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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



111

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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Seasonal Survival
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Figure 3 - 2. Trends in average seasonal survivalresident and translocatsage-
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
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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



129
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
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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
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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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