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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 §2003

RE: PROTEST OF 9 PARCELS TO BE OFFERED AT THE BLM’S
FEBRUARY 1, 2011 COMPETITIVE OIL & GAS LEASE SALE

Dear State Director:

The Bureau of Land Management's Febrary 1, 2011, oil and gas lease sale offers nine
(9) parcels comprising approximately 3,718 acres of pubhc Jand/mineral estate within identified
sage-grouse core population areas. The Natmnal 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, 2017, would further jeopardize the continued
viability of the Greater sage-grouse and therefore Tequest that the protested parcels be withdrawn
from sale. Specifically, in accordance with 43 CF.R. §§ 4.450-2 and 3120,1-3, the National
Audubon Society and Audubon Wyoming (hereinafter "Audubon®) protest the salc of nine (9)
lease parcels displayed below scheduled to be offered by the Wyoming BL.M at the February 1,
2011 competitive oil and gas lease sale in Cheyenne, Wyoming.

WY-1102-006 WY-1102-009 WY-1102-012
WY-1102-007 WY-1102-010 WY-1102-013
WY-1102-008 WY-1102-011 WY-1102-022

The nine {9) lease parcels displayed above lie within the core population areas for Greater
sage-grouse, See Wyoming Game and Fish Department (WGFD) Version 3 core area map at:
bttp://gf state. wy us/wildlife/wildlife_management/sagegrouse/Update%20coreareas_v3.pdf.
Core population areas are necessary for the protection of this candidate species and iutegral to
the State of Wyoming's — and to the BLM’s - sage-grouse conservation strategy. The core habitat
is the nesting and early brood rearing habitat for over eighty percent of the Greater sage-grouse
breeding population of the State of Wyoming. The range-wide population of the greater sage-
grouse has already experienced a ninety percent decline from historic records-- ongoing and
reasonably foreseeable future intrusions into sage-grouse habitat led the USFWS to determine in
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Marcly 2010, that listing of the greater sage-grouse as threatcned or endangered is warranted. Sec
75 Fed. Reg. 13910-14014 (March 23, 2010)."

PROTESTING PARTIES

The National Audubon Society, founded in 1905, is a not-for-profit corporation
arganized under the laws of the State of New York, with its headquarters in New York.
Nationwide, there arc more than one million Audubon members and supporters, 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, focusing
on birds, other wildlife, and their habitats for the benefit of humanity and the earth's biological
dversity. Audubon carries out that mission through a variety of activities, including education,
habitat conservation and public policy advocacy.

Audubon’s members in all parts of the state sharc a deep concern for the future of
Wyoming's wildlife resources, especially native birds and their habitats. Audubon’s state and
local organizations commit sighificant time and resources every year 1o etforts 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 environmental
- future for birds and other wildlife and their habitats and for the people of Wyoming and the
United States.

Audubon's members value the conservation, sound mavagement, and sustainable vse of
the public lands comprised of the lease parcels offercd for sale on February 1, 2011, use and
enjoy the lands in question, and frequently engage in sage-grouse viewing and hunting
opportunitics, and other activitics that would be diminished by any further decline in the
population of the species ot continued destruction of sage grouse habitat. As a consequence,
Audubon and jts members would be adversely affected by the sale of the nine (9) lcase parcels
protested herein.

BACKGROUND

The Sagebrush Ecosystem that defines the Intermountain West and once covered much
of western North America is undergoing intense change; today we hang onto less than balf of its
original area. Wyoming is the last stronghold for the sagebrush sca: 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 the
remaining sagebrush ecosystems. Sage-grouse are native to the semi-arid sagebrush habitats of
western North America. Previously widespread, this specics has been extirpated [rom
approximately half of its former range due to losy and degradation of sagebrush habitat. It has
been estimated that Wyoming’s sagebrush country has the highest remaining 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 for every aspect of their life cycle and use
multiple seasonal habitats that must all be available to maintain bealthy populations.

' The USFWS' March 23, 2010, 1 2-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 if fully

set forth below.
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The loss of this ecosystem is a grave threat not only te sage-grouse but also to world-
class populations of mule deer, elk and pronghorr, 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 specics of
concern that have similar habitat needs including world-class populations of mule deer, elk,
pronghorn, as well as many other sagebrush obligate species of concern,

STATEMENT OF REASONS

Eight of the nine patcels protested berein (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 ficld offices prepaved Environmental Assessments, which, together with the
applicable Resource Management Plans, purpoit to constitute adequate pre-lease environmental
review. We disagree. The failure of BLM 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 alternatives including deferring the offering of parcels located in core
areas or Jeasing with ephanced stipulations; and 3) Explain and document the application of the
oil and gas leasing screen (WY-2010-013) to the offered parcels amounts to a failure to take the
"hard look" required by NEEPA. In addition, the BLM's decision to offer these nine core area
parcels in the midst of an RMP amendment process intended to revise sage-grouse management
direction precludes meaningful consideration of management alternatives currently under
development, in violation of 40 C.F.R. § 1506.1.

Failure to Consider a Reasonable Range of Alternatives

The EA prepared by the Neweastle FO (WY-080-EA10-27, dated August 24, 2010)
explains that ten (10) parcels were nominated by industry through an Expression of Interest. EA
at 6. In response, the Newcastle FO prepared an EA to assess the environmental impacts
resulting from the issuance of the ten parcels (listed in the Appendix). Although the Decision
Record states that three alternatives were considered: alternative "A", "B" and "C", the EA
contains a discussion of just iweo: a "no action” alternative Jabeled as Alternative A and the
"proposed action” presented as Alternative B.2 Under Alternative A (no action), the BL.M would
not offer for sale the 10 parcels nomipated by industry. Under Altetnative B (proposed action)
the Newecastle 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 alternatives violates NEPA.

The consideration of alternatives under Section 1502.14 of the CEQ's NEPA regulations
is often described as the heart of the environmental impact statement. Under this scction,
agencies must —

2 Curiously, the Neweastle Decision Record identifies the Proposed Action, an alternative that allows
suface occupancy and disturbance associated with oil and gas development "as being the most
envirenmentally sound alternative.”

-3 .



11729726818 A9:14 8733

1
[nn}
oo
o
[Nu]

q

Wil

» Rigorously explore and objectively evaluate all reasonable alternatives, and for
alternatives which were eliminated from detailed study, briefly discuss the
reasons {or their having been climinated.

» Include appropriate mitigation measures not already included in the proposcd
action or aliernatives.

The "no action” alternative discussed in the EA simply states that "the BLM would vot
offer any of the ten parcels at the competitive lease sale that have been nominated." EA at 9. This
all-or-nothing approach to leasing, which combines two non-core parcels with the eight core area
parcels, fails to address the dominant issue confronting the WY BLM and State of Wyoming: the
proper management of oil and gas leasing and development inside core areas. The failure of the
BLM to differentiate between core and non-core parcels in this altemative and its failure to
specifically consider an alternative that would temporarily defer (i.e., not offer for sale) the eight
protested parcels located in core area until afler the sage-grouse amendment process (discussed
below) is completed is & fatal flaw in the analysis requiring a remand with direction to perform
the necessary analysis. The need for one or more alternatives specific to core area parccls is
underscored by statements in the EA that "the WGFD has identified core areas, which represent
these relatively production areas, and has suggested special management for these areas” (EA at
19) and BLM's exptess recoguition that not issuing leases in core habitat would "be consistent
with the WY Governo's strategy to conserve the species in support of the USFWS finding of
Warranted but Precjuded.” EA at 26. Despite the statements in its own documents, the Newcastle
BLM seemingly fails to appreciate the distinction between core and non-core parcels--a
distinction that clearly mandates different management approaches and options other than those
presented in the EA:

The EA also fails to consider onc or more alternatives that would require the use of
effective, science-based stipulations on the leases as an alternative to the ineffective and
scientifically discredited stipulations attached to thesc parcels. Given the well documented
ineffectiveness of existing lease stipulations for sage-grouse, including the TLS and CSU
stipulations placed on the lcases protested herein, it is incumbent upon BLM to evaluate other
methods of protection, including, for example, 1) attaching NSO stipulations to parcels located
within core areas; or 2) applying stipulations recently adopted by the Wyoming Game and Fish
Dcpartment for oi) and gas leases in core population areas. Neither alternative was given any
consideration by BLM, in contravention of 42 U.S,C. § 4332(2)(E) and 40 C.F.R. § 1502.14,

Leasing Core-Arca Parcels Undermines the RMP Sage-Grouse Amuendment Process

In Jate May, 2010, the Wyoming BLM published a "Notice of Intent to Prepare an
Environmental Impact Statement and Resource Management Plan Amendments for the Casper,
Kemmerer, Pinedale, Rock Springs, Newcastle and Rawlins Field Offices, Wyoming." See 75
Fed. Reg, 30054-55 (May 28, 2010). Among other things, the Notice of Intent 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 Instruction Memoranda (IM) 2010-
012 and 2010-013. The Notice also indicates that, "the purpose of the public scoping process is
to determine relevant issues that will influence the scope of the environmental analysis, including
alfernatives, and guide the planning process.” (cmphasis added).

-4 -
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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 mecting to discuss sage-
grousc alternalives.” Online at bttp://www.bim.gov/wy/st/en/info/news_room/2010/
november/19sage-grouse.html. One of the altematives being considered, a so-called conservation
alteyrnative, would close core habitat areas to oil and gas leasing. A second alternative, the
proposed action, would continue to allow oil and gas Jeasing in core area, but under stringent
leasc stipulations Iimiting both density of development and total disturbance.

In situations such as these, NEPA procedures place Jimits on agency actions: "Until an
agency issues a record of decision as provided in § 1505.2, no action concerning the proposal
ghall be taken which would... (2) Limit the choice of rcasonable alternatives." 40 C.F.R. §1506.1
The sale and subscquent issuance of these cight protested parcels with the existing lease
stipulations would preclude BLM from considering: 1) the alternative 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 decision to lease these eight core area parcels would leave no "decision space” for
B1.M to consider and implement aliernatives that are cuwrrently under consideration in the RMP
amendment process, a violation of 40 CEFR § 1506.1.

It is worth neting that the alternative of closing key sage-grouse habitat areas to oil and
gas leasing (i.c., designating the Jands administratively unavailable), is an alternative specifically
recommended in BLM Washington Office guidance codified as Instruction Memorandum No.
2010-071: Gunnison 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 amendments, analyze one or more alternatives
that would exclude priority habitat from cnergy development and transmission projects.". The
proposed sale of these cight core area parcels violates 40 C.F.R. § 1506.1 because it "limit(s] the
choice of reasonable altematives” by absolutely precluding the adoption and implementation of a
"no leasing in core arca" alternative and a "lease with stringent stipulations” altermative, both of
which are currently under consideration by the RMP Amendments planning team. The same is
true with regard to the Casper FO core arca parcel, WY-1102-022, and thus we object to the
sale/issuance of that parcel for the same reasons as stated above.

Bl.M's decision to offer the protested parcels without explaining how it reached its decision with
respect to cach 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 Corporation, 157 IBLA 37 at 73
(BLM must analyze all pertinent factors and substantiate its conclusions.) Neither the EA,
FONSI nor Decision Record prepared by the Newcastle FO discuss the lease parcel screening
process relative to these parcels nor its specific application to the eight core area parcels
protested herein, While the EA states that "all 10 parcels were screened according to the Sage-
grouse screen contained in Instruction Memorandum WY-2010-012 and would be recommended
for leasing, 8 of which were found in a sage-grouse core area[]" (EA at 26), the EA fails to both
explain and document the application and the results of the screening analysis for each particular
parcel, thus forcing the public to guess as to the factor or factors that led BLM fo make the
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decision that it did with respect to each of the parcels. Indeed, the only statement that provides
any hint of the rationale and basis for the BLM's leasing decisions is a single sentence on page
26 that provides, "2193.82 acres in Sage-grouse Core Area would be available for leasing due to
the lease proximity to existing oil and gas leases and manageability of the surface.” This terse
statement raises more questions than it apswers, For example, why does a federal lease in
"proximity” 1o a proposed core area parcel disqualify the parce] from being deferred from
leasing, at least until the RMP amendment process is completed? Indeed, what does "in
proximity" mean: adjacent or within a few yards/miles? What qualities and/or characteristics
associated with the existing federal lease make the no-lease option unsuitable for the parcel,
especially since BLM confidently assures us it will be able to properly manage and mitigate o0il
and gas impacts on existing leases via the imposition of conditions of approval. See, c.g., WY-
2010-012. Tf this is true, why should the mere existence of a federal lease "in proximity™ to a
nominated parcel ever negate the option of lease deferment? BLM claims it can effectively
manage for grouse on eXisting leases, even those that lack science-based sage-grouse
stipulations, why is the presence of a lease in proximity even an issuc? What is the size of the
existing lease? 11 leased, why would the parcel be unmanageable? Does it contain any wildlife
stipulations? Ts the lease held by production? If not, how many years are left in its primary term?
Are there opportunities fo unitize the lease to manage more effectively? What other factors or
land features are present in the general area that may affect BLM's ability to inanage the parcel
for grouse habijtat?

The BLM's failure to address the most basic questions relative to the recommended
issuance of these parcels also runs afoul of NEPA compliance requirements for oil and gas
leasing articulated in the Tenth Circuit's New Mexico v. BLM, 565 F.3d 683 (10th Cir. 2009). The
taw from this case requires BLM to review each parcel to determine if "any” environmental
impacts are reasonably foresceable at the lease stage. Factors relevant to this analysis may
include the existence of development plans for the lease, nearby exploration activities, actual
development in the area and the presence of oil or gas deposits within the Icase. Thesc seem to
be some of the same factors that may have led BLM to decide that the contested parcels would
not be manageable, but because there is no evidence anywhere in the record demeonstrating that
BLM undertook this inquiry, the public will never know exactly why BLM made the decision it
did. For this reason, the BLM's leasing decisions are illegal and in violation of NEPA and the
law of this circuit.

Failure to Avalyze lopacts to Winter Concentration Areas.

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

We recommend that areas identified as crucial to mecting winter habitat needs of
sage-grouse be protected from disturbance and degradation and designated as
Critical Habitat under the Canadian Specics at Risk Act (Species at Risk Act
2002). Moreover, we recommend a setback distance of at Jeast 1,900 meters for

_6-
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any energy development from all winter habitats identified as Critical Iabitat
hased on 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, nor the underlying RMPs, contain any discussion or
analysis of this important issue. Documented evidence of hatm to sage-grouse caused by
disturbance in and destruction of winter habitat is significant new information, never before
considered in any NEPA document prepared by the BL.M Ficld Offices offering the contested
parcels. Given the dearth of information on this subject, we ask that the parcels protested herein
be examined prior to lease sale to determine: 1) the presence of crucial sage-grouse winter
habitats, and 2) if such habitats arc identified, whether the parcels contain adequate lease
stipulations, such as no surface occupancy, to effectively protect habitat from disturbance and
destruction.

The CEQ's NIIPA regulations require agencies to supplement their NEPA analyses when
"[t]here are significant new circumstances or information relevant to envivonmentat concerns and
bearing on the proposed action or its impacts[]" (40 CFR 1502.9(c)) “even atter the proposal has
received initial approval.™ Friends of the Clearwater. 222 F.3d at 557. "If information
developed after the NEPA statements was sufficiently new and significant when compared to the
information upon which the NEPA statements werc based, a new NEPA staterment was
required.” Center for Native Ecosystems, 170 IBLA 331, 346 (November 22, 2006). Given the
importance and gravity of these findings, the law requires BLM to supplement its NEPA analysis
before it can issue the leases protested herein. Sec Marsh v. Oregon Natural Rexources Council,
490 U.S, 3060, 373-74 (1989).

Specific Objection to Casper Parcel WY-1102-022. 804.470 acres.

This core area parcel was recommended for leasing in the EA (WY -060-EA10-143)
because "the parcel is not located within suitable Sage-grouse nesting habitat..." EA at 27. The
EA does not say what "suitable” habitat means, or explain how BLM determined the parcel lacks
such habitat. As BLM knows, all designated core area is presumed to contain important sage-
grouse habitat--indced, that is why it was identified and the reason it is being protected, Did the
BLM conduct field surveys, or base its determination on maps to make this decision? Tf the later,
how old are the maps, and what/whose data was used to create them? BLLM's lcasing screen
policy (WY-2010-013), the very policy used by the Casper BLM to make its lcasing
recommendations, requires answers to these questions. Under the policy, when making habitat
determinations based on maps, BLM is directed to "reference the origin of the maps and
information when making this determination." If no maps are avatlable, the screen ditects the use
of "land use plan-derived sage-grouse stipulations ... as indicators of habitat presence/absence."
See Instruction for use of the screen (Figure 1), page 2. We do not see any such discussion and
therefore suggest it would be contrary to BLM procedure to offer this parcel for sale in light of
the procedural deficiencics identified herein.

As BLM knows, on November 23, 2010, the Department of Interior together with the
Western Association of Fish and Wildlife Agencies announced the completion of a Sage-Grouse

-7-
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Habitat Map. The map, which displays breeding bird densities range-wide, is intended to be a
tool for conservation planning. We ask that the latest, mosl current, accurate and up-to-date data
and information be used by BLM 1o assist in all of its decision-making, including 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 withdrawn 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) STIPULATIONS which could be modified
to allow for surface occupancy and development should the BLM determine, based upon
subsequent site-specific environmental review and disclosure, that occupancy and development
could occur somewhere on the leaschold without further impact to the sage-grouse or its habitat
consistent with the Governor of Wyoming's Executive Order 2010-4 and BLM's sensitive
species policy and national sage-grouse conservation plan.

Respectfully submitted,

Dan Heilig 4
Western Resource Advocates
262 Lincoln Street

Lander, WY 82520
(307) 332-3614

Counsel for Audubon

enclosures- Appendix A
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Sage-Grouse Habitat Selection During

Winter in Alberta

JENNIFER CARPEN‘I‘ER,i Department cj'!]r'o.’ogiml' Seivrices. Um'rv.v:r.rl'!y qu”'mr?. Ldwmonton, AR 760 219, Cannda
CAMERON ALDRID G-]:",,1 _D..ymrmmnr of Biologteal Scicnees, Universivy of Alberta, Lemionton, AR T6C 2F9, Canada
MARK S. BOYCEL," Department of Biolygical Seiencas, Uninersity of Alberto, Edmonton, AB T6G 259, Cazgda

ABSTRACT Grenter snpe-grouse (Crfmrerois praphosionns) are dependent nn sageheush (Arivmiria spp) for fond anil cheber doring
witvter, yut few smdies hrve arssessed winter habitat selection, pactiqulndy ar senles applicthle 10 vonservation plaoning, Small changes to
aviilabiliry of winter halsiiate have caused drngtic reductions in snme snge-gronse popuintionz. We modeled winter iinbime selection by sage-
gronse in Alherra, Canadn, by using & rerource relection functian, Qur purpnge was to 1) penarmte n robugt wingar habitag-selection model for
Alberm gage-growse; 2) sputintly depict habitac suitability in a Geogsaphic Information Syarem to jdentify nrene with a high probabiline of
seleetion and thas, conservacion fmpnrmnce; amd 3) assess the relative influence of human development, inchiding vil nnd gas welle, in landseaps
modek of winter habitt selection. Teerin and vegetation characteristics. sagebrush cover, nnthropngenic landscape (oarres, and energy
development were important in wp Almile's 1nfarmatien Critction—stlected medela. Dusing winter, sapr-gronse selecend danse sagebrush
cover and homogenous fcss ugged areas, md avoided SHEIRY Clnvciopmcnt and 2-tencle truck rrails, Ange-grmise svaidance of cnergy
developrment 'hughilghm the need for mmf\rchcmlvc management srrategies that maintmin suitaic habits aceoss alt sensana,

KEY WORDS Centroccreus nrophasianns, eritical habiear, energy development, greater sage-grouse, resource selection functions,

winter hableats,

Greater sage-grousc (Cenrrorercus wrophasianus; hartafter
sage-grouse} is an endangered specics in Canada (Commit-
tee an the Status of Endangered Wildlife in Canada 2004).
Range-wide sage-grouse have lost approximately 44% of
their presettlement range (Schroeder et al 2004), and
populations have continued to decline by 2% per year since
1965 (Connelly and Braun 1997, Connelly et al, 2004), with
lacal declines ay high as 92% (Connelly cr o1, 2000, Aldridge
and Brigham 2003). /s a result, sage-grouse are the focus of
intensive research and management efforts across their
tange, Population declines are thought to be driven by
rediictions in habliear quqliry during 3 critical life stages:
nesting, brood reaving, and wintering (Connelly et 4. 2000,
2004; Moynahan ct of. 2006; Aldnidge and Boyce 2007,
Hrgen et al. 2007). Aldridge and Boyee (2007) identified
and mapped critical habitats for sage-grouse nesting and
brond rearing in Alberta, Canada, but Doherty et al. (2008)
nored the lack information on Jandscape-level winter habirar
needs for eage-grouse. Winter habitats are pencrally pot
considered a vesearch priority begaise winter survival of
sage-grouse is typically high (Connelly ct al. 2004), bu
winter habitats may be of greater importance in declining
populations. Tor example, in northern Colorado, USA, 80%
of winter sites used by sage-grouse occurred in <7% of the
total arca of sagebrush (rremisia spps Beck 1977), and
smail changes to the quality and availability of winter
habitats have resulred in severe reductions in sago-grouse
populations (Swenson et al. 1987). Furthermore, severc
winters can conmibute to reduced annual survival (Moyna-
han et al. 2006},

Y Fresent addresss Albertn Canservation Aceciation, 1609-3 Aucnue
%.n‘/n Lethbridge, AR T1] 278, Conada

 Present addresss NREL, Colorads State Uninersity and Untted Stater
Genlapical Survey, 2150 Centre Avenue, Butlding T, Ferr Colling CO
30526-8118, Uis4
* E-mail: hoyer@seallerta, o

Most snidies of sage-gronse winter habitats focused on
site-apecific features such as height, canopy cover, or crude
protein levels in sagcbrush and cleady identified the
importance of moderate-to-dense aagebrush cover during
winter (e, Eng and Schladweiler 1972, Beck 1977,
Connelly ¢z al. 2000, Crawford ot al. 2004, Sauls 20006),
Although important in undersranding habitar use, such local
studies do not present mansagers an understanding of habitar
sclection at a scale useful o ideatify and prioritize
[andscapes for conservation. An exception is in. the Powder
River Basin of Wyoming and Montana, USA, where a
landscape approach was succeasfully used to determine that
landscape factors, including vegetation, topography, and oil
and gas development, affected aage-grouse winter habitat
sclection (Dohelty et al, 2008).

Modeling  habitar  selection using resource  selection
functions (RSF) offers the ability to rank aceas by their
relative probability of sclection (Manly et al. 2002).
Mapping these relative probabilities in a Geographic
Information System (GIS) can idensify regions with high-
quality habitats and can provide managers with a mesrmngful
tool for prioritizing areas of conservation impertance
(Aldridge and Boyee 2007). Testing » habitat-selection
modal with independent data ensures inferences regarding,
habitat sclection are robust and a competing-modcls
framework gan be used te evalunte alternative models of
Labitat selecrion (Burnham and Anderson 2002, Manly et
al. 2002).

We investigated winter habitat selection by sage-grouse in
southeastern Alberta. Qur objectives wore to 1) genemte a
robust winter habitat selection model for sage-grouse; 2}
spatially depict habitat suitability to identily areas with a
high probability of sclection and thus, conservation
importance; and 3) asscss the relative inlluence of human
development in landscape mmodels, including  intensive
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Fipwee 1. Wintor hahitar suitbilicy for greater sape-grontae as determined
by % resource selection function thas ineneporated terrain and vegetation,
sagebrsh, energy develupment, and anthropepenic feature vardahles. Good
index walucs indicare increised probubifity of habisat sclection by wupe-
frovse during winrer, Inser depiers ranpe of greaver sge-grouse and
Jocation of study arca within senthenerern Alberta, Cunngla, 2002--2004.

cncrpy development, on winter habitat selection. We
hypothesived that sage-giouse sclect habitats containing
frreater abundance of mgc,hru sh in landscapes that are free of
suow throughout winter and that sage-grouse avoid
landscapes with anthropogenic disturbances, such as those
associated with energy development (i.c., well sites).

STUDY AREA

In the dry mixed grass prairie of southern Alberen, sage-grousc
are found within an approximarely 4,000-km® atea, Cartle
graze most of this area and approximately 30% of this area is
influenced by oif and gas development (Aldridge and Boyce
2007). Owr study arca (49724'N, 110742"W, ~~900-m
clevation) cncompassed the corc of the winter range
{1,400 lo® Fig. 1, insct). Snowfall between November and
March averaged 73 cm, and approximately 30 days per year
were << —20° C (Environment Canada 2009). Silver sagehrush
(Artemista cana) was the predominant shrub and no other
species grows in this area. Grass was dominated by native
gi‘nsscs such as needle-and-thread grass (Stipa comata), func
grass (Kodleric macrantha), sod wesrern wheatgrass (dprapyron
stithify Coupland 1961, Aldridge and Brigham 2003),

METHODS

We captured female sage-grouse on 5 of B acuve lcks
{breeding sites) in southeastern Albert from 1999 ro 2003
by using walk-in traps (Schroeder and Braun 1991). Tn
Auvgust and Seprember 2003, we captured  additional
juvenile females by on foor nightlighting of flocks
contining adult fcm'dcn wirh radiocollars (Connelly ct ul.
2003). We fit females with 14-g necklace-style radio-
wansmitters (RT-2BM transmitters; Holohil Systems Ltd.,
Carp, ON, Canada). We located birds with a 3- clt,mcnt
Yag antenna and an R-1000 seanning telemetry recciver
(Lommumc wtions Specialists, Inc., , Orange, CA), When we
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could not locate signals from the ground, we searched for
signals from a fixed-wing aireraft. We located and flushed
females npproximately once per week during winter from 1
November to 15 March in 2003-2003 and 2003-2004
(hereafrer winter 1 and winter 2, respectively). If a flock of
hirds Aushed and we could not determine the exact location
of the radiocollared bird, we recorded the approximate
center of the flock as the use Jocation. In this case, i we
flushed multiple macked birds from the same focl, we
considered a location for each bird in model development.

Geographic Information Systern Predictor Vadables

Following Aldridge and Boyee (2007), we developed a suite
of variables in a GIS that arc probably important predictors
of sage-grouse winter habitat selection. Following our
hypatheses that sage-grouse select habirats with sagebrush
and avoid landscapes with anthropogenic disturbances, we
grouped variables into 4 classes: 1) terrain and vegetation; 2)
sagchrush; 3) energy develapment; and 4) anthropogenic
features, encompassing 36 varables (Tabte 1). o

To analyze terrmin and vegetation vatiables, we used
Landsat Thematic Mapper sasellite images from July 2000
to generate brighrness (Arfr 30), greenncss {gren_33), and
normalized difference vegetation index {ndvi) by using a
tassclled-cap transformation {Crist and Cicone 1984, Sellers
1985) in the program PCT Geomatica Prime 8.2 {PCI
Geonatics, Richmond Hill, ON, Canada). We used a soil
moisture index, referred to as compound topographic-index
(), that is correlated with soil. moisture and nurricnts and
derived froxp a digital elevation model (Evans 2004). We
also used a terrain ruggedncess index (4r) derived from the
amount of clevation difference berween adjacent cells of a
digital elevation model (Rifey et al 1999). We also
estimated the mean of ndwvi, o, and »7 and standard
deviation of ndwi and e values within a 1-km?® moving
window (av_ndvi, sd_ndwi, cti_mean, coi_sd, tri_km®). We
interpreted higher standard deviation values as representa-
tive of increasingly variable (heterogencous) patches. Finally,
we used a dry mixed grass plant community guide primarily
based on soil tpes (Adams et al. 2005) to assign plant
conumunitics to ecosite categorics (B, W. Adams, Alberta
Sustainable Resource Dc\rclopmeni persony!. communica-
tion) 'md cstimated the proportion of each ecosite within a
1-km? meving window (perl.. pec7).

Sagebrush is an important habirat component for sage-
giouse across all life stages at local scales (Beck 1977
Connelly et al. 2000, Crawford et of. 2004, Sauls 2006,
Hagen et al. 2007) and also across landscapes (Aldridge and
Boyce 2007, Doherty et al. 2008). Following Aldvidge and
Boyce (2007), we catimated sagebrush cover at both the
pixel (sbeov) and 1- lun? movmg-wmdnw {strmenn) by using
the results of Jones ot al. {2005). Because sage~grouse seem
to seleet intermediate sagebrush cover {(Aldridge and Boyce
2007), we asscened quadranc functions for all sagebrush-
cover metrics to identify potential nonlincaritics in selection.
We developed 2 measures (sb_patchl, sb_pateh?) of parchy or
heterogencous sagebrush distribution (Aldridge and Boyee
2007) bascd on sagebrush distribution patrerns described by
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Table 1. Explanatory Geagraphic In
ada, 2002-2004.
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formatien Sysiem (G18) vasiables used within a6 informadon-theoretic approach to mode! winter habitat of sage-
Data are 10-m regolution excupt where indicared. Deeay funcrion ia in rhe form ol (—axpliliar)/decay distanes), whese
he variahle nad deeny distance s the specificd decay distance value thar shipes the function.

Varfable nwme

Description

Landscape features

crop,_dsi

trap_sden

crop_lsr I OO0/T 00250750
wrhan_ g5t

urbar_den

HT{
Bmon_dit
b.‘(mﬁﬂ . lem

bumaan _dxt 1000/500/250/50

edpe_dst

erge_den

cdype. At 000/500/250/50
aurter_der

wafer, A 1000/S00/250/50

finped_dse
i mpcrf_rfL‘H

impicd ikt 1000/5007250/50

rreif_dsz
traf_dren
rril_dw1000/500/250/50
rmad_dst
raad_den
reod ot 100G/500/250/50

Energy development
auell_dst

redl_dhem

el _dst 1000/ 300/250/58

Terrin and vegetation
{rrir_30
e, gt
nzrt_J0m
ndwi
nwﬁwl’zrfi‘
d_ndof
i
et _miean”
i ad
mi_alb"
i b
rrad
etnd

erad
oo

flix)

wenlh

ceo7

read

pecd, perd, pm:'f""
Sagehruah

shrot

e

sheiean

shmeaniq

sh_patehish_prich?

sh_prop_pnichl. 2

or_rlo 1000500 SO/50)

Dizranza to nearest cultivated lande in Jan

Proportion of land that b cultivnted within 2 1-lan? moving window
Deeay funedion for distance o agp

Disrunce ko nearear urban development in km

Proportion of Tand thar is urban within a 1-km” moving window

Deeay function for distance 1o arban )

Distance ta anv haman habitat (rosdz, wellz, urhan) in et

Propertiun of land that is human fabitats within a 1-hkm® moving windew
Deewy function for dictance to brmon )

Dizrance to habitat that ercates an anthrepogenic edge (human and ¢rap) in km
Proportion of Jand thec iz edpe hahitat within 1-km” moving window
Deuny Rinetion for distance to rdpe

Diatance 10 nmarest gzl water hady in ki

ecay function for distance o water

Distance fo nearest water impoundment {dam, dupout, cannl} in lem
Caunt of number of waree ienpoundiments within a 1-km* moving window
Theeny function for distance to warer impoundment '
Distnnce w nesvest /il (non-paved or graveled 2-rrick il sond) in le
Linenr lem per kim? of i/ (non-paved ot graveled 2-reungh el rpad)
Deeay fanction for diswmee o frail (non-paved or graveled 2-track truck rond)
Diztance to neareat read {paved or gmvulcd) in krn

Linear ki par kei® of ronds {paved or graveled)

Deeay function for distance w roed

Distance to nenvest smaruling cnergy well site in lem
Canat of encryy well sites withio o 1-km” meving window
Deeay Ametian for distance ta energy well Hire

Brightnase gencrated fram Landsat 7 TM sarellite imagery’

Greennces generated froem Landsar 7 T™ imagery"

Waeness genceated from Luntsar 7 TM imagery”

Normatized difference vegetation index caleulared from TM® imagery®

Mean NDVT value within 5 1-km” maving window"

Srandard Jovintion of NDV1 within a 1-%m? miving window'

Compaund tepopgraphic indax (CTh high values = increszad mizrira)

Munn CTT values within a 1-km? moving window®

Srandard devintion of CTT valucs within n 1-lem? moving window”

Turrain rupgedness index (TRI; high values = ingreased mggedness)”

Mean TRT within 1 L-km® roming window!

Thin lreak ringe aites, soiis vary, chaescresizal iy greater shrub cover (1,0 categorical)

Loamy upland sires wich medium texeurs soile nrel needle-and-thyead grass, whentgrase (Aymapyren app.)y and
June grass (1,0, categoricnl)

Blowaut and averfiow sites, solonetsiy sofls; varies, but higher density of sngebrush (1,0 earegorical)

Gafine Jowlinds, swales snd depression, spurse Tow sngehmsh (1,04 eategorical)

Brond, werland, and ahrubhy (willow [Saffx app.]. rase [Rasa spp.). snowhorry [ Symphericanpes oceidensalis]}
ripacian il (1,0; evegorieal)

Loy range site with well draimed sils, Jow sagebrush cover (1,0 cateparienl)

Bndiande type hubirats wirk juniper { Juriperis herizantaliy), necdle-and-thrend prass, nnd blue gramn
(Rontclou graerhs 1.0, cattgorical)

All anthropogenie altered halsitar: {urhan, crop. wells, roads: 1,0 entegosienl)

Proportion of clss within 2 1-lrm® moving window that ie ecol, e, ..., con?

Sngehrush cover {86} ua identified from air photo interpretasion

Squarcd reem for sheew i

Mean sagebrush cover {t) wichin a 1-km® moving winduw

Squnrcd worm for shaena

Turchy aagebrush diseribution 1 (codea 7, B, D) or 2 (coder 7, 8, 9, 1) from Jrnws ot al (2005}
Proportion nf habiay within o 1-lem? movinyg windaw that firs within prechy sagehbrush disgribution 1 or 2

A0 reaniution,

I variabies removed from mndcl development due to correlanims,

* Thamarie Mapper.

1 Normalized differcnee verearion indoe
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Jones et al. (2005). We assessed the proportion of cach patch
class within a 1-kom? moving-window across the landseape
(st_prop_patshl, sh, prop, patchl),

Energy dcvelopmcm.s included distance to the nearest
encegy well site and the mumber of well sites within a 1-km®
moving window {well_dst, weli_den). Anthropogenic fea-
tures Included distance to the nearest road (road_dst); 2-
track truck trail (zrail_deth cultivared (crop) iand (crop_dst);
and urban development, including a town, farmetead, or
building not at a well site (wdan_dst). Because anthropo-
genic variables can change between years, we fixed these
variables at their 2003 condition and incerporated them nte
the landscape for the sagebrush and ccosive variables by
replacement where an antliropogenic feature, such as a road
or well, existed n 2003, We caleulnted density metries fov
roads and 2-track trucl trails as their linesr km per km? o a8
the pxoportmn of area that was crop or urban within a 1-
km* moving window (read_den, rrarl_dem, crop_den, urban_
den). We generated additive cstimates o.f human {roads,
cnergy wells, urbain) and anthropogenic edge (roads, oil
wells, urban, crop) metrics as both distance and density
(proportion of area within a 1-km? moving window)
vaviables (human_dst, Buman_den, cdge_dit, cdge_den}. In
addition, we inchided metrics measuring the distance to
nearest water source (water_4sf) and water impoundment
(niped_dst, imped_den).

For all distance vagiables, we calculated decay variables
(Niclsen ct al. 2009) because the response of birds to a given
landscape factor typieally declines as the distance between
them increases. Accordingly, we created 4 decay variables for
each distance variable by using the form ¢ ~%4 swhere o was
the distance in meters from each pixel to s landscapc feature,
and we set o ar 50, 250, 500, and 1,000, This scaled each
distance variable botween 0 and 1, with highest values closc
to the feature of interest,

Model Development
We used logistic regression contrasting used versus available
pixels to estimate an cxponential RSF to identify the relative
probability of sclection as a function of landscape covariates
(Boyze ct al. 2002, Manly e al. 2002, Johnson ¢t al. 2006).
We generated 5,000 random locations across a 1-km buffer
around 4 1009 minimum convex pelygon surrounding 296
winter locations of 23 sage-grouse females, Annual variation
can be of vital impartance to understanding habitat sclection
if resource use varies berween years {Schooley 1994).
However, there was no indication of behavioral differences
between winter 1 and winter 2 so to increase sample size, we
included bird locarions from both yoars in rhe same modcl.
To reduce bias associated with the larger samnple of available
(0} regource units, we used an importance weight that gave
ful! weighting to uscd resouree units, but available resousce
units received a weighting (down) proportional to the ratio
of sampled use (1) points to available points {SrataCorp
2007; see Aldridpe and Boyce 2007).

With limited ifarge -scale studies on which to hase a prion
models (Burnham and Anderson 2002}, we used a
hievarchical information-theorctic method. Jret, we com-

Wi
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pared models or metrics and determined a best model to
represent each of 4 variable classes (terrain and vepetation,
sagebrush, cnergy developments, and anthropogenic foa-
rures). Second, we allowed all combinations of the top
modcls from cach variable class to compete in an Akaike's
Informartion Criterion (AIC) framework. At all stages, we
accepted only modcls with a change in AIC (AAJC) score of
<2, relative 10 the best mode),

In the terrain and veperation dass, a priori models
included variables for ccosite and measures of terrain, In
cases of correlated predictors (7] > (.7), we chose to kcep
the most explanatory variable based on a univadate
comparison. After removing correlated rerrain variables, all
models included brie_30, wet_30m, ndwi, sd_ndwui, and cfi.
We included a measure of landscape rugpedness (erf_im®) in
2 of the models based on the importance of gcntla,
topography in winter habitat sclection by sage-grouse in
Montana and Wyoming (Doherty et al. 2008). Because
sagebrush and other shrubs might be important for both
foed and cover, we created 4 combinations of ecosite classes
assnciated with shrub coves lurlicx density sagcbrush ((Jrr AN
low sparse sagebrush (pecd), riparian shrubs (pec5), and low

engabrush cover (pecs),

In the sagebrush variable clags, o prioct models included
both univariate and quadratic imeasures of syrebrush cover
and patchiness. Based on Aldridge and Boyee {2007}, we

also included multi-varigble models for sagebrush cover and
pavchiness (sbeow, thmean, s _patehl, sh_patch2, sb_prop_
patehl, sb_prop_pafch2). Tor the energy developments
variable clags, We'ev:ﬂuated univariate metrics for the density
and distance to energy well sites by using AIC, and we
selected only the best-performing metric to represent the
enerfy variable class. We removed variables for well density
and the smallest distance decay becausc there was no use of
habitazs within these buffers, causing modcls with the
vacables well_dit50 and well_den to not converge. In the
mthropogenic fearures variable class, we selected the best
merric ot scale for each of road, trail, edge, urban, orop, water,
mmiped, and fiman. After removing corselated variables, we
combined the best metrics for each of these to represent the
anthropogemc variable class beeaunse we auspect these
metrics all influence sage-grouse habirac sclection,

Afrer Wdentifying o {inal modcl within each of the 4
variakle classes, we allowed all 15 combinations of these top
models to compete and aceepred only models with a AAIC
score <2 refative to the best modcl to represent winter sage-
grouse habitat selection, At all levels of model sclcetion, we
did not allow corrclated predictors (Irf > 0.7) in the same
model. After estimaring the final model, we asscssed the
cffect size of anthropogenic Features by predicting the
relative probability of sclection at fngreasing distances from
the feature while holding cach other vastable at s mean
value from the use locations.

We cvaluated our top AIC-sclected model by predicting it
to an independent sample of 54 winter tracking locations
made on birds captured between 1998 and 2001, During
winters 1998-1999 and 2001-2002, 7 male (1.9 & 0.34
locations/bird) and 25 female (1.6 = 0.11 locations/bird)
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Tahle 2, Aknike’s Information Criterion (AlC)}-sclectsd models representing termin and vegetation in winter habirat selection hy greater sage-grouse in
Alberra, Canada, from 2002 re 2004, We reporr model log likelihoad (LL), number of madel parameters (X), AIC, chanpe in AIC from lowest model

{AAICY, and Alaile weights () for 4 a prieti candidats modnlz.

Modcl* LL K AlC AAIC L
Brie_ 10, ael_J0m, sl netvi, vi_sd, 1vi b, pect, po2, pocd, poed, pecs, pors® —202.5 12 429 f Lo
Heit_30, eat_30m, sd_nduvi, ol_sd, i _ker” .prr»,pm«ﬂ pees —234.78 9 A8R 59 0,00
hrif_30, soes_ 30, sd_ i, 20f, sid, tei_kan’, pecs, pecd, pocS, proct AR 10 490 61 0.00
firit 30, awet_30m, sd_idn, rﬂ__rrf ]’)ﬂf Frr? jlrrg pred, j;rc.-,‘p.rr( —2063.4 1L 583 124 .00

* Refer to Table 1 for variable deseriptions.
" Aceeprol model far the termin and vepetation elass (AATC < 2).

sage-grouse were {lushed or located from a fixed wing
avceaft. Although we used data from ¢ of these females in
subscquent years in model development, we believe that
locations from sepavate years asc sufficiently independent for
inclusion in the evaluation of modce! predictive capacity. To
cvaluate the top AlC-sclected model, we grouped the
Jandscape by geometric moans inte 10 bina, Because some
hing contamed no data points for evaluation, we comhined
bins to avold null cells, resulting in a total of § bins.
Following Johnson et al. (2006}, we converted expected and
obscrved Joeations within each RSF hin into proportions
and asscssed the relationship between expected and observed
frequencics by using linear regression testing the slope
relative to 1 and cvaluated overall fit using a chi-square
goodness-of-fit test,

RESULTS

During the 2 winters, we obtrined 296 locations for 23
temales. We tracked 7 females only during winter 1, 10 only
during winwr 2, and 6 during hoth winters, There were 3
mortalites, all in February of either 2003 or 2004. Both
years had close to average mean monthly remperatures,
Snowtall during winter 1 (74 cm) was typical compared to
the Canadian Cliviate Normal of 73 om (1971-2000;
Lavironment Canada 2009), but snowfall was greater
(104 cm) during winter 2. Tlack size of relocated birds
wag 13.5 = 0.72 (SE; range 1--100), with many mixed sex
flocks. On several occasions, radiomarked birds made long-

Table 3. Alnike's Information Criterion (ATC)-selected madels eepre-
senting sagehrush in winrer habitat selection by greater sage-grouse in
Aberta, Canads, from 2002 tn 2004, We report model log lkelibood (1L,
nusber of model parameters (A3, AIC, change in AIC from lowese mudel
(AATC), nnd Abwiiee weighes (1) for all 10 candidace models.

Model” LL K AIC AAIC =

shrcan, u’rmumu,r,
sde_pr Jp_j-rn‘r(: -3 4 434 0 099
shrican, thmennsg =219 A 444 10 0m
skimean =235 2 474 40 0.00
sheott, sheousq, ¥h_prop_perch? 256 4 520 86 N.00
steany sheowsg —274 3 554 120 000
fheaar - 234 A 572 138 .00
sh_prop_pareh? —342 2 6RR 254 Q.00
th_prrteh? -370 2 744 310 .00
(b ron_npatchl —408 2 920 386 Q.o
.tt':_ﬂ;m'}:ﬁ -M0 2 84 390 000

* efer wo Table 1 for vadinble descriptions.
* Actepted mndel representing sapebrush (AATC < 2).

distance movements of approximately 50 km in
during winter.

Evaluation of the terrain and vegetation varnable class
mode!l indicated the model combination of hrightnees,;
wetness; standard deviation of sded, ety mean 7 and the
remaining ccosite classes (dr97_30, wer_30m, sd_ndvi, cfi_sd,
tri_ken®, pecl prc2, prcd, pecd, pecS, pee; Table 1) was the top
model with preatest support, and no other models had
moderate support {(AATC < 2.0, Table 2). The most
supported model for the sagebrush variable dass (AAIC <
2.0; Table 3) included the guadratic form of mean sagchiush
cover and pavchy diswibution 2 (shmawn, 1 _prop_parch?).
Among 5 cnergy featurc vadable models, the most
supported model (AAIC = 2.0; Table 4) was distance o
well with a deeay function of 250 m (wefl_dsr250). For the
anthropogenic features class, we removed variables for roads,
urban, crop, and human (road, #rban, erop, humen) duc to
correlations with other variables. The most supporred
model: among the impediment, water, edge, and Z-track
wuck rrail variable prroups (AAIC < 2.0; Table 5) included
impediment  density  (dmped_den), distance  to water
{water_dst50), distance to edge (edge_ds250), and distance
to 2-track truck trail (mail_de500), %espectivel.}!.

Combined evaluation of the best models from all 4 variable
classes (Tahle 6) indicated rhe most suppotted model (AAIC
< 20; Table 7) included the tcrmain ‘and vegetation,

sagebrush, enerpy development, and anthropogenic featiies,
Aﬁer applying this RSF model :p'm'\lly to the landseape
{Fig. 1), we uscd validation points to predict a lineay
repression model of the proportion of expected and observed
validation location points. Maodel fir was high (7 = 0.94),
with a slope different from zero (I < 0.01) and an intercept
not different from 7610 (3o = 0.02, P = 0.29). A chi-square
goodncss-of-fit teat (x %y = 5.05, P> 0.5) and Spearman rank

L2 days

Tauble 4. Akatkes lnformagon Crredon (A1C)-nelected models ropre-
senting encrgy dovelopment in winter habirat selection By grentes ange-
grouie in Alberti, Canada, fram 2002 ro 2004, We repoTt el |(lg
likelihood (LL}, number uf mode! parnmeters (K), ATC. change in AIC
From lowest model (AATC), and Akaike weights (o Lor il 4 condidare
models,

Model® LL (¢ AIC AALC ny
anell 250" - 386 2 776 0 0.95
awell_dr 500 -89 2 742 6 0.03
welf_dst71000 - A9R 2 ROO 24 0
well_dst =07 Z 818 47, 0

® Reler o Tabls 1 Tor vnruble descriplions.
b Accepred model sepresenting energy development (AALC <21 2),
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Table 5. Akaike® Informatien Criterion (AIC)meleeted mudels of
anthropegenic fenmre vasiables for winter habitat gclection by greater
snge-grouse in Alberr, Canadn, fram 2002 to 2004. We report madel log
tikelihond (L)L), number of model pasarneters {7, AIC, change in AlC
from lowest model (AAIC). and Alnike weights {w;) tor each variable
refasive 1o similar variables ar differene seales. We combined the 4 accepred
vatiables fo represent the anthropogenic (mre: wariable class.

Variable” LI K AIC ANIC 10;
wntir_deeS0" ~4080 2 820 0 0,61
weter_dst250 — 485 2 823 3 Q.14
waler_dod500 -409,9 2 a2 4 0,09
weator_di 1000 —410.0 2 a4 4 0.08
1eeter st —~A100 2 A24 4 n.ns
tmid_ders00" —3910 2 7RG 0 0.54
trif _den -1392.0 2 788 2 0.20
trail_dved 000 w3920 2 788 2 0.20
rraif_dw -3940 2 792 A 0.03
trafl_dst250 —1394.0 2 792 6 1,03
rraif S0 4050 2 R4 2 0.00
impret_clen" ~3860 2 77 n 0.97
imped_Ast1000 —3900 2 784 g8 0.02
imped_dit§00 -391,0 2 786 10 o1
imped_dst ~392,0 2 788 12 Q.00
mped_ad250 —3950 2 794 18 000
iinped_asr30 —408,0 2 820 44 0.on
ertpe_t50" -197.0 2 7R 0 0.88
refer_lst —399.0 2 £02 4 n.i2
erdye_dwr730 —-4070 2 818 20 0.00
edlpe_de . ~-409.0 2 822 24 050
cdge_dor1000 —409.0 2 822 24 0.00
edge_det500 -=410.0 2 824 20 0.00

* Refer to Tahle 1 For variable deseripions.
" Aczepted variables (AATC = 2) included in the nnthropogenic fernires
variable class.

cotrclation {7, = 0.83) corroborated the ability of our model
to predict independent winter sage-grouse locations.

After estimating the final modcl, we assessed the affect
size of the encrgy development, trail, and sdge variables
(rvell_dst250, trail_ds1S00, edge_dst50) by predicting relative
probability of selection at jncreasing distances from the
tandscape feature while holding all other vartables constant
at their mean valucs (Table 8), We also added ox subtracted

WO

AR

one standrrd crror friom the coefficient of the variable of
interest and held all other madel vatiables constant at their
mean, to cstimate standard errors around predictions. The
predicted  probability of sclection dropped  sharply at
appmximntely 1,900 m from cnergy wells and ar 200 m
from anthropopenic edges but for trails, the cffect was less
pronounced (Fig. 2).

DISCUSSION

Our habitat model was highly predictive and is useful in
identifying important winter habitats for wintering sage-
grousc. Consistent with findings in Wyoming and Montana
(Doherty ¢t al. 2008}, and as we hypothesized, the
abundance and patchy distribution of sagcbrush on the
landscape influenced sage-grouse winter habitar aelection,
Topographic metrics and measures of productivity caleulat-
cd from sateilitc imagery also contributed to the maodel.
Again consistent with findings of Doherty et al. (2008},
sage-grouse sclected less rugged areas at lower elevations.
During breediog scason, sage-grouse in this population
showed avoidance of arthropogenic edge (Aldrdge and
Bayee 2007). Human impacts also were important predic-
tors of winter habitats. During winter, sage-grouse avaided
all anthropogenic edges, regardicss of type, although the
smallest ncale we tested provided the best model fit
(edye_dst50), and edge was pronounced in our model with
no habitats selected within 100 m of edge and limited
selection from 100 m o 300 m (Fig. 2).

Medels that included energy development (well metrics)
performed better in AIC selection  than the identical

- competing mode] without wells, Furthermore, the responsc

to cnergy wells was at 2 large scale io our model, with no
habitats selected within 1,200 m and limited selection
berween 1,200 m and 1,900 m. Doherty et al. {2008) found
that density of coal bed natural gas wells was a berter measure
of sage-grousc avoidance at a large scale than a more local
scale. Similarly, our model for sage-grouse in Alberta

Table #. Mean, standard devintion, and range {rmin, nnc max, valnes) for all covariares included in final candidate Akaile's Tnfosmation Criterion models to

predicr gronter sage-grouse wintcr habirat seicetion in Alhert, Camada, frum

2002 1o 2004,

Varinble eategory Vatiahle name" ® SD Min, Max.
Enerpy well_dul50 0.020 0.086 ] 0.95
Sagebnsh shrrean 14.91 13.70 0 806.78

sBmeansy 402.96 795.52 0 7530
_er;np_pgfcfv,? 0.19 (43,27 0 1
Terrain and vegemtion i 30 21752 20,58 54,99 360,61
el _J0m 18.22 B.R4 —R.9% 86,62
s _ndvi 0,038 n.0z7 0.0041 0.1y
ri_kmt 237 2.03 0 18,16
peel n.130 1.2630 ¢} 1
pec? 0.0263 0.2542 0 1
pec 0.355 0,4002 0 1
et N.084% 0.2412 0 3
peis 0144 0.2840 a 1
pecd 0.0834 0,1970 0 1
Anthropogenic setiped, ilen 0.42 .66 n 5
rorrer_dae S0 0.21 0,28 Q 1
cdpe, dot S0 0.064 0.1 1] 1
rril_dt SO0 0.0032 0.04A ) 1

* Uefer o 'Table 1 for variahle descriptions,
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Table 7, Akaike's Tnformation Criterion (AlC)—sclected modeals for
winter habitat scleetion by grenter sape-grouze in Afheete, Cannda, from
2002 v 2004, We report medel log likelhead {LL), number of model
parmeters (K, AIC, change in AIC from lowset madel {(AATC), and
Akatler weighes {=) for 2l candidne models. Variable classes include
energy development (E}, sagebrush (8), anthropogenic feapures (A), nnd
terrain ained vegeraron (1,

Model" (AW K AIC AAIC W
E, 6 AT —108 0 2%6 ) 0.8
S AT -113 149 264 ] 0.02
ST —11y 16 270 14 <0
5T —12h 15 2R3 26 <0.01
5, A B 4 302 106 =040
A - 142 f R0 124 <0.0
EAT —~1R0 17 KLK] 137 .01
T, A ~1P4 16 ani 144 <M
E, 8§ - 202 5 414 158 <001
L -197 13 420} 164 <0
T =2 12 A28 172 <0.0%
b ~214 4 4306 180 0,01
E A ~-337 & AR 430 =0.01
A —~354 g 718 62 <00
L --3R6 2 776 F20 2001

" Refer to Table 6 for eowvirintes inchided in each variable elass.
I R . .
" Accepred moulel Tor sagre-grouze winger habitar selction,

predicted that the relative probability of sclection drops
sharply when habitat is within 1,900 m of an energy well
(Fig. 2) and not surprisingly, the closest distance any sage-
grousc was located 1o a well during the study was 1,293 m,
Although mean distance from a well was 8,802 m (95% CI,
8.589 < # £ 9,016), in the third of the winter study arca with
the highest oil and gas activity (460 km?), mean distance to a
well was 1,034 m (95% CI, 1,008 < % < 1,060). Thus,
avoidance of cnergy development by sage-grouse in Alberta
resuliedd in substantial loss of functiona! habitat surrounding
wells, similar to other \ife stages {Aldridge and Boyce 2007).

Aldsidge and Boyce {2007) identify the potential impor-
tance of habitat eonnectivity berween winter and other life

WO
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Figure 2. Predicted probability of sclection by pressar sipre-provse in
Aberta, Canuda, 2002-2004, az determinet by n resource selection fune-
tion, We caleulated velative probabilivies e differant distances for 2-rack
ruck trnil, encrpy well, und edge (rrdl Ay SO0, well dsf250, edge_dit30,
respeetively) while helding all other mocdel warisbles constant ar their mean
vahics. Faint dashed lines represent reladve probabilicies calenlared using
plus or mipws w stwndard ervor ta the eneffclent of the variahle of Interest
(onc of frafl_du500, well det250, or rdge et 50) and recaleufating
the predictions. ’ i

stages (.., nest and brood). Despite year-round tracking
efforts, the impottance of habitat connectivity was difficult
o wssesy. Although sumamer and winter habitats of some
birds were adjacent or overlapping, other birds made
szasonal movements of 40-50 lan (C. L, Aldridge, Colorado
Stare University, unpublished data). A limited number of
wacking locations suggest birds make thesc long movements
following the topogiaphy of large valleys, potensiaily
tracking the disrribution of sagcbrush, Howcver, dam
collected at more frequent intervals than we obtained during

Tuble A Fatimated cocfcisnts {R), standard erears, and 95% confidence interls of covariates inciuded in the accepred mudel For wintyr halsitae selsction
Ty prenter angre-growse in Alberm, Canada, from 2002 rn 2004, T'o chracterize habitar wnilability, we weighted 5,000 randam pojots by wsing imperrance

weighta such that the avajlable saaple wae cffectively 236 points,

95% C1
Varlahle class Variable" SE Lower Upper
Fherpy develnpment el A 250 —-173.%6 119.69 - 4(R.54 6062
Sagebrash shiacan 0.041 0.16 0.32
sharcansg =0.0019 0.0005 -0.0029 —0.0009
sh_prop_pateh2 1.74 0.R2 014 334
Anthwepogenic feanies cdge _dsrSQ ~ 5,86 243 -10.62 - 1,097
wuter_ dst 50 -2.030 0.73 -3.49 0,60
imped_deir o.70 0.28 015 1.26
1reff_dst S0 —1.63 [AN =116 ~(1.14
Teermin and vegeration brir 30 —0,026 0.0082 -.042 —0.0097
avef_3in .10 0.022 0.039 0.5
s, ndef 15,84 7.90 0,35 312
tfi_ed 1.034 0,49 0.079 1.99
!";-.-.""-": 169 0,30 -2.2 - 1.035
et 2,18 2.59 —0.67 9,45
pre2 —-0,72 2.69 = 6,00 4,56
pecd —1.9664 24343 —6.7371 2,8043
pred - 23040 2.4912 - 71867 25786
pees -1.2870 2.5301 —~0.2463 36723
pret - 3.9947 AT7ARG -9.3232 13637

" Refer to Table 3 for vaviable descriprions.
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our study, possibly with Global Pesitioning System
technologics, ate needed to confirm these movements and
to asscss how birds travel through disrurbed landscapes o
reach suitable winter habitars. Threats such as il and gay
development or culdvation of native habirats could reduce
conneetivity and disrupt migratory patterns, posgibly causing
bottlenecks between seasonal ranges or populatisns.

Sage-grovse congregate into proups of varying size during
winter. We Jocated a fock estimated at 100 hirds on one
oceasion in 2004, This fock represented substantial
propastion of the populaticn in onc location, because the
Albcrta population was cstimated at between 288 and 427
birds during speing 2003 {Lungle and Pruss 2008). Of the
validation locstions, 72%% occwrred in the 2 highest RSF bins,
which represents just 13% of our study area. Beck (1977} also
found winter habital was limited in northern Colorado where
B0% of winter sites used by sage-grouse occurred in <7% ol
the total area of sagebrush. Because winter habitars are limited
in Alberta, comprehensive management strategics to maintain
suitable habitats across al} seasons are required, particwlarly
beeanse sage-rouse avoid energy development in otherwise
suitable winter habitats,

MANAGEMENT IMPLICATIONS

Sound management planning requires an understanding of
habitar selecrion at farge scales, identifying whese prioriry
habitars are Jocated and determining how species respond to
relevant disturbances, Owr model for sage-grousc winter
habitats in Alberta provides one step toward meeting this
management challenge. Given the endangered status ol ssge-
grouse in Canada, any loss of erucial winter habirars could be
detrimental o population persistence (Beck 1977, Swenson et
al. 1987). We recommend that arens identified as crucial o
meeting winter habitat needs of sage-grouse be protected
from disturbance and degradarion and designuted as Critical
Habitat under the Canadian Species at Risk Act (Speciea at
Risk Act 2002). Moreover, we recommend a setbaclc distance
of 1,900 m far any energy development from all winter
halirass identified as Critical Habitat based on our model.
Mitipation of disturbances that negatively affect sage-grouse
winter habitat quality {energy and anthrapogenic develop-
ment) could be applied in key aagebrush habitats to enhance
critical winter habitats for sage-grousc.

Although much past management for prairie grouse has
focused around lck sites {Aldridge and Boyce 2007),
modeling approaches such as epplicd here permit moie
comprehensive conservation planning. Considering spatially
explicit models for sage-grousc nest, brood, and wintering
habitats, combined with knowledge of lck locations, bird
movements, and habitat connectivity, provide a biological
foundation for development of au effective conservation
strategy for sage-grovse.
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