that is not suitable
to buffer the sage-grouse from predation.

Prey switching has been observed in predatorssporese to varying prey
abundance (Randa et al. 2009, Fedy and Doherty) 2@4ecdotal evidence suggests
that alternate prey (i.e. — rabbits, voles, andigdosquirrels) increased from 2009
through 2012. During the 2012 season, | recoraeid@ease of incidental sightings of
dusky grouseldendragapus obscurus) compared to prior field seasons. This perceived
increase in alternate prey may have played a nallea higher survival rates in 2012.

Translocated sage-grouse that are unfamiliar weiese habitats are likely to
have reduced survival and lower reproductive ratesn compared to residents of the
population (Musil et al. 1993, Reese and Conned97] Baxter et al. 2008, Taylor et al.
2012). Therefore, translocated sage-grouse waalkekpected to contribute less to
population growth. Because models testing the mani likelihood estimates did not
support survival differences for resident and tlaceted hens, this suggested that the

translocated hens adjusted to the release areeoatributed to population growth.

Nest Initiation
Differences in nest initiation were best describgdhe additive effect of hen age
and the binomial covariate. The binomial covartasted whether translocated hens that

survived>1 year on Anthro Mountain (previously translocateg)e similar to residents.
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This model indicated that adult resident and presiiptransliocated hens had the highest
probability of nesting (96%) followed by yearlingsidents (87%). Adult newly
translocated hens had a 79% probability of nestihide yearling newly translocated
hens were the least likely to nest (50%). Nestittgmpts may be underestimated
because some nests may have failed before theydetzeted by researchers.

The likelihood that any hen newly translocatedtmhro Mountain would nest
(65%) was higher than estimates from StrawberryeyalUT (39%) and was similar to
hens translocated to Clear Lake National WildlifuRje, CA (67%; Baxter et al. 2008,
Bell 2011). Nest initiation for newly translocatkens on Anthro Mountain was lower
than for resident hens in Idaho (69%), Montana (98886), and Washington (99%)
(Connelly et al. 1993, Schroeder 1997, Tack 2009anslocated hens that survivetl
year on Anthro (n=23) had a nest initiation of 10@¥ch was higher than all residents
on Anthro Mountain (88%) and other translocatiardsts in Utah (71%) and California
(86%) (Baxter et al. 2008, Bell 2011).

Newly translocated hens might have experiencedrdowst initiation due to a
combination of factors including: stress while lgeiransported, differences in breeding
schedules between capture and release area, atltewe#ferences between capture and
release area (Baxter et al. 2008). Hens thattegssed during transport might have to
expend their remaining energy in survival rathantheproduction. Similarly, if a hen
was translocated to Anthro Mountain after initigtannest on Parker Mountain, the hen
might not have resources to initiate a second arastabandon nesting for the year

altogether. Snow accumulation and weather canenfie nest initiation by limiting food



90
or nest sites (Reed et al. 2004). If snowpackénrelease area is different than that at
the source area, translocated hens might not mestodsuboptimal conditions.
Additionally, early nesting is important becauséedaat which young hatch directly
influences their growth rate and females mightaieffrom nesting if survival prospects
of the young are too low (Reed et al. 2004).

First year breeding females may initiate fewer siesimpared to adults (Connelly
et al. 1993, Holloran 2005). Thus, the observedeiase in nest initiation for previously
translocated hens might be a result of the shidige class of translocated hens from
yearling to adult (Baxter et al. 2008). Assimitettiand increased experience in the
release area might also account for the high négttion of previously translocated

hens.

Nesting Success

Greater sage-grouse population declines have ledstied to poor nest success
(Taylor et al. 2012). The top model was the nuldel indicating that nest success was
not affected by hen age, residency status, or testhpariations. Nest success on Anthro
Mountain was 53% for all years and cohorts whicls \eaver than translocated hens in
Strawberry Valley, UT (68%) but higher than repdaistranslocated hens in Clear Lake
National Wildlife Refuge, CA (Baxter et al. 2008IB2011). Crawford et al. (2004)
reported that the average nest success over 14ysaigee studies was lower (47.4%)
than the estimates found on Anthro Mountain.

In my study, nest success improved as the nestagps progressed. This is

consistent with findings in California (Kolada ¢t 2009). This might have been a result
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of increased grass and forb structure which ine@asncealment from predators as the
growing season advanced. This improvement migiat laé attributed to environmental
factors or a change in the predator community ftieenbeginning of the nesting season
to the end. For example, the likelihood of a spsnowstorm causing a hen to leave her
nest and allow the eggs to cool decreases as déisers@rogresses. Lastly, the parental
investment of hens in the later stages of incubatight decrease the likelihood that she
will abandon the nest and increase the intensityest defense (Biermann and Robertson
1981).

The moderate support for resident hens havingtbigigher nest success than
translocated hens may indicate that resident henshare capable of finding optimal
nesting habitat. Translocated hens may be foweas$t in unsuitable habitat if they did
not have adequate time to search for nest coverdaefitiating a nest, whereas resident
hens would already have knowledge of the bestmgstieas. Additionally, suitable
nesting habitat at the source area might diffemfsuitable nesting habitat at the release
area. Translocated hens might nest in habitawthatsuitable on Parker Mountain but

would expose nests to risks on Anthro Mountain.

Brood Success

Brood success has been identified as a majorrfadftoencing sage-grouse
population trends (Guttery 2011, Taylor et al. 201Gruber (2012) documented low
individual chick survival in 2009 and 2010 for msint and translocated hens with

resident hens having slightly higher chick survivBecause | did not radio mark chicks
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in 2011 and 2012, | could not compare individuatklsurvival for these years. Instead,
| examined overall brood success for the studyogleri

In 2011 resident hens fledged an average of 2¢kst{n=3) while translocated
hens fledged 4.4 chicks per brood (n=5). In 2@&2dent hens fledged 3.7 (n=3) chicks
per brood and translocated hens fledged 2.5 (nSaje-grouse have a social brood-
rearing strategy where chicks amalgamate with diheods. Guttery (2011) documented
brood mixing to occur as early as 1 week post hatthas late as 6 weeks with the
majority of mixing occurring in weeks 2—4. On AraiMountain, a radio marked chick
was documented with an unmarked hen in 2010. Quiacheduled brood count in
2011, 1 hen that hatched 7 eggs was observed witicBs. Additionally, at one brood
check in 2012, a resident and previously transeathen congregated with their broods
under the same pinyon pine. Because of this behawy brood success estimates could
be biased low if chicks from one hen were succdlgsfised by another or high if a
radio-marked hen adopted and raised chicks frorffexeht brood. These estimates
could also be affected by the difficulty of findiebicks (Schroeder 1997).

Results for differences in brood success were egaiv Therefore, additional
research needs to be conducted to determine tter that most affects brood survival on
Anthro Mountain. All hens had a brood successoat&5%. This estimate is slightly
higher than those found in Washington (49.5%) bghs8y lower than those found in
Montana (60%) (Schroeder 1997, Tack 2009). Therg equal support for 2 models that
tested for hen age and overall residency statsgl@et, newly translocated, and

previously translocated). The maximum likelihostiraate of an adult hen successfully
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raising a brood was 63% compared to 34% for yegslirResident and previously
translocated hens also had a higher brood sucatsg6R2% for both groups) than newly
translocated hens (38%). These results suggddtainalocated hens surviving into their
second year can adapt and be reproductively sdategecause adults with more
experience are more likely to successfully fleddmaod, the increased success on
Anthro Mountain could be a result of the age dinifin yearling to adult. Although there
was some support for these models, additional imédion is needed to fully understand

their effect on brood survival.

Reproductive Success

Nest initiation, nest success, and brood succesgiiat rates which most
influence fluctuations within a population and arajor drivers in population growth
(Taylor et al. 2012). Reproductive succissthe probability that a hen will initiate a nest,
successfully hatch the nest, and successfully eiteast 1 chick to independence (Nest
Initiation X Nest Success x Brood Success). In@ugn year, the maximum likelihood
estimate of reproductive success was highest fat egsident and previously
translocated (translocated hens surviviigyear) hens (28%; both groups) than resident
yearlings (25%), newly translocated adults (23%3l maewly translocated yearlings
(15%).

Musil et al. (1993) found that sage-grouse traretioas can be useful in restoring
certain populations if translocated sage-grouseotkjre successfully. The estimates of
reproductive success suggested that resident tegasdless of age, were more likely to

be successful than newly translocated hens. Adthaasidents had a higher likelihood
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of reproductive success, newly translocated aavéte only slightly less likely than
resident yearlings. My results suggested thastomated adults contributed to
population growth more readily than translocatearipegs. The results also suggested if
a hen remained in the population for at least I,ytba hen would become reproductively
similar to resident adults in the population. Altigh translocated hens had lower
reproductive success, they still contributed toysafon growth in their first year and
had a contribution similar to residents in thecm®l year after release. Therefore,
translocated sage-grouse can contribute to populgtiowth and translocation efforts

could be useful with restoring populations.

Lekking

Perkins (2010) used lek counts and the establishofenew leks as one
parameter to evaluate their translocation effoRgor to the translocations on Anthro
Mountain, male lek counts declined 70% from 44 mahe2006 to 13 males in 2008. In
2010, lek attendance on Anthro Mountain reachexhedf 4 males. A new lek was
found in 2011 (Jeep Trail Lek) and it was the amtyive lek in 2011 with a high count of
8 males. Statewide lek counts declined 25% frodD2B8909 males) to 2011 (2925
males) (Bernales et al. 2013). In 2012, 18 mak®wounted on 2 leks on Anthro
Mountain, a 125% increase from 2011. Statewidectalnts only increased 12% from
2011 to 2012 (2925 males to 3284 males). Thirtiemaere counted on 3 leks on
Anthro Mountain during the 2013 lekking seasonNBuxfield, UDWR, personal
communication). Since 2008, immediately priorramslocation efforts, lek counts have

increased by 131%.
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If the Jeep Trail Lek was established prior to2@hd males were attending that
lek rather than traditional known leks, total medeints would be low for 2010. Overall
though, the increasing trend in male lek countsthedestablishment of a new lek on
Anthro Mountain suggested that the translocatidoreassisted with augmenting this

declining population.

MANAGEMENT IMPLICATIONS

No difference was detected for resident and traaséml hen survival. Compared
to other studies, overall annual survival was loanf 2009 through 2011, the years
during and immediately following translocations,ilthens exhibited high survival rates
in 2012. These results suggest that translocatioagrred during sub-optimal years and
that survival might be the factor most limitinggopulation growth. High predation
rates, less alternate prey, poor weather, anduceedfood supply might have hampered
the immediate impacts of the translocations (Feay@oherty 2010).

The main difference in vital rates for resident &raghslocated grouse is nest
initiation and the overall reproductive succesherfs. Because all resident hens and
second year translocated hens have higher repredwsticcess than newly translocated
hens, this suggests that hens surviving into $exond breeding season can contribute to
population growth. Anthro Mountain is a fragmensagie-brush landscape that harbors
many predator species. Therefore, predator coattocdns may be beneficial
immediately prior to and during translocation yearerder to buffer the translocated
hens from predation and increase their chancesreiving into their second year

(Baxter et al. 2008, Hagen 2011).
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Additionally, because newly translocated adult hextsibit higher reproductive
success than newly translocated yearling hensidlade that adult hens more readily
adjusted to the translocation and contributed fwufaiion growth. The increased
experience of adult hens compared to yearlingeasas the likelihood that they will be
more successful nesters and brood hens in thesectgaa (Connelly et al. 1993, Aldridge
and Brigham 2001). Therefore, managers may seera immediate impact to
population growth if they translocate a higher mndijon of adult hens.

Simulation studies have shown that translocati@msprolong sage-grouse
population persistence but that populations in riddthnslocations eventually become
extirpated regardless of the methods used or tirdeaphics of the translocated grouse
(Davis 2012). Despite this result, managers shoaidinue to monitor Anthro
Mountain’s sage-grouse population to determindrdngslocation’s impact several years
from now.

Lastly, research indicated that sage-grouse midrate Anthro Mountain to
various wintering areas. Because sage-grousevsiliiimigratory populations is
typically lower than non-migratory populations (Rest al. 2006), additional research
needs to be conducted to determine if the stregsegyration might hinder survival of
resident and translocated hens on Anthro Mount8jecifically, managers must identify

all the wintering areas and determine if migrat@eurs in stages or in a single flight.
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Table 3 - 1. Number of greater sage-grow3aifocercus urophasianus) captured on
Anthro Mountain, Utah, USA and the number of greatage-grouse translocated from
Parker Mountain, Utah, USA to Anthro Mountain, 260012,

Resident Translocated
Year Adult Yearling Adult Yearling Total Capt_ur N
Mortalities
2009 9 6 17 13 45 2
2010 2 0 13 17 32 2
2011 11 1 0 0 12 1
2012 4 1 0 0 5 0

Table 3 - 2. Demographic variables used in analgfasnual survival, nest initiation,
nest success, and brood survival of greater samesgrCentrocer cus urophasianus) on
Anthro Mountain, Utah, USA, 2009-2012.

Code Factor

Factor Description

HenAge Hen Age

Trans Source
Population

DV Dummy
Variables

Bin Binomial
Variable

Y Year

Ordinal Ordinal
Variable

TimeTrend Time Trend

Yearling (Start of 1st breeding segsApril 1)
through end of second winter (~March 31))

Adult (Start of second breeding season (~April 1)
onward)

Translocated or resident hen

Variables to determine if survival changes overetim
(DV1 & DV2)

(Resident hens = 0,0, newly translocated hens = 2,1
and previously translocated hens = 1,0)

Variable to determine whether translocated heris tha
survived into their 2nd year become similar todest
hens. (Resident hens = 1, newly translocated = 0,
previously translocated = 1)

Variable coded to model year specific wtdes
(Intercept = 2009, Y1 = 2010, Y2 = 2011, Y3 = 2012)

Arranged to determine if overall residency status
has constant effect on survival

(True resident = 0, previously translocated = 1,
newly translocated = 2)

Examines if a linear relationship ofvéuall exists over
time
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Table 3 - 3. Models assessing the impact of ag&jercy status, and temporal variation in
female greater sage-grousee(trocercus urophasianus) survival on Anthro Mountain, Utah,
USA, 2009-2012.

Model k@ AlCc® AAICc®  wt®  Deviance
Fall + (Y1 + Y2 +Y3) 6 326.07 0.00 0.41 313.95
Fall + (Y1 + Y2 + Y3) + HenAge 7 327.14 1.06 0.24 1238
Fall + (Y1 + Y2+ Y3) +Bin 7 327.45 1.37 0.20 323.
Fall + (Y1 + Y2 + Y3) + Trans 7 328.06 1.99 0.15 330
Y1+Y2+Y3 4 344.28 18.21 0.00 336.23
HenAge + Y1 + Y2 + Y3 5 345.64 19.57 0.00 335.56
Trans + Y1 +Y2 +Y3 5 346.31 20.24 0.00 336.23
Ordinal + (Y1 + Y2 + Y3) 6 347.29 21.22 0.00 335.17
Null 1 353.73 27.66 0.00 351.73
Trans 2 354.79 28.72 0.00 350.77
HenAge 2 355.00 28.93 0.00 350.98
Bin 2 355.43 29.36 0.00 351.42
Trans + HenAge 3 355.80 29.73 0.00 349.77
Bin + HenAge 3 356.82 30.75 0.00 350.78
DV1 + DV2 4 358.80 32.73 0.00 350.74
(DV1 + DV2) + HenAge 5 359.50 33.42 0.00 349.41

#K: number of parameters in each model

® AICc: Akaike’s Information Criterion corrected femall sample size
¢ AAICc: Difference between a model and the top penfog model
4wt: Model weight

Table 3 - 4. Models assessing the impact of aggjercy status, and temporal variation in
greater sage-grous€dntrocercus urophasianus) nest initiation on Anthro Mountain, Utah, USA,
2009-2012.

Model '§ AlICc® AAICc® wt®  Deviance
HenAge + Binomial 3 81.80 0.00 0.46 17.39
HenAge + Y1 + Y2 +Y3 5 83.65 1.85 0.18 14.85
(DV1 + DV2) + HenAge 5 8394 2.14 0.16 15.14
Binomial 2 85.17 3.37 0.09 22.89
DV1 + DV2 4 85.34 3.53 0.08 18.75
trans + HenAge 3 87.90 6.10 0.02 23.49
Y1+Y2+Y3 4 89.59 7.78 0.01 23.00
HenAge 2 90.18 8.37 0.01 27.89
Null 1 95.92 14.12 0.00 35.72
Trans 2 9598 14.18 0.00 33.70

& K: number of parameters in each model

® AICc: Akaike’s Information Criterion corrected femall sample size
¢ AAICc: Difference between a model and the top penfog model
4wt: Model weight
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Table 3 - 5. Models assessing the impact of ag&jeacy status, and temporal variation
in greater sage-grous€dntrocercus urophasianus) nest success on Anthro Mountain,

Utah, USA, 2009-2012.

d

Model k? AlCc® AAICc®  wt Deviance
Null 1 239.43 0.00 0.37 237.43
Trans 2 241.14 1.70 0.16 237.13
Bin 2 241.22 1.79 0.15 237.21
HenAge 2 241.44 2.00 0.13 237.43
Trans + HenAge 3 243.12 3.69 0.06 237.11
Bin + HenAge 3 243.21 3.78 0.06 237.20
DV1 + DV2 4 244.25 4.82 0.03 236.22
Y1+Y2+Y3 4 244.86 5.43 0.02 236.83
(DV1 + DV2) + HenAge 5 245.96 6.53 0.01 235.92
HenAge + Y1 + Y2 + Y3 5 246.87 7.44 0.01 236.83

#K: number of parameters in each model

® AICc: Akaike’s Information Criterion corrected femall sample size

¢ AAICc: Difference between a model and the top penfog model

4 wt: Model weight

Table 3 - 6. Models assessing the impact of agéleacy status, and temporal variation
in greater sage-grous€dntrocercus urophasianus) brood success on Anthro Mountain,

Utah, USA, 2009-2012.

d

Model k2 AICc® AAICCc®  wt Deviance
HenAge 2 173.06 0.00 0.22 169.06
Bin + HenAge 3 173.32 0.26 0.20 167.31
Bin 2 173.92 0.85 0.15 169.91
Null 1 174.26 1.20 0.12 172.26
Trans + HenAge 3 174.35 1.28 0.12 168.33
Trans + Bin 3 175.55 2.49 0.06 169.54
Trans 2 176.14 3.08 0.05 172.14
(DV1 + DV2) + HenAge 5 177.34 4.28 0.03 167.30
HenAge + Y1 + Y2 +Y3 5 177.55 4.48 0.02 167.51
DV1 + DV2 4 177.56 450 0.02 169.54
Y1+Y2+Y3 4 178.62 5.56 0.01 170.59

#K: number of parameters in each model

® AICc: Akaike’s Information Criterion corrected femall sample size

¢ AAICc: Difference between a model and the top penfog model

4\wt: Model weight
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Table 3 - 7. Greater sage-grou€eritrocercus urophasianus) nest initiation by cohort on
Anthro Mountain, Utah, USA, 2002012.

vear # qf_Nests Resident Resident Translocated Translqcated Hatched l:f()e (s)tfs
Initiated Adults  Yearlings Adults Yearlings Nests
Hatched
2009 21 (1 renest) 4 1 9 7 11 0.52
2010 26 7 0 16 3 5 0.58
2011 23 (2 renests) 3 7 13 0 °14 0.61
2012  15(1 renest) 7 5 3 0 47 0.47
All 85 (4 renests) 21 13 41 10 47 0.55
3 nests abandoned due to observer error
b 3 nests abandoned due to observer error and Infesile
¢ 2 hens with failing collars not found on nest Bppeared with broods
41 nest infertile
Table 3 - 8. Maximum likelihood estimates of nestiation for all female greater sage-
grouse Centrocercus urophasianus) on Anthro Mountain, Utah, USA, 2002012.
95% Confidence Interval
Parameter Estimate SE Lower ClI Upper ClI
Yearling Trans 0.495 0.107 0.298 0.694
Adult Newly Trans 0.790 0.081 0.592 0.907
Yearling Res 0.866 0.067 0.674 0.953
Adult Res and Prev Trans 0.961 0.023 0.879 0.988
Table 3 - 9. Causes of failed greater sage-grddaetrocer cus urophasianus) nests on
Anthro Mountain, Utah, USA, 2002012.
Avian Mammalian unk Abandoned Infertile
Res Trans Res Trans Res Trans Res Trans Res Trans
2009 0 1 1 0 1 3 0 a4 0 0
2010 O 2 0 1 0 5 o P2 o0 1
2011 0 1 3 0 2 2 0 ‘1 0 0
2012 2 0 3 1 1 0 0 0 1 0
Total 2 4 7 2 4 10 0 7 1 1

&3 nests abandoned due to researcher error; 1 ateshdest for unknown reason following
storm

® 2 nests abandoned due to researcher error

¢ Hen was killed off nest
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Table 3 - 10. Average clutch size and number osdggched per nest for resident and
translocated greater sage-grouSenfrocercus urophasianus) hens on Anthro Mountain,
Utah, USA, 2009-2012.

Clutch Size Average Eggs Hatched
Resident TranslocatedAll Hens | Resident Translocated All Hens
2009 8.33 7.25 7.47 N/A N/A N/A
2010 8.00 7.25 7.50 6.25 3.38 4.06
2011 7.80 7.10 7.33 6.40 4.50 5.13
2012 7.40 7.33 7.38 2.80 5.33 3.38
All Years 7.75 7.22 7.43 4.47 4.20 4.32

Table 3 - 11. Maximum likelihood estimates of r&stcess using a 28 day survival

period for greater sage-grousgeitrocer cus urophasianus) hens on Anthro Mountain,
Utah, USA, 20092012.

95% Confidence Interval
Lower CI Upper ClI
0.415 0.651

SE
0.004

Nest Success
0.533

Parameter
Null

Table 3 - 12. Number of broods attempted and ssbagsraised to independence by

resident and translocated greater sage-grdLesgrcercus urophasianus) hens on
Anthro Mountain, Utah, USA, 2002012.

Resident Translocated All Hens
Attempted Succesy Attempted Success Attempted eSsicc
2009 3 1 8 4 11 5
2010 7 5 8 3 15 8
2011 5 3 9 6 14 9
2012 5 3 2 2 7 5
All Years 20 12 27 15 47 27
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Table 3 - 13. Maximum likelihood estimates of geeaage-grouseCentrocercus
urophasianus) brood success using a 50 day survival period fahAnMountain, Utah,
USA, 2009-2012.

95% Confidence Interval

Parameter Brood Success SE Lower ClI Upper ClI
Model 1 - Null
Null 0.550 0.003 0.406 0.694

Model 2 - HenAge

Yearling 0.340 0.007 0.085 0.594
Adult 0.631 0.003 0.466 0.795
Model 3 - Bin

Newly Trans 0.375 0.00679 0.121 0.630
Res and Prev Trans 0.622 0.002720.455 0.789

Table 3 - 14. Maximum likelihood estimates of oMergproductive success of greater
sage-grousedentrocer cus urophasianus) hens on Anthro Mountain, Utah, USA, 2009
2012.

95% Confidence Interval

Reproductive
Parameter Success Lower Cl Upper Cl
Newly Trans Yearling 0.145 0.0660 0.224
Newly Trans Adult 0.231 0.139 0.323
Res Yearling 0.254 0.158 0.349

Previously Trans and Res Adult 0.282 0.189 0.374
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Figure 3 - 1. Map of Utah, USA which includes AmtMountain (red Polygon),

Strawberry Valley (green polygon), and Parker Maim{yellow polygon).
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grouse Centrocercus urophasianus) on Anthro Mountain, Utah, USAom 200-2012.
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Maximum Male Lek Counts on Anthro Mountain
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Figure 3 - 3. Lek count trends of male greater sgrgeise Centrocercus urophasianus)

on Anthro Mountain, Utah, USA, 1971-2012. Blankagsaindicated years in which lek
counts were not conducted.
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CHAPTER 4
LANDSCAPE EFFECTS ON TRANSLOCATED GREATER SAGE-GROU SE

SEASONAL MOVEMENTS, HOME RANGES, AND HABITAT USE

ABSTRACT

Range-wide greater sage-grou€errocercus urophasianus; sage-grouse)
declines have been attributed to the loss or fragatien of sagebrusiiAftemisia spp.)
habitat. In areas where viable habitat has beetegted or restored, wildlife managers
may attempt translocations to augment decliningifagns. Translocations have been
successfully used for native game animals includiplgnd game birds. However, sage-
grouse translocations have had limited succesddlif¥imanagers continue to express
concerns regarding the ability of sage-grouse &pamto the release habitats. In 2009
and 2010, 60 radio-collared hens (30 each yeam® wanslocated from Parker Mountain,
in south-central Utah to Anthro Mountain, in nodleUtah. Although the grouse were
genetically compatible, release site topographlitats, and seasonal migration patterns
differed from the source area. | studied movemehtke translocated sage-grouse and
32 resident sage-grouse from 2009-2012 to deteriinieene ranges and breeding
habitat use differed for cohorts. | also compahedhabitat-use patterns of the
translocated birds to the source population to exarfithe landscape at the release site
affected home range and seasonal movements. Huorge sizes did not differ for
resident and translocated hens, but translocatesl that survived at least 1 year in the
release area had smaller home ranges (225 ha43Bm=n = 22) than newly released

hens (455 ha, SE = 68.8, n = 38; p = 0.037). Aaldktly, the average home range and
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seasonal movement patterns for translocated bietls smaller than the source
population. Habitat use at nesting and brood mgasites was similar for resident and
translocated hens. The release site consisted00 ha of suitable but non-contiguous
habitat compared to approximately 96,000 ha ofiganus suitable habitat at the source
site. Sage-grouse in the source population migrater contiguous habitat to their
wintering areas at lower elevations. Conversalgesgrouse on Anthro Mountain
migrated over dense pinyon-juniper stands to rélaehvintering areas 23—-33 km from
the summer range; the wintering areas were sharéoth translocated and resident
hens. These observations suggest that sage-gransecated into occupied sagebrush
habitats isolated by expanses of non-habitat wegpelde of learning from residents and
adapting to a new landscape. Ultimately, the ssxoéfuture translocations may depend

on individual population characteristics and lasd management.

INTRODUCTION

Greater sage-grous€dntrocercus urophasianus, sage-grouse) depend on
sagebrushArtemisia spp.) communities throughout their range for anfoadl and cover
(Wallestad 1975, Schroeder et al. 2004). Sagesgrpopulations have declined range-
wide over the past century (Schroeder et al. 20@%)ce found in 16 western states and 3
Canadian provinces, sage-grouse currently occit istates and 2 provinces (Connelly
and Braun 1997, Schroeder et al. 2004). Loss kedhaon of suitable habitat is cited as
the primary cause for observed declines (Connel&.€2004, Schroeder et al. 2004, Leu

and Hanser 2011, Wisdom et al. 2011).
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Compared to other galliforms, sage-grouse aredpoliged and have lower
reproductive output resulting from smaller clutetes and lower renesting rates
(Schroeder et al. 1999). Nest success and adukie chick survival are important to
population growth (Taylor et al. 2012). Changeany of these vital rates drive
population fluctuations (Moynahan et al. 2006, Alde and Boyce 2007, Dahlgren
2009, Guttery 2011, Taylor et al. 2012). Thesalvdtes are closely linked to habitat
characteristics such as shrub canopy cover anédbdeols understory (Gregg et al. 1994,
Aldridge and Brigham 2001, 2002, Holloran 2005, idde and Boyce 2007).
Unsuitable habitat could result in decreased prtdticand result in declining
populations (Crawford and Lutz 1985, Sveum et @081 Schroeder et al. 1999, Aldridge
and Boyce 2007).

Because sage-grouse are dependent on sagebrushuoiti@sn protection and
restoration of important habitats remains a highseovation priority range-wide
(Connelly et al. 2011). Managers have implemeptegects to improve nesting and
brood rearing habitat. In areas where populati@awe declined while habitat conditions
are within the recommended guidelines (Connellgl.€2000), managers have sought to
augment populations through translocations.

A translocation is the intentional release of arigmato the wild to establish or
augment a population (Griffith et al. 1989, Dickenigl. 2009). Translocations have
been successfully used as a management tool toesugxtirpated or declining wildlife
populations for both game and nongame speciesdimgjunative upland game birds

(Griffith et al. 1989, Snyder et al. 1999). Gtiffiet al. (1989) estimated an 86% success
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rate for all native game species. Factors thaaotga the success of translocations
included habitat quality, habitat fragmentationd aispersal of translocated sage-grouse
from the release area (Kurzejeski and Root 198&fitGret al. 1989, Musil et al. 1993,
Snyder et al. 1999, Baxter et al. 2008).

Biologists have attempted sage-grouse transloatmaugment declining
populations in areas where habitat conditions apprate the recommended guidelines
for sustainable populations (Reese and Connelly 188nnelly et al. 2000, Baxter et al.
2008). Sage-grouse translocations have been ugkigplmtimes in 7 states and one
Canadian province since the early 1930s (Rees€andelly 1997). Reese and
Connelly (1997) estimated that 5% of sage-grousgstocations were successful
compared to a 32% success rate for other groussldcations in the United States
(Snyder et al. 1999). Managers cite the inabdityranslocated sage-grouse to integrate
into release habitats as one of the factors mésttaig the success of these efforts
(Reese and Connelly 1997).

Home range size is often considered to be inversédyed to habitat quality.
Coates et al. (2006) found that availability oftahie habitat surrounding the release site
was inversely related to the movements of transéac@olumbian sharp-tailed grouse
(Tympanuchus phasianellus columbianus). Because translocated animals are unfamiliar
with new areas, they typically have larger homeyesmand move longer distances than
residents as they search for suitable habitat (@89, Beck et al. 2006, Dickens et al.
2009). The increased movement increases vulnayatoilpredators and could lead to

lower survival and reproductive rates when compéoaesidents in the population
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(Kurzejeski and Root 1988, Musil et al. 1993, Ressd Connelly 1997, Baxter et al.
2008, Taylor et al. 2012). For example, reintraatlouffed grouseBonasa umbellus) in
Missouri were reported to have higher mortalitgsaas their movement increased
(Kurzejeski and Root 1988). Similarly, translochsage-grouse may be less likely to
contribute to population growth compared to resisiéhaylor et al. 2012).

From 2002 through 2006, U.S. Forest Service (US@dgists on the Ashley
National Forest began monitoring sage-grouse halsgand vital rates on Anthro
Mountain. Resident hen survival over this peric@bswimilar to estimates reported
range-wide (B. Christensen 2007, USFS Ashley Natiéorest, unpublished report).
The report concluded that Anthro Mountain providggropriate nesting, brood rearing,
and wintering habitats within the recommended lalgtidelines (Connelly et al. 2000).

Despite having adequate year-round habitat, Anthwantain’s sage-grouse
population declined from 2006 to 2008 based orctaint indices (44 males in 2006 to
13 males in 2008) (B. Maxfield, Utah Division of Mlife Resources [UDWR],
unpublished data). The concern about populatiafiress in and area where habitat was
within published guidelines, the UDWR, USFS, andiU$tate University (USU)
initiated a sage-grouse translocation project D2 reverse the trend.

The sage-grouse population that inhabited Parkermtéin in south-central Utah
was selected as the source population because ideeamed stable by the UDWR and
was genetically compatible with the sage-grouseaif@ion on Anthro Mountain (Smith

2009). Translocation protocols were based ondhg-term translocation research
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conducted in Strawberry Valley which also includethslocated sage-grouse from
Parker Mountain (Baxter et al. 2008, UDWR 2009).

Gruber (2012) reported that sage-grouse transld¢at&nthro Mountain had
similar survival and reproductive success as resgjéut both rates were low compared
to range-wide estimates (Connelly et al. 2011)an§located sage-grouse integrated into
the population and displayed movement patterndasina residents (Gruber 2012).
Gruber (2012) concluded that the overall effedheftranslocation was inconclusive,
however, and cited low survival and reproductivecess as key limiting factors. The
objectives of this study were to determine if habitse and seasonal movement patterns
for translocated and resident sage-grouse on Alauntain differed. | subsequently
compared the home range and seasonal movemer watislocated birds to those
previously reported for the source population ttedaine how landscape size and
characteristics may affect habitat-use patterns 2004, Dahlgren 2006, 2009, Caudill

2011, Guttery 2011)

STUDY AREA
Anthro Mountain, Utah

Anthro Mountain was located on Ashley National Bbia Duchesne County,
Utah approximately 29 km southeast of the town oéliesne (Fig. 4-1). Suitable sage-
grouse habitat was limited to 2,500 ha. The draaimmediately surrounded Anthro
Mountain was characterized by two-needle piny@inys edulis) and Utah juniper
(Juniperus osteosperma) (together, PJ). The PJ encroached on the sagjebaimmunity

at the lower elevations and created an isolateal @reagebrush habitat. This high
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elevation sagebrush community consisted largely mbuntain big sagebrusA. (
tridentata ssp. vaseyana) community intermixed with pockets of quaking aspeopulus
tremuloides) and Douglas-fir Pseudotsuga menziesii). Pockets of black sagebrugh (
nova) was scattered on ridge tops across the moun@iher native vegetation included:
gray horsebrushrétradymia canescens), serviceberryAmelanchier utahensis),
rabbitbrush Chrysothamnus viscidiflorus), snowberry $ymphoricarpos oreophilus),
lupine upinus argenteus), June grasK(eleria macrantha), basin wildrye I(eymus
cinereus), salina wildrye . salinus), and bluebunch wheatgragdyimus spicatus).
Smooth bromeBromusinermis) was seeded in the 1950s in portions of the area.

Anthro Mountain ranged from 2,400-2,800 m in elmratind was bordered by
the Uintah Basin to the north and east, Gilsond@ayon to the south, and Indian canyon
to the west, all of which were lower in elevatitvan Anthro Mountain. Anthro
Mountain received an average of 49 cm of precipitaannually with the majority of the
precipitation as heavy winter snow and thunderssadoring the monsoon season in July
and August.

The current and historical land use was domestastock grazing (Thacker
2010). Sage-grouse hunting was not allowed on varithountain. In 2010, U.S.
Department of Agriculture, Animal and Plant Hedhlbpection Services, Wildlife
Services (WS) placed poison eggs on Anthro Mourttaiarget and remove corvids
around active sage-grouse lekking and nesting. sAéthough WS occasionally targeted
and removed mammalian predators on Anthro Mountaieansive mammalian predator

control was not used as was practiced during trevderry Valley translocation (Baxter



123
et al. 2008). Anthropogenic influences on Anthrouvitain included exploratory oil and
gas development, unimproved roads along ridgeliieese lines, and seasonal

recreational traffic.

Parker Mountain, Utah

Parker Mountain, the source of the translocated-gaguse, was located in south-
central Utah approximately 218 km southeast of Antiountain (Fig. 4-1) and was part
of the largest contiguous sagebrush ecosystemsaim (Chi 2004). This high elevation
sagebrush ecosystem contained approximately 961@@0 suitable sage-grouse habitat
and was characterized by rolling hills and gentytineastern sloping plateaus (Chi 2004,
Caudill 2011). The ridges and slopes were domehbhteblack sagebrush while big
sagebrush, bitterbrusP(rshia tridentata), and rabbitbrush were found in the drainages.
Grasses commonly found on Parker Mountain inclgtadha grassBoutel oua spp.),
wheatgrass, bluegrad€laoa spp.), squirreltail gras€( elymoides), needlegrass
(Hesperostipa spp.), and June grass.

Elevations on Parker Mountain ranged from 2,13418)@ (Chi 2004). Parker
Mountain was situated on 2 plateaus and was boulylath escarpment to the west and
Rabbit Valley to the east (Chi 2004). The predantdand use on Parker Mountain was
livestock grazing (Guttery 2011). To reduce livegtdepredation on Parker Mountain,
WS removed mammalian predators throughout the (f&ar2004). Additionally,

Wayne County, Utah, the county in which most ofkeaMountain was situated, had a
bounty on coyotesdanis latrans) which may have resulted in additional coyote®iak

from the study area (Chi 2004). The sage-groupelption on Parker Mountain was one
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of the few hunted populations in Utah. Althoughlike@a Mountain contained a vast area
of contiguous sagebrush habitat, it was fragmehyegravel and unimproved roads, but
traffic volumes were low (Caudill 2011). Energwdmpment on Parker Mountain was

non-existent.

METHODS
Data Collection

The UDWR and USU translocated a total of 60 fersalge-grouse (30 yearlings
and 30 adults) from Parker Mountain to Anthro Ma@umtn the spring of 2009 and 2010.
Thirty-two resident female sage-grouse (21 yeasliagd 11 adults) were captured from
2009 through 2012 on Anthro Mountain.

We captured sage-grouse by spotlighting roost sg@s active leks; birds were
netted with long-handled hoop nets from the backroéll-terrain vehicle or on foot
(Giesen et al. 1982, Wakkinen et al. 1992). Wemheihed the sex and age of each
grouse using plumage characteristics outlined kB¢ al. (1975). Each captured sage-
grouse was fitted with a necklace-mounted radiogmatter equipped with an 8 hour
mortality switch (Advanced Telemetry Systems, IrisdN, USA and American
Wildlife Enterprises, Monticello, FL, USA). Thet@mna was bent to rest along the back
of the sage-grouse to minimize interference witlvemeent. After fitting the transmitter,
the hen was weighed with a Pesola scale™ (Pesetp,Baar, Switzerland). For each
grouse captured, we recorded the time and UTMs (I8BpPof the capture site and

release time. Any injuries or comments about ihd$condition upon release were also
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recorded. Handling protocols were approved by (&&tte University Institutional
Animal Care and Use Committee (Permit # 1404).

Translocation followed protocols outlined by Bax¢¢ml. (2008) and Reese and
Connelly (1997). Each hen was placed in an indi@idardboard box with holes for
ventilation and transported by vehicle overnighftdhro Mountain for release. The
hens were released during hours of breeding actygproximately 100 m from an
established lek (Gruber 2012). It was recommenkattranslocated sage-grouse be
released in an area of sagebrush habitat surroundadarrier to movement from the
release site (Reese and Connelly 1997, Baxter 20@8). Although Anthro Mountain
had viable sagebrush habitat, there was no banhdyiting sage-grouse from leaving the
study area.

Homerange and Habitat-use. — | monitored movements of radio-marked sage-
grouse using a Communications Specialist™ telemretrgiver (Communications
Specialist, Inc., Orange, CA, USA) and handheldeBrent yagi antennas. Each hen was
located 2 to 3 times a week from April through AsguAll brood rearing hens were re-
located 3 times a week until the brood reacheday@ df age. Each male was re-located
at least once a week from April through August.e@oiaccess limitations caused by
snow pack, sage-grouse were monitored monthly duha late fall and winter.

Sage-grouse locations were evenly distributed adimsg time blocks (0600—
1000, 10001400, 1400-1800, and 1800-2000) to aamidistently locating the grouse
at the same time and imparting a bias. If a sagasg was located after 2000 hours, |

noted that it was a night location. To locateshge-grouse, | followed the strongest
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signal until I was within approximately 50 m andhwueted a circle around the strongest
signal to pinpoint its location. If a grouse flesh | noted the flock size and marked the
exact location. If a grouse did not flush, | st@b cardinal direction from the strongest
signal, estimated the distance to the sage-gramskadjusted the UTMs accordingly.

| conducted vegetation surveys to measure micrbsibétat-use of breeding hens.
Vegetation surveys were conducted at each negffeitel5 m transects) and at one
location a week for each brood (four 10 m trangeaatsi| the brood fledged at 50 days or
was lost (Schroeder 1997). When gathering locatitormation for brood vegetation
plots, | visually located the hen and determineddxact location. Vegetation plots were
centered on the nest or as close as possiblertwod’b former location. We attempted to
complete surveys within a week from the date ofrtbst fate or brood location so
measurements approximated what was used by the hen.

Vegetation surveys included measurements of shaobpy cover, herbaceous
understory composition, and visual obstructionaatheplot. | used the line intercept
method along each transect to determine shrub gazoyer (Connelly et al. 2003).
Herbaceous cover measurements were estimatedaigidige 50 cm Daubenmire frame
(Daubenmire 1959, Connelly et al. 2003). Daubearfiame measurements were taken
along each transect at 3 m intervals for the rieet and 2.5 m intervals for the brood
sites. | estimated the percentage and maximunihhefgrasses and forbs within the
Daubenmire frame at each interval. | also estith#te percent of litter, rock, and

bareground at each interval.
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Hens on Parker Mountain were located monthly usiegracking techniques
described above (Caudill 2011). These locationgwsed to determine movements and
home ranges of hens on Parker Mountain. Vegetatiarnacteristics at nest and brood

sites on Parker Mountain were measured using tlieads described above.

Data Analysis

Homerange and Habitat-use. — All spatial location data were recorded usimg t
projected geographic coordinate system Universah3verse Mercator (UTM) Zone
12N. Location data were loaded into ArcMap 10.4r((EHRedlands, CA, USA) and edited
to censor erroneous location data. | censoredwd#ttaancomplete UTMs, multiple
locations in one day, and release locations. Ngstata for the same hen are not
independent because they include identical UTM&&wh location; therefore | counted
all nesting locations as a single relocation instatio assess home range (Springer 2003).
| right censored missing grouse and mortalitieghatlast live location for the grouse. All
hen and male grouse locations were used to deteranga of occupancy for the Anthro
Mountain sage-grouse population.

Descriptive statistics for home range and vegetatttaracteristics on Anthro
Mountain were computed based on the raw data. eT$tasistics were used to describe
differences in home range and habitat-use for eahbbrt (resident, newly translocated,
and previously translocated hens).

For the purpose of home range analysis, | onlyuhetl hens witk 5 locations
(Springer 2003, Burnett 2013). Although there wsgreradic winter locations, most

location data were recorded from April through etoof each year. Therefore, |
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estimated seasonal home ranges using only thedasdtom April through October.
The sporadic winter locations were only used ferdahea of occupancy. All home ranges
and respective areas were calculated using a ¢ocaex hull (LoCoH) nonparametric
kernel method which is a generalized minimum corpelygon home range estimator
(Getz et al. 2007. | used LoCoH instead of theupeatric kernel methods for
constructing home ranges because LoCoH is suparidentifying inhospitable terrain
and irregular structures (roads, ravines, ridged,racky outcrops), all of which were
present on Anthro Mountain (Getz et al. 2007).

The home range data were not normally distribufBlde Mann-Whitney-U test
does not require data to be normally distributedsfier and Grove 1999). Therefore, |
used the Mann-Whitney-U test to examine if homeeardiffered for resident hens,
newly translocated hens, or previously translocaets. Results were considered
significant if p< 0.05.

| tested for differences in vegetation charactessat successful and unsuccessful
nest locations. | also examined if a differenciabitat use existed between resident and
translocated hens within years and for the entudysperiod. | used the Spearman rank
correlation coefficient to test for inter-corretatiamong variables. The vegetation data
were not normally distributed; therefore, | useé ktann-Whitney-U test to examine if
differences in vegetation characteristics existatkeat sites (Rosner and Grove 1999). |
considered results significant i<p0.05.

Wintering home ranges of juvenile hens on Parkeuiain were calculated

using the Home Range Extension in ArcView 9.2 tate 100% minimum convex
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polygons. Descriptive statistics of home ranges\syetation characteristics at nest and
brood sites were calculated using the raw dathdéas on Parker Mountain (Chi 2004,
Caudill 2011). The descriptive statistics for horaeges and vegetation use on Anthro

Mountain were then compared to those on Parker kéaun

RESULTS

Resident and translocated hens and resident sellested for the ridge habitats
on Anthro Mountain from spring through fall (Fig.14. Males were located on
Cottonwood Ridge during the late summer and mowt bo Anthro Mountain in the
fall (Fig. 4-1). Hens were not located on Cottonddridge. Although Cottonwood
Ridge was considered part of the Anthro Mountaim, d@imis ridge was not connected to
other ridges or geographic features of Anthro Maimt Grouse were found on mortality
in Whitmore Park and Fivemile Canyon while a feanglocated grouse were located in
Emma Park. During the winter, both resident aaddlocated sage-grouse were
documented using several areas off Anthro Mounidiibe some stayed on the mountain
(Fig. 4-2). One wintering area was approximatéykeh northeast of Anthro Mountain
while another wintering area was approximately 88rortheast of Anthro Mountain.
Lastly, a wintering area was identified approxinha&6 km east of Anthro Mountain.
Despite wintering in close proximity to the Greeind®, no grouse were documented to
cross the river. Additionally, some grouse weated approximately 10—30 km
southeast of Anthro Mountain during the winter (H¢R). Due to the sporadic winter

locations, we could not identify migration corridasr determine if the migrations



130
occurred as a single flight or in multiple stagékt all radio-collared grouse were
located in the winter.

Parker Mountain sage-grouse displayed an eleatiaigration pattern (Chi
2004, Caudill 2011). As winter snow pack accunmadasage-grouse moved to lower
elevations and were clustered together in highitleaseas. The grouse moved to higher
elevations as summer progressed. Sage-grouse reavefhof Parker Mountain was
limited (M. Guttery, USU, personal communication).

No difference in home range existed between rasiaied newly translocated
hens or resident and previously translocated hesnthro Mountain (Table 4-1).
Previously translocated hens, however, had a snal@e range (225 ha, 95%
Confidence Interval (Cl) = 142-310 ha, n = 22) thawly translocated hens (455 ha, ClI
= 320-590 ha, n = 38; Fig. 4-3). Resident hensamaaverage seasonal home range of
389 ha (Cl = 263-515 ha, n = 36). Males had anagechome range size of 1069 ha (ClI
= 387-1651 ha, n = 11; Fig. 4-3). Caudill (201dyrid that home ranges of juvenile
hens on Parker Mountain from August—March averae6.3 ha.

Both resident and translocated sage-grouse onr@dMbuntain were documented
in habitats with a tree component. | obtainedd#tions of sage-grouse that were
within 10 m of standing pinyon, juniper, and Dowgyfa trees. These instances ranged
from single or multiple birds under a single stamgdiive conifer in the middle of a stand
of sage to brood hens that were located in the lenigiida thick pinyon-juniper forest.

Both males and females were located within 10 thefconifers and the locations
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ranged temporally from 0805 hrs to 2240 hrs anthfBbJanuary to 21 October. | also
obtained 92 relocations of grouse that were diyentbr within 10 m of aspen stands.
Both resident and translocated hens used aspaissthe majority of aspen use was by
hens with broods. Locations in aspen stands rafigedl June to 18 October.

Thirty percent (25/82) of nest vegetation plotsfarthro Mountain contained tree
canopy cover. Nests were located under mountgisdgebrush (n=60), pinyon pine
(n=19), juniper (n=1), rabbitbrush (n=1), and aibagldrye grass clump (n=1; Table 4-
7). Eighty-four percent (16/19) of the nests thate located under pinyon pines were
initiated by translocated hens (7 by newly trarated hens and 9 by previously
translocated hens). A resident hen initiated &t focated under a juniper and another
resident hen initiated the nest located under &senbwildrye clump.

Resident hens on Parker Mountain positioned alf tiests under shrubs.
Nesting substrate on Parker Mountain included:k$agebrush, big sagebrush,
rabbitbrush, big sagebrush/bitterbrush combinatiand big sagebrush/snowberry
combinations (Chi 2004). Hens did not place nestseas with tree canopy cover (T.
Messmer, USU, personal communication).

Forb height and grass height were the only vegetatiharacteristics to vary for
successful and unsuccessful nests (Table 4-2)ceSsful nests had slightly taller forbs
(9.84 cm, SE = 0.36) than unsuccessful nests @MBE = 0.54). Grass height was
also taller at successful nests (17.73 cm, SE ¥) @&an unsuccessful nests (15.18 cm,

SE = 0.59; Table 4-3).
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Vegetation characteristics at resident and traaséochen nest sites on Anthro
Mountain varied little within years. In 2009, thely nest site characteristic to differ for
resident and translocated hens was nest shrubti{#igh 69, p = .004; Table 4-4).
Translocated hens nested under taller structugesn(8 SE = 3.2) than resident hens (51
cm, SE =7.5). In 2011, shrub cover at nest sitesthe only characteristic to differ for
resident and translocated hens (W = 86, p = 0.0@Bte 4-4). Resident hens nested in
areas with greater shrub canopy cover (24.13 cnx 3B) than translocated hens (16.7
cm, SE =2.9). In 2010 and 2012, vegetation measents at nest sites did not differ for
resident and translocated hens.

Mean percent canopy cover at nest sites was tlyevaniable that was
significantly different for resident and translaaéthens over the 4 year study (W = 1028,
p = 0.028; Table 4-4). Translocated hens selaustisites with less canopy cover
(21.7%, 95% CI = 19.1-24.3) than resident hens7¢2695% CI = 23.6—30.0). Over the
entire study period, nest site vegetation averagedollowing: 77 cm (SE = 3.6) nest
height, 128 cm (SE = 4.1) nest diameter, 31cm (SEL¥shrub canopy height, 23.8%
(SE =1.1) shrub canopy cover, 14.5% (SE = 0.78)gue forb, and 17.57% (SE = 0.76)
percent grass (Table 4-5). Vegetation characiesiat resident nest sites averaged: 71
cm (SE = 5.0) nest height, 135 cm (SE = 7.38) desheter, 32 cm (SE = 1.48) canopy
height, 27% (SE = 1.48) percent shrub cover, 15SE= 1.24) percent forb, and 17.5%
(SE =1.07) percent gras¥egetation characteristics at translocated ntest averaged:

81 cm (SE = 5.0) nest height, 123 cm (SE = 4.58) diameter, 31 cm (SE = 1.48) shrub
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canopy height, 21.68% (SE = 1.33) percent shrulercdd.9% (SE = 0.88) percent forb,
and 17.6% (SE = 1.08) percent grass (Table 4-5).

Vegetation at nest sites on Parker Mountain averasfecm (SE = 2.2) shrub
canopy height, 32.1% (SE = 1.0) shrub canopy cé&/26% (SE = 0.49) percent forb,
and 6.09% (SE = 0.49) percent grass (Chi 2004leT4i6).

Within year vegetation measurements at brood ditegsot vary for 2009, 2011,
and 2012. In 2010, translocated brood hens usss avith a higher percent of grass
(23.3%, SE = 2.20) than residents (18.0%, SE =,1650.027). For all years
combined, translocated brood hens used areasalligh shrubs (29 cm, SE =1.03; p =
0.032) and forbs (10.8 cm, SE = 0.34; p = 0.05451d4-8) than resident brood hens
(shrubs: 26 cm, SE = 0.094; forbs: 9.61 cm, SE2¥)0. Over the study period,
vegetation at all brood sites on Anthro Mountaieraged: 27 cm (SE = 0.71) shrub
canopy height; 21.2% (SE = 0.63) shrub canopy ¢a\&#% (SE = 0.55) forb cover,
and 19.6% (SE = 0.55) grass cover.

Average vegetation characteristics at brood siteBarker Mountain were not
reported for all years combined (Chi 2004). Shrabopy cover ranged from 19.5—

28.9%, forb cover ranged from 3.0-12.4%, and gctassr ranged from 9.3-11.6%.

DISCUSSION

Migration is an important component of many wildlgpecies’ life histories
because it connects multiple areas of discreteuress required for completing life
cycles. Some sage-grouse populations are non-orgrahile others migrate between

wintering and breeding areas (Connelly et al. 20H9wever, even within populations
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considered migratory, individual birds may not raigr (Fedy and Doherty 2010). Some
sage-grouse have been documented to travel utkrhibetween seasonal areas (Smith
2013). The sage-grouse on Anthro Mountain migiateveral disconnected areas in
multiple directions during the winter, and thesetating areas were approximately 30—
35 km from the summer range. Resident and traat#dchens used similar wintering
areas throughout the study. Sage-grouse on Plsliia@ntain sought wintering areas at
lower elevations that were connected by sagebrablidt when snowpack accumulated
in the higher elevations (Chi 2004, Caudill 201A)though the hens translocated to
Anthro Mountain were not accustomed to migratingiszonnected areas, they
successfully completed the migrations and sharetiewng areas with resident hens in
the population. The overlapping winter rangesdatiid that the translocated hens
learned the seasonal movement patterns from rasidamAnthro Mountain and they
adapted to their release area.

Sage-grouse migrations may occur in a single flighstages, or have more
complicated seasonal movements (Connelly et al8,1981ith 2013). Although some
wintering areas were identified, little is knownoab migration patterns of Anthro
Mountain’s sage-grouse population. Weak evidend&ated that migration might occur
in stages and that grouse use stopover pointanplete migrations. For example, 1
male was located in the Twin Knolls area (~ 32 kamfrAnthro Mountain) on 7
February 2013. On 11 March 2013, the same maldagated in Big Wash
approximately 10 km closer to Anthro Mountain ahdrt located near an active lek on

Anthro Mountain a week later on 19 March 2013 (Bi2). Migrations on Parker
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Mountain occurred from September through Novemdned, sage-grouse congregated in
common wintering areas (Caudill 2011). Additiogaluitable habitat was contiguous
between the summering and wintering ranges. Tbezgthe issue of stopover areas and
whether migrations occur in stages is less impottean on Anthro Mountain.

Some sage-grouse, both resident and translocaezd,net located on the known
wintering grounds indicating that some winteringasm are undiscovered for this
population. Lastly, because some sage-grousedstay@dnthro Mountain throughout the
winter, we can infer that the mountain contains s@nitable wintering habitat and sage-
grouse might prefer to stay on Anthro Mountairoibd resources are not covered by
winter snow.

Seasonal home range is an essential componentasfigal’'s ecology because it
has important implications for energetics, surviaad time budgets (Whitaker et al.
2007). Larger home ranges may be costly becaeyeé¢guire individuals to expend
more energy while increasing the potential for emters with predators (Whitaker et al.
2007). Additionally, home ranges are inverselyeated to resource availability, habitat
quality, and fitness; therefore, an animal is exgeéto use habitats that fulfill their
resource needs within the smallest possible arady@ev et al. 1996, Whitaker et al.
2007). Animals more familiar with a given area caduce movements while improving
foraging efficiency, predator avoidance, and repotide success (Badyaev et al. 1996).
The smaller home range size of previously transémchens compared to newly
translocated hens indicates that previously traaséal hens are more familiar with their

release area and could more easily locate qualitytdt. The larger home ranges of
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newly translocated hens may also be an indicati@xploratory movements in search of
suitable habitat, whereas previously translocatt lalready identified suitable habitat
(Kemink and Kesler 2013).

The difference in home range may be partially exeld by a shift in age class
from yearlings to adults for previously translochhens. Juvenile Appalachian ruffed
grouse had a home range that was twice the siadufs (Whitaker et al. 2007).
Because newly translocated sage-grouse includédyeatrlings and adults while
previously translocated hens only included adthiis,home range for newly translocated
hens might be larger. This may also explain thalemhome range for previously
translocated grouse compared to residents in thelgion. Residents included both
yearling and adult grouse while previously tranated grouse were only adults;
therefore, the home range might be slightly higbeall residents.

Resident hens on Parker Mountain had an averagalbkeme range that was
almost 8 times greater than the largest hen hongeran Anthro Mountain. This might
be attributable to the extensive contiguous habiaParker Mountain whereas suitable
habitat on Anthro Mountain was limited and fragneehby roads and natural changes in
vegetation. Anthro Mountain contained approximagb00 ha of suitable habitat
compared to 96,000 ha on Parker Mountain. Becsage-grouse on Parker Mountain
have a large area in which they can move, thejilely to have larger home ranges as
they use different resources across the landsdapaversely, Anthro Mountain sage-

grouse have a finite area that can be utilized wmay result in small home ranges.
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Larger home ranges typically lead to higher prexhatates, therefore higher
mortality rates would be expected for newly tranated hens as they seek appropriate
habitat types (Whitaker et al. 2007). Reintroduadted grouse in Missouri were
reported to have higher mortality rates as theivenzent increased (Kurzejeski and Root
1988). | reported that residency status did nigicasurvival of hens on Anthro
Mountain (See Chapters 2 and 3). Because sunwaslsimilar for all cohorts but newly
translocated hens had larger home ranges tharopsdyitranslocated hens, we can
conclude that the home range size does not signific affect survival on Anthro
Mountain.

An adequate amount of quality habitat can reduedaiion rates by native
predators (Connelly et al. 2000, Schroeder and 8ay@001, Hagen 2011). Despite the
fact that hens on Anthro Mountain had smaller hoamges than those on Parker
Mountain, survival of Anthro Mountain hens was loampared to survival of resident
hens on Parker Mountain (see Chapter 2). Suitaddéat is limited and highly
fragmented on Anthro Mountain compared to ParkeuiMain. Because the suitable
habitat on Parker Mountain was so extensive, it haye buffered the hens from the
pressures of predation and led to higher survatas despite larger home ranges.

Sage-grouse require a variety of plant communipesyfor breeding, nesting, and
brood-rearing (Crawford et al. 2004). Nest sitesselected based on height and amount
of shrub canopy cover and adequate vegetationtsteuprovides a barrier to detection
by predators (Klebenow 1969, Gregg 1991, Crawforl.e€2004). Nesting vegetation

characteristics on Anthro Mountain were comparableeasurements found in other
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studies and were within the recommended guideforestable populations (Connelly et
al. 2000, Hagen et al. 2007). Mean shrub heiglitpncent canopy cover at nest sites
was lower for Anthro Mountain hens than Parker Maimhens, but the percent of grass
and forb cover was greater on Anthro Mountain tRarker Mountain (Chi 2004).

Sage-grouse typically position their nests undgebeush, oftentimes mountain
big sagebrush (Wallestad and Pyrah 1974, Gregg £824). Although mountain big
sagebrush was the most frequently used shrub dmr@Mountain, hens used a variety
of other nesting substrates. Nests were commdabted under pinyon pines and this
anomaly appears to be unique to Anthro Mountaitthcuigh others have reported
grouse using areas with pinyon and juniper treesr(&t 2013, H. McPherron, Utah
State University, personal communication), theeelianited reports of sage-grouse using
these trees as nesting substrates. Both transtbeat resident hens successfully nested
under pinyon pines, but translocated hens nestédrynnyon pines more frequently than
residents. Although hens translocated from Pdvi@sntain to Anthro Mountain nested
under pinyon pines, resident hens on Parker Monintare not documented to nest under
trees (Chi 2004, Dahlgren 2006). Parker Mountaima&ined a greater amount of
sagebrush than Anthro Mountain and did not haverexte PJ encroachment.
Additionally, the sagebrush on Anthro Mountain was as dense as Parker Mountain (T.
Messmer, USU, personal communication). Becaudeduglity sagebrush habitat was
in abundance on Parker Mountain, the availabilitiraditional nesting substrates was
not limited. Conversely, the limited amount of sbigish on Anthro Mountain, coupled

with the encroaching PJ, may have forced the sapesg to adapt and use the available
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habitat. Because sagebrush was less dense on Avithinatain, pinyons may have
afforded increased concealment and protectiondosh

Hens on Parker Mountain nested in areas with greateent canopy cover and
taller shrubs than hens on Anthro Mountain. Addiéilly, the mountain sagebrush cover
on Anthro Mountain was not as dense or tall as doam Parker Mountain (Chi 2004, T.
Messmer, USU, personal communication). Hens togastd to Anthro Mountain may
have been more inclined to nest under pinyons [secthe dense, tall trees may have
provided the perceived concealment from predatasthe hens were accustomed to on
Parker Mountain.

Brood hens use specific habitats to meet the dieteeds of both herself and the
brood (Klebenow 1969, Crawford et al. 2004). Fabd insects comprise the majority
of sage-grouse chick diets, and brood hens arealpifound in areas of greatest forb
abundance (Klebenow 1969). Vegetation charadiesiat translocated and resident hen
brood sites on Anthro Mountain were comparabledlawsParker Mountain and within
the recommended guidelines for stable populati@umnielly et al. 2000, Chi 2004,
Hagen et al. 2007). Despite reproductive hensggusimilar habitat characteristics at both
study sites, chick survival on Anthro Mountain wasch lower than Parker Mountain.
On Anthro Mountain, chick survival for resident Belanged from 0.078-0.160, while
chick survival for translocated hens ranged fro602-0.035 (Gruber 2012). Chick
survival on Parker Mountain averaged 60% (Dahlgtesl. 2010). Intensive
management efforts have focused on increasing lnesthg habitat on Parker Mountain

(Chi 2004, Dahlgren 2006, Guttery 2011). The caration of increased brood rearing
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habitat coupled with large contiguous stands oébagsh may account for the large

difference in productivity between Parker Mountaimd Anthro Mountain.

MANAGEMENT IMPLICATIONS

The use of pinyon pines as nesting substratesdsmce that, if the scale and
availability of quality habitat dictates, sage-gselcan adapt and reproduce in marginal
habitat. Although translocated hens adapted gmdeced in Anthro Mountain’s
marginal habitat and lek counts increased (seet€h8p the population is small and still
at risk for extirpation. Disturbance and fragméotaalong migration routes could deter
sage-grouse from making important seasonal movenaent result in a declining
population.

Anthro Mountain sage-grouse use various wintermegs disconnected from the
main summer area. Although we are aware of sonti@ese wintering areas, others are
still unidentified and the migratory habits of tipigpulation are unknown. | suggest that
managers identify all wintering areas, migrationricmrs, and stopover areas for this
population. With this information, managers wid better equipped to assess the highest
priority areas and implement management actiomsctease seasonal habitat
connectivity. Ultimately, the increased conned¢yiwill improve this population’s
health.

Resident hens on Parker Mountain displayed winigration patterns that were
elevational in nature. These seasonal migratiare W areas that were connected by
contiguous habitat. Because sage-grouse transtbéaim Parker Mountain successfully

migrated to Anthro Mountain’s wintering areas whieére separated from the summer
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range by non-habitat, we can conclude that traagtalcsage-grouse adapted to the
release area. Similar home ranges, habitat udep\a@rlapping wintering areas are
further indication that translocated sage-grousegimted into this migratory population.
Because the resident population is migratory, likedy that flocking with residents
assisted with learning the migration patterns (@ri12). My results indicate that
when using translocation methods employed by Baettat. (2008), translocated sage-
grouse can integrate into populations and adalpintdscapes that are starkly different
than the source site. Due to their adaptabilinglocating sage-grouse can assist with

augmenting declining migratory populations.
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Table 4 - 1 Results of the Mar-Whitney-U test for differences in home ranges

resident and translocated greater -grouse Centrocercus urophasianus) on Anthro
Mountain, UT, USA 200-2012.

W p-value
Resident vsNewly Translocate 749 0.488
Resident vsPreviously Translocat: 493 0.123

Newly Translocated vereviously Translocated554 0.037

Table 4 - 2 Results of the Mar-Whitney-U test of differences at successful :

unsuccessfulrgater sac-grouse Centrocercus urophasianus) nests orAnthro
Mountain, UT, USA 200-2012.

W p-value
NestHeight 651.5 0.5797
NestDiameter 839 0.1631
ShrubHt 807 0.428
% Shrub 702 0.7919
% Forb 614.5 0.2465
ForbHt 514 0.02888
% Grass 561 0.08816
GrassHt 446 0.00398

Table 4 - 3Mean vegetation characteristat successful and unsuccessireater sage-
grouse Centrocercus urophasianus) nests on Anthro Mountain, UT, USA 2(-2012.

MactUt MactDiam fannnu Ut % fanony 0Z Carh Cark LIt 9L fSrace Sraec Ut
Mottt Noctliam Lanopy =t %5 {anony 5 rorn sore =t 25 Erass {zrass =t

Success n mean SE mean SE mean SE mean SE mean SE mean SE mean SE mean SE
Yes 47 77,45 466 123,38 5,98 3071 1.42 24,14 1.35 1506 091 984 036 18,49 1.09 1773 051

a1 a7 21 An AC

B FA AT £ 14 A307 0M L oA “ o L= B B o B - 0 a0 ACA - nm0 A MT A0 10 N Do
NO fu f4.4/ .11 133.9U 23,04 S3Z£.£L£L 1.4 £3.Uo0 L1.31 Llo.f£L L1.31 0.47 U.o4 1oUZx 1.Uf 1a.1lo U.37
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Table 4 - 4. Results of the Mann-Whitney-U testdifferences in vegetation characteristics at
nest sites for resident and translocated greatgrgeouse Centrocercus urophasianus) hens on
Anthro Mountain, UT, USA 2009-2012.

All Years 2009 2010 2011 2012
n=2381 n=21 n=24 n=21 n=15
p- p- p-
W value W wvalue W value W p-value W p-value
Nest Shrub
Height 647 0.190 69 0.004 695 0545 355 0.181 11 0.348
Nest Shrub
Diameter 915 0.197 295 0.512 605 0.975 785 0.1085 0.717
Canopy
Height 849 0.638 50 0445 52 0664 71 0.282 28 (.18
Percent
Shrub 1028 0.028 43 0.842 68 0619 86 0.029 27 0.233

Percent Forb 866.5 0.521 52 0.354 575 0924 79 990.0 21 0.734

Forb Height 637 0.122 48 0548 74 0.383 68 0.387 70.136

Percent

Grass 805 0.958 32 0.548 67 0.657 46 0.557 15 0.734
Grass

Height 931 0.736 56 0.208 79 0.227 66 0.468 14.5669.

Table 4 - 5. Average vegetation characteristiggeater sage-grous€dntrocercus
urophasianus) nest locations on Anthro Mountain, UT, USA 2009-201

Nest Shrub Nest Shrub Canopy
Height Diameter Height % Canopy % Forb % Grass
n Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE
Resident 34 7138 501 13526 7.38 31.77 148 26.1/4 15.28 1.24 1754 1.07

Translocated 47 81.285.00 12257 459 3097 148 2168 133 1392 088 1759 1.08
All 81 77.08 3.60 12796 413 31.31 106 2382 1.06 1449 0.73 1757 0.76
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Table 4 - 6. Average vegetation characteristicpedter sage-grous€dntrocercus
urophasianus) nest sites on Parker Mountain, Utah, USA. From ZTiQ4.

Canopy Height % Canopy % Forb % Grass
Mean SE Mean SE Mean SE Mean SE
51 cm 2.2 32.1 1.0 2.26 0.49 6.09 0.49

Table 4 - 7. Nesting substrates for resident aamktocated greater sage-grouse
(Centrocercus urophasianus) hens on Anthro Mountain, UT, USA 2009-2012.

Mountain big sage Pinyon Juniper  Rabbitbrush Basin wildrye
Year Res Trans ResTrans Res Trans Res Trans Res Trans
2009 11 5 0 5 0 0 0 0 0 0
2010 4 15 2 4 0 0 0 0 0 0
2011 9 4 1 6 0 0 0 1 0 0
2012 10 2 0 1 1 0 0 0 1 0

Table 4 - 8. Results of the Mann-Whitney-U testdidferences in vegetation
characteristics at brood sites for resident anustozated greater sage-grouse
(Centrocercus urophasianus) hens on Anthro Mountain, UT, USA 2009-2012.

All Years 2009 2010 2011 2012
W p-value W p-value W p-value W p-value W p-value

Canopy Height 5574.5 0.032 132 0.298 197 0.084 707 0.153 217 0.87
Percent Shrub 7016.50.493 131 0.286 249 0.483 879.50.937 2485 0.558
Percent Forb 6362.50.550 141 0.433 346 0.232 711.50.164 249.5 0.542
Forb Height 5685.5 0.054 144 0.480 280 0929 896 0.822 168 0.17
Percent Grass 6300 0471 18%.715 1725 0.027 8355 0.765 242 0.673
Grass Height  6251.5 0.414 199 0.457 193 0.071 1008 0.226 213 0.80
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Anthro Mountain Greater Sage-grouse Locations
Resident and Translocated Sage-grouse 2009 - 2012

F ) R
P - —

s

Nutter's Ridge [ J e - ;
::_;‘;.;: f - y
! > s .
K > 3
# Alkali Ridge

= #
i 4

(e | Chokecherry Ridge

-

0 125 25 5 7.5 0 N .
e e e— LN Grouse Locations
W E )
@ Residents
Coordinate System: NAD 1983 UTM Zone 12N
Projection: Transverse Mercator S #® Translocated

Basemap Provided by ESRI
Created: 22 April, 2013 by Orrin Duvuvuei

Figure 4 - 1. Map of resident and translocatedtgresage-grouseCentrocer cus
urophasianus) locations on Anthro Mountain, UT, USA from 200942.
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Seasonal Use Areas
Anthro Mountain, Utah 2009-2012
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Figure 4 - 2. Map of seasonal use areas for resatahtranslocated greater sage-grouse
(Centrocercus urophasianus) on Anthro Mountain, UT, USA from 2009-2012.
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CHAPTER 5

CONCLUSIONS

Greater sage-grous€dntrocercus urophasianus, sage-grouse) have declined
substantially from their historic range and araadidate for listing under the U.S.
Endangered Species Act. Based on lek counts, Bmraksage-grouse populations
exhibit dramatic decreases (Garton et al. 2011il& to range-wide trends, sage-
grouse populations in Utah have declined and ctlyrencupy less than 50% of their
historical distribution (Beck et al. 2003). Thekelines highlight a need for
management actions that will increase populations.

Declining populations warrant conservation and ngangent actions to reverse
the declines. Oftentimes, the best strategiesverse the trends are directed at
improving the most influential vital rates on pogidn growth (Wisdom et al. 2000).
When influential vital rates are improved or stefgitl, managers may attempt
translocations to augment declining wildlife popidas (Fischer and Lindenmayer 2000,
Davis 2012). In the case of sage-grouse transtotsatlong-term monitoring should be
implemented to determine the overall effects topbpulation (Reese and Connelly
1997).

Sage-grouse were translocated to Anthro Mountadiah tb reverse a declining
population. Parker Mountain, Utah was chosen astlirce population for the
translocations because it was deemed stable amdicgdly compatible with Anthro
Mountain’s population (Smith 2009, Utah DivisionWfldlife Resources (UDWR)

2009). During the first two years of this tranglbon project, translocated sage-grouse
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exhibited similar survival and reproductive succassesidents, but the rates were low
compared to range-wide estimates (Gruber 2012Yitibaally, translocated sage-grouse
integrated into the population and displayed mowvdrpatterns similar to residents
(Gruber 2012). Gruber (2012) determined that therall success of the translocation
was inconclusive, citing low survival and low regustive success. | examined the
effects of the translocation efforts on Anthro Mtain’s sage-grouse population 4 years
after initial release.

Translocated sage-grouse unfamiliar with a releasa are likely to have lower
survival compared to residents in the populatiomiget al. 1993, Reese and Connelly
1997, Baxter et al. 2008, Taylor et al. 2012). rEf@re, translocated sage-grouse may
contribute less to population growth. In Chapter@mpared average survival of
resident and translocated hens in two translogadedlations (Anthro Mountain and
Strawberry Valley) to resident hen survival in mrce population (Parker Mountain).
By comparing these populations, | sought to deteentisurvival varied by residency
status, age, and geographic location.

Although I hypothesized that translocated hens dalve lower survival rates
than residents on Anthro Mountain and in Strawb¥®aifey, residency status had no
effect and average survival varied only by studdaaand hen age. Survival in
Strawberry Valley and on Parker Mountain was simalad within the reported range-
wide rates (Connelly et al. 2011). Anthro Mounthad the lowest survival of the three
populations and estimates were low compared toerande survival rates (Connelly et

al. 2011). Range-wide, survival is variable bysseaand typically characterized by
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higher survival in late summer and fall and lowervéval in the spring (Connelly et al.
200, Naugle et al. 2004, Moynahan et al. 2006, Hagdgri Parker Mountain and
Strawberry Valley experienced lower survival in gpging which mirrored range-wide
trends. Conversely, Anthro Mountain experiencedelst survival in late summer and
fall.

To determine the overall effect of the translogagéforts on Anthro Mountain’s
population, | compared annual survival, seasonafisal, and reproductive success of
translocated and resident sage-grouse on AnthramMou4 years after the initial release
(Chapter 3). In this chapter, | also examined Amttiountain’s lek count trends.
Survival on Anthro Mountain was most influencedyear and season and did not vary
by residency status or hen age. Survival in 2089 lewest of all years and survival was
highest in 2012. Survival in 2012 was higher tremge-wide estimates, but overall
average survival for resident and translocated esslow compared to range-wide
survival averages (Connelly et al. 2011). Seassumadival from 2009-2012 was
consistently lowest in late summer and fall and higbest during spring and winter.
Most sage-grouse populations range-wide epxerikigtesurvival in the late summer
and fall and lowest survival in the spring (Conpeit al. 2008, Naugle et al. 2004,
Moynahan et al. 2006, Hagen 2011).

Nest initiation was affected by hen age and oveeslidency status. Newly
translocated yearlings were least likely to ingiatnest, while resident and previously
translocated (translocated hens that survikegear on Anthro Mountain) adults were

most likely to initiate a nest. Nest success awdh success did not vary by residency
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status or age. The overall reproductive successt(Mitiation x Nest Success x Brood
Success) was highest for resident and previoushstocated hens and was lowest for
newly translocated yearling hens.

Sage-grouse populations are estimated based @olgks. Prior to 2011, 4 leks
were known on Anthro Mountain. In 2009 and 2010f the 4 leks were active. The
maximum male count was 6 males in 2009 and 4 mal2810. A new lek, Jeep Trail
Lek, was discovered on Anthro Mountain in 2011 wad the only active lek in the study
area. Jeep Trail Lek had a maximum count of 8 snal011. In 2012, 2 leks were
active (including Jeep Trail Lek) and had a totalercount of 18. During the 2013
lekking season, the Jeep Trail Lek had 24 malesditig and 6 additional males were
counted on 2 historic leks (B. Maxfield, Utah Diwis of Wildlife Resource, personal
communication).

In Chapter 4, | examined differences in home rapgesements, and habitat use
for each cohort and compared them to residentsadkePMountain. Anthro Mountain
contained approximately 2,500 ha of suitable hakitale Parker Mountain had
approximately 96,000 ha of suitable habitat. Iggduo determine if translocated sage-
grouse could adapt to release area landscapediffieain size and habitat characteristics
from the source area.

Because translocated grouse are unfamiliar wittvaarea, they typically have
larger home ranges and move longer distances iolseésuitable habitat (Cope 1992,
Beck et al. 2006, Dickens et al. 2009). The ineegdamovement of translocated grouse

increases their vulnerability to predators and$eadower survival and reproductive
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rates than residents (Kurzejeski and Root 1988,IMual. 1993, Reese and Connelly
1997, Baxter et al. 2008, Taylor et al. 2012). sTéould ultimately result in reduced
contribution by translocated hens. Home rangesdidliffer for resident and
translocated hens. Hens that survived at leastl ip the release area, however, used
smaller home ranges than newly released hens.avdrage home range for juvenile
hens on Parker Mountain was approximately 8 tinmeatgr than the largest female home
range on Anthro Mountain.

Although we located several wintering areas formkatMountain’s sage-grouse
population, they are not well defined and we werahle to locate all the hens during the
winter. This information indicates that Anthro Muain’s sage-grouse may not
consistently use a traditional wintering area. itiddally, there are no geographic
barriers restricting the direction in which Anthvimuntain sage-grouse can migrate. The
lack of geographic barriers coupled with poorlyided wintering areas may explain why
not all sage-grouse were located during the winB&cause there are no well-defined
wintering areas or movements, grouse may leaventhentain in different directions
each winter and migrate until suitable winteringpitet is located. Weak evidence
indicated that migration might occur in stages #rad grouse use stopover points as they
complete migrations. Parker Mountain sage-grous@al an elevational migration to
connected areas when snow covers food resourtéghatr elevations (Chi 2004, Caudill
2011). Despite not being accustomed to migratingisconnected areas, translocated
hens found suitable wintering areas and returngkhtbro Mountain in the spring.

Additionally, translocated hens shared winteringaarwith resident hens indicating that
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translocated hens adapted to the available habitae release area. The shared winter
range also indicates that translocated hens lea@sbnal movements from residents in
the population.

Survival and nest success are directly relatechbitéit characteristics in the area
(Aldridge and Brigham 2002, Holloran et al. 2003diWdge and Boyce 2007, Robinson
2007, Kolada et al. 2009). | examined habitat atigristics at brood and nest sites for
resident and translocated hens on Anthro Mountaghcempared habitat characteristics
with hens on Parker Mountain. Habitat use fordesi and translocated hens was similar
throughout the study. Additionally, vegetation id@eristics at breeding sites were
within the recommended guidelines for stable paputa (Connelly et al. 20®). Shrub
canopy cover and shrub height at nest sites wadegrior reproductive hens on Parker
Mountain compared to all reproductive hens on Amttiountain (Chi 2004).

Nesting cover for resident and translocated hen&rdhro Mountain included:
mountain big sagebrush, two-needle pinyon pRiaus edulis), juniper Juniperus spp),
rabbitbrush Chrysothamnus viscidiflorus), and basin wildrye grasglfymus cinereus).
Pinyon pines were commonly used for nesting comefisthro Mountain, and
translocated hens used pinyon pines as nesting cowe frequently than residents.
Resident hens were not documented to nest undgorppines or junipers on Parker
Mountain. Resident hens on Parker Mountain nastadeas with greater percent canopy
cover and taller shrubs than what is commonly abéel on Anthro Mountain (T.

Messmer, Utah State University, personal commuioicat Because of this, hens
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translocated to Anthro Mountain may have nestecutrées because it approximated
the height and canopy cover of nesting substrateasker Mountain.

My results from Chapter 2 support the theory tagpite being in close
proximity, different ecological pressures influerstgvival in individual sage-grouse
populations (Johnson et al. 2010). Managers shmardider the unique characteristics
of each population when developing managemenegjfied. For example, managers
should consider habitat quality within the popwats annual range, effects of predation,
and migratory status when conducting translocations

In Chapter 3, | reported that newly translocatealtadvere more reproductively
successful than newly translocated yearlings. #altklly, translocated sage-grouse that
survive at least 1 year in the release populatarela much higher likelihood of being
reproductively successful. Because of this difiees managers should consider
translocating a higher proportion of adult hens parad to yearlings to see a more
immediate impact in the population.

In Chapter 4, | reported that translocated sagesgavere highly adaptable to
their release area. Although source and releéséasidscapes may differ, the
translocated sage-grouse | studied demonstratabilty to acclimate to the release
area. Translocated sage-grouse learned the s¢éasovements and migration patterns
from residents in the release area and integratedhe population.

Wild pheasant translocation success was basedednaiislocated pheasant’s
fidelity to the release area, survival, and repobise success (Wilson et al. 1992).

Although landscapes, migration habits, and homgeawastly differed for Anthro
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Mountain and Parker Mountain populations, hensstearated to Anthro Mountain
adapted to their new habitat. Results from Cha@eand 4 indicated that translocated
sage-grouse displayed vital rates, habitat usehante-ranges that were similar to
residents of the population. Based on the traaséachens’ adaptability and ability to
survive, | concluded that this translocation projgas successful. The increase in male
lek attendance from 2009-2012, as well as the ksttatent of a new lek, is additional
evidence that translocation efforts augmentedrthgsatory population.

In conclusion, sage-grouse translocations can leffactive management tool to
augment populations in landscapes that are signifiig¢ different than the source
population. Adults typically have higher nestietibn than yearlings and their
additional experience with raising a brood whileiding predators might be beneficial
when translocated to a new area, especially ihtve area is highly fragmented.
Although there was not a large difference, adultlpdéransliocated hens had higher
reproductive success compared to newly translogatadings. Therefore, managers may
consider translocating a higher proportion of aslulhen augmenting sage-grouse
populations. Because the suitable habitat on Amthountain was surrounded by pinyon
and juniper, it provided a habitat barrier to moeatfrom the release site and forced the
translocated hens to use the available habitater Agsimilating into the release
population, translocated hens learned the necessagonal movements. This indicates
a high level of adaptability of translocated hehmt all sage-grouse were located during
the winter suggesting that other wintering areasuadiscovered. Additionally, we do

not know whether the migrations occur in one flighmultiple stages, nor do we know
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the migration corridors. Managers should use Gétlars on grouse from this population
to identify wintering areas and migration corridtrat are crucial to the existence of this
population. Lastly, managers should considemalfactors influencing the landscapes in

the source and release population when conductigg-grouse translocations.
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