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WESTERN RESOURCE 
ADVOCATES 

BY FAX TO: 307-775-6203 

November 29, 2010 

State Director 
Bureau of Land Management 
5353 Yellowstone Road 
P.O. Box 1828 
Cheyenne, WY 82003 

RE: PROTEST OF 9 PARCELS TO BE OFFERED AT THE ELM'S 
FEBR1.JARY 1, 2011 COMPETITIVE OIL & GAS LEASE SALE 

Dear State Director: 

The Bureau of Land Manage)l1ent's Febntary 1,201 J, oil and gas lease sale offers nine 
(9) parcels comprising approximately 3,718 acres of public land/mineral estate within identified 
sage-grouse core population areas. The National Audubon Society and Audubon Wyoming have 
determined that the sale and subsequent development of these 9 parcels (identified below) 
oFfered for sale by your office on February 1,201 L would further jeopardize the continued 
viability of the Greater sage-grouse and therefore request that the protested parccls be withdrawn 
from sale. Specifically, in accordance with 43 C.F.R. §§ 4.450-2 and 3120.1-3, the National 
Audubon Society and Audubon Wyoming (hereinafter "Audubon") protest the sale of nine (9) 
lease parcels displayed below scheduled to be offered by the Wyoming BJ_M at the February I, 
2011 competitive oil and gas lease sale in Cheyenne, Wyoming. 

WY-ll02-00G 
WY" J 102-007 
WY-ll02-008 

WY -1102-009 
WY-I102-010 
WY-ll02-011 

WY-ll02-012 
WY -11 02-0 13 
WY -1102-022 

The nine (9) lease parcels displayed above He within the core population areas for Greater 
sage-grouse. See Wyoming Game and Fish Department (WGFD) Version 3 core area map at: 
bttp://gfstate.wy.us/wildlife/wildlife _ managel11ent/sagegrousc/Update%20coreareas _ v3. pdf. 
Core population areas are necessary for the protection of this candidate species and integral to 
the State of Wyoming's - and to tbe BLM' s - sage-grouse conservation strategy. The core habitat 
is the nesting and early brood rearing babitat for over eighty percent of the Greater sage-grouse 
breeding popUlation or the State of Wyoming. The range-wide population of the greater sagc­
grouse has already experienced a ninety percent decline fro111 historic records- ongoing and 
reasonably foreseeable future intrusions l11to sage-grouse babitat led the USFWS to determine in 
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March 2010, that listing of the greater sage-grouse as threatened or endangered is warranted. See 
75 Fed. Reg. 13910~14014 (March 23, 2PIO),' 

PROTESTING P ARTJES 

The National Audubon Society, founded I.n,1905, is" not-for-profit corporation 
organized under the laws of the State of New York, with its headquarters in New York. 
Nationwide, there are more than one million Audubon members and Suppolters, including 
approximately two thousand in Wyoming. Audubon has offices in 23 states, including a state 
office in Wyoming. Audubon's mission is to conserve and restore natural ecosystems, focllsing 
on birds, other wildlife, and their habitats for the bel1etlt of humanity and the earth's biological 
diversity. Audubon carries out that mission through a variety of activities, including education, 
habitat conservation and public policy advocacy. 

Audubon's members in all parts ofthc state sharc a deep conccrn for the tuture of 
Wyoming's wildlife resources, especially native birds and their habitats. A.udubon's state and 
local organizations commit significant time and rcsources evcry year to et'forts to conserve and 
restore wild birds and habitats. Audubon's members work cooperatively with state and federal 
resOUrce agencies on a range of projects that arc designed to achieve a secure envi.ronmentai 
future for birds and other wildlife and their habitats and for the people of Wyoming and tbe 
United States. 

Audubon's members value the conservation, sound management, and sustainable use of 
the public lands comprised of the lease parcels offered for sale on Febnmry 1,2011, use and 
enjoy the lanels in question, and frequently engage in sage-grouse viewing and hunting 
opportunities, and other activities that would be di,mjnisheel by any 'I1.1rthcr decline in the 
population ofthe species or continued destruction 01' sage grouse habitat. As a consequence, 
Audubon and its members would be adversely affected by the sale of the nine (9) lease parcels 
protested herein. 

BACKGROUND 

The Sagebrush Ecosystem that defines the Intermountain West and once covered much 
of western NOlth America is undergoing intense change; today we hang onto less than half of its 
original area. Wyoming is the last stronghold for the sagebrush sea: over 60% of the state is 
covered by sagebrush, making it the critical area for sage-grouse and sage-grouse habitat. Over 
the past century, human activities have caused heavy sagebrush loss and the fragmentation of thc 
remaining sagebrush ecosystems. Sage-grouse are native to the semi-arid sagebrush habitats of 
weste111 NOlth America. Previously widespread, this specics has been extirpated irom 
approxilnately half of its former range due to loss and degradation of sagebrush habltat. It has 
been estimated that Wyoming's sagebrush country has the highest renJaining popUlation of 
grouse, over 34% of these birds remaining in the world. Sage-grouse are a landscape scale 
species that depend on large intact sagebrush habitats fOT every aspect of their life cycle and llse 
multiple seasonal habitats that must all be available to maintain healthy populations. 

1 The USFWS' March 23, 2010, 12-Month Findings For Petitions To List the Greater Sage-Grouse, along 
with the reference materials cited therein, are hereby incorporated by reference into this protest as iffiJlly 
set forth below. 
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The loss of thi, ecosystem is a grave threat not only to sage~grouse but also to world­
class populations of mule deer, elk and pronghorn, as well as the other 296 bird species, 85 
mammals and 63 fish species that depend on it for habitat and survivaL Proactive conservation 
measures to assure the sage-grouse's future will have far-reaching benefits to other species of 
concern that have similar habitat needs including world-class populations of mule deer, elk, 
pronghorn, as well as many other sageblush obligate species of concern. 

STATEMENT OF REASONS 

Eight of the nine parcels protested herein (WY -1102-006 through 013) are located in the 
Newcastle Field Office. The remaining parcel (WY -1102-022) is located in the Casper Field 
Office. These field offices prepared Environmental Assessments, which. together with the 
applicable Resource Management Plans, purport to constitute adequate pre-lease environmental 
review. We disagree. The failure ofBLM to: 1) Discuss potential environmental impacts to 
winter concentration areas, and. to consider significant new information relative to these areas; 2) 
Consider a full range of altematives including defe,,-ing the offe";ng of parcels located in core 
area'> or leasing with enhanced stipulations; and 3) Explain and document the application ofthc 
oil and gas leasing screen (WY-2010-013) to the offered parcels amounts to a failure to take the 
"hard look" required by NEPA. In addition, the BLM's decision to alTer these nine core area 
parcels in the midst of an RMP amendment process intended to revise sage-grouse management 
direction precludes meaningful consideration of1l1anagcment alternatives currently tU1c1er 
development, in violation of 40 C.F.R. § 1506.1. 

Failure to Consider a Reasonable Range of Altematives 

The EA prepared by the Newcastle PO (WY-080-EAIO-27, dated August 24,2010) 
explains that ten (10) parcels were nominated by industry throLlgh an Expression of Interest. EA 
at 6. In response, the Newcastle FO prepared an EA to assess the environmental impacts 
resulting from the issuancc of the ten paJce]s (listed in the Appendix). Altholigh tile Decision 
RecDrd states that three altematives were considered: alternative "A"., "B" and "C", the EA 
contains a discllssion of just two: a "no action" alternative labeled as Alternative A and the 
"proposed action" presented as Alternative B,z Under Alternative A (no action). the BLM would 
not offer for sale tbe 10 pa.rcels nominated by industry. Under Alternative B (proposed action) 
the Newcastle FO manager would recommend that all 10 parcels shown in the Appendix be 
offered for competitive sale. The following discussion explains why consideration of only these 
two altemative, violates NEP A. 

The consideration of alternatives under Section 1502.14 of tile CEQ's NEP A regulations 
is often described as the heart of the environmental impact statement. Under this section, 
agencies must -

2 Curiously, thc Newcastlc Decision Record identifies ,thc Proposed Action. an altemaHvc that allows 
smface occupancy and disturbance associated witl1 oil and gas development "as being the most 
environmentally sound alternative." 
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• Rigorollsly explore and objectively evaluate all reasonable alternatives, and for 
alternatives which wcre eliminateci from detailed study, briefly discuss the 
reasons for their having been eliminated. 

• Inc.lude appropriate mitigation measures not already included in the proposed 
action or aliernat.ives. 

Thc "no action" alternative discussed in the EA simply states that "the BLM would not 
offer any of the ten parcels at tbe competitive leasc sale that have been nominated." EA at 9. This 
all-or-nothing approach to \easing, which combines two non-core parcels with the eight core area 
parcels, fails to addl'ess the dominant issue confro)lting the WY BLM and State OfWy0111ing: the 
proper management of oil and gas lensing and development inside core meas. The failure of the 
BLlvJ 10 differentiate between core and non-core parcels in this aitemative and its failure to 
specifically consider an alternative that would temporarily clefel' (Le., 110i offer for sale) t.he eight 
protested parcels located in core area until after the sage-gJ:Ouse amendment process (discussed 
below) is completed is a fatal flaw in the analysis requiring a remand with direction to pel'fonn 
the necessary analysis. The Deed for oue or more alternativcs specific to core area parcels is 
underscored by statements in the EA that "the WGFD has identified core areas, which represent 
these relatively productioD areas, and has suggested special management for these areas" (EA at 
19) and BLM's express recognition that not issuing \eases in core habitat would "be consistent 
with the WY Govemor's strategy to conserve the species in support ofihe USFWS finding of 
Warranted but Precluded." EA at 26. Despite the statements in its own doctIDlents, the Newcastle 
BLM seemingly fails to apprcciate the distinction between core and non-core parcels-os 
distinction that clearly mandates different management approaches and options other than those 
presented in the EA; 

The EA also fails to consider one or more alternatives that would rcquire the use of 
effective, science-based !;tipulations on the leases as an alternative to the ineFfective and 
scientifically discredited stipulations attached to these parcel5. Given the well documented 
ineffectiveness of existing lease stipulations for sage-grouse, including thc TtS and CSU 
stipulations pJaced on the leases protested hercin,it is incumbent upon BLM to evaluate other 
methods of protection, including, for example, I) attaching NSO stipulations to parcels located 
within core areas; or 2) applying stipulations recently adopted by the Wyoming Game and Fish 
Depmtment for oil and gas leases in core population areas. Neitber alternative was given any 
consideration by BLM, in contravention of42 U.S.c. § 4332(2)(E) and 40 C.F.R. § 1.502.14. 

Leasing Core-Area Parcels Undermines the RMP Sage-Grouse Amendment Process 

In late May, 2010, tbe Wyoming BLM published a "Notice oflntent to Prepare an 
Environmental Impact Statement and Resource Management Plan Amendlnents for the Casper, 
Kemmerer, Pinedale, Rock Springs, Newcastle and Rawlins Fidd Otlices, Wyoming." See 75 
Fed. Reg. 30054-55 (May 28, 20J 0). Among other things, the Notice ofIntent indicates that, "the 
RMP amendments will revise sage-grouse and sagebrush management direction in the existing 
[RMPs] to incorporate policies set forth in BLM Wyoming Tnstruction Memoranda (1M) 2010-
012 and 2010-013. The Notice also indicates that, "the purpose of the pubJic 9coping process is 
to determine relevant issues that wilt influence the scope of the environmental an~lysis, including 
aI/emotive.\", and guide the plawing process." (emphasis added). 
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As noted in a recent media advisory, the BLM has begun that analysis and is currently 
working with agency cooperators on a draft EIS. See "BLM Hosts meeting to discuss sage­
grouse altematives." Online at http://www.blm.gov/wy/st/en/info/newsJoom/2010/ 
novernberI19sage-grouse.html. One of the alternatives being considered, a so-called conservation 
alternative, would close core habitat areas to oil anel gas leasing. A second altemative, the 
proposed action, would continue t.o allow oil and gas leasing in core area, but under stringent 
lease stipulations limiting both density of development and t(ltal disturbance. 

[\1 situations such as these, NEPA procedures place Iirnits on agency actiolJs: "Until an 
agency issues a record of decision as provided in § J 505.2. no action concerning the proposal 
shall be taken which would ... (2) Limit the choice of reasonable alternatives." 40 C.F.R. § J 506.1 
The sale and subsequent issuance ofthesc eight protested parcels with the existing lease 
stipulations would preclude ELM fi'om considering: 1) the alte\1lative of closing the area to oil 
and gas leasing; and 2) leasing with more stringent stipulations. In other words. in the parlance of 
BLM, the dec.ision to lease these eight core area parcels wouJdlcave no "decision space" for 
BLM to consider and implement altematives that arc cUITently under consideration in the RMP 
amendment process, a violation 01'40 CFR § 1506.1. 

It is worth noting that the alternative of closing key sage-grouse habitat areas to oil and 
gas leasing (i.e., designating the lands administratively unavailable), is an alternative speciilcally 
rccolDmended in BLM Washington Office guidance codified as 111struction Memorandum No. 
20\0-07\: GUlllJison and Greater Sage-grouse Management Considerations for Energy 
Development (Supplement to National Sage-Grouse Habitat Conservation Strategy. The 
guidance provides that: "Tn RMP revisions and am.endments, analyze one or more altematives 
that would exclude priority habitat from energy development and transmissioll projects.". The 
proposed sale of these eight core area parcels violates 40 C.F.R. ~ 1506.1 because it "limit[s] the 
choice of reasonable alte111atives" by absolutely precluding the adoption and implementation of a 
"no leasing in core area" alternative and a "lease with stringent stipulations" alternative, both of 
which are CllJTent1y under consideration by the RMP Amendments planning team. The same is 
true with regard to the Casper FO core area pElrcel, WY-l1 02-022, and thus we objcct to the 
sale/issuance of that parcel for the same reasons as stated above. 

BLM's decision to offer the protested parcel~ without explaining how it reached its decision with 
respect to each parcel is an arbitrary and capricious exercise of agency authority 

A fundamental principle of agency law is that an agency must provide an explanation for 
its decisions and actions. See, e.g., Bear River Development Corpm'ation, 157 IBLA 37 at 73 
(BLM must analyze all pertinent factors and substantiate its conclusions.) Neither the EA. 
FONS.lnor Decision Record preparcd by the Newcastle FO discuss the lease parcel screening 
process relative to these parcels nor its specific application to the eight core area pal'cels 
protested herein. While tbe EA states that "a1\ 10 parcels were screened according to the Sage­
grollse screen contained i.ll Tnstruction Memorandum WY-2010-012 and would be recommended 
for leasing, 8 of which were found in a sage-grouse core areaU" (E,;' at 26), the EA fails to both 
cxplain and document the application and the results of the screening analysis fOT each particular 
parcel, thus forcing the public to guess as to the factor or factors that led BLM (0 make the 
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• decision that it did with respect to eaeh ofthe pa)'cels. Indeed, the only statement that provides 
any hint of the rationale and basis for the BLM's leasing decisions is a single sentence ,)11 page 
26 that provides, "2193.82 acres in Sage-grouse Core Area would be available for leasillg due to 
the lease proximity to existing oil and gas leases and manageability of the surface." This terse 
statement raises more questions than it answers. For example, why does a federal lease in 
"proximity" to a proposed core area parcel disqualify the parccl from being deferred fr0111 
leasing, at least until the RMP amendment process is completed? Indeed, what does "in 
proximity'" mean: adjacent or within a few yards/m.i1es? What qualities and/or characteristics 
associated with the existing federal lease make the no-lease option unsuitable fo), the pm'eel, 
especially since BLM confidently assures us it w.ill be able to properly manage and mitigate oil 
and gas impacts on existing leases via the imposition of conditions of approval. Sec, e.g., WY-
20 I 0-0 J 2. lf this is true, why should the mere existence of a federal lease "in proximity" to a 
nominated pat'cel ever negate the option of lease deferment? BLM claims it can effectively 
manage for grouse on existing leases, even those that lack scienoe-based sage-grouse 
stipulations, why is the presence of a lease ill proximity even an issue? What is the size of the 
existing lease? 1fleased, why would the parcel be unmanageable? Does it contain any wildlife 
stipulations? 15 the lease held by production? If not, how many years are left in its primary term? 
Are there opportunities to unitize the lease tomallagc more eJ:1ectiveJy? What other tactors or 
land featmes arc present in the general area that may affect BLM's ability to manage the parcel 
for grouse habitat? 

The BLM's failure to address the most basic questions relative to the recommended 
issuance ofthese parcels also nms afoul ofNEPA compliance requirements for oil and gas 
leasing aJ1iculated in the Tenth Circuit's New Mexico v. ELM, 565 F.3d683 (lOth CiT. 2009). The 
law from this case requires BLM to review each parcel to determine if "any" environmental 
impacts arc reasonably foreseeable at the lease stage. Factors relevant to this analysis may 
include the existence of development plans for the lease, nearby exploration activities, actua.l 
development in the area and the presence of oil or gas deposits within the lease. These seem to 
be some of the same factors that may have led BLM to dccide that the contested parcels would 
not be manageable, but because there is no evidence anywhere in the record delnonstrating that 
BLM undertook this il1qui!y, the public will never Imow exactly why BLM made tile decision it 
did. For this reason, the BLM's leasing decisions arc illegal and in violation ofNEPA alJd the 
law of this circuit. 

Failure to Analyze Impacts to Winter Concentration Areas. 

A recent peer-review study appearing in the Journ.fll of Wildlife Management (attached as 
Exhibit A) suggest that availability of winter habitats may be a limiting factor in grouse 
populations. The 31.1t11ors noted that "[s.lmall changes to availability of winter habitats have 
caused drastic reductions in some sage-grouse populations." Under the heading, "Munagement 
Implications," the authors stated: 

We recommend that areas identified as crucial to meeting winter hab.itat needs of 
sage-grouse be protected from disturbancc and degradation and designated as 
Critical Habitat under tile Canadian Species at Risk Act (Species at Risk Act 
2002). Moreover, we recommend a setback distance of at least 1,900 meters for 

- 6 -



• 

• 

_,U'':'':.LOO:J:J 

any energy development Irom all winter habitats identified as Critical Habitat 
based (l11 our model. Mitigation of disturbances that negatively affect sage-grouse 
winter habitat quality (energy and anthropogenic development) could be applied 
in key sagebrush habitats to enhance critical winter habitats for sage-grouse. 

Neither the EA prepared for this sale, ll(lr the underlying RMPs, contain any discussion or 
analysis of t.his important issue. Documented evidence of hal111 to sage-grouse caused hy 
disturbance in and destruction of winter habitat .is significant new infolmation, never before 
considered in any NEPA document prepared by the BLM Field OtIices offering the contested 
parcels. Given the dearth of infonnation on this subject, we ask that the parcels protested herein 
be examined plior to lease sale to detennine: I) the presence of crucial sage-grouse winter 
habitats, and 2) .if such habitats arc identified, wbether the parcels contain adequate lcu.se 
stipulations, sllch as 1)0 surface occupancy, to effectiveJy protect habitat from disturbance and 
destruction. 

The CEQ', NEPA regulations require agencies to supplement their NEPA analyses when 
"ft]hcre are significant new circumstances or information relevant to environmental concems and 
bearing on the proposed action or its impacts[l" (40 CFR 1502.9(c» "even after the proposaJ has 
received initial approval." Friends of/he Clearwater. 222 F.3d at 557. "Ifinfonnation 
developed after the NEP A statements was sufficiently new and signi"/icant when compared to the 
information upon which the NEP A statements were based, a new NEP A statement was 
required." Center/or Nalive Ecosystems, J 70 IBLA 331, 346 (November 22, 2006). Given the 
importance and gravity of these findings, the law requires BLM to supplement its NEP A analysis 
before it can issue the leases protested herein. Sec J'vfarsh", Oregon Natural Resources Council, 
490 U.S. 3GO, 373-74 (1989). 

Specific Objection to Casper Parcel WY -1.1 02-022, 804.470 acres. 

This core area parcel was recommended for leasingi)) the EA (WY -OGO-EAl 0-143) 
because "the parcel is not located within suitable Sagc-grouse nesting habitat ... " FA at 27. The 
EA does not say what "sui.table" bahitat means, or explain how ELM determined the parcel lacks 
such habitat. As 8LM knows, all designated core area is presu111ed to contain important sage­
grouse habitat--inc1eed, that .is why it was identified 811d the reason it is being protected. D.id the 
BLM conduct field surveys, or base its deten11inatioJ) on maps to make this decision? H the later, 
how old are the maps, and what/whose data was llsed to create them? 8LM's leasing screen 
policy (WY-2010-0l3), the very policy used by the Casper BLM to make its leasing 
recommendations, requires answers to these questions. Under the policy, when making habitat 
detem1inations based on maps, BLM is directed to "reference the origin of the maps and 
information when making this dete1111ination." If no maps are available, the screen directs the nse 
(If "land lise pion-derived sage-grouse stipulations .,. as indicators of habitat presence/absence." 
See lnstructi.on for use of the screen (Figure J), page 2. We do not sec any such discussion and 
therefore suggest it would be contrary to 8LM procedure to otTcr this pal·cel for sale in light of 
the procedural deficiencies identi1ied herein. 

As ELM knows, on November 23, 2010, the Department oflnterior together with the 
Western Association of Fish and Wildlife Agencies 8111101111Ccd the completion of a Sage-Grouse 
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Habitat Map. The map, which displays breeding bird densities range-wide, is intended to be a 
tool for conservation pJanning. Wc ask that the latest, most current, accurate and up-to-date data 
and information be used by BLM to assist in all of its decision-making, inc \uding its decisions to 

• lease or not lease parcels located in core area, 

IV. REQUESTED RELIEF 

The National Audubon Society and Audubon Wyoming request that all nine (9) lease 
parcels protested herein be indefinitely withdravlin from auction pending a detailed review of the 
arguments presented herein in accordance with 43 C.F.R. § 3120.1-3 or, in lieu of withdrawal, 
affixed with "NO SURFACE OCCUPANCY" (NSO) STTPULAT10NS which could be modified 
to allow for surface occupancy and development sbould the BLM determine, based upon 
subsequent site-specilic environmental review and disclosllre, that occupancy and deve.lopment 
could occur somewhere on the leasehold without further impact to the sage-grouse or its habitat 
consistent with the Govemor of Wyoming' s Executive Order 2010-4 and BLM's sensitive 
species policy and national sage-grouse conservation plan. 

Respectf\'\l1y submitted, 

Dan Heilig 
Westen1 Resource Advocates 

• 262 Lincoln Street 
Lander, WY 82520 
(307) 332-3614 

C(llIl/sel/(lr Audubon 

enc\osures- Appendix A 
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Sage-Grouse Habitat Selection During 
Winter in Alberta 
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Jcvc-1opmcnt were import:-mt in (Or Akn;kc'~ Inro\m~tioll Cl'iteri0n-~c1ec!ed Yn(lde\8. During w;Tlt~r, ~n~e-gmll:;C ~rl~r.t~,d demo;' ~ngcbr'llr,11 

Wl'cr nnd homof\cnou~ 1c~~ 1'\\J;g~.rl nren~, nnd avoided enClro' dcvdopmcl't ~nd ~-trnd( tnu:k trnik ;:;ngr-gTllll~e ~"oirhll1~c. of c.ncrty 

develoPnJcnt hi~;I~Ii~ht~ the nerd for oo!llprehen~iv.:: m:lll:l!,;clUent ~trnteg;c~ thM mn;ntnin ~u;t;\hlc hnhil;\\~, IIl:r1)~f. :1)\ ~r::I\o,OIl~. 

KEY VvORJ)S CcntlT.lcO'tu.r 1II'opbruianm, ('.rhicai hahltat, energy development. [;rc:ltcr -;a[-;c-[;rouse] rC~OUrce ~(!.lecti(1n ,f\lI\(,.\·jons. 
winter h:\bltntt" 

Greater sagc-grome (Cwfrorcrrw 71ropbo.riffT11(S; .ho'c"ft!!,r 
$:1ge-gro\\.~e) i,'l :m end~ngered species in C~nada (Commit­
tee all the Smtus of Endangered Wildlife in Can.da 2004). 
R:\nge-widc s:"lgt-gr()\I~e h~.ve lost approxima.tely 44% of 
their pre.settlement rang'E: (Schrot!der et aI. 2004)] and 
popnl!1tioDl' llllvc r;()ntimjed to decline by 2% per ycar since 
1%5 (Connelly and Bmun 1997, Connelly et a!. 2004), with 
local dedi.nc., "high as 92% (Connelly et al. 2000, Aldridge 
;mc! Brigham 2003). As a result! sC\gc-grouse arc thc focus of 
imen$ive research and maJl~gcment efforts across their 
r:l,ngc, P(Jp~lhti(Jn dedinc" arc thought lo be driven by 
re.duction.,:, in hahit:1t quality during 3 c.ritical life stage.s; 
nc);t:ing) brood rearing, and \vintcring (Connelly ct d, ;WOO, 
2004; 'Moynahan et ·'al. 2006; Aldridge and Boyce 2007; 
Hogen et al. 2007). Aldridge and Boyce (2007) identified 
and mapped critical h"bit:lt$ for sagc~grou~e nesting nnd 
brnr)cl ,1'e:Hing- in AJherru] Canad~-, but Doherty et ;\1. (2008) 
noted the bc-k inforrn;\.tioJ'l on In.ndscapc~leve.1 'winter habitat 
needs tQI:' t::1.ge-grouse. ,",Vinter hab.i,tatl: ~rE: generally not 
cQn:::idered :'l I'e.search priority bC(~\l$e winter slIt'viv:ll of 
.:;age-grou:;e ,h; typically high (Connelly ct i'll. 2004)) but 
""intcr habitats m<'y he of greater importHncc in declining 
pOPllbttons. For example, il~ northern Colorado, USA, 80% 
of wi.nter sites used by sagc-g.fOUi"iC ?ccurred in <7% of the 
total ~re\\ of sngehnl!;h (ArfCmiJ;rr spp.; Beck. 197i), and 
:;ma.H changes to the q\l\'lUI'Y nnd aV[ljlflbl1it)' of winter 
habitats hllve rC!:I\llted in :;evere reductions in sagc-gXI..1U&e 

ropl.ll<1tion.~ (Swen::;on e.t a1. 1987). Furthermore, ~evcl'c 
wiMers c:m conni.bure to reducc(l annual survival (Moyna­

han et a\. 2006). 

1 Procn( IJddrc.l,~: Afbf:rt(l Comr.rvnt1Qn A.ur.ci(1t.i"ll . .'I60;L.1 Avenue 

Soufb, Lctbl!7'irlg". An T11218, C(II1f1da 
:'. Pre.le/lf. (1ddrw: NREL, Cv/omd" Stale U11ivenify and Uniled St(1tr:,t 
Gf.·oll?f!;w/ SII1"I'CV. 2150 C(!"III": A'I.'cl/ilc. BII/Minf[ C, FrM C{)/Ih~(, CO 
80-<26-8118, ti'V1 
',\ E-m(1il: ht))1I·/:rfi'lIIfl/hcrtn.[{/ 
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Mo~t ~tlldie~ of ~3ge-grol\~e winter hahitats focused on 
eite-gpedfic featLU'es such u.s height, canopy cover] or crude 
protein 1cvcl~ in sagebn,~h and (lc;:I,dy idt:mtified the 
importance of modt.:ratc-to-dcntlc !;Ii~cbru<;h covel' during 
w.i..ntc:.r (e·~.l En.g and Schladweiler 1972, Beck 1977, 
Connelly ~t al. 2000, CmwfQrd ct ,.1. 2004, Sauls 2006). 
J\lthough hnport~,nt in I.mder!:rnnding hnbitm: usc, such loclIl 
studies do nOl.'present mRlHl.gers nn understanding ofh;l.b11':l1' 
fckction :11' a scale useful to identify and p1;io!'.iti7.c 
1andsc~pcfl for conllervntion. An exception is in tbe Powder 
River B~s,in of \Nyoming and I\1ontan<\~ USA) whel'e ., 
.bnd.:,>cape approach wa., ... ~uccc~!<,fi.lll)' \1l'cd to determine that 

hnd!1cape factors, inchl(:ling vegetation, 1:0por.;r:aphy, and oi.l 
and gas dcvdopmr.:nt, l\.ffccted fmge-gl'ousc winter hi\bit::tt 
selection ·(Doherty et at. 2008). 

ModcHng hilhitilr selection using rC50\lrce selection 
functions (RSF) offers the ability to n\,nk :l.reas by their 
relative probability of ,<'.\.ceti.<.'" (Manly et at. 2002). 
Mapping these relative prob~\b.iJitie~ in \1 Geographic 
.1n·f~)m1n{ion System (GIS) C<ln identify regions with high­
qU::llity habitat~ and c\\n provide m:l.1HLgcr:; with a mcan\ngfut 
(001 for pdoritl',d ng areas. of conscl'v<\tion importance 
(Aldridge. "nd Boyce 2007). Testing a h"bitat-scleetion 
roodel 'with indcpend(:Dt dat:< cn$ures: inferences rcg:\rding 
habit£tt selection ~LtC robu"t and a compet.ing-models 
fmL11cwork l:an be ul;cd to eV711unrc altcrn:\tive models of 
habitat i>elec:dol1 (Burnham and Anderson 2002) l'v1anly Ct 

,1. 2002). 
We investigated winter. ha},itat selection by ~~gc-grotLl~e in 

!j()uthc{l.otcrn Al,bcn:1. Our oh.icctivml were to n gcnN·atc :\ 

t"Obll.st winter hab.i,t,at ,o::.eiectjon model for S;l.gc-t,"1'OUSC; 2) 
spati<t11y depict habit~t suitability to identify areas with a 
high prob:lbiliry of !Selection {\nd (hm) conservation 
importance; and 3) tl.SSCSS the rc.l:uive inHuencc of h\lmM 
de"elopmCI'It in hmlf;cape models, ineJ\lciing: i.ntensive 

'l'hl' Jm.rn;>.l of 'Vlldiifc Mtwllgem<!nt· 7'1(8) 
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Figllt~. 1. 'Winter h,lhihH ~l1jrnhf1iry for &rc:ncr ~:\~{:-gr(III~": ;\.~ (~:tc.1mim:d 

by:, rcwurcc ~c!ccdCln function that inCMp(lfrtfcd [cn:'lin nnd vcgcttltil.ln, 
:;a~cbn.,:;h, energy dcvd\'pmcl\t:, nlHI :\nihropol~t:nk [(:IInm: V1\rinblc~. G,)t)d 
index "'.lhlC~ iuclic:1tc incrc:l~cd pr<:lbnbility I,r habit:)! ~c\ccti(\n by ~\\).;c-

1~{!\I$c dl'fing wirlter. 1'1.~(!t dcpic[~ T:l.ngc of ~rea!'cr .~~C-8'!'OUHC \lIld 
Joc:\tion of :;t1,\c1y ~rcn ..... ithin ·:nuthcnr.tcl'll I\lbcrm, Cnnl\(bl, 2002'-20()4. 

energy development, on winter habi.t(l.t !;clection. vVc 
hYPQtht.:$ized L-hnt sage-grouse ~dcct habitats co,n.minLng 
greater abundance of ~agcbnl$h in landscapes that ~l.rt free of 
;now throughout "vjn'te~ and thnt sagc-grou!;C avoid 

landscapes ~rit1.1 anthropogenic di.smrb;:mccs, ,"uch l!,~ those 

::If.sociatcc1 with en.ergy clc"\'t~J()rme.nt (i.e., w~1.1 G1teH). 

STUDY AREA 
In the dty mbcccl grass pmir.ic of southern AlbertA) sage-grouse 
are fm.Uld within iln :\pp.roximmdy 4)OOO-km2 area, Cottle 
grnzc m()$t of this are~ and "pprrnc.imately ,30% of this :lreA is 

influenced by oil "-nd ~::IS dcvc.\opment (.A1drid~ ~nd Boyce 
2007). Our study arc' (49"24'N, 1100 42'W, ~900-m 
elevation) cncornp;1sscd the core of the winter range 
(1)400 km 2

; Fig. 1, inset), Snowfnll ben-veen November and 
Muc.h ~"eraged 73 em) ;lnd approximately 30 days per ),e::lr 
were < -20" C (Env;ronment Canada .2009), Silver sagcbn)sh 

(Arlcmi.o:a erlT]a) ''V;l~ the predominrln\" $.hmb and no othel' 
species )!.wws in this :1r'Cl!. Grass 'I\.';l.~ dominated by n:1.tive 

gr"s~cs 5'tlCh \"\1': needle-and-thrc;1,(1 grass (St£pa comMa), June 
.l;r,~:;~ (lCodm'c 111(lC7'(1rll/)(1), Rnd ""'estcl'l1 whc~tgra!;~ (AI70!yrTJ7I 
smithiii COllphmd 1.961" Aldridge and Brighnm 2003). 

METHODS 
Vic c;l.ptl1red female sage-groI.1i;e on 5 I.I[ 8 ~crive lcb 
(breedi.ng ~i1-e~) .in southca~tern Alberta from 1999 to 2003 
by using walk-in traps (Schroeder and Brm.m 1991). In 

Augu9t ~nd September 2003) we captured ackHti(lo'oll 
jl1v~nile females by on foot n;ghtlighting of flocks 
cont:\lning adult fem;J.\cA wirh l'llCH.ocoHars (Connel')' ct ~Lt. 
2003). Vvc fit fem.le, with 14-g nccklac<-el)'\e radio­
tntl1Smitte\~ (RJ-2HM trammittel'sj HOl.oJlll Systems Ltd.) 
C::ap, ON, C~ml(h). 'lve l(1e~ted birds '\\1;1'h a 3-elcm.cnt 
Vagi :\ntcnoa :"\.nd :In R-1000 $Gl.nning tcJc~etry reeen'er 

(Cornm1.Jn;cations: Specialist5, lnc" Orange, CA), v\Then we 

'H,-"L.. .I.'--',".J.. i 

could not locnte signals from the ground, we searched 1'0[, 

signnls from a flxcd-wing aircmft. Vvc located and £lus:hed 
femnlt:1:l n.pprmtimMely once per we~k during winter from 1 
November to 15 Mill'ch in 2002··-2003 ~l1d 2003-2004 
(hcrel'lftcr:- winter 1 :tntl winter 2) rc~pec:1:ivel>,)_ If a .flock. of 
birds flushed and we could not determine thc e.."Xact location 
of the mdioeollared bird, "We recorded the 'i\pproximt4.tc 
center of the flock :!$ the I.I&C lQc:1.t1.on. In l:hiB ca$:c) if we 

flushed multiple m:l.L'ked birds fmm the r.ame flock, we 
comidered a .1oc~ti.on for each bird in model devdopnlcnc. 

Geogrnphi.t:: Infonn)tt;on System Prc(lictor Vl\riab1c~ 
Following Aldridge :md Bo)'ce (2007), we developed a suite 
of vl\riabl.e:; ill n GIS that are probably .impQrt:m~ predic~or~ 
of sagc·groI19c. winte.r habir:at selection. Followinp.: our 
hypothe~e~ that sage-r;,rouse select habitats with sagcb.rtl[lh 
nnd avoid 1ancltlcapc~ with ,mthropogenic disturbances, we 
g.roupcd V<lri.ab.l.c5 i.)1to 4 cl~.s$e$: ~) terr:lin ::J.nd vegerationi 2) 
sflgcbrul'Ihj 3) energy development; and 4) anthropogenic 
fe~lt.ure8! encompassing 86 vEtri"blcs (T",bk 1.). 

To :malyzc terrain ,Illd vcgetation vl'I.ri"blcA, we used 
LiUl.dsat Thematic .M:lpper !:l!.tc.lHte images from July 2000 
tQ gcnc.mtc hrighrness (brit_.JO)) greenness (grf?lI_JO)) :lnd 
nOl'malized diffcrcnc.e vegel::lI:io,fi index (11d'vi) by lJSing ::l 

rn.s~dlcd-mp t1'llnsi'ormarion (Crist .mel Cicone J 984, Sellers 
1985) in the progmm PCl Geom""ica Prime 8.2 (PCI 
Georl1aties, Richmond Hill) ON. Canada). 'Nc ut'<.~d (l ~()il 
moisture index) referred to as compound topogmphjc'jndex 

(ai), that is correhted with soH rnoh:l.ure and nurrients and 
derived from" digi"J elevation model (Evan, 2004). We 
abo used ,\ terrain nlggeoncss i.ndo. (f1"1') derived f(Om the 
~mount of elevation difference between adjac.<:nt cel.lli of a 
digit,,1 elevation model (Ri.\ey ot ,\. 1999). We "],0 
e~timated th~~ roe:ln of' I1dv£, ~#I and tri ~I.nd M:andard 
deviation of 1Id~)i and L'ti values within 1\ 1-k.m2 moving 
wi.ndow (av_ndvf', Jd_nd~)i) ctCnwl11, r:ti_sd) tri_kfl/). Vve 
interpl"ctcd higher st,\'n<brd deviation values as .rc'prc.gent~­
rive of increasing.l" vnliablc (heterog-cneo\ls) p·.ltches. Finally, 
we I.tscd :1 dry mixed grass plant eomrmmity guide primarily 
ba!>ed on soil types (Adll.m!> et ,It. 2005) to ~$$ign ptant' 
communities. to ecositc categories (B. W. Adan1s) Alberta 
S\lf.lt"inable Resource Development, personal eo.mmlmic:\­
tion) rind estim:acd the proportion of c;\ch ecosite within a 
1.-k0l2 moving window (p(Jr.1 ... pec1'; . 

Sagebr:-l1sh is an important h~h1r:H component for ~age­
grf)\\,qe I\Cl'OSS n11 life ~t::t.ge~ :H: locat sc.ue!;l (Beck 1977; 
Connelly ct at. 2000, Crawford et ttl. 2004, 5.ul, 2006, 
Hagen et ai. ;W07) nnd "lso ao-oss landsc:~pe,; (J\1dridge ancl 
Boyce 2007, Doherty et ,I. 200B). Followin~ Aldddgc "nd 
Boyce (2007), \ve c(ltim:l.ted sar.;ebrush cover a~ both the 
pi.":er (s/'cov) :md l-km2 lTIoving~windov .. , (shmcall) by \lsing 
thc rC!lultA oj·'lone~ et nl. (2005). Because sagc~'gt()\IRe seem 
to l'clcct inteL'~nedi.:\tc Ra.,r;cbrush covel.' (;\ldrid;;c and Boyce 
2007), ,..,'e ;\~$esAed quadratic fi.Jn<..~tion!> fot all sagebIi.l~h­
cover metrks to identify potenti'"l.l nOlllillenritit~!:I In Aelection. 

We developed 2 measures (.<b..j!olcbl, sb-/)orcbJ) of p,"chy or 
he1"erogencom s;\gebru!;h distribution (Aldridge and Boyce 
2007) based on sagebrush clistri.b\!tion p:ltrerns described by 
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l!lblc I. Expbn:1tClry GCClgr:lphic Inf(lfrnn.~inl1 Sy~lcm (GIS) v:ld:l.blc~ mcd wit11in n.n inform:'ltlon-thcorctic approach to modd wimer h~bit;\t of efl~c­
g10U~C in Alhcrr:t, (:tnad:!., 2002-2004. DM:> :uc lO-m le"l,lll" il)n ~~rt~pt wllel'O: indic:lfcd. Decay (ullction i~ il\ rI\e fr)!'tTl or (-'~xpf,li~rVdc\:".y (li~l~ll1ce), whc.rc 
d;~t if. the d;~t!lnn.' til tht. "~ri~hll'. find d(~c~y cli~[:mcc i8 tlu; specified dCCilJ' ciietancc vn1uc rh:\t ~ll11pl:'s the ftlnction, 

Vnrlllhic 1\IIml:! 

L:t!\{hC:lp~ fC:lnlrc~ 

{r~/, ... dsj' 
r.mp_dm 
r/"Qr j.lf JOOO/.'iOOI25QI50 
}/7'fil1'n.,dc/ 

m-!}(/.·,_rlrn 
Inhlll_rf.1f 1 000/5 (Jot:? 50150 
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rrlf[/·_d~n 

(/(;ruir/J 00015 00/2 Sf)/5 0 
'I.Vf1h'7 _rl,rr 
1l'1I{ cf .... a.!! J 000/5 0012 50/50 

impNCa.!f 
imptd_dclI 
inlfir.tI.J"U.1 0001500/2 SO/50 
{n,il_d.l1. 
fmil_ttrn 
{flliljJf.lOO(JISOOI250IS0 
I"rJI"/ftd.lt 

l'l)(ld_rlm 
fwd .dJI100Q/50012 50150 

Energy dcvc!0pmcnt 

'1ul:II_d.rf 
Tlg,'l_rJrn 

1l'dlj.rO()()OISO()l25nl.t;O 

Ttl'min :Inc! vc~ctlti(ln 
brif_SO 
g:'w, •. 1d' 
",'rC.)Om 

'Idvi 
1l7!_lIIh!ih 

.11'-IU/.vi 
(f;b 

. " rfl_.fllUlII 

rf; I'd 
m~(llbh 
(ri,.'m/· 
(m1 

an1 

((.{]8 

raj, f'~r2, 

~hr::chJ"\lAI1 

.'/11:01' 

,<1"71'11;,('1 

.lb1ll011l 

,l/ml((lII'~1 
JIi .. f'(lf(h1,4'-I'(Ifrb2 
J('-1'fPf-fntrhr. 2 

DC!lcription 

D;:'rl\nc(~ 1'<\ 1\C;\l"C~r cll1riv:ll'cd I:.ndR il, kill 
Proportion of ll1mJ rh\1t I:; c\llt;"llt"d \~'id1in a 1 _lun

1 
Inovill!;: wi"dl)\" 

pecay functil'n for distance to crop 
DbrllnCC 1'0 I1C;\fCH urb:ln dcvc10pmcm in km 
Prop')rtl0n of lllnd thut i'.: urh'ln within 01 :J -km" mol'inl; winnow 
Dccav fi.wction fOf dl.mlnce tn Ijrhl11J 

l1i~tn'nl!c TO any Illlmal\ habit!\t (road", weI]:;, Ilrbl\n) irl krn 
Proponion I~r" irmd r.hl\!: i~ hUITl:1I1 h:..bit:m within:\ l.-km~ movin~ window 
Dcc'.\}' r,lnctll)l' ji;.r di .. tf\n(~c t" bllm,.,,, . 
Di:;rllncc to h:1bit:..[ th:n C1"c:ttc~ :m :mrlunpoJ;cnic cclg:c (hll1lJfIIllInd (rop) in km 
Proportl.on oEland thllt j~ ed).il~ hllhil',,"\ withil1 l-kml': movinf( window 
DCl;ny [\merion for diRt:mce to I'Jr..' 
Di!lt:\llcc to n~;\rc~:f 1\'Wlr\l1 ..... nl·ct:bod" in km 
Dccny function for di.H:mcc to 7UfI'~r 
Di8tIlI1(C tf; llCj\~~t watc!" impotlndmc',1t (d:1m, dUP//llt, r.lln~l) in km 
COUll! of number of w;1f(,r irnp{)\lndmtllt~ wirhin :\ l-km~ movin.r; window 
Peen}' 1i.lJlction for dl.n,\ncc to ""~lt<,r impoundmcnt 
DiHnncc 1"11 nCl\rc~t !mil (Llon~p:\Vcd or hTnyclcd 2-mld: lrud~ fI)M1) in km 
Linc1\t km per km) ()f {1m'! (Ilon~pavcd or ).':ffw(,)c(l 2-tflH;k rnu:k rIllld) 

Dcc:..)' ~Jnctilln fJ;lf di~;t\1nce W.' ITllil (nnn~pavcd or graveled 2-track tr.1ck wnd) 
Dbtllnl':C W Lle:ll'CAI 1vnd (paved (If J.;"rI\v,.~lcd) in km 
\..inCflr h:m p".r lmrZ (If "()f/ll,' (p:wed'or r,r:wc\cd) 
r)cc,,"y (llnctlon for di~t:mcc to Iwd " 

Di~t:\Ilcc to nc::n\"f::.f ::rnndillg cncrE:)' wcl\ site in km 
C(lllnl' of encf!!:y well "i:tc:.s wit11in II 1 .km" ml",\'inl~ winc\L,w 
Dccay !1trlctiol;' for dj~tatlCc to cncr~' well !,itc -

Urightnr,::.:; p:r.nernrcd Irr'Jlll L:\nd~:lt 7 TIV.1 ~n(cni"~ imngery" 
C-;rccl1llca" gcnr,r:1tccl rn)1T1 1..1!'ld~nr 7 TM im''\J;ety" 
vVt:tnc~~ gcncrntcd from .t\\O!\~a\r 7 'I'M im:lgcry" 
Normfl1.i1.cd difJ'cr~nc~ vcr-ctMinn iode., tnkuln.lt!d (rom TM" imager,," 
IV)c:l11 NDVJ" v,,]tlC within n ~-k!ll) moving \yindmV' 
St:\ndllr{! ~k)Vhlti()n of NDVI withill ~ 1-1,rnllflltving window" 
Compound t(lpohr~phic lml~ (CTl: high val,.\c~ = incrcm~d m'.li!:rII!'l~)'\ 
MI.:!\n CTT valut!H within ~ l-krn~ m()ving window" 
S,'nlld:l1'd dcvi!1til)o fl (;'11 l'altlc6 within n l-km" rm.lVlllg winlhwl 
T(:fnlin ruttgcdncH index (TR1; high \':liut:s = inCreR~l!c1l"\lgg:t!\lnt~~:~)" 
Mt';1n 't'lt[ witMn ~\ .I-km~ ro(l'';f\L~ ,,';n(\(Jw" 
Thin hrellk nHIgc. ~itc~, mii~ v:u}', ch"r~r.n;rl1:cd h}' grC':ltcr ~hnlb (Oycr (1,0; cllttgori l;lIl) 
LI)i\m,. \\p.lllf"'\d :;;tr.~ wirh mCllillln texture ~oih: IIm1 Ilccdle-l\nd-fhre;HI0rl\~&, wher.q~ril~ (Agmp)?"fll! ~pp.), :lml 

JUL1e r.r;w (1..0; cn~ep;<Jri,;nl) 
R\owm.!t ~I!d overflnw site~! w!onct-.;;\· ~l)iI~; varie~, hut higher dcmit)' of ~\\~cbrll':h (1,0; c:l.regoric:J..!) 

Snlinc low.btld~, :;t'!lllc;. 1111(1 dCJlre9~ionl ;rnr~c I(lW ':nl1:chrn~h (l,n; c:l.T.cp:nric:ll) 
i3ro"d, we!:land: ',md shrubby ('I,yilkw.! pill/ix ~pp.]. roge [nom ~pr.J, :;nowhl~rry r,~}'nl"pho,.i('(/rpo.l Q('ridCllfllli.r:D 

l"ipOlrhn 1mb;tl't~ (1.0; clHc!!,oric.1.I) 
LO:lroy r:ll1ge ~itc with well dn,im::d Q'1iI.Q, low s:lgcbrush C\w~r (.1,0; c.'\l'cgoricn!) 
llnd\and~ type hllhimtf. with Juniper (Jlmipr.rIlJ /Jorj1'.01JlI1lh), ncecllc-~md-tllft:fI~1 !!;rll~f-, flnd hluc gr:..mn 

U~nll(c/Qllrl ,r:mrili.!; l..0; cntcf,oriC'.:lI) 
AU :lnthmpogcnic :llccrecl hl\bitllt~: (mb.n, crop, wclh, r<J;or.k: 1,0, (:r\t.eg\)rk:\1) 
Proportion nF ,JI\~~ within :l l-km / moving window th:H i:= c.col, I"·O/., ... , ceo7 

:':'Ilgchru~h (Over (%) II~ idcnt.iAed from ~lr phl)1:<l intcrprct:\tion 

Squm:t>.d tCt'm for ,rh(()'1) • 

MCI\ll ~a~cbru::h ("<)\IN (%) within" l-km" n"UWillg window 

Squared (Cl'm for .IlmJCI1I; 
P',ltLhy ~;\~cbru~h <1\:;trihllTillr1.\ (code~ 7, H, 9) I)r 2 (c()dt:~ 7) 8, ';I, tt) from }.In\o.,_ I;t 1\1. (20()5) 
i'nl\1llT"til)n nF h;lbit:lt w;~hill ~ J _Iem l movlf!1;l \~'im\'.'w th;ot I\t, wirhin pMchy ~.I\r:~httl~h di~tl";h\ltintl 1 or 2 

Jn~m fr;~ohlti!'tl. 
b Vllrii\b\o rClwJvc:d (rom 11"\t!c\ llcvclopment lh,C to CQrrcln.tio!1.\. 

~ 'I'h0m,lric )'vtnppcr. 
,\ Norm:tlb'~d di(fercncc vcr:;ct:\tir:m i<"l(icx . 

Thc JOlll"n:\\ of Wik11ire MflIlr.gcmeilt • i4($) 



• 

• 

11/292010 89:14 :::0.' 3325899 

Jones et:1..l. (20(),)). VVe nssessed the proportion of each patch 
dass wjthin a 1-1on;) moving-window ac'{"o% the 1:md~c~pt 
(.'/;,P'QP ~atch.1, "/;.prop .. paich2). 

Energy developments included d,ist;uJce to the ne:tres;t 
energy well ~;.tc and the Jlwnbcr of well sjtcs within a 1 ~krn2 
moving wjndow (wC!l~d.tt) wl1"~de7l), Anthropogenic fea­
tures included distance to the ne:l.rcsl.' road (rOfl-d_ds/}i 2-
tr:lck trllck ttA,iJ (tmiLd(t): cultivated (crop) land (cr~p_d$t); 
and urb:m development) incl.udin.~ a town, £"lJ~mstc:td, or 
building nor nr a well site (tll'orn,_dJt), Recmll~e anthl'opo­
~cnic variables can change between yCllr~! we fIxed these 
vadablc~ ;It their 2003 conditl,on :md jn.corpol"atcc:l them into 
the hndsclpe [01' the ;.a.gebrush and cco~ite vari:1ble~ by 
rcplacement where an anthropogenic fe~uurc, such us a road 
or welt, ci\istc(~ in 2003. We calculated clcm~jty me:tdcs rot' 
rond~ and 2-track truck trL\ils a~ th<.~,i.r linel1.r lun per knl or as 
thc proportion of nrc?. tht\t W\lR c.rop or urban withln a J­
k.m 2 moving windo",' (mad_dt:1t , tTfl.i'-den, Crop_rill?1 urbl11L 
rit:n). We genemted additive estimates of human (roads, 

energy welh, mban) and anthropogenic edge (roads, oil 
wells, nrban, crop) mctrks m:: both distance .md de:nRit)' 
(proportion of :-\rca wit:hin a l-km2 moving window) 
variables (huma,,_dst, hmntncdcl1, r.dgc_t/.r/, cdKcdm) . .Tn 
:1.dclit;,on, we i,nd\ldcd met.ricf; measuring the distance to 
nC,\1"est water source (watcr_d,lt) and water impoundment 
(ill/prd_d,ff, 1'rnpr:d_dr:n). 

For aU distance V1\rj,ablc8, we cnkulated dec:l.)' v~rhble~ 

(Niclocn et a1. 2009) bcc'\l$e the response ofbirel, tn a given 
hnd~(I\pc fi\l~tor l:)Tlic.alty declines a!;l the. distance between 
l'he.m incre:Uies. Accordingly, we cre~tcd 4 dec;'y va.rlablc~ for 
of\ch distance vnriable by using the form c -rx./ J 'where d "''as 

the distance in mcter~ from ench pixel to :1..l.andscapc fearurc, 
:·\I\cl we ~et Ci f'lt 50, 250, 500, nnd 1,000. Thill scaled CQch 
distance variable between 0 nnd 11 ''',lith highest vahlcs do~c 
t.o the fe:lture of interest, 

Model De,'clopmcnt 
\lVe u:;cd logistic regression cQnt.ra~til1g' used VCf(lUIl :l\I;.\Hablc 
pixels to estimat<.: an cxponcnti:tl RSF to identify the i-dative 

probability of sdcctton ;\~ :\ function (If ,lnndscnpc cova.riatc~ 
(Boycr et at. 2002, IVTnnly er a1. 2002, Johnson ct .1. 20(0). 
Vve genenncd 5,000 rancitlm .Ioc:uiol1s arr()hf: a l-km bu.ffer 
aro\1n.d a 100% m.inimum convex polygon ~\.\rrQ\lnding 296 
winter l()Cations of 23 sage-grou~e fCl1")t1,le~, Annual vfuiation 

can be of vital irnpo1'ta.nec to understMdlng habitat scJ.c;ct.ion 
if resource me. \I~1'ief, bcnvccn ye:lt'f, (Schooley 1994). 
Howcy~r) there wa~ no indication of be.havioTnl differences 
between winl;er 1 nnd winter 2 so to incrc:lsC' sample Si7,C, we 
jnducled hird loeatinm from both ycars in the samc modcl. 
To reduce hillS nssocj,nted wtth the \Olrgel' sample of il..,)\ilabl~ 
(0) resource \mjt~) we used an importance weight that gave 
full wdf?;hting to U.5CO rt.:Sr)Ufce unit~) but aw,ilablc r.1:~Ol.lrce 
unitf; L'e~cived a wf;'.\ghting (down) proportional to the ratlo 
of sampled use (1) points to :tvaihblc point!; (StatttCorr 

2007; 'c" Aldridg'e and Boyce 2007). 
\~ljth limhed l:1rge-scalc studie,:: on which to hasc a priori 

models (nl.lrnh:l..m and Ander:;-on 200.2), we used a 
hierarchical inforrn~tion-theoretje method. Fin~t.) we C:OlTI-

i,J,iIJC 

p:lrcd modcl~ or mel'rlCf; :wd determined a best model to 
represent eaeh of 4 \·arinble d<1 .. o;;,<;e.<; (terrain and vegetation, 
sagcbrul'lh, energy developments, and <lnthropogc·nk fc?.~ 
rI.lrcf;). Second, we allowed n.tt combin:1tiom of the top 
models from eneh vltr.inblc dus!' to compere in an Akaikc's 
Informacion Critcrion (Me) framework. I\..t ru.1 stagcs, 'we 
accepted only model, with a change in AlC (6.AJC) ~corc of 
<2. .. rdative to the best model. 

1" the lerrain and vc.~;ctntion class, n priori models 
included variab.les for ccositc a.nd menS'llres of rcnnin. Tn 
Cl',SCS of corrcJ(lted predictor~ (Irl > 0.7), we c:h()~e to keep 
l'l)e rnn:;t explanatory variable based on a 'l.m3v<lr.iatc 
comparison. After removing cor.related terrain variables, all 
modeh included brit_JO .. 'lVeCJOII1, nrlv;, .rd_'ld'vi, :lno dl. 
We inch.1dcd " rnc:'t.;jurc ()f1~,ndf;Gtpc ruggedness (".'-_I:m.:2) in 
2 of the models based on the import<tnce of gentle 
topog-raphy ,in. w),ntcr h;lb.i.t.:.lt ~dccth.m hy !,;)\ge-grouse in 

)vlont<ln. 'mel Wyoming (Doherty 01' a1. 2008). Because 
f;:lgebnH:h and other shmbs might be importa.nt for both 
food and cove" w(,: creilt'ecl 4 combjn;1.tions of ecos.i.tc classes 
i\.~5I')cin.ted whh shrub cover: higher density sagebrush ({Jr.f:.!). 
1m,," sparse ~agcbru5h (pcr4), ri,pnrinn 8hrub~ (PI.'C5), and low 
.!lngcbr\l9h (:()1.lcr (pC1'6) , 

11) the sagebnH~h. v:tri:l.blc d~l~S, ,L prio.ri models incl'Jded 
both univariate and qll<IChmjc mC"~\1tcs of !~:'\geb.rush cover 
and patchincl;Is. E:tsecl on Aldridge <\l1d Boyce (2007)1 Wt~ 

"Iso ,included multi-vnriable models for sagcbnl!:lh Cc)lJe.r and 

pa,\;chine::;!\ (.~bco'U, sbmean. ,';b ..pate!;l) ,f/J--/}(1tc/,12. .r/J _prop_ 
pat';/)1, sb.,.pro.t-patrb2). For the energy developments 
vuriable c.l:lf:i9) we e\lalunxed univlU"iatc metric!> for th~ dem:it·y 
and distance to energy well F:iteF: by lIsing Ale, and \o"'e 
selected only the best-performing metri.c t() .repre~ent the 
cl)cr.f.O' v!triable d;lS~. v.,re removed var.tables for well dt:n~i\"y 
\\nd the sm:llle.~t distance clemy because there WRS no usc of 
habitats within thc~c bufFen:, c:1using models with the 
vari~blcs wc!Ld\·tSO nnd wcl'-de11 to n"ot converge. In the: 
anthtopogenic fcamrcs variable clnss, we ~c1ected the best 
merric or scalc for t::lch of mad, t,-(/!'l, edge) uroan, r.rop, 'l,urztfr) 
imped, and /.JU11!(J1/, After removing correlntcd variables) we 
combined the best metrics for c~lth of the:;;c to reprcscnt th~~ 
nmhropogcnjc varinble class bceame we 11U~pec.t these 
metric;; all influence sag(!-gr(}u~e lll.\bil'R( selcct.iQn. 

After idl:ntifying a fin~ model "rithin each of the 4 
vf1.t't::lhle: cbsses, w~ al1m'1fed IlJl1.5 combinations of these top 
models to compete and accepted only model:) with a Mle 
score <2 relative to the best model to Jcpre~ent winter sage­
gro\.1~c luthii:f\t selection, At aU levels of model selection, we 
did not ,\How corre]"ted predictors (1,.1 :> O;i) in the ~!'une 
model. After c!;timacing- the fm"l model, we a:;:sesscd the 
effect ~i7.:c of amh'fop;>geni.c features by predicting the 
l'Ctntivc pmb;thility of $clcction at ,in~:rcl't.!;ing distC\nce~ from 
the fe:tture while hr)lding cnc:b other v[\ri"hlc :H it~ mean 
vitlue from the ll!,'C location::.;, 

vVe evah"tted om top AIC~gekcted model by prccli~~tlng it 
to \\0 independcnt !;lamp!e of 54 winter tracking l.ocatiom; 
m,de on birds eap,""ed between 1998 and 2001. Durinl,: 
winters 1998-1999 nod 2001-2002, 7 mole (U' :': 0.34 
locat;onf;./hird) and 25 fcm,,!e (1..6 ::: 0,11 loc;:It.iom/bird) 
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IRh!", 2. Ak:tikc'~ Jnforn):ltl(11l Criterion (J\1C)-Gclccrr.d m<:>clcJ-, representing- rennin :md Vc~c(~tion in winter habil":'I.1" sc:lce!;!)!) hy gn:nI.CI' ~ng,:c-gr\,!Wc in 
Albcrt;l., Cumin. rrol1\ 2002 H' ~.004. We report model log Ilkcllhofld (LL), number (l Illodc.\ p:1.rlLmcfcr·~ (f(), AlC, chlln~c in Ale [rom lowc~t model 
(M'de), ilnd A\~,,;kc Vl'cif.ihu ('U'I) for 4 a priori c~Tldjdi'ltr, ml,'dc!('. 

---------------------------
Model" 

/))"lr_JO, '.urf..)Om, .(r( rfdvi, f'I;.)d, 11'(..1:,,/, pd. tcc2, per], pcr4, pce5, ,pa6h 

/nit_30, 71!r.f_JOm, ,,,tn'{rJi, rti_,<t1', fri_krn2, pr.r,7, pr.r:4,./'r.cJ 
Ill"lf_30, 1l!rf_.101l'l, uf. .. f'd-vi, a;"Jd, t:'iJI1II", paJ, pr,4, per.'!, /lr.r(J 
{,ril_.1Q, wd_.IOn;, IrI_lldvi. rtijrf.. fa.! I prr2, pr.r..1, 1'r.r4, /mS, ta(j 

" Refer tn T:\blc 1 rOt' w.r1,,1\lc dc~,criJltiom. 
I. I\\:(:!.:r(·~d model f,lt th\:o t('rrnln ond \I~gct:Hk)n c1a~R (.~ATC < 2). 

f,i'lgc-grolJSC Were Hushed or located from a ,fixed wing 
~~J:c_mft. AJ.thoUKh we used dat::t from 9 of the$c fem:\!es in 
~ubscq1Jcnt ycar~ in model dcvdoFnlt.~nt, we bellevt: th:tt 
locations from scpanuc years nrc sufliciCIltly independent· [or 

inclmiol1 jn the evruuntion of model prcdjctlvc carll.city. To 
cv.u1..latc the top Ale-selected moclel, ~~.Ie grouped Lhe 

landscape by geometric means into 1.0 hin~. Bccn.use some 
bin~ (ontalne(l no dnta points for e"aluation, we combined 
b1m to ::tvn,id null cdl!;, re5ulrinr.; in 0\ totfl.l of 8 bins. 
Follo,\y.ing Johnson Ct :1.1. (2006), ... ,,'~ cot1verted expected and 

observed locations within each RSF h,n Into pl'oponions 
and assessed the relationship between e.xpected and ob::;en'ed 
frcqtlCncics by using linc<I[ regressi.on l'e~t.ing the slope 
rclfltivc to 1 and C'-v"lllated ovcrilll fit using n ehi-sqt1~rc 
!J;oodncss-of-fit test. . 

RESULTS 
Durhlg the 2 wjntel'~, we obtruncc1 296 location::; f()r 23 

females. V\.!e trllckcd 7 females only d\r.riog winter 1/ 10 only 
durinl.~ winter 2, and 6 during both winter.!:, There were 3 
mortalitie" all in FebnmrJ' of ci.ther 2003 or 2004. Both 
years had close to average rnC:\Ji monthly temperatures. 

Snowfall during wimer 1 (74 em) 'II.'~.~ typical compared to 
the Canadian Climate NQrm,] of 71 em (1971-2000; 
Environment Canada 2009), bllt snowfall was gl:'catcr 
(1.04 C111) owing winter 2. Flock size of ,n!loc~.tcd bird!; 
W~;: 1.3.5 ::!:: 0.72 (SEj range 1--100), v,dth many mL"(ed sex 
flocks. On several oceasion's, radiOnl::t.rkcd birds made long-

T~blc 3. Ak:tikc'~ '1nf'JrTTlnti(ln Cri\'~r;on (J\fC)-~c\cct"d modc!.~ rCcprc· 
SCIHi 11,('; s:\p.;chl1l~h ill wimer habit:'.t ~clcct1nn by gfe:ltcr ~:\r:;e-gro\lsc in 
Alhcn:\. C:'In"d:\. from 2002 tr:l ;'00'.1. We I'epmr model 'o~ l;hlih,wd (1...1..), 
numher of model )1af:\mCtcre (Ai. Ale. rhnngc in Ale from \(lwc:'t mlllid 
(I\MC), IItHI !\1~llikc: weiglm (1l'i) tor alllO <::flndithtc mooch. 

Moder 1I- K AIC ,\AlC w, 
\I/r~t.rm, .llma~(lmq, 

.'h~J)'?r-l·nfr(,21> -/'1::l 4 434 0 om 
,llm;(:rII~, .lblllCl1l1.1q '-,;.19 J 444 '0 o.nJ 
,'/mJr.rm -235 ) 4)4 40 0.00 
S"£01}, .lh("';.~lq, ,lb._prop .. !wrb2 .- 25(1 4 521' % 0.00 

.I/'(.?1', .dl(01'Jq -274 3 55~ 120 0.00 

.'/Jm~' '-234 , .~72 13R 1.1.r~O 

.lb_proP-Pflrrb2 -142 ; 6R8 254 0.00 

.!/!-tfltrQ2 -37Q 2 744 }10 o.no 

.Ib-fro!' -fflrrr.1 -408 2 820 3.86 0.00 

.d" pnfrb7 -410 2 874 190 0.00 

. , Refer to 'l:,'\-;,l c 1 li,r \fMinhk de~uiption~. 
(, Accepted model rC!T'r!!~~ntin~ ~!lr.cbru~b (bA Ie < 2). 

l~JO 

C,r... I( AIC AAIC 1t!; 

-202.5 12 429 n 1.00 
-234.8 'I rl·$8 59 0.00 
··~3'1.8 10 490 61 0.00 
- 265.4 11 :iSJ \24 0.00 

di!=.bmcc movemc\l\'~ of Rppr(lxirn;1.tc1.y 50 km iM <2 da}'A 
during Vlrintcl'. 

E-V"Ju:ltion of the tcrrl\in ;:\DO vegetation variable dagg 
mode,1 indic.::l!:cd the model combin:ltion of brightnC!;f;; 
wetneSSj standard deviation of:' nrhd\ ai; mean f1'i; and the 
remaining cC'ogJ.te classes (bn'f_JO, wet_Jam, Jd_lId·vi, cli_sd. 
tri_km2

, j)u.1j)(x2, fJ,x..1.jw:4, jJp.r.5, jJfU:6j T:tble 1) W:\~ tht! top 
model with greatest support, and no other models had 
moderate S~lrpQrt (6A.IC < 2.0; Tahle 2)_ The mot't 
Sllpporred model L()f the sagebrush ,'al'iab1e dfl.s,'ij (.6.AIC < 
2.0; Ti\ble 3) included the quadratic form of mean sagebrush 
cover and p<1.tchy clistribution 2 (sbmatl7l, .rb ... prop-Palch2). 
Among 5 energy feature variable modt!)~l the most 
$\,IPPOftcd model (i.\ATC < 2.0j THole 4) 'W')\.<; distance lo 
well with a decay jimction of 250 m (we/l..dSl250). For the 
LUlthropogcnic fr.::\tt1rc~ cl:HIl1 1 we .1:'t::.movcd v:\ri:J.hlc~~ for ,roi.ub, 
\lrh:ln, crop, ?nd human (road, m-bl1-7/, "/'op, bUlnfm) clue to 

correlation!" 'I.\lith other vl1r\:\b.1c[1, The mO(lt fltlpporred 
model!> ~mong t:he impediment, w?tel\ edge, and 2-track 

tl1\Ck trail valiable ~ro\1p' (tlAIC S; 2.0; Table 5) .included 
impediment dcnsfty . (imped_dw) , distancc to W;l1:cr 

(wal,,:..dJISO), distance to edge (rdguI.<tSO), .od d"hlnee 
to 2-tmek ttuck 'mil (tmilj,t500) , respectively. 

Com hined ~:v;tlu!lt.i.on of the bc~t models From all 4 variable 
classes (Tn.ble 6) lndk:ned l'he mOAt [';llppo1'ted model (MIC 
< 2.0; 'Table 7) included the tcrmin '(\nd vcgct:t.tion, 
sagr.::bnll'h, energy devt!lnpment, l\nd :mthropogenjc fcamres. 
AH:er applying this RSF model spati,<I.!ly to the {;l.ndr-c:lpC 
(Fig. 1), we used vali,dL'ltion po,Int5 to predict ~\ lineal' 
rc,~,l'ession model of the proportion of expected and ob:;crved 
validation JO(.:1.tion pojnt~. Model fit W:1~ high (1 = 0.94), 
wh,ll a ,c;lopc different from zero (P < 0.01) and tin intercept 

no" dil1'erent from 7..cro (Po = 0.02, P = 0.29)_ A ('.hh"lu:lre 
gooc\ne'Ss··of-fh te,qt (X2B = 5.0.1, P> 0.5) and Speanmm rank 

'fl\blc 4. Aknikc'o InfcrTf\l'Ition Crit~rjpn (AIC)-~ckctcd models repre­
~~nrihg energy development in winter hnbimt ~dcl:ti()n hy grcIII'u ~a!)e· 
Sro~l"C in Alberr:ll, Cf\lIad:\, fmrn 2002 to 2004. \lYe report mode! k!g 
likelihoud (Lt.). n\llTlbJ:r llr m(l,ld T';\rfHn~tcr!~ (K), ATC. ch:l1lJ!;c in Ale 
frum ll1wc:~r model (,-\ATC), and Ak:tikc wdl;lm (WI) for \\11 ~. clwditbrc 
modc(~, 

Mo(lcl" 1,.1, f( Ale MIC 111, 

1iJrlf_dtt250" -396 2 77G 0 n.9.~ 

~t'dCd'f500 -, .lR9 2 7H2 (, O,OS 

... ~·d'-d.i'1000 .. 19R " ROO 24 0 
11)f.fl_dlf -;07 2 31 S 41. 0 

"Reier to T:1.\11~ 1 r'1r vnrillhl\! d(!~cri\'lione .. 
h Acccpted model ref'rc~ent1n);' ('nlorbY dC!I'cl',11m1CIti' (b.AIC ~: 2). 

Th~ .1Q\ul'flJ <;IF Willl1il'c Mfl.I'n{(~mcnt· 74(8) 
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T"ble 5. i\)~:\ikt·~ Il,rormllti<,n Critt'!rlM (A[C}-,e.clccrcci OllldcJ.: ('If 

:'I1l!hropClg-mic feature v:uiftblc9 for winter h:lbit:lt fclcction by greater 
:;11!;c-r.rou~c in Alberta, Cnl'~dn, ft(lm 2002 to 200'1. We report. Dlodel k\g 
liltI:lilwlid (.1 ... L), I1lHTlbcr of model p:u:;mctm (TO, AIC, ch:;ngc: in J\1C 
from \owc~t model (ilAJC). :\nc! I\.\(r.ikc wcir:lm (WI) for each v:\rJ:1blc 
rchtivc \(1 ~imil:u \';\ri:lblc~ ar dilTcrl!nr SC:lIc~. VJc c()mhinn[ the 4 :\I.:ccpn:d 
v:lri:\b\c!: ttl rCIHC';(:m th.:: nnrhropl.l).!;cnk (r:lIl,l,IH'" v\lrillhlc dll!:!., 

V:uinblc" 

~t'(/t~r _,btSO), 
~1](,r('r_d.'f250 

w(/',.·r_.dt'.~no 
;~'(7,cr_rl.rl 1000 
1!.'(I/~r ,l" 

rr,1/LdJf5001, 

'",il.-dcn 
tmiij.!tI00() 
rrniLd.rf 
rndljJf250 
f111i1 •.. flJ/SO 

;m!lf.rtdrrl 
imf'rdjsr70lJO 
im/,r.d_rirt,'iOO 
j,npr.r/j,<r 
imprrtdf/2.'10 
imprdj/.!rJO 
I.'dr.f:JbISO" 

rdJ:~_rf.,' 

rrl,~rj"r?5(J 
rdgl'jlm 
crigu!111000 
N{f(r._tift,'iOO 

LL 
.. 408,0 

-4()9.5 
"'1(19,9 

-410.0 
"':1Hl,O 
-391.0 
'-197..0 

···391..0 
-394.0 
-394.0 
-40S.0 
. 386.0 
-390.11 

:191,0 
-392.0 
-.19;;.0 
-40g,0 
-.'397.0 
-399.0 
-40i,O 
-409.0 
-409.0 
"-'10.0 

K 

2 
2 

? 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
" ,. 
2 , 
2 , 
2 , 
2 

J\le 

820 
823 
f:'?:1 
824 
824 
786 
,.8 
7RR 
792 
792 
R14 
77() 
iS4 
71H; 
)8, 
794 

820 
198 
SO? 
$~8 

sn 
822 
824 

o 
3 
4 

• 
4 

o 

2 
h 
(, 

28 
n 
8 

10 
.17. 
18 
44 
o 
4 

20 
24 
2,1 
2(, 

1(); 

0.61 
0.14 
0.09 
tl.08 
(lOR 

0.54 
0.20 
0.20 
n.OJ 
0.03 
O.lJO 
0.97 
0.Q2 
0.01 
0.00 
0.00 
OJlfl 
0.88 
0.12 
0.00 
(tOO 
0,00 
(UJO 

, HeftI' to T:1hlc :1 ['01" vn.,·1t1h1c dc~cript;onA. 
" Ao:eptC'.d \'aril\blc~ (.1.AIC -:: 2) inchlded in rhe nnthl'Opogc:nk rC.lImrc~ 

Y:\I"bblc c\:I~'. 

C:Qffcb,tion h = 0.83) eOlloboIated the :'lhllit)· of our model 
to predict independent winter ~ilge-~rouse locarions. 

After estimati.ng the final mode( we M~esAed the e·ffec.t 
si7.e of the energy dc\'e.lopmcnt) trail, and edge vari::tbks 
(wdljsI2S0, Imiljsf500, edger/sI50) by predicting relative 
prnh:lbi1ity ~)f !:'=clection :\t i.oc.tc::tsing distRncc~ from thc 
landsc<1.pe fC::J.ttJrc while holding aU other variables coosto\llt 
at their mc,m vahlc5 (Table 8), We ah.:.o n(.lcied or subt.racted 

WCle: 

one standard error from the coefflcicnt of the variable of 
interest <1Jld held alt other model v:\r.I;tblcs (.onstatlt <1t their 
mean, to estimate standard el'mrt: )lround predictioTl5, The 

pr(!dktcd prob:lbility of selection dropped shnrpty at 
approximarely 1.,900 m from energy weUs and Elf 200 111 

from anrhropo(!;enie edge$ hut f(lr tr:l-\il!l, the (~ffcct wa~ less 

pronouncl'd (Fig, 2), 

DISCUSSION 
Our habitat model W:lS highly predictive and is llSCh.ll in 
identifying impormnt winler h}l.bit:1.t~ for winter.ing ~:'\gc­
grol1se. Con~.i.stent with findings in vVyoming and J\1ont!~n:-l 
(Doherty et aL 2008), and as we hypothesized, the 
:\hundnnce. and p:achy di.~tr.j.hlJdon of sagebrush on the 
landscape int1ucnced sage-grow;c wint.er hahitllt ~clcction. 
Topographic metries and measure:; of productivity Cllkubn­
ed from satellite imagery nho contrihuted to the mf.ldd. 
Again comistent with fmdi.ngs of Doherty et a1. (2008)~ 
sage-grouse selected lc~5 rugged an:::f\~ fit lower elevation!':. 
During breeding season, sage-grouse In this population 
f;nowtd avold:lnce of :1nthropogcnic edge (Aldridge and 
Boyce 2007). Humfln impfl.~·.t~ n.1.50 were important predic­
tors ofvvintcr habitat~ .. ,During winter) sage-grouse avoidl!d 
:til ;lnth.ropogenk edgc9, rcg~rdlc:::s of t)~c)' <llthol,lgh the 
AmnUcst Reale we tc:::tc.d provided the best model fit 
(alg£_d.l·t.r:;O) , nnd edge w:~s pronounced in. our model with 
no hil.bitil.ts selected within 1.00 m of edge a.n.d li.m.1tccl 

selection from 100 m ro JOO m (Fig. 2). 
M.odeh; that included cnerb'Y devel.opmcnt (well metri.cs) 

performed better jn AlC "election than rhe idenrical 
. compccing model "\vithotlt wells. FUfthcrmorc l the response 

tCl cnt:rgy wclh Wil.1i :'11' a Luge sc~le in Ol.1f Inodt:l) with no 
11:tbit~.\".~ :>elecrecl within 11200 m and limitcd ~c1ectlofl 
between 1,200 m and 1,900 m. Dohert), er ,1. (2008) found 
thm density of colli bed natural gas wells wns I\. better mcp.sure 
of sage-grouse nvoidance at a irll'ge ~c.~le than .1 mOI.·e loefl) 

scale. Similarly, om model for s~gc-grouse in Nberla 

Tllblc (I. Me:!.I1, ~t:md:l.fc\ c\CVilltiol\, :1l1ci '~\rl,L;"C (min. Ilnc\ Inn).!. \11l1\1c~) f'nr 1\11 C'W:lr;;'\lc~ ;ncllJdca in Gm.1 mndid:He Ak:\i!:c'~ Inlonl1:o.tioll Critcrkm m"de\~ to 
prcdkr grcl1lH r.nftc~groll~c winl'cr h:o.!Ji[,\t. ~ciectirln in Alhert", Cu.mHi,l, rttlll' 2002 w 2f104. 

Vnrinblc cntcg:ory 

t~ncr[y 
Sngchnt~h 

V"UII"'"C" n"mc" 

~lJclCd.'1?'50 
.Ibmrnll 
.ll·mrmwl 
JI, -prfljl-/,nf(~"? 
/JJ"if_,1Q 
wel_JOIl'] 
.r/(nrivi 
fri-*.m~ 
1m! 

t rr2 
preJ 
pu1 
paS 
1'((6 
impl'fl,.,Ir.1! 
1UflW·_rf.lf50 
algt" riJr50 
{"I'n'- ,_ ,1tt.r;DO 

o Rd't.f 10 '!'"bk 1 1'01' v:lf;ahle dc~crirtiom. 

• 
0.020 

14.91 
409.96 

0.1 f) 
217.52 

1p;.22 
0.038 
2.Ji 
n.130 
0.0%3 
0.355 
n.oM~ 

0.144 
0.0834 
OA~ 

1l.21 
f1.0()4 

0.00.12 

SD 

0.086 
13,70 

7?.5.52 
1).27 

20.58 
R.R4 
(U127 
2.63 
0.2&30 
0.254::'. 
OA002 
0.2412 
O.2B4(J 
0.19;(1 
(u;r, 
O.2~ 
0.21 
O.f1t1R 

Min . 

0 
0 
0 
Il 

54.99 
-R.9f\ 

f1.0(l91 
0 
0 
0 
0 
0 
() 

0 
0 
0 
II 
0 

0.95 
S6.i@ 

7530 
1 

360.61 
86.62 

(1."19 
J 8,16 

1 
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'rnhlc ;, /\bikc',< Tnfonil;'\tion Cr'll'trion (A1C)-~clcc:tcd ITlodcl~ r"f 
winter hrlbit:tt ~dcccio!1 hy g:rcfltCr ;;~)..;c-p;m\I~" in Alb~.rt\l, CflI..,R<b., from 
2002 rn 20(l4, Wo report model log likelihood (LL), mlmbcr of model 
pnrnmct~rs (I(), ATe. ch:tngc ill /dC rrom l(1wc~t model ('-'!de), I'nd 
Aldkc wciglw (~J!j) For :Ill c~ndid:\tc models. V;;.ri:1blc df\~9C~ include 
energy dcvckrmcm (E.), ~;\g!!h!1l~h (5), nl1thf()por.~ni<.: fc.'1!·L1I1!!~ (A), lind 
terrain :11l(\l'cgcl':1tillil CI'). 

Modcl~ I). f( AIC MIC '"I -,_._---' 
1-:, $, 1\, Th -108 10 256 0 u.98 
~,A, T -UJ ]9 264 8 0,02 
1:., S, T -11'::l 1(, 270 14 ·:::'-,0.01 
S, T -12(; 15 '.B7. 26 <O.m 
E, ;';,/\ '·'72 9 )62 106 <=0,01 
S, A -1:12 , .1~0 124 <:0.01 
E,/\., T -'IRO 1.7 393 1~7 <0.01 
'I',A -lR4 l' 400 144 <0.01 
E. S .. ?o~ 5 414 lSB <0,01 
'1', f: -.19i 13 420 1M <0.01 
T - ;~(12 1) "S In <0.01 
S -214 4 436 .180 <0.01 
E.A -137 " (iRf, 430 <o.rn 
A -.1,';-1 5 718 462 <0.01 
E 3R6 2 776 S20 <!l.tH 

, ReIer to Table. (, rOl' cnVJ\ri:t\·c~ ind\ldcd ill c:lch v:tri:\blc cb!l~. 
I> At'ccp[ed mNle1 r(lr ~fl~c-gTotl~C winter h~bl,mt ,:~k~~l·i('n. 

pred,ktccl that the relative probnbilit), of selection drops 
sharply when habitat i~ within 1,900 m of :1n energY' well 
(f\~'. 2) and not ~urr.rl.'1ingJy, the clof>cst distance any ~age­
grollsc W<l.S located to a weU during the study was 1,293 In, 

Although mel'" (li(:t':mcc from a weJl W:l~ 8,802 m (9Sc}fl el, 
8.589 ;;. R ::; 9,016)) in the third of the winter study "'rca with 
the highe:.;!' oil :tnd g:\,'l. activity (460 km»), meAn d.'stance to t\. 

well wos 1,034 m (95% CI, 1,008 OS; x OS; 1,060). Thus, 
.,woidr1.nc('. of energy development by S;\gc~g[{)\.Ise in /\Jhertn 
l'eSll!t-cc1 in 5IJbst"nt:i.alloss of [unctio.n;:1.1. h:tbj1·~t sun:o\lndin.g 
wells l simihr to other li.fe at"i\gc~ (Al(lrldge and Boyce 2007). 

A1thidge and Boyce (2007) identify the potcntl.:ll impol'­
t:lnce of h:1.bit!11 connectivity between winter and othe.r life 
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Fig-m'(! 2. Pretti.ned prob:'lbi.\ity of selection by grc!ltl!r !;!~g"-/,.'Ttlt\:'C in 
A·;bertl\. Camld:'l, 2002-2004, ;\~ dctermined hy 1\ rl!;t)tn:!;c :;o::le!;t1on fime­
tion. We c!!.tcu13tcc\ rd;\t.hlc probllhilil'i(!;; \11 differt:".nT (H9t(l.nCC~ for 2~tr:ll::k 
tJ1Jck trnil, CI)CT"L~Y wdl, lind edge (rrai,-d.rf500, wdl...li.tf250, ~dgl':_rf.lf.'iO, 
rr.::;pl~cti\'\)I)') wbilr.: holding \\11 other model vnrillblrx, 1.:qn~t'ln.t lit thdr me!!.n 
\':l\IIC~. Fflinr dl\.'Ihcd 1inc.'~ fLj.lr~Cl1t n:latlve rrob:l.bi!itk~ c.aIcHl:ucd IHillg 
pili;' or n\;rm" 1\ ~t\\OlbTd errOl" to the cl)!.::/"ncil!ilI" or I·ilr.: "nrill"\!; Df intcrc~t 
((mc of frflilj/.ff500, tt.ldl..drI2.m, I.lr crigr_1.1t50) (\.nd rcmlcu.htitl5 
tllC .prcdicrioJl~ .. 

!;;t~gcs 0'("'1 ne!:'t and brood), Despite ye:·t.r-r()und t.r.nr.:king 
efforts, the imp~)1'tnnce of h:\b1t:lt. connect.ivity \Vas difficult 
to :\':(~(:$~ •. Although summer and winter habitat!: of "ome 
birds were adjacent o.r t}verl:lppi.ng, other birds mndc 
""'00'1 movement, of 40-50 km (Co L. Aldridge, Color"do 
St~re Unive.rsily, HnpubHshcd data). A limited number of 
tracking; loc.l\tion!: R.tJggeE:t birds m(l.kc these long movements 
fDllo''''ing the topogrnphy of large val.ley~, pot.enl·i1\l!.y 
tr:-tddng the di~l'ributi()n of sagebrush. However) dam 
collected at more frequent intenralfi. than we obt:l.loed (luring 

TllhtE! 8. "F.~tlm~t('o:l c.(v::Ricient!' (~), ~t"nrlilf~1 E!rmr~, ;It\d 95% confidcncc il\tcnr;l!~ of ~o";"\rbtc.~ Included in the nccepted !'rlllllcl for winter h~bit~t ~cl~ctinn 
hy gt(,.!lfcr ~").fc-J;rou<c I" AJ.bcrt:t. C:m~\(h. (rom 20[)2 III 200-1. '1'0 dUITI\clcri7.c 1'.:lhi!::u· IlI'll]l;\bi.lily, we wei~htc~d 5,000 r~r)(l(Hl\ pDiut, by \l~in~ impNnlflCC 
we;~ht~ 9l1Ch' dut Ihe ;\Vr,ibh1c s:unpk Waf. cfTc~tivcl)' 296 PQint~. 

95% Cl 

V\\rlnhlc. dn~.~ Vllri:l.b1c " p SE Lower Upper 

EIl('.rf!;Y dcvc\npm('nr ~li~/'-d.!um -ti].96 119.69 •. 40~..I4 ClO.6.?: 
S:1.f,"chrllsh JbmwlI 0.2-1 0.1)'11 0.16 0.32 

.dmww.lq -0.0019 0.0005 -0.0029 -0.0009 
,lh....f' rlJ'P....j!nlfl)2 1.74 U.B.2 0.14 :U4 

Anthropogenic rcntlll'er. ('dgeds/50 . 5.% 2."13 -'1(1.62 . ~ .099 
71!1/((7. dJ(50 -2.1)39 o.n -3.48 -0,60 
iml'~'d_drll 0.70 0.28 0.1.'\ .1..26 
Imil_d,r.'J()(I -1.65 0.77 -3.1rl -(\."14 

T~fTllil\ 1111(1 "q~{;\:lfit1l\ brit ... .10 -O.U:).6 O.OQ8.?: -0.042 -0.0097 
11'rt_,Wm n.10 0.022 0.0:19 O.1J 

.Iri.. Nrf'io'i 15.8<1 7.90 0.35 31.32 
(Ii_.ld 1.ll34 U.4'.:/ 0.079 1.99 
tI1· . .JI1.')~ ·1.61 n.:Hl .. ~.~1 .. \.035 
/,~~J d .. W ).s~ -0.61 {j.A5 

/)(.(2 -0,12 U:i9 ····6.00 4.S(i 
prr] -L9f1G4 2.4341 -6.7:l71 2.2043 

pa4 "2.;1{MO 2.4912 -7.13(,7 257R6 

paS -).?no 1.5301 -(\.7.1\(1:1 1.672.3 

/m(, - 3.984; ~.n~9 --9.-1.132 1J637 

" Refcr to T:\olc 1 for ... ·:1\"lfIbk 8('e!;drti\!fI~:. 

18.12 
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Qur smay) )Joss:ibly with Globill T'o.r;,itioning Sy~tem 
technologies, arc needed to confirm thc~c movement:F; :J.nd 
to a~scs~ ho," b.ird~ tmvc1 thrO\lgh (H~ru.rbed landscapes to 

rC:lc.1l stlit:lbJe wiMer hl1bitarf:. Threats such ::IS oil :tnd gns 
development or cultivation of native h~.bit'at" could reduce 
c:onne.ctiv1ty :l.nd disrl1pt migrator), pAtternS, possibly causing 
bottleneck$ hetween seasonal ranges or poplll:tti,ons, 

S:lgc-grQUSC congreg;ltc into groups of "''ru")~ng size during 
winter. "ve loc:lted :1 nock estimated at 100 hjni~ on one 
occa"ion in 2004. Thir. Hock represented ;~ !lllbst;l.oti'ill 
proportion of the population in olle toc;ttion, bec:luse the 
.Alberta populati.on ''''US estimated at between 288 fmel 1\27 
bird, during epring 2003 (Lllngle and Pn", 2008). Of the 
validation loc:ltiom t 72% OCCUlT~d in the ;2 hi.ghc!'t RSF bins, 
whi.ch rcprC'.scnt~ just 13% of f)\lt study a.rea. Beck (1977) also 
round winter 11:1blI::1\: WA~ limited.in northern C!)lor:loo \\,h,cre 
80% of winter sites used by sagc-gromc occurl'ed in <7% of 

the total ana of sagebrush. BecaLlse winter h:-thit:us arc limited 
in AJbcftar comprehensive management: $t'fn.tegicl'; to m<tintain 
suitable habitats ncross ~11 :;!,":;1,~Ons nre required, particl,d,<I,dy 
bCC<l.t19C sag<.;-grm!st }lvoid energy development in f)thcr'.AA~~ 
~ujtflhle winter h:\bitftts, 

MANAGEMENT IMPLICATIONS 
So\md mnll::tgt.:ITu;Jlt phl.oning reguircs an tmdcrstanding of 
hJ'lhi[',:u selection at hrge scales, idcntHying where pl'iOt'iry 
habiwts are loGu:ed nnd determining how speciefi re~pond to 
relcvant disturbanccs, OUf model ,fi)f !;age-gTousc wintcr 
habitats in Alb(,~rt;;. providci1 one ~tep tow~rcl' meet.ing thLfI 
m:magcmcnt ('h~l1ellge. Given the cndangcn::d $t::t1\ll> of sage­
grou:;e in C:1nada, any loss of cnlcial winter h:a.bit~ts could be 
de[1'imcntru to population persistence (Beck 1977. Swenson t::t 
:11.. 1987). We rec.ommend that areas iclcntiHccl as cr\lciru to 
mcering winter habitat ncccls of ~:lge-g,rollsc be protected 
from C\isturb"llcc ;\r~d dcgr:ld:ltiol1 ~nd designated :\,~ Crltk:;1,l 
H<lbitat tlnch::r the Ctl.nadi;l1.1. Species at Ri~k Act (Specie!:l ,It 
RiskAd 2002)_ M.oreove.1', we recommend:\ setback distance 
of ::::: 1. .. 900 111 for" any energy development from all winter 
hahil'at~ identified as Critic"ru Hnhit;1t hased on OUf model. 
Mitigation of disturbam:es th<lt negativc1y "ffed .5age-grouse 
wjnt~r hf.l.bit;"tt qll:tHt:y (energy and anthropogenic develop­
ment) could be "pplicd in key Mgehmsh habitrtts to t::nhance 

critical wintcr h:abitl\t!i for ~age-grousc, 
Although much 'Past management for pmiric gwuse h:ls 

(oetlSeo around lek ,i'·e, (Aldridge and Boyce 2007), 
modeling approaches such as npplied here permit more 
(".(lTnprchcnsivc cQmel'VRtion planning. COllsidering sp<l.ti"Uy 
cxp.\icit modcl~ for SAge-grouse [le~t, hrood, and wintering 
h:lhit!ttf>, combined with knowledge of 1ck locations, bird 
movements, and 11l1.bit;\t connecli~;ity, pmvide ~I biotogical 
fonnd:l.tlon fof development of 1\(1 ~f[cctivc c.onscl"V"tion 

stmtegy fo)' sagr.-groHSC. 
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