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GUNNISON BASIN SAGE-GROUSE STRATEGIC COMMITTEE

REGULAR MEETING AGENDA

August 23, 2012
PLACE: Gunnison County Commissioners’ Meeting Room

DATE:

1. 10:00am
2. 10:05
3. 10:10
4. 10:15
5. 10:25
6. 10:35
7. 11:00
8. 11:30
9. 12:00
10. 12:30
11.

12.

Call Regular Meeting to Order; Determination of Quorum;
Verify Public Notice of Meeting

Agenda Approval

Introduction of Visitors from Montrose County
Approval of July 18, 2012 Meeting Minutes
Committee Member Comments/Reports

Local Government Involvement Discussion with Montrose
County Representatives

CCA Update
Predator Control Information Gathering Session
Presentations/Discussion By:
Colorado Parks and Wildlife Staff
U.S. Fish and Wildlife Service Staff
USDA, APHIS, Wildlife Services Staff
Invited Experts
Lunch
Continue Predator Control Information Gathering Session

Future Meetings

Adjourn

NOTE: This agenda is subject to change, including the addition of items up to 24 hours in advance or the deletion of items
at any time. All times are approximate. Regular Meetings, Public Hearings, and Special Meetings are recorded and
ACTION MAY TAKEN ON ANY ITEM. Work Sessions are not recorded and formal action cannot be taken. Two or more
Gunnison County Commissioners may attend this meeting. For further information, contact the County Administration at
641-0248. If special accommodations are necessary per ADA, contact 641-0248 or TTY 641-3061 prior to the meeting.






GUNNISON BASIN SAGE-GROUSE STRATEGIC COMMITTEE
REGULAR MEETING MINUTES
July 18, 2012

The July 18, 2012 Gunnison Basin Sage-grouse Strategic Committee meeting was held in the
Commissioners’ Meeting Room in the Courthouse at 200 E. Virginia, Gunnison CO 81230.

Committee Members Present:

Voting:

Ken Stahlnecker, Chairperson, National Park Service (NPS)

Greg Peterson, Gunnison County Stockgrowers’ Association (GCSA)
Russell Japuntich, Bureau of Land Management (BLM) Alternate
Brian St. George, Bureau of Land Management (BLM) (arrived at 12:15pm)
Matt Vasquez, United States Forest Service (USFS) Alternate

Patty Gelatt, US Fish and Wildlife Service (USFWS) Regular

Chris Bove, Natural Resources Conservation Service (NRCS) Regular
Elinor Laurie, Saguache County Alternate

Peter Caloger, Public At-Large Regular

Eric Ferchau, At Large, Development Community

David Wiens, At-large Recreation Community

Non-Voting:
Liz With, Natural Resources Conservation Service (NRCS) Alternate
Lee Spann, Public At-Large Alternate

Staff Members Present:
Jim Cochran, Gunnison County Wildlife Conservation Coordinator
Bobbie Lucero, Administrative Assistant 111

Others present as listed in text.

CALL TO ORDER: Chairperson Stahlnecker called the July 18, 2012 meeting of the Gunnison
Basin Sage-grouse Strategic Committee to order at 10:03 am.

DETERMINATION OF QUORUM: Stahlnecker confirmed that a quorum was present.

PUBLIC NOTICE CONFIRMED: Stahlnecker verified that proper legal public notice had
occurred.

AGENDA APPROVAL: No modifications to the agenda were requested. The agenda was
approved as circulated.

INTRODUCTION OF NEW MEMBER: The new regular member for NRCS, Chris Bove, was
introduced to the Committee. The Committee introduced themselves.

APPROVAL OF JUNE 28, 2012 MEETING MINUTES: Moved by Peterson to accept the
June 28, 2012 meeting minutes as amended, seconded by Laurie. Motion carried.
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AUDIENCE:

Nate Seward, CPW

Al Pfister, KC Harvey Environmental, LLC

Samantha Staley, BLM

Doug Washburn, GCSA

Allen Moores (attended at 11:45)

Mike Pelletier, Gunnison County GIS Manager (attended at 12pm)

COMMITTEE MEMBER COMMENTS/REPORTS:

USFWS: Gelatt informed the Committee that there will be a meeting on August 22,
2012 in Montrose. This meeting will be similar to the meeting in Gunnison, Mike
Thabault and Susan Linner will be attending. The Committee discussed that a few
members should attend the meeting to contribute.

CPW; CLARIFICATION TO JUNE 14, 2012 MEETING MINIUTES: Cochran asked
the Committee to review an email provided in the packet materials from Nathan Seward
regarding the June 14, 2012 meeting minutes. The Committee discussed Seward’s
clarification to what he said at the June 14™ meeting. Moved by Peterson, seconded by
Laurie to insert the clarification to the June 14, 2012 minutes in today’s meeting
minutes. Motion passed. Jim reminded the Committee that there is a meeting minutes
policy. Mr. Seward’s clarification to the June 14, 2012 meeting minutes is as follows:

Nathan Seward with CPW questioned the USFWS comments about the
Gunnison Basin population not being stable and that we need to secure
the Gunnison Basin population before investing resources in other
outlying populations. He informed the USFWS that the RCP population
goal for the Gunnison Basin is 3,000 birds. He stated that since 1997 the
Gunnison Basin population has averaged 3,600 birds, above the RCP
population goal, even while experiencing times of severe drought and
harsh winter conditions. According to the population viability analysis
(PVA) performed for the RCP, a population of 3,000 birds in the Gunnison
Basin has <1% chance of extinction in the next 50 years. Seward feels
that the Gunnison Basin population is stable and has fluctuated as
predicted in the RCP PVA.

HANG GLIDING UPDATE: Wiens informed the Committee he was contacted by Matt
Brown regarding hang gliding access. Wiens informed the Committee that in the future
they anticipate bringing a proposal to the Committee. BLM will consider advice from the
Committee.

CPW; GUNNISON DEER MANAGEMENT PLAN: Cochran informed the Committee
that the press release regarding the Gunnison Deer Management Plan is provided in the
packet materials. There are upcoming public meetings, one is in Gunnison on July 26"
and the other is in Lake City on August 6".
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CPW; CCAA: Seward informed the Committee that once a Certificate of Inclusion is completed,
within 1 yr of it being signed, CPW needs to remeasure the vegetation monitoring work on that
property to stay in compliance with the terms of the CCAA between CPW and the USFWS.
Monitoring consists of vegetation transects and range health assessments. Seward informed
the Committee there are several draft Cls currently being reviewed by the USFWS and some
landowners with baseline reports/data paid by CPW still waiting to begin the CI process.
Seward mentioned that CPW is still interested in working with landowners that may want to
participate in the CCAA by developing a Certificate of Inclusion for their property. The
Committee had a discussion regarding the pros and cons of having a Certificate of Inclusion.

REPORT - NRCS CONSERVATION EASEMENT MEETING: Cochran informed the
Committee about a meeting convened by NRCS regarding their conservation easement program
in Colorado. The meeting allowed Cochran to discuss the Targeted Conservation Project
Proposal that the Committee and Gunnison Conservation District submitted to NRCS in April
2012. Cochran informed the Committee that at the meeting they discussed suggestions on how
to prioritize conservation easement money in Colorado. He informed the Committee that, in his
opinion, NRCS Sage-grouse Initiative monies are not being allocated reasonably to Colorado. He
explained the monies are being distributed to the “Greater Sage-Grouse”, with the majority of
the money going to Wyoming. There may be another meeting in Denver in the coming months.

RANGEWIDE PLAN STEERING COMMITTEE: Cochran informed the Committee that CPW is
possibly going to defer action regarding the Steering Committee letter until after the proposed
rule in September. The Committee discussed that they would appreciate a formal response
regarding pertinent issues, not just the listing. The Committee discussed that it would be best
to address the issues now, because this information will help with preparation if the bird is
listed or not. Gelatt commented to not wait for the recovery plan to come out. Moved by
Peterson, seconded by Ferchau to send a follow-up letter to Colorado Parks and Wildlife asking
for a formal response to the previous letter the Committee sent regarding the Rangewide Plan.
Motion passed.

USFWS RANGEWIDE PROJECT SCREENING: Cochran explained to the Committee that this
agenda item was a discussion that came up at the last meeting. Gelatt explained project
screens are a tool for Federal agencies to use once a species is listed. They are set up to help
streamline the Section 7 Consultation process. This will help determine if the project will have
effect on the species. Gelatt explained the benefits of the screening process. There was
discussion that BLM and the USFS have been using a screen for Lynx and they have been
helpful. Gelatt informed the Committee that USFWS is waiting to see what happens with the
CCA before they continue with developing screens for the Gunnison Sage-grouse. The
Committee discussed that they will still have to write a Biological Assessment (BA) to ensure
that they are consistent.

LETTER TO LOCAL GOVERNMENTS OUTSIDE THE UPPER GUNNISON BASIN: The
Committee discussed writing a letter to the local governments outside of the Gunnison Basin
expressing the Committee’s concerns about the sage-grouse being listed and the outcome if the
bird is listed. The Committee discussed contacting leads of working groups and expressing the
benefits of having a county representative at the upcoming USFWS meeting. The Committee
agreed to proceed with a letter to other counties within the range of the Gunnison Sage-grouse
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mentioning the benefits of regulations for the sage-grouse and include in the letter that the
Committee would like to be on a future agenda.

PARKS and WILDLIFE COMMISSION MEETING — AUGUST: Cochran informed the
Committee that this will be a 2 day meeting, and will be held in Gunnison. He informed the
Committee that there have been appointments to the new Commission, and it would be
beneficial to attend this meeting because if the bird is listed, the Committee may have to
address the Commission in the future. Wiens informed the Committee that he has been asked
to give a bike tour to some of the commission members, and he invited the Committee
members to attend.

PREDATOR CONTROL MEETING PLANNING: Caloger presented to the Committee a
bibliography that he brought to the meeting. The Committee discussed the objective of the
meeting is to research if predation is a significant factor in the survival of the sage-grouse. The
Committee discussed that this meeting needs to be held to discuss if we need to proceed or not
on predation control. Moved by Ferchau, seconded by Peterson to set up a subcommittee to
address predator control in the Gunnison Basin. Motion carried. Chairperson Stahlnecker
appointed Caloger (chair), Ferchau, Vasquez, Bove, Spann, Allen Moores, and Pat Magee to the
Predator Control Issue Subcommittee.

CONSERVATION BANKING: Al Pfister gave a presentation on conservation banking. The
Committee discussed conservation banking. Pfister recommended that if a landowner would like
to pursue conservation banking it would be beneficial to have a peer review performed on the
banking instrument to see if it is applicable.

FUTURE MEETINGS:

Date Time Notes
August 23, 2012 10-2 Regular Meeting
September 19, 2012 10-2 Regular Meeting

ADJOURN: MOVED by Stahlnecker to adjourn the meeting. Motion carried unanimously.
The July 18, 2012 meeting of the Gunnison Basin Sage-grouse Strategic Committee adjourned
at 2:57 pm.

CERTIFICATION OF APPROVAL:

Ken Stahlnecker, Chairperson

Greg Peterson, Secretary
Minutes Prepared By:

Bobbie Lucero, Administrative Assistant 111
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		GUNNISON BASIN SAGE-GROUSE STRATEGIC COMMITTEE

		REGULAR MEETING MINUTES

		July 18, 2012

		Jim Cochran, Gunnison County Wildlife Conservation Coordinator

		Others present as listed in text.

		CALL TO ORDER:  Chairperson Stahlnecker called the July 18, 2012 meeting of the Gunnison Basin Sage-grouse Strategic Committee to order at 10:03 am.

		CERTIFICATION OF APPROVAL:

		Ken Stahlnecker, Chairperson

		Greg Peterson, Secretary




Jim Cochran

From: Bobbie Lucero

Sent: Tuesday, August 07, 2012 9:40 AM
To: Jim Cochran

Subject: 8/23 SG Meeting RSVP

Jim-

An admin assistant with Montrose County called to confirm that Montrose County Commissioners
Ron Henderson & Gary Ellis & County Manager Jess Smith will be attending the 8/23 Sage-grouse
meeting.

Thanks,

Bobbie Lucero
Gunnison County
Administrative Assistant

200 E. Virginia Ave.
Gunnison, CO 81230

Phone: (970) 641-7600

Fax: (970) - 641-3061
Blucero@gunnisoncounty.org
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6060 Broadway * Denver, Colorado 80216
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August 6, 2012

Gunnison Basin Sage Grouse Strategic Committee
Attention-Chairman Ken Stahlnecker

200 E. Virginia Avenue

Gunnison, CO 81230

RE: Predator control inquiry
Dear Chairman Stahlnecker,

Thank you for your letter regarding a proposal to conduct a predator control project in
the Gunnison Basin and your recommendation to review the Gunnison Sage-Grouse
Rangewide Conservation Plan (RCP) to keep the science current. Colorado Parks and
Wildlife (CPW) appreciates your continued interest in conservation actions that may
benefit Gunnison sage-grouse (GuSG). As you point out in your letter, predator control
is a very sensitive issue. In the RCP, criteria were developed (through a public process),
including thresholds, to evaluate the need for conservation actions such as predator
control and we still believe these criteria are based on the best available science. Sage-
grouse populations can vary widely over time. CPW had spent considerable time
reviewing data, literature, research and options before recommending the Miramonte
predator control project. The Wildlife Commission then approved the project at
Miramonte as a management action with specific objectives, monitoring and other
criteria and for a limited time (two years). In addition, a considerable amount of public
outreach was conducted to inform the public of the proposal to conduct a predator
control project and established the 2-year time frame for the experiment to be
conducted within.

Our data from grouse studies and monitoring in the Gunnison Basin do not support
predator control in the Gunnison Basin under the guidelines of the RCP. The criteria that
would need to be considered before implementing a predator control program for the
Gunnison Basin population are the same as those that were used for Miramonte. The
Wildlife Commission Mammal Predator Management Policy and the RCP guidelines
require evidence for the need for predator control; there is no documented evidence of
increased predation on the Gunnison Basin population. Lek counts have doubled
between 2004 (498 males) and 2006 (1061 males) and have remained around 750 males
(50% increase) over the last 5 years. Absent other scientific evidence to the contrary,
that trend can anecdotally be interpreted as though predation is not a significant

STATE OF COLORADO
John W. Hickenlooper, Governor ¢ Mike King, Executive Director, Department of Natural Resources
Rick D. Cables, Director, Colorado Parks and Wildlife
Parks and Wildiife Commission: Robert W. Bray e Chris Castilian » Jeanne Home
Bill Kane, Vice-Chair » Gaspar Perricone ¢ James Pribyl e John Singletary, Chair
Mark Smith, Secretary  James Vigil « Dean Wingfield  Michelle Zimmerman
Ex Officio Members: Mike King and John Salazar
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limiting factor to recruitment of young of the year in GuSG. Therefore, we still consider
long-term habitat conservation that is intended to minimize fragmentation, to be the
highest priority conservation action for GuSG in the Gunnison Basin.

Although the Gunnison Basin GuSG population seems to have been reasonably robust in
recent years, all of the small populations outside of the Gunnison Basin currently meet
the RCP recommended guidelines for considering predator control as a conservation
measure. Given the highly vulnerable long-term viability of these populations, we
conclude they should be given high priority for conservation efforts (including predator
control).

Miramonte was selected for the predator control project because of timely data from
on-going research which showed that predators, primarily coyotes, were suppressing
the limited population in that area. Further, Miramonte is a small geographic area (only
about 12,000 acres). Past coyote control efforts demonstrate that coyote numbers are
most effectively reduced when control efforts are implemented across relatively small
areas. Thus, Miramonte was an ideal location for implementing predator control given
biological data implicating coyotes and the likelihood for successfully reducing coyote
numbers. Predator control efforts were only recently completed and data have not
been fully analyzed. Preliminary indications are that nest success and chick survival
have not increased significantly in response to two years of predator control efforts.

In addition to the lack of biological data in support of predator control, we have
additional financial, legal, programmatic and social concerns about a Gunnison Basin-
wide predator control experiment. Costs associated with large scale predator control
are very significant and could easily run $100,000 - $500,000 annually. Such a project
would require contracting and coordinating predator control with the U. S. Department
of Agriculture (Wildlife Services). Additional funding would be needed to conduct
surveys and other demographic studies necessary to meet the criteria in the RCP to
approve a predator control project as well as subsequent monitoring costs to determine
the effectiveness of such control. Funding for predator control would likely have to be
diverted from other conservation actions as our resources are not unlimited. We want
to make sure that we are focusing first and foremost on those conservation actions that
address the primary threats identified by the U.S. Fish and Wildlife Service (USFWS) in
its warranted but precluded finding (or any future listing proposals).

The USFWS would also need to be involved in predator control involving corvids, such as
those mentioned in your letter, including ravens, crows and magpies. These avian
species fall under the Migratory Bird Treaty Act and are under the authority of the
USFWS, and any take of corvids would require a federal permit, likely issued to a local or
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state agency. Additionally, the Miramonte project indicated a need to also take raptors
which was not allowed by the Wildlife Commission action which approved the project.
The take of raptors (which are federally protected), while possibly necessary, could
create a significant amount of public dissatisfaction with the action and the predator
project over-all.

Initiating a predator control project at this time is also complicated by the possible
change in legal status of GuSG, as the Endangered Species listing decision is only a few
months away. If GuSG is found to warrant listing as either a federally threatened or
endangered species, authority for their management will likely transfer from Colorado
to the USFWS.

Because a listing decision is imminent (no later than September 2012), CPW is reluctant
to undertake a review of the Gunnison Sage-Grouse Rangewide Conservation Plan this
year. If GuSG are listed, we expect that the USFWS will create a recovery outline over
the 18 months that follow, and subsequently develop a recovery plan. If this scenario
unfolds, we feel that the most appropriate time to update the science that was used to
develop the RCP is during the development of a recovery plan. The USFWS has solicited
updates to all science as well as ongoing conservation activities relating to GuSG since
the RCP was approved in 2005, through their Candidate Review process. Through this
process, CPW has contributed annual updates on monitoring, research, habitat
improvement and conservation. We are happy to provide you with copies of these
documents upon request.

Gunnison sage-grouse continue to be a high profile species and will become more so
with the listing decision deadline approaching. CPW appreciates all the efforts of the
Gunnison Basin Sage-Grouse Strategic Committee, and we will continue to work with

you for the benefit of the grouse and their habitat.

Sincerely,

- - id //?;’/-—“-

SW Region Manager

cc: Rick Cables, Jeff Ver Steeg, Craig McLaughlin, Chad Bishop, J Wenum, Kathy Griffin,
Francie Pusateri
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Management and Conservation Article

Nest Predation of Greater Sage-Grouse
in Relation to Microhabitat Factors

and Predators

PETER S. COATES,! Department of Biological Sciences, Idaho State University, Pocatello, ID 83209-8007, USA
DAVID J. DELEHANTY, Department of Biological Sciences, Idabo State University, Pocatello, ID 83209-8007, USA

ABSTRACT Nest predation is a natural component of greater sagc-grouse (Centrocercus uropbaxianw) reproduction, but changes in nesting
habitat and predator communities may adversely affect grouse populations. We used a 2-part approach to investigate sage-grouse nest
predation. First, we used information criteria to compare nest survival models that included indices of common raven (Corvus corax) abundance
with other survival models that consisted of day of incubation, grousc age, and nest microhabitat covariates using measurcments from 77 of 87
sage-grouse nests. Sccond, we used video monitoring at a subsample of 55 of 87 nests to identify predators of depredated nests (z = 16) and
evaluated the influence of microhabitat factors on the probability of predation by each predator specics. The most parsimonious model for nest
survival consisted of an interaction between day of incubation and abundance of common ravens (Wravenx incubation day = 0.67). An estimated
increasc in one raven per 10-km transcct survey was associated with a 7.4% increase in the odds of nest failure. Nest survival was relatively lower
in early stages of incubation, and this cffect was strengthened with increased raven numbers. Using video monitoring, we found the probability
of raven predation increased with reduced shrub canopy cover. Also, we found differences in shrub canopy cover and understory visual
obstruction between nests depredated by ravens and ncsts depredated by American badgers (Tusxidea taxus). Increased raven numbers have
negative effects on sage-grouse nest survival, especially in areas with relatively low shrub canopy cover. We encourage wildlife managers to
reduce interactions between ravens and nesting sage-grouse by managing raven populations and restoring and maintaining shrub canopy cover

in sage-grousc nesting areas.

KEY WORDS American badger, Centrocercus urophasianus, common raven, greater sage-grouse, nest predation, video

monitoring.

Greater sage-grouse (Centrocercus urophasianus) range has
declined substantially since Euro-American settlement of
western North America (Schroeder et al. 2004). Many
populations within the remaining range also are in decline
(J. W. Connelly, Western Association of Fish and Wildlife
Agencies, unpublished report). Nest survival is a natural
antecedent to population recruitment and renewal. The
primary source of sage-grouse nest failure is predation,
accounting for an average of 94% of nest loss (Moynahan et
al. 2007); hence, nest predation can be a limiting factor for
population sustainability (Nelson 1955, Gregg et al. 1994,
Schroeder and Baydack 2001). While predation is a natural
component of game-bird reproduction, its effect on
population viability may vary with habitat and predator
composition (Evans 2004).

Loss of nesting habitat and increases in predator
population numbers can interact and be important causal
factors in nest predation of ground-nesting birds (Evans
2004). Many attributes of nesting habitat features can
influence whether a nest survives, such as degree of
concealment of eggs or parents from predators (Deeming
2002) or modulating thermal flux (Ar and Sidis 2002). Nest
habitat features identified as important to sage-grouse
include presence of sagebrush (Artemisia spp.; Connelly et
al. 1991), canopy cover (Wallestad and Pyrah 1974, Gregg
et al. 1994), grass height (Gregg et al. 1994, Holloran et al.
2005), and understory cover (Gregg et al. 1994, DeLong et
al. 1995). Loss of these features can diminish rates of nest
survival (Connelly et al. 1991, Gregg et al. 1994, Holloran

L E-mail: pscoates@usgs.gov

et al. 2005). However, confirmation of the identity of sage-
grouse nest predators and the effects of confirmed predators
under varying microhabitat conditions is poorly documented
and such knowledge might help guide management actions.

Generalist predators that reach high numbers in human-
altered habitats arc of great conservation concern because
they can substantially reduce prey populations (Garrott et al.
1993, Schneider 2001) and these predators have been shown
to continue depredating bird nests even at low prey densities
(Polis et al. 1997, Sinclair et al. 1998). Common ravens
(Corvus corax) are generalist predators that use visual cues to
locate eggs and young of many animals (Boarman and
Heinrich 1999), including sage-grouse (Schroeder et al.
1999, Schroeder and Baydack 2001), and ravens can have
substantial predatory impacts on prey populations (Andrén
et al. 1985, Boarman et al. 2006). Raven numbers have
increased 300% in the western United States since 1980
(Sauer et al. 2008) and remain high despite reductions in
natural prey (Boarman 1993). In desert environments,
population increases are thought to be caused by anthropo-
genic resource subsidies such as food (e.g., landfills; Webb et
al. 2004) and nest substrate (e.g., transmission towers;
Knight and Kawashima 1993). An understanding of the
effects of raven abundance on nest predation in relation to
habitat factors would aid management efforts designed to
promote sage-grouse population viability, such as managing
nesting habitat to reduce raven population size and reduce
the chance of ravens finding and depredating nests.

We evaluated predation at sage-grouse nests in relation to
microhabitat factors and raven abundance to help guide
sage-grouse management plans. Our primary objective was
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Figure 1. Greater sage-grouse study sites in northeastern Nevada, USA,
during 2002-2005. Study sites were based on lek complexes and were
separated by distances >20 km. United States Department of Agriculture
Wildlife Services carried out raven removal activities at the southernmost
study site. A public landfill was located approximately 7 km from the
northernmost site.

to use information theory (Anderson 2008) to comparc a
priori models (hypotheses) of sage-grouse nest survival
consisting of covariates supported by the literature (e.g.,
microhabitat variables) to models of sage-grouse nest
survival that additionally included a covariate of raven
abundance. We analyzed ravens, as opposed to other known
sage-grouse nest predators, because ravens have been
reported as a synanthropic predator (Boarman et al. 2006,
Leu et al. 2008) and are thought to be detrimental to sage-
grouse populations (Autenrieth 1981; ]J. W. Connelly,
unpublished report). Our second objective was to confirm
the identities of predators at depredated sage-grouse nests
using around-the-clock videography and test for differences
in microhabitat characteristics of depredated nests in
relation to species of nest predator. In particular, we
evaluated the hypothesis that nests with less surrounding
vegetation are more likely to be depredated by visually cued
predators like ravens and other corvids (Connelly et al.
1991).

STUDY AREA

We monitored a sample of sage-grouse nests within an area
of approximately 1,430 km® located in Elko County,
Nevada, USA (4°32'41.661"N, 82°17'42.973"E; North
American Datum 1983) during 2002-2005 (Fig. 1). We
captured grouse from 4 lek complexes. We defined a lek
complex as an area of 1-3 breeding grounds (leks). Each of
the 4 lek complexes was separated by more than 20 km. A
lek within a complex was not farther than 2 km from the
nearest lek.

Dominant plant communities consisted of shrub-steppe at
lower elevations and mountain shrub at higher elevations

across study sites. Overstory of shrub-steppe was character-
ized by basin big sagebrush (Aremisia tridentata tridentata),
Wyoming big sagebrush (4. fridentata wyomingensis), and
little sagebrush (4. arbuscula). Crested wheatgrass (Agropy-
ron cristatum) and bluebunch wheatgrass (Pseudoroegneria
spicata) characterized the understory of shrub-steppe
communities. Overstory of mountain shrub communities
was characterized by mountain big sagebrush (4. #ridentata
vaseyana) and Saskatoon serviceberry (Amelanchier alnifolia)
and understory was primarily native bunchgrasses. Utah
Juniper (Juniperus osteosperma) was in peripheral areas at 2 of
4 sites.

The Nevada Department of Wildlife, in cooperation with
United States Department of Agriculture Animal and Plant
Health Inspection Service Wildlife Services, manipulated
raven numbers by carrying out raven removal activitics at the
southernmost lek complex to produce variation in the
number of ravens across the study areas. Wildlife Services
personnel placed 10,500 chicken egg baits treated with 3-
chloro-p-toluidine hydrochloride at the southernmost lek
complex throughout the sage-grouse nesting period of all
study years. Raven counts were reduced significantly at this
site and no reduction was detected at 3 control sites (Coates
et al. 2007). A public landfill and private livestock carcass
disposal area were located approximately 7 km and 3 km
northeast of the northernmost lek complex in Nevada. The
southernmost lek complex was approximately 55 km from
the northernmost lek complex.

METHODS

We captured female sage-grouse at night by spotlighting
(Giesen et al. 1982, Wakkinen et al. 1992) and determined
age based on plumage (Ammann 1944) during the nesting
period, 15 March—1 May 2002-2005. We equipped grouse
with 17-21-g, necklace-style radiotransmitters (Advanced
Telemetry Systems, Isanti, MN). We relocated grouse every
2-3 days using handheld receivers and circled around grouse
at approximately 50 m. We used a handheld Global
Positioning System to record Universal T'ransverse Mercator
coordinates of grouse during relocation. We approached
grousc to visually confirm nesting when we located grouse at
the same coordinate as the previous location. We located
nests during egg-laying or the initial days of incubation. We
monitored females every 1-3 days to record their status and
determine nest fate (i.e., depredated, abandoned, and
hatched).

We measured microhabitat characteristics at nests 1-3
days following nest fate. We measured shrub height (cm)
and understory cover (%) at 77 of 87 nests and within 25 m
of each nest during 2002-2005. We measured heights of
shrubs that were directly over nests. We also measured all
shrub heights along 4 25-m orthogonal transects in random
orientation that intersected at the nest bowl. We averaged
shrub heights and did not measure shrubs at nests more than
once. We used a 3-sided cover board (modified from Jones
1968) to measure understory cover at nests. We placed the
cover board directly on the nest at random orientation. Each
side (25 X 25 cm) of the board consisted of a checkerboard
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Table 1. Means * standard errors of explanatory variables used in analyses of nest survival of greater sage-grouse, where 7 = number of nests used in

analyses. We collected data in northeastern Nevada, USA, during 2002-2005.

Variable Description® n x SE
RVN Indices of raven abundance (no. of ravens counted per 10 km) in relation to sage-grouse nests 77 2.88 0.28
NVO Visual obstruction (%) of understory vegetation at the nest 77 76.10 0.82
50VO Visual obstruction (%) at a 50-m scale and centered on the nest 77 56.50 0.81
HT Ht of shrubs (cm) along 4 25-m line transects intersecting at nest bowl 77 39.32 1.40
NHT Ht of shrub (cm) directly above nest bowl 77 66.19 2.44
TSC Total shrub cover (%) along 4 25-m line transects measured using line intercept method 58 40.50 1.08
SBC Sagebrush cover (%) along 4 25-m line transects measured using line intercept method 58 31.73 2.03
MFB Dried biomass of forbs (g; 16 micro-plots placed randomly within 50 m of nest) 58 1.90 0.09
MGR Dried biomass of grass (g; 16 micro-plots placed randomly within 50 m of nest) 58 3.08 0.38
INC Day of incubation (no. of elapsed days between the onset of incubation and nest fate) 77 N/A
GAGE Grouse age (< 1 or >1 year of age) 77 N/A
LC Lek complex (group of leks) 77 N/A
YR Yr of nest (2002—-2005) 77 N/A

* We measured total shrub cover (TSC) and sagebrush cover (SBC) and dry biomass of forbs (MFB) and grasses (MGR) during 2004 and 2005 and
included these variables in models within a restricted dataset. We excluded SBC from the models because of correlation with TSC.

pattern of 25 squares (5 X 5cm). We randomized
orientation of the board and counted the number of squares
at a distance of 2 m from each side of the board that were
< 50% visually obstructed. We conducted measurements at
2 heights: horizontal (25 cm aboveground) and 45° above
horizontal (approx. 2 m aboveground). We then averaged
measurements to estimate cover obstruction across angles
and cover board sides. To estimate understory cover at a 50-
m scale, we used the same cover board method at 16 random
points within 25 m of each nest and calculated averages.
During 2004-2005, we conducted 4 additional habitat
measurements. We measured shrub canopy cover (%) of
sagebrush and all shrubs and dried biomass of grass and
forbs (g). We carried out these additional habitat measure-
ments at 58 nests (restricted dataset). We estimated canopy
cover (%) of sagebrush shrubs and of all shrub species at a
50-m scale using a line-intersect technique (Canfield 1941).
This technique consisted of measuring distances where
shrub vegetation intersected a transect line and then
dividing the sum of these distances by the overall transect
length. We did not classify vegetation gaps (ie., no
intersecting vegetation) that were >5 cm as shrub cover.
We did not measure any section of shrub more than once.
We used 4 25-m transects that intersected at the nest bowl
and calculated averages. To estimate biomass of grass and
forb vegetation at the 50-m scale, we clipped all live and
residual grasses and forbs at ground level that were within
16 micro-plots (0.5 m? per plot) placed randomly within
25 m of the nest bowl, and we stored the samples from each
micro-plot separately. We subsequently dried samples and
weighed them in the lab. In the field we noted plots with no
grasses or forbs, and we later considered these plots in
averaging subsamples to estimate biomass per nest area.
We conducted strip transect surveys (Garton et al. 2005)
of ravens (surveys, » = 124) at each sage-grouse lek complex
every 3—7 days during morning (0600-1200 hr) of 20
March—1 July 2002-2005. Survey transects were 27 km
during 2002-2003 and 20 km during 2004-2005 and
centered on the sage-grouse lek complex. We chose a 20-
km transect to encompass nearly all nests in relation to the

nearest lek (Schroeder et al. 1999). We calculated the
number of ravens that were observed per 10 km for each
transect to avoid confounding effects associated with
differences in transect lengths. We established survey points
along transects every 800 m. At each survey point, we
searched for a 3-minute period using binoculars and counted
the number of ravens and other corvids, flying or perched,
within approximately 500 m of the transect. We avoided
recounting individual ravens by keeping track of ravens
previously counted as we moved between survey points.

We found differences in the numbers of counted ravens
during our surveys through time and found grouse initiated
nests at different dates. Therefore, we calculated indices of
raven abundance for each nest by averaging the numbers of
counted ravens per 10 km from the affiliated survey route
within the nesting dates of each individual. Our objective
was to investigate how raven abundance affected nest
survival of grouse, not to estimate raven population density.
Because we used vehicles to move between points, we
designated survey transects based on unpaved, low-use roads
at the treatment and control areas.

We evaluated evidence of support for sage-grouse nest
survival models using information theory (Anderson 2008).
To prevent multicollinearity, we excluded 1 of 2 variables
that co-varied (r > 0.65) based on variance inflation factors
(VIF > 10) and biological rationale. We reported mean
(+SE) of variables that were used in the models (Table 1).
We also compared models with year and site as fixed effects.
To avoid pseudo-replication of individuals, we did not
include renests in the analyses. We performed parameter
estimation using Program R with the package RMark (R
Version 2.7, www.r-project.org, accessed 13 July 2008;
Laake and Rexstad 2007) that implements Program MARK
(White and Burnham 1999). We included day of incubation
as a time-dependent covariate in models to evaluate the
hypothesis that daily survival rate (DSR) is lower in early
stages of incubation because vulnerable nests are more likely
to be depredated early in the incubation period (Klett and
Johnson 1982). We also included an interaction between day
of incubation and raven abundance in a model to better

242

The Journal of Wildlife Management » 74(2)





understand the effects of raven numbers as incubation
advances. To calculate the day of incubation, we measured
the days elapsed between the date of nest fate (i,
depredated, abandoned, or hatched) and the date of the
onset of incubation. The nest survival mode! in Program
MARK is robust for evaluating time-dependent covariates
(Dinsmore et al. 2002). We did not evaluate nest age as a
covariate because of difficulty in obtaining accurate
measurements of the onset of egg laying using radiotelem-
etry techniques. We used Akaike’s Information Criterion
(Akaike 1973) corrected for small sample size (AIC;
Anderson et al. 2000) to calculate differences between
models (AAIC, representing a unit of comparison across
models) and to calculate model probabilities (w;, represent-
ing estimated probability that model i was the best among
those considered; Anderson 2008).

We carried out the model evaluation in 2 steps. During
step 1, we compared a priori models (» = 14; hypotheses)
from data that we measured during 2002-2005. This step
allowed us to determine the most parsimonious models
using the full dataset from variables measured during the
study. During step 2, we restricted the dataset to include
only measurements from 2004 and 2005 because we
measured 4 additional variables during these years. This
second set of models (n = 12) consisted of the 5 best fit
models as determined by using the 5 greatest model
probability values from the full 2002-2005 dataset and 7
additional best fit models (hypotheses) that we developed
using the additional habitat characteristics measured during
2004 and 2005. We performed step 2 to determine if the
additional microhabitat characteristics measured in 2004
and 2005 provided greater weight of evidence in explaining
nest survival than the variables measured across all years.
Restricting analyses to 2004 and 2005 for all models in step
2 was necessary because measurements of any one variable
must be made at all nests when comparing models
(Anderson and Burnham 2002).

To accomplish our second objective of assessing habitat
features associated with species of nest predator, we
identified nest predators using video-monitoring at a
subsample of nests (n = 55; Coates et al. 2008). We chose
nests for video-monitoring based on fewest estimated days
of incubation. We monitored these nests with time lapse
videocassette recorders and cameras equipped with infrared-
emitting diodes (Fuhrman Diversified Inc., Seabrook, TX;
Supercircuits, Austin, TX). To avoid abandonment (Ren-
frew and Ribic 2003), we deployed cameras at nests > 7 days
following the onset of incubation during morning hour
while grouse were at recess from incubation, although on
some occasions we unexpectedly flushed grouse from the
nest. We installed fresh video tapes and batteries in video
recorders every 2-3 days. To avoid deterring or attracting
predators (Herranz et al. 2002), we camouflaged equipment
with vegetation and vinyl photography tape that resembled
shrub-steppe vegetation.

We tested the effects of microhabitat characteristics on the
probability of predation by each predator classified by
species (identified by video and direct observation) using

exact logistic models (LogXact, Cytel Software, Cambridge,
MA), a modification of the Markov chain Monte Carlo
algorithm that is robust for small sample size data (Hirji et
al. 1987, Forster et al. 2003). We modeled each confirmed
predator species separately (e.g., raven) and for each
confirmation (e.g., raven predation). We coded the
unsuccessful nest as 1 and coded the successful nests as 0.
We considered nests to be successful if >1 egg hatched
(Rearden 1951). When predicting the probability of
predation by ravens, we also included a model of raven
abundance. We calculated means (*SE) for microhabitat
characteristics of nest depredated by each species of
predator. We then calculated confidence intervals (95%) of
the estimated differences between means of each predator
species for each habitat characteristic (Rosner 1990). These
calculations allowed us to identify differences in microhab-
itat factors by each predator type. We only considered nest
predators that were identified using video or direct
observation in these analyses.

RESULTS

We monitored a total of 87 sage-grouse nests (n = 55 with
camera and » = 32 with no camera). Thirty-seven nests
(42.5%) were depredated, 6 (6.9%) were abandoned, and 44
(50.6%) were successful. The estimated DSR using
maximum likelihood was 0.978 * 0.003 (with camera,
0.980 * 0.004; without camera, 0.973 = 0.007). The
calculated point estimate of nest survival was 0.44 (95% CI,
0.35-0.55) using a 37-day period (laying and incubation
period). This estimate differed from the apparent nest
success of 0.51.

The most parsimonious model of 14 nest survival models
using the full dataset (nests, » = 77) included an interaction
between day of incubation and raven abundance (model 1;
Table 2). This model predicted 1) DSR decreased as raven
abundance increased, 2) DSR was lower in early stages of
incubation, and 3) this effect was strengthened with
increased raven numbers (Fig. 2). No other models had a
AAIC, value that was <2. The probability that this
model was best of the candidate set of models for
describing nest survival was 0.67 (Wysvenxincusation day)- The
model with the second highest support from the data
consisted of raven abundance (model 2; Table 2). Model 1
Was 6.7 (Wravenx incubation day! Wraven) times more likely to be
best for describing nest survival than model 2 based on
evidence ratios (Anderson and Burnham 2002). Raven
abundance was found in cach of the top 5 models. An
increased index value of one observed raven (per 10 km) was
associated with an approximately 7.4% increase in the odds
of nest failure (odds ratio = 1.074, 95% CI = 1.034-1.114).

When comparing the 12 models of the restricted dataset
(nests, » = 58) that included covariates of additional
measurements of canopy shrub cover and biomass of forbs
and grasses, we found the interaction between raven
abundance and day of incubation remained the most
parsimonious model (model 6; Table 2). The probability
that this model was the best for describing nest survival
using the restricted dataset was 51% (W, 4penxineusation day)s
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Table 2. Models that explained nest survival of greater sage-grouse. Step 1 compared models (» = 14) within the full dataset (nests, # = 77), which
consisted of hypotheses derived from measurements carried out during 2002-2005. Step 2 compared models (= = 12) within a restricted dataset (nests, n =
58), which consisted of the 5 most parsimonious models of Step 1 and additional hypotheses from measurements during 2004 and 2005. The —2(log-
likelihood) value is denoted by ~2LL. The likelihood R2-value (LR?) was based on likelihood-ratio test, 1 — exp[—2/n(LogL.,, — Logl.,)], where LogL,, is
the log-likelihood of the model of interest, LogL, is the log-likelihood of the null model, and = is the number of observations (Magee 1990). AAIC,
represents the difference between the Akaike’s Information Criterion model of interest and the most parsimonious model of the model set. Akaike weight
(w,) represents the probability that the model of interest is the best predictive model of those within the model set (Anderson 2008). We collected data in

northeastern Nevada, USA, during 2002-2005.

Model Explanatory variables® Parameters —2LL LR? AAIC, w;

Step 1
1 RVN X INC 4 2183 0.21 0.0 0.67
2 RVN 2 225.9 0.13 3.7 0.10
3 RVN + INC 3 2253 0.14 5.0 0.06
4 RVN + 50VO 3 225.4 0.14 5.1 0.05
5 RVN + NVO 3 2259 0.13 5.7 0.04
NULL 1 236.7 N/A 12.4 0.00

Step 2
6 RVN x INC 4 181.2 0.22 0.0 0.51
7 RVN 2 188.6 0.11 3.3 0.10
8 RVN + MFB 3 186.6 0.14 34 0.09
9 RVN + MGR 3 187.1 0.14 4.0 0.07
10 RVN + INC 3 187.8 0.12 4.6 0.05
NULL 1 195.6 N/A 8.4 0.01

* We included main effects in models with higher-order interactions. RVN = indices of raven abundance; INC = day of incubation; 50VO = visual
obstruction of understory vegetation at a 50-m scale and centered on the nest; NVO = visual obstruction of understory vegetation at the nest; MFB = dried

forb biomass; MGR = dried grass biomass.

and it was 5.1 times (Wyavenxincusation day! Wraven) more likely
to predict nest survival than the next best model, a model of
raven abundance (model 7; Table 2). A model of raven
abundance and mean forb biomass (model 8; Table 2)
showed similar evidence as the raven model, indicating that
forb biomass did not explain any additional variation in nest
survival.

Videography (n = 16) and direct (n = 1) observations of
nest predation were caused by common ravens (» = 10) and
American badgers (Taxidea taxus; n = 7; Coates et al.
2008). The probability of a nest predation by ravens
increased with increasing indices of raven abundance (B;
= 0.234 * 0.078; Table 3). Of predated nests, an increase
of one raven (per 10 km) was associated with a 26% (95%
CI = 11-51%) increase in the odds of a raven predation.
The probability of a raven predation also was greater with
less total shrub canopy cover (B; = —0.078 *+ 0.031;

Raven abundance (per 10 km)

1t0 15 20 25

5
e

(%) 21eJ feauns Apeq

Day of incubation

Figure 2. Effect of an interaction between the day of incubation and
indices of raven abundance on daily survival rate (%) of greater sage-grouse
nests in northeastern Nevada, USA, during 2002-2005. Raven abundance
was the number of ravens observed during survey per 10-km transect.

Table 3). A 1% decrease in shrub cover increased the odds
of raven predation by 7.5% (95% CI = 2.0-15%).

We also found evidence that badger predation increased at
nests with greater visual obstruction (50 m; f; = 0.10 %
0.04) and dry biomass of forbs (B; = 0.700 %= 0.131) and
grasses (B; = 0.226 *+ 0.126) in the nesting area but not
directly at the nest (T'able 3). When testing for differences
in microhabitat characteristics between nests depredated by
badgers and those that were depredated by ravens, we found
differences at the 50-m scale in total shrub cover (ravens,
23.8% = 6.3; badgers, 46.8% = 6.9; #1; = —2.46, P =
0.032; 95% CI = —43.5 to —2.4) and visual obstruction at
the 50-m scale (ravens, 56.9% = 2.8; badgers, 71.2 £ 4.8; %
= —2.56, P = 0.031; 95% CI = —26.8 to —1.6).

DISCUSSION

Sage-grouse nest failure and observed raven predation of
sage-grouse nests were associated with indices of raven
abundance. Sage-grouse that nest within or near areas with
unnaturally high raven numbers may be especially vulnerable
to nest failure. The negative effect of indices of raven
abundance on DSR of nests is consistent with the findings
of authors who have described clear, positive correlations
between corvid abundance and predation of both artificial
and real nests of other ground nesting birds (Angelstam
1986, Johnson et al. 1989, Andrén 1992). Our findings
should raise some conservation concern considering that
raven abundance has increased an estimated 300% in the
past 27 years in the United States (Sauer et al. 2008),
including reports of 1,500% increases within an approxi-
mately 25-year period in arcas of the western United States
(Boarman 1993). Ravens thrive in human-altered landscapes
(Luginbuhl et al. 2001, Boarman 2003) and anthropogenic
resource subsidies act to increase raven reproduction and
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Table 3. Effects of microhabitat factors on predation of greater sage-
grouse nests by predator type (identified using videography) using exact
logistic regression. We collected data in northeastern Nevada, USA, during
2002-2005.

95% CL

Predator Variable® Estimate Lower Upper
Raven RVN 0.23 0.11 0.41*
TSC —0.08 —0.15 —0.02*

MGR 0.17 —0.63 0.41

MFB 0.16 —0.40 0.70

50V0 0.02 —0.04 0.08

NVO -0.01 —0.08 0.07

HT 0.00 -0.06 0.06

NHT 0.00 —0.04 0.03

Badger 50VO 0.10 0.03 0.12*
MFB 0.70 0.13 1.43*

MGR 0.23 —0.02 0.49

TSC 0.02 —0.02 0.06

NHT 0.01 —0.01 0.42

NVO 0.03 —0.02 0.11

HT 0.0 —0.24 0.06

* RVN = indices of raven abundance; TSC = total shrub cover, MGR =
dried grass biomass; MFB = dried forb biomass; 50VO = visual
obstruction of understory vegetation at a 50-m scale; NVO = visual
obstruction of understory vegetation at the nest; HT = shrub ht at the 50-
m scale; NHT = shrub ht at the nest.

* Denotes a 95% confidence interval of the parameter estimate that did
not include zero.

survival (Knight and Kawashima 1993, Webb et al. 2004).
For example, landfills and roadkill provide unintentional
food for ravens, and tall structures (e.g., power transmission
towers) are sclected by ravens as nesting substrate more than
natural features in the environment (Knight and Kawashima
1993, Knight et al. 1995). Breeding and nonbreeding ravens
have been associated with increased predation effects in
desert ecosystems (Kristan and Boarman 2003). Several
sensitive species in desert ecosystems are also thought to be
vulnerable to high predation by ravens (Boarman and
Heinrich 1999), including the California condor (Gymmno-
gyps californianus; Snyder et al. 1986) and desert tortoise
(Gopherus agassizit; Boarman 2003).

We focused on measuring indices of raven abundance and
not other predators because of the growing evidence that
raven populations in desert environments are increasing
(Sauer et al. 2008) and pose an increased threat to nesting
sage-grouse. However, badgers were responsible for nearly
half the video-monitored nest predations and also have been
identified as a sage-grouse nest predator elsewhere (Hol-
loran and Anderson 2003). Although we did not estimate
the effect of badger abundance on sage-grouse nest survival,
limited data from Nevada suggest that the probability of
predation by badgers increases with the amount of badger
activity observed near nest sites (Coates 2007). The
relationships that were reported were similar to those
between crow and badger predation on waterfowl nests
and indices of their abundances in Canada (Johnson et al.
1989).

Studies have reported an increase in nest survival of
ground nesting birds as nests age (Klett and Johnson 1982,
Dinsmore et al. 2002). We found evidence of a similar time-

dependent effect and this effect was strengthened as raven
abundance increased. This implies that the probability of
nest discovery by ravens was not constant over the duration
of the sage-grouse incubation period. Perhaps ravens are
effective at quickly culling sage-grouse nests placed in
visually exposed settings. Additionally, grouse that are not
sufficiently cryptic in their behavior may be detected early by
ravens. In this scenario, grouse that behave in a manner that
evades predation during early incubation (e.g., less move-
ment at the nest) also are likely to succeed during later
stages, causing DSR to increase with day of incubation.
Previously, we proposed that ravens find and depredate nests
by detecting female grouse as they move to and from the
nests in association with incubation recesses (Coates and
Delchanty 2008). It is possible that the effect of day of
incubation was confounded by temporal variation. Nest
survival was greater at later dates in the nesting season for
sage-grouse in Montana (Moynahan et al. 2007). However,
this is unlikely because onset of grouse incubation occurred
at different dates throughout the sage-grouse nesting
period. The interaction between ravens and incubation day
provides support to an carlier hypothesis that nests in risky
locations are depredated more frequently during early stages
of incubation (Klett and Johnson 1982).

We identified distinct differences in microhabitat factors
that predicted whether a predation would likely be caused by
ravens or by badgers. Sparse shrub cover appears to favor
predation by ravens. Because sage-grouse typically nest
under shrubs, particularly sagebrush (Connelly et al. 1991,
Schroeder et al. 1999), high shrub interspace likely increases
nest visibility for foraging ravens. The loss of sagebrush has
led to substantial degradation of sage-grouse habitat (Braun
et al. 1976, Swenson et al. 1987, Knick et al. 2003) and
ravens are tolerant of degraded environments (Boarman and
Heinrich 1999).

The positive relationship between badger predation and
understory vegetation may have been an indirect link with
the abundance of primary badger prey, similar to other
findings reported from artificial sage-grouse nests (Ritchie
et al. 1994). Badger diet consists primarily of ground
squirrels (Spermophilus spp.; Messick and Hornocker 1981,
Goodrich and Buskirk 1998). Forbs and bunchgrasses are
positively related to ground squirrel population densities in
sagebrush ecosystems (Parmenter and MacMahon 1983,
Dobson and Kjelgaard 1985, Van Horne et al. 1997).
Badger activity increases with ground squirrel abundance
(Yensen et al. 1992), and badger home ranges often overlap
in areas of high squirrel density (Messick and Hornocker
1981, Messick et al. 1981, Minta 1990). Perhaps badgers
encounter and depredate sage-grouse nests in areas with
greater vegetation understory because these areas are subject
to greater frequency of badgers hunting ground squirrels.

Differences in habitat measurements at nests depredated
by badgers and ravens may explain a general inability in the
literature to identify habitat features universally associated
with nest survival. For example, variables that were strongly
correlated to nest predation by badgers (i.e., increased
understory obstruction) differed from the predictor of nest
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predation by ravens (i.e., decreased canopy cover). One
meaningful implication is that the relative importance of
local habitat characteristics in protecting nests will vary with
local predator composition. Furthermore, differences in
predator communities between study areas could lead to
inconsistencies among studies in the apparent relative
importance of habitat variables on nest survival, Studies
document that various habitat features are central to sage-
grouse nest survival such as grass height (Gregg et al. 1994,
Aldridge and Brigham 2002, Holloran et al. 2005), grass
cover (Holloran et al. 2005, Moynahan et al. 2007), shrub
height (Gregg et al. 1994, DelLong et al. 1995, Popham and
Gutiérrez 2003), shrub cover (Wallestad and Pyrah 1974,
Gregg et al. 1994, Watters et al. 2002), understory cover
(Gregg et al. 1994, DeLong et al. 1995), rock cover
(Popham and Gutiérrez 2003), and species of nesting shrub
(Connelly et al. 1991). Conversely, other studies have found
negative or no relationships between nest survival and grass
height (Popham and Gutiérrez 2003), grass cover (Aldridge
2000), shrub height (Autenrieth 1981, Sveum et al. 1998),
canopy cover (Popham and Gutiérrez 2003, Aldridge and
Boyce 2007), understory cover (Aldridge and Brigham
2002), and species of nesting shrub (Autenrieth 1981,
Sveum et al. 1998). Although many differences between
studies or study areas could lead to discrepancies, our
findings provide evidence for an expectation of discrepancies
among studies, including discrepancies among studies that
employ very similar techniques but likely have different
predator communities.

In conclusion, elevated raven numbers pose an increased
risk for nesting sage-grouse, perhaps as an unintended
outcome of increased anthropogenic food and raven’s nest
subsidies (Boarman 1993, Boarman and Heinrich 1999, Leu
et al. 2008). Sage-grouse vulnerability to nest predation
varies between areas and across time, in part due to complex
interactions between nest microhabitat and prevailing
predator communities. Research can predict discrepancies
in sage-grouse nest survival between areas and across time
despite uniform habitat management prescriptions. Perhaps
reducing anthropogenic resource subsidies to ravens in
relation to mnesting sage-grouse and other long-term
management actions are ultimately needed to reduce nest
predation by ravens.

MANAGEMENT IMPLICATIONS

Research that identifies the degree of overlap in distribu-
tions between ravens and nesting sage-grouse would be very
beneficial, as would studies that identify key human land-
use changes within sage-grouse habitat that subsidize raven
populations. In areas of overlapping raven populations and
sage-grouse nesting, sage-grouse mnest survival would
increase from well-designed raven management strategies.
Furthermore, research that identifies trends in badger
populations and relationships with human land-use practices
in sagebrush ecosystems would be beneficial to understand-
ing other predation risks to sage-grouse populations and
would also help to inform management decisions.

Our findings augment previous calls for management
actions that restore and maintain quality nesting habitat for
sage-grouse, particularly intact stands of sagebrush nesting
cover. Current management guidelines recommend nesting
habitat with 15-25% sagebrush cover (Connelly et al. 2000)
and our data suggest that sage-grouse may benefit from 20~
30% sagebrush cover and >40% total shrub cover.
Management that protects remaining large, robust, unde-
veloped stands of sagebrush shrub and herbaceous plant
communities is central to stabilizing sage-grouse popula-
tions faced with growing predation threats.
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U.S. Fish and Wildlife Service- Region 6- Migratory Bird Management Program

May 8, 2012

Questions for MBTA permit applications (50 CFR 21.41) to control Common Raven (CORA) in order to
benefit Sage-Grouse (Gunnison or Greater) populations.

A. Required questions that permit applicants need to answer as part of the application
process for a CORA depredation permit.

1. Define/describe the specific geographic area where CORA control authority is requested.

2. Describe what is known about Sage-Grouse populations within the specific geographic area
where CORA control is requested.

-How many Sage-Grouse leks occur within this area and what is the size of these leks?

-Are these leks being monitored and if so what are the population trends for them (over
the last 3 years/ last 5 years/ last 10 years)?

3. Describe or provide documentation of all available evidence that CORA populations are
actually depredating Sage-Grouse within the specific geographic area where control is
requested.

-Is there evidence that CORA are depredating Sage-Grouse nests within this area?
Describe the extent of this evidence.

-Is there evidence that CORA are depredating Sage-Grouse chicks/young within this
area? Describe the extent of this evidence.

-What specific evidence is available to demonstrate that CORA populations are in fact
impacting or limiting Sage-Grouse populations in any way (i.e. survival, recruitment,
population growth} within this area?

B. Depredation permit applicants are not required to answer the following additional
questions. But USFWS requests that applicants voluntarily answer these questions to





provide further background information, which will assist USFWS in the decision-
making process on your permit application.

1.

Have non-lethal control methods been attempted to limit CORA populations within the
geographic area (i.e. taste-aversion attempts with chemical-injected eggs, putting up perch
deterrents on power lines or fence posts, etc.)?

Are there other factors present in the geographic area that CORA control is requested that
might be maintaining CORA populations at artificially high levels within this area (i.e. a
subsidized predator population)? This would include landfills or dumps, proximity to human
communities/human waste, availability of livestock carcasses, presence of energy
development facilities (e.g. condensate tanks, power lines), etc. If so have specific
management actions been undertaken relative to any or all of these factors to avoid or
minimize subsidized CORA populations?










SURVIVAL OF GUNNISON SAGE-GROUSE CHICKS AND JUVENILES IN
COLORADO

AMY J. DAVIS, Colorado State University, Department of Fish, Wildlife, and Conservation
Biology, Ft.Collins, CO 80523, USA

MIKE PHILLIPS, Colorado Division of Parks and Wildlife, 317 West Prospect, Fort Collins, CO
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Abstract: Juvenile recruitment is one of the most important vital rates influencing the
population growth of many bird species. Understanding trends in juvenile recruitment is
fundamental to understanding trends in the population as a whole. Gunnison Sage-grouse
(Centrocercus minimus) have declined substantially from their historic range and is currently a
candidate species under the U.S. Endangered Species Act. There is currently no species-
specific information on juvenile recruitment rates for the Gunnison Sage-grouse. My research
focused on establishing baseline juvenile recruitment rates for this species, and testing
population-level, individual (i.e., hatch date, age, age of hen) and temporal hypotheses (month,
year, trend over year) associated with juvenile recruitment. | compared two populations of
Gunnison Sage-grouse juvenile recruitment from 2005-2010 in the Gunnison Basin population
and from 2007-2010 in the San Miguel population, both in the southwest of Colorado. |
evaluated chick survival (hatch-30 days of age) and juvenile survival (31 days of age to the start
of the first breeding season), then combined them to evaluate juvenile recruitment. The
difference in the two populations was strong in the chick survival analysis, no chicks survived to
30 days of age in San Miguel (n=8). Chick survival was 0.52 (SE=0.08) in Gunnison Basin
(n=282). Thus there was no recruitment in San Miguel. There was a slight negative trend in
chick survival and a stronger negative trend in juvenile survival from 2005-2010 in Gunnison
Basin. Juvenile survival ranged from 0.60 (SE=0.12) in 2005 to 0.11 (SE=0.06) in 2010 (n=87).
The overall juvenile recruitment rate in Gunnison Basin declined from 0.38 (SE=0.09) in 2005 to
0.05 (SE=0.03) in 2010.
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Predators of Greater Sage-Grouse nests identified
by video monitoring
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ABSTRACT. Nest predation is the primary cause of nest failure for Greater Sage-Grouse (Centrocercus
urophasianus), but the identity of their nest predators is often uncertain. Confirming the identity of these predators
may be useful in enhancing management strategies designed to increase nest success. From 2002 to 2005, we
monitored 87 Greater Sage-Grouse nests (camera, /N = 55; no camera, NV = 32) in northeastern Nevada and
south-central Idaho and identified predators at 17 nests, with Common Ravens (Corvus corax) preying on eggs
at 10 nests and American badgers (Taxidea taxis) at seven. Rodents were frequently observed ar grouse nests,
but did not prey on grouse eggs. Because sign left by ravens and badgers was often indistinguishable following
nest predation, idcmi%ying nest predators based on egg removal, the presence of egg shells, or other sign was not
possigle. Most predation occurred when females were on nests. Active nest defense iy grouse was rare and always
unsuccessful. Continuous video monitoring of Sage-Grouse nests permitted unambiguous identification of nest

redators. Additional monitoring studies could help improve our understanding of the causes of Sage-Grouse nest
ailure in the face of land-use changes in the Intermountain West.

SINOPSIS. Depredadores de nidos del Centrocercus uropbasianus identificados durante
monitoreos con cimaras de video
La depredacién de nidos es la principal causa del fracaso de las nidadas del Greater Sage-Grouse (Centrocercus
urophasianus), pero la identidad de los predadores de los nidos es usualmente incierta. Confirmar la identidad de
estos depredadores puede ser atil para el desarrollo de estrategias de manejo disefiadas para incrementar el éxito
de las nidadas. Entre el 2002 y el 2005, monitoreamos 87 nifos del Greater Sage-Grouse (cdmaras, N = 55; sin
cdmara, N = 32) en el noreste de Nevada y en el centro-sur de Idaho e identificamos predadores en 17 nidos, en
donde el Raven comitin (Corvus corax) depredo las nidadas de 10 nidos y el American badgers (Zaxidea taxis) las
de siete nidos. Se observaron frecuentemente roedores en los nidos de grouse, pero no depredaron los huevos de
rouse. Debido a que los rastros dejados por los ravens y los badgers fueron indistinguibles después de un evento
e depredacién, identificar los depredadores de nidos basado en la remocién de huevos, en la presencia de cascaras
de huevos, u otro tipo de clave no fue posible. La mayoria de eventos de depredacién ocurrieron cuando las hembras
estaban en el nido. La activa defensa del nido por los grouse fue rara y siempre fue poco exitosa. El monitoreo
continuo de nidos del sage-grouse mediante cAmaras de video permito la identificacién previamente ambigua de los
depredadores de los nidos y comportamientos en el nido. Adicionalmente los estudios de monitoreo pueden ayudar
a mejorar nuestro conocimiento sobre las causas del fracaso de los nidos del sage-grouse durante los cambios del uso
de la tierra entre las montafias del oeste.
Keywords:  American badger, camera, Centrocercus urophasianus, Common Raven, Greater Sage-Grouse, ground
squirrel, nest predation, Nevada, vidéo monitoring

Greater Sage-Grouse (Centrocercus wuropha-
sianus) populations are declining in most por-
tions of their range (Connelly and Braun 1997,
Connelly etal. 2004), and nest failure is thought
to be an important factor in those declines
(Schroeder and Baydack 2001). The primary

source of Sage-Grouse nest failure is predation,

3Corresponding author. Current address: USGS,
Western Ecological Research Center, Dixon Field Sta-
tion, 6924 Tremont Road, Dixon, CA 95620. Email:

pcoates@usgs.gov

accounting for an average of 94% of nest loss
(Moynahan et al. 2007). Although nest preda-
tors of Sage-Grouse have been reported in the
literature (Schroeder and Baydack 2001), identi-
fication has generally been based on interpreting
ambiguous remains of predated nests rather
than unequivocal identification (Holloran and
Anderson 2003, Moynahan et al. 2006). How-
ever, using nest and egg remains to identify
predators can lead to misidentification (Marini
and Melo 1998, Lariviére 1999).

Confirming the identity of nest predators
would aid Sage-Grouse conservation efforts by
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necklace-style, radio transmitters (Series A4000,
Advanced Telemetry Systems, Isanti, Min-
nesota) that were <3% of grouse body mass
(1-1.8 kg; Schroeder et al. 1999). Antennae
were bent near their bases and rested along the
backs of grouse to minimize interference with
flight (Marks and Marks 1987). To locate nests,
we located radio-marked grouse every 2-3 d
using 3-element hand-held Yagi antennae and
receivers (Models R4000 and R2000, Advanced
Telemetry Systems, Isanti, Minnesota). Aircrafts
were used to locate missing grouse, followed
by ground surveys to verify grouse location.
We recorded UTM coordinates for each grouse
location using hand-held Global Positioning
System units (eTrex, Legend, Garmin Interna-
tional, Olathe, Kansas).

When a grouse was located within 30 m of
the previous position on three consecutive oc-
casions, we visually confirmed the presence of a
nest. We located all nests either during the laying
period or the initial stages of incubation. We
monitored nesting females every 3 d to record
their status (present or absent) and determine
nest fate. Clutch size was measured when females
were away from nests during early stages of
incubation or during camera installation if a
female was inadvertently flushed.

We identified nest predators and recorded
predator and grouse behavior using con-
tinuously recording video-monitoring systems
(Pietz and Granfors 2000). We used miniature
(40 x 40 x 60 mm), camouflaged cameras
(Fuhrman Diversified, Seabrook, Texas; Su-
percircuits, Austin, Texas) equipped with 12
infrared-emitting diodes (850-950 nm wave-
length) that allowed night video monitoring
using light that was likely undetectable by
vertebrates. We used time-lapse VCR systems
operating at 2~3 frames/s.

Nests (/V = 55) were chosen for video mon-
itoring based on fewest estimated days of incu-
bation, but not on distance and access to nests.
However, to minimize the risk of abandonment
(Renfrew and Ribic 2003), video systems were
deployed at nests >7 d after the onset of incu-
bation. We estimated day of incubation through
telemetry monitoring. We placed cameras 0.5~
1.0 m from nests and 10-20 cm above ground.
We mounted cameras on the nearest shrub trunk
or a camouflaged stake using rebar tie wire.
Stakes were also covered with grasses and shrub
branches. Cables that extended 15-20 m to a
VCR system and power source were buried 3—
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5 cm in the ground to reduce the chances of
damage and either attracting or deterring preda-
tors. We scattered litter over the buried cord
and human tracks. Recorders were housed in
camouflaged cases and placed under the canopy
of a large shrub. We powered cameras and
recorders with two deep-cycle, 12-volt marine
batteries. Burlap and vegetation were used to
cover the VCR cases and batteries. We replaced
batteries and tapes every 3 d.

We camouflaged all cameras and other equip-
ment with camouflage vinyl photography tape
and paint that matched the colors of the
shrub-steppe microhabitat. Grasses and small
sagebrush branches and leaves were secured to
camera casings with painted wire. We applied
camouflage, adhesive cloth tape over the light
emitting diodes (LEDs). We used rubber boots
and gloves during video system deployment and
maintenance to minimize human scent at nests
(Whelan et al. 1994).

Most cameras were installed (V = 45, or
82%) while grouse were incubating, and they
typically flushed from the nests. To minimize
the risk of egg mortality, we did not install
cameras during times of snow, rain, high winds,
or extreme ambient temperatures. We contin-
ued video monitoring nests for 24 h after
termination of nesting attempts to identify any
subsequent animal encounters and record post-
nest-fate behaviors of predators at hatched and
predated nests. We then moved cameras to other
nests.

We used nests without video systems as con-
trols to measure camera effects and visited these
nests every 3 d to document nesting status
and control for potential bias caused by our
visits to nests. To estimate the camera effect
on nest fate, we used the nest survival mod-
ule in program MARK (White and Bumhar.n
1999) and employed an information-theoretic
approach (Anderson and Burnham 2002) based
on Kullback-Leibler information (Kullback and
Leibler 1951) and maximum likelihood estima-
tion (de Leeuw 1992) to simultaneously evaluate
the support for two a priori models: an intercept-
only (B,) model and an intercept with cam-
era covariate (B, + B:CAM) model. We used
Akaike’s information criterion (Akaike 1973)
corrected for small sample size (AIC,; Anderson
and Burnham 2002) to evaluate the! relative
support of candidate models " us %a:‘.ke’s
differences (AAIC,) and weights {
and Burnham 2002) for each
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performed a likelihood ratio test to determine if
the more complex model fit the data significantly
better (o« = 0.05). Values are reported as means
+ SE.

Predated nests were classified as either partial
(>1 intact egg remained in the nest bowl) or
complete (all eggs destroyed or missing from nest
bowl). We considered nests successful if >1 egg
hatched (Rearden 1951), as determined by ob-
servation of >1 whole eggshell, egg membrane,
or chick in the nest bowl, and unsuccessful if
completely predated, abandoned, or partially
predated and subsequently abandoned. Descrip-
tions of predated nest remains were recorded,
including condition of nest bowl and surround-
ing vegetation (disturbed or destroyed), missing
eggs, eggshell fragments, punctured eggs, and
condition of eggshell membranes (missing, frag-
mented, or intact).

Fig. 2. Images of Sage-Grouse nests in northeastern Nevada: (A) incubating -
predation with no diagnostic egg remains, (C) badger removing eggs from nest bowl, (D) Wyoming groungs
squirrels biting intact egg, (E) fragmented (arrow) and crushed eggshells resulting from badger predation, 248

(F) holes (arrow) in eggshells due to badger predation.
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RESULTS

We monitored 87 Sage-Grouse nests (N =
55 with camera and N = 32 with no cam-
era), with 37 (43%) partially or completely
predated, six (7%) abandoned, and 44 (51%)
successful. Nests were monitored with cameras
for about 15,500 h, or an average of 12.0 +
0.83 d of incubation per nest. We identified
predators at 16 nests, and one predation event
was observed in the field at a nest with no cam-
era. At four nests with cameras, predation events
were not recorded due to camera failure. Of
the video-monitored nests, grouse abandoned
all nests that were partially predated.

Model selection indicated no support for
an effect of camera presence (AAIC, = 1.02)
(Fig. 2). The best-approximating model (8,,
w; = 0.63) was 1.7 times (w/»;) more likely to

grouse, (B) Common Raveiizg
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describe the data than the 8, + B,CAM model
(AAIC, = 1.02, w,; = 0.37), but B, model did
not have substantially greater support from the
data (Burnham and Anderson 1998). The more
complex model (8, + 3, CAM) was not the best-
fit model (likelihood ratio test, x> = 0.98, P =
0.32). The estimated camera effect was 0.330
+ 0.329 (95% CI -0.315 to 0.976). Estimated
daily survival rate (DSR) for nests with and with-
out cameras were 0.980 £ 0.004 and 0.973 £
0.007, respectively. Estimated DSR was 0.978 +
0.003. Calculated point estimate of nest success
was 0.44 (95% CI 0.35-0.55), using 37-d nest
survival (laying and incubation period). Point
estimates for nests with and without cameras
were 0.47 (95% CI 0.34-0.62) and 0.36 (0.20-
0.55), respectively.

Raven encounters. We documented pre-
dation by ravens at 10 nests (Fig. 2), with
three cases of partial predation and seven with
complete predation. When a grouse was present
(/N = 8), one or more ravens flushed the female
from the nest before predating eggs. We ob-
served differences among ravens and predation
events in nest and egg sign.

On three occasions, a female stood over the
eggs between ravens that were taking eggs. One
grouse actively, but unsuccessfully, defended her
nest from two or more ravens. The grouse
lunged across the nest, toward a raven, with
wings extended on three occasions. However, as
the grouse lunged at one raven, another would
take an egg on the other side of the nest. All
three attempts at nest defense by grouse were
unsuccessful and the nests were predated.

During all 10 predation events involving
ravens, one or more eggs were consumed or
taken from the nest. At two nests, ravens left
holes in the sides or tops of eggs and left the rest
of the eggshell intact. At two other nests, ravens
broke eggshells into fragments.

Badger encounters. We recorded seven
predation events by badgers and all resulted in
complete nest predation (Fig. 2). Grouse flushed
just prior to badgers arriving at nests. Badgers
did not attempr to capture fleeing grouse, and
grouse did not attempt to deter badgers from
eating eggs.

Postpredation badger sign varied within and
among predation events (Fig. 2). At four nests,
badgers left holes in the sides or tops of eggs and
left the rest of the eggshell intact. At five nests,
badgers broke eggshells into fragments while
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consuming egg contents with their tongues.
During two events, badgers consumed the entire
egg and shell, leaving no eggs or eggshells.
During all events, most eggs were consumed by
badgers outside the nest bowl. However, on three
occasions, badgers ate eggs in the nest bowl and
left fragments or largely intact eggshells with
holes. Nest material was removed from bowls at
five nests destroyed by badgers, whereas, at two
nests, nesting material was not disturbed and
we found no badger tracks or sign. One badger
completely destroyed the nest and removed it
from below the shrub.

Rodent encounters. Rodents frequently
visited Sage-Grouse nests (N = 167), but
none consumed eggs. However, rodents often
consumed remnant eggshells and membranes
following normal hatches or after predation by
ravens or badgers (V = 42) often leaving the
appearance that the nests had been predated
by rodents. Rodents identified at nests included
least chipmunks (7amias minimus; N = 73),
Wyoming ground squirrels (Spermophilus ele-
gans; N = 10), Piute ground squirrels (S. mollis;
N = 7), northern pocket gophers (Thomomys
talpoides; N = 3), Great Basin pocket mice
(Perognathus parvus; N = 22), North American
deer mice (Peromyscus maniculatus; N = 31),
and sagebrush voles (Lemmiscus curtatus; N =
2). Many small rodents visiting nests at night
could not be identified by species (/V = 29).

Least chipmunks regularly consumed or
picked up eggshells, eggshell membranes, em-
bryonic membranes, feathers, and nest material.
Least chipmunks attempted to perforate eggs
twice, but were unsuccessful. No ground squirrel
encounters resulted in egg predation. Ground
squirrel visits were generally brief (1-3 s) and
took place during incubation recesses or at
abandoned nests. Wyoming ground squirrels
bit intact eggs during four visits, but were
unsuccessful at opening them (Fig. 2).

Other encounters. On two occasions,
Great Basin gopher snakes (Pituophis catenifer
deserticola) visited nests during incubation re-
cesses. Each snake appeared to be >1 m long
and about 4 cm at maximum body width. Snakes
lightly touch eggs with their mouths, but did not
attempt to consume them.

One of six encounters by cows resulted in
damage to one egg. At one nest, a cow flushed an
incubating grouse, causing an egg to be displaced
from the nest bowl; the cow subsequently was
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recorded eating the egg, leaving shell fragments.
The cow sniffed and moved, but did not eat,
other eggs in the nest bowl, then moved the
camera out of position. Following subsequent
nest visitation, three other eggs were damaged in
the nest and the grouse appeared to abandon the
nest. In each of the five other cow encounters,
grouse were flushed from their nests and cows
sniffed eggs, but did not consume them. We
suspected abandonment by a cow flushing the
grouse at one other nest.

DISCUSSION

As also reported by previous investigators,
we identified ravens (Connelly et al. 1991,
Schroeder et al. 1999, Vander Haegan et al.
2002) and badgers (Petersen 1980, Ritchie et al.
1994) as Sage-Grouse nest predators. Sage-
Grouse habitat has become highly fragmented
(Knick et al. 2003) and fragmentation may
increase nest vulnerability to corvids (Hartley
and Hunter 1998, Vander Haegen et al. 2002).
Current land-use practices in the Intermountain
West favor high raven abundance (Boarman
and Heinrich 1999) relative to historic numbers
(Sauer et al. 2004).

Rodents were frequently observed at grouse
nests in our study, but did not prey on grouse
eggs. Other investigators have reported that
ground squirrels are Sage-Grouse nest preda-
tors (Patterson 1952, Gill 1965, Petersen 1980,
Niemuth and Boyce 1995). We found that
ground squirrels and other rodents often left sign
at predated nests after nest predation or hatch,
and such scavenging may result in incorrectly
attributing predation events to rodents when
nest sign is used to identify predators. Wyoming
ground squirrels in our study were limited
by their gape-width and were unsuccessful at
predating Sage-Grouse eggs, similar to reported
observations of Richardson’s ground squirrels
(Spermophilus richardsonii) that encountered
eggs of domestic fowl (Gallus gallus) and Ring-
necked Pheasant (Phasianus colchicus; Michener
2005). Ground squirrels may not be capable
of opening eggs because the average width of
Sage-Grouse eggs (38—39 mm, Schroeder et al.
1999) is greater than their functional gape-
width (Richardson’s ground squirrel was <21
mm, Michener 2005). Using still photography,
Holloran and Anderson (2003) also found that
thirteen-lined ground squirrels (Spermophilus
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tridecemlineatus) and Richardson’s ground squir-
rels were unsuccessful at predating Sage-Grouse
eggs in Wyoming.

Our observations clearly demonstrate that
signs left by ravens and badgers were often
indistinguishable following nest predation, and
support other observations of interspecific simi-
larities in nest and egg remains (Lariviere 1999).
For example, one or more eggs or eggshells were
missing from 12 nests, with 10 predated by
ravens and two by badgers. Moreover, several
eggs with holes were observed following raven
predation, similar to eggs predated by badgers.
In addition, both badgers and ravens sometimes
scattered egg shells around the nest bowl. Thus,
documenting the removal of eggs from nests
does not permit accurate identification of preda-
tors even to higher taxonomic levels (i.c., class;
Lariviere 1999). Furthermore, interpretation of
nest sign becomes even more difficult with the
confirmation of intraspecific differences in sign
(Lariviere 1999). For example, some badgers
disturbed nest bowls and left crushed egg shells
and some did not, and nests predated by ravens
were often missing all or most of the eggs whereas
others contained eggshells with holes in the
sides.

We found no evidence that video monitoring
influenced predation rates. Waiting until > 7 d
after the initiation of incubation by female Sage-
Grouse may have contributed to the tendency
of daily survival rates to be higher at nests with
video systems. As indicated by other investiga-
tors (Moynahan et al. 2006), Sage-Grouse nests
that survived to the later stages of incubation
were often successful, and we observed more
predation at nests during the initial stages of
incubation.

Our results confirm that Common Ravens
and badgers are predators of Sage-Grouse nests,
and suggest that previous investigators have in-
correctly identified scavenging rodents as preda-
tors. We also found that female Sage-Grouse
are not able to defend nests successfully when
confronted with ravens or badgers, but are able
to escape direct predation. Video monitoring is
an effective tool, especially when certain pref:la—
tors are thought responsible for nest predation
and identification of those predators must be
confirmed. Additional video-monitoring studies E:
would help further our understanding of r.he"\;
causes of Sage-Grouse nest failure in the face ofﬂa«
land-use changes in the Intermountain West.
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Introduction

In March 1998, we began to study a population of greater sage-grouse
in Strawberry Valley of northcentral Utah. This population decreased from
between 3,000 and 4,000 birds in 1939 (Griner 1939) to an estimated 150 birds in
2000. The goal of our research was to identify factors limiting the population and
to recommend measures to mitigate or eliminate those factors. Initial work with
radio-collared sage-grouse showed predation by red fox (Vulpes vulpes), a
nonnative predator, as one of the major limiting factors contributing to decreased
survival and nest success.

Kamler and Ballard (2002) documented the expansion of native and
nonnative red foxes across North America in the 1900s. Their estimates of the
arrival of the nonnative red fox to Utah are consistent with information from on-
the-ground wildlife professionals. Kendall Nelson and Alden Thomas, former
Utah Division of Wildlife Resources (UDWR) employees, spent extensive time
in Strawberry Valley between 1966 and 1980 and never encountered a red fox
(K. D. Bunnell, personal communication 2000). During personal interviews,
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Abstract: Greater Sage-Grouse (Centrocercus urophasianus; hereafter “sage-grouse”)
distribution and abundance in western North America has declined over the last century.
Depredation of sage-grouse nests and predation of chicks can be one of the most influential
factors limiting their productivity. Prey species utilize anti-predation behaviors, such as
predator avoidance, to reduce the risk of predation. Birds in general balance the dual necessity
of selecting cover to hide from visual and olfactory predators to optimize their survival and
reproductive success, which may also be achieved by selecting habitat with relatively fewer
predators. We compared avian predator densities at sage-grouse nests and brood locations to
random locations within available sage-grouse habitat. This comparison allowed us to assess
the ability of sage-grouse to avoid avian predators during nesting and early brood-rearing.
During 2008-2010, we conducted 10-min point-count surveys at 218 sage-grouse nests, 249
sage-grouse brood locations from 83 sage-grouse broods, and 496 random locations. We found
that random locations had higher densities of avian predators relative to sage-grouse nest and
brood locations. Sage-grouse nested in areas where there were lower densities of Common
Ravens (Corvus corax), Black-billed Magpies (Pica hudsonia), Golden Eagles (Aquila chrysaetos),
and Buteo hawks compared to random locations. Additionally, sage-grouse selected brood-
rearing locations that had lower densities of the same avian predators as during nesting plus
American Kestrels (Falco sparverius) compared to random. By selecting nest and brood-rearing
locations with lower avian predator densities, sage-grouse may reduce the risk of nest
depredation and predation on eggs, chicks, and hens.
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ABSTRACT

The greater sage-grouse (Centrocercus urophasianus) is a sagebrush obligate species. It
has declined in distribution and abundance substantially since Euro-American settlement
of western North America. Although nest predation is a natural component of sage-
grouse reproduction, habitat changes may interact with predator communities and
incubation behavior leading to sage-grouse population declines. I used continuous
vidoegraphy at natural sage-grouse nests to document fine-scale incubation rhythms,
identify predators, and record predation behavior in northeastern Nevada. An
information-theoretic modeling approach was used to relate factors that characterized
habitat, timing of incubation, and predators to nest success and incubation rhythms. I also
experimentally reduced local raven numbers to measure the effects of raven reduction on
sage-grouse nest success. Females exhibited relatively high incubation constancy (96%)
and employed a bimodal distribution of incubation recess that peaked during morning
and evening twilight. Common ravens (Corvus corax) and American badgers (Taxidea
taxis) were confirmed destroying nests. Raven depredations were mostly crepuscular.
Yearling sage-grouse nests failed more than those of adults, and yearling recesses were
longer, more frequent, and occurred during times of greater daylight than those of adults.
Recess duration, nest failure, and probability of raven-caused depredation were
positively related to raven abundance. Compared to adults, yearlings appeared to face
greater trade-offs between foraging and concealing eggs. Raven reduction increased
sage-grouse nest success, but badgers appeared to partially compensate for removal. Nest
herbaceous understory was positively related to incubation constancy. This likely was

due to the effects of understory at nests on parental energy savings by reducing parent
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heat loss. I detected differences in nest habitat characteristics between nests depredated
by ravens and badgers, such as shrub canopy cover, herbaceous understory, and forb
biomass. Canopy cover was inversely related to raven depredation. Thus, habitat
characteristics appeared to interact with predator composition and abundance increasing
the probability of sage-grouse nest failure. Ravens are generalist predators now occurring
in high abundance in North America and forage within degraded sage-grouse nest
habitat. Ravens appear to influence incubation behavior and depredation rates and in

some areas may negatively influence sage-grouse productivity. In human-altered

landscapes, these negative effects may be substantial.
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The Effects of Raven Removal on Sage Grouse Nest Success

Peter S. Coates and David J. Delehanty
Biological Sciences, Idaho State University, Pocatello, Idaho

ABSTRACT: We measured the effects of common raven removal on the nest success of greater sage grouse. One cause of sage
grouse population decline is thought to be reduced nest success due to egg depredation by ravens. Ravens are nest predators that
have substantially increased in abundance in response to current human land-use practices. In many areas, wildlife managers use
egg baits treated with DRC-1339 to reduce raven numbers in sage grouse habitat. The effects of raven removal on grouse nest
success and identification of any compensatory nest predators are largely unknown. During 2002 and 2003, USDA WS removed
ravens from an experimental area in Nevada, within which we deployed miniature, camouflaged video cameras with time-lapsed
recorders at sage grouse nests. Using continuous video monitoring throughout the incubation period, we determined the identity
and observed the behavior of sage grouse nest predators. Sage grouse nest success during 2002 and 2003 was 74% (n = 19), with
no depredations of sage grouse nests or sage grousc nest visitations by ravens. We also observed the behavior of animals that
encountered nests, and we identified possible biases with estimating raven “take” from the attrition of egg baits. We found video
cameras to be effective devises for identifying predators. These results may be useful in formulating future predator removal
activities for sage grouse management.

KEY WORDS: Centrocercus urophasianus, nest success, predator control, raven damage management, sage grouse, video nest
monitoring .
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INTRODUCTION raven loss by destroying eggs that ravens would have
The common raven (Corvus corax) is considered a  depredated. E
subsidized predator that has substantially increased in Using continuous videography at natural nests in the
abundance throughout the intermountain west (Knight wild is an effective method to objectively identify
and Call 1980). The increase is strongly associated to  predators and behavior (Pietz and Granfors 2000). The
anthropogenic resource subsidies (Boarman 1993), in-  conventional method of identifying bird nest predators is
cluding power lines, roads, and landfills. Ravens are the observation of predator sign from nest and egg
accomplished predators of bird nests and fledglings, and remains at depredated nests. Using this method, it is
increased raven abundance in areas of human subsidies is  difficult to accurately identify predators due to unreliable
thought to have “spillover predation” effects (Boarman and misleading sign. Problems include multi-predator
1993). Ravens may diminish many human benefits and  visits to nests, change in predators due to egg variations,
disrupt ecosystem function when unnaturally abundant. different pattems of depredation within predator species,
Increased raven numbers are thought to have and similar patterns of depredation between predator
cascading ecological effects, including increased sage species (Lariviere 1999). Photography with motion-
grouse nest failure due to egg depredation by ravens sensor cameras may be useful but also problematic
(Alstatt 1995, Batterson and Morse 1948). An important (Thompson et al. 1999). For example, film is rapidly
constraint on sage grouse population growth is poor nest  depleted as a result of frequent female movements.
success (Autenrieth 1981). The USDI Fish and Wildlife Direct researcher- observations are infrequent and bias
Service has been petitioned to list the greater sage grouse  toward diurnal predators (Pettingill 1976). The use of
(Centrocercus urophasianus) under the Endangered natural nests (Pietz and Granfors 2000) is critical to truly
Species Act, and recently the Gunnison sage grouse (C.  understand the dynamics of nest depredation because the
minimus) became a candidate species for listing. Wildlife differences between artificial nests (Major and Kendal
damage management may have an important role to play  1996) and natural nests may influence predator
in future sage grouse conservation plans. It is important composition at nests (Wilson et al. 1998). We used
that wildlife managers understand sage grouse responses  minjaturized camera and continuous video recorder that
to management actions to design effective wildlife allowed unbiased identification of predators at sage
damage management activities. grouse nests and also allowed us to observe predator
Animals that encounter sage grouse nests must be behavior.
unambiguously identified to determine the effects of
raven removal. Identification of predators will allow METHODS
researchers to understand the efficacy of raven removal The study area was located approximately 48 km
by measuring raven depredations. Also, identification south of Jackpot, Nevada and 18 km west of Nevada
will provide an understanding of any compensatory State Route 93 (UTM; 0673931, 4592958). USDA
predator effects. In other words, researchers can Wildlife Services (USDA WS) carried out systematic
determine if non-target predators are compensating for raven damage management procedures annually since
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2001 and plans to continue until 2005 during the months
of March - July. The purpose of raven removal was to
increase nest success within a recently established
population of Columbian sharp-tailed grouse (Typanu-
chus phasianellus columbianus); it was not carried out to
benefit sage grouse reproduction per se.

Raven Removal
. "USDA WS conducted 5 standard raven surveys along
the raven removal route during 2003. Raven surveys
were initiated in early March pror to raven damage
management activities and terminated in early July
following the fate of all sage grouse nests. Each survey
entailed counting the number of ravens observed every
800 m along a 27-km raven removal route.

The primary method of ravenr removal was through
the use of chicken egg baits treated with DRC-1339, an
avicide used to control avian pests (Spencer 2002).
USDA WS placed 2 egg baits every 250 m along the
raven removal route every 7 days. All depredated,
missing, and undisturbed eggs were recorded within 72 h
of placement, and non-depredated eggs were disposed.
USDA WS estimated 1 raven “take” for every 4 eggs that
were fully destroyed or missing from the placement area,
and they used this formula as a conservative analogue to
the standard of 1:2. We video-recorded 5 egg baits
during the month of July to identify other egg bait
predators.

Sage Grouse Nest Success

We captured female sage grouse near known leks
during the time period 1 April - 15 May, both in 2002 and
in 2003. We used spotlights and multi-frequency noise to
capture grouse with nets (Giesen et al. 1982, Wakkinsen
et al. 1992), We banded and fit 24 female sage grouse
with 20-g necklace-style radio transmitters during 2002 (n
=8) and 2003 (n = 16).

We located each grouse at least 2 times per week until
nesting behavior was observed. We radio-marked nests
with 6 g-transmitters and used the distance between
radioed females and radioed nests to determine the onset
of incubation (Coates 2001). A nest was successful if >1
egg hatched from the clutch (Rearden 1951).
Unsuccessful nests were classified as abandoned (female
is >300 m from nest for 3 consecutive relocations) or
depredated.

Predator Identity

We used miniaturized cameras with video recording
systems to monitor sage grouse nests during 2002 and
2003. Cameras were camouflaged to avoid bias in the
encounter frequency of animals that rely on visual cues to
locate nests (Herranz et al. 2002). A subset of nests
without video systems was used as a control to determine
if the presence of the system affected nest success.
Cameras were equipped with infrared night illumination
(Pietz and Granfors 2000), not detectable by vertebrates,
and placed 1 m from the nest. A 20-m cable was buried
and connected to a continuous-recording, time-lapsed
VCR (Pietz and Granfors 2000). We changed VHS tapes
and batteries every 3 days and wore rubber boots and
gloves to mask human scent.

RESULTS
Raven Removal

USDA WS placed a total of 6,184 egg baits along the
raven removal route during 2002 (1 = 2,420) and 2003 (n
=3,764). USDA WS removed an estimated 366 and 318
ravens during March - July of 2002 and 2003, based on

.egg disappearance and 1:4 ratio. Raven surveys indicated
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a declining trend in observed raven numbers from March
to July during 2003 (Figure 1). During March, raven
numbers were at a high of 5/km” and declined by July to a
low of 0.31/km’.

No. of ravens per 10 square km

’ 0

March April - May June July

Figure 1. Number of ravens counted per 10 km? at a raven
damage management area in NE Nevada, March-June
2003.

Sage Grouse Reproduction

Overall nest success was 73.6% (n = 19; Table 1). Of
the nests that failed, depredation accounted for 60% (n =
3). We calculated an expected nest success from reported
values in the literature to compare to our observed value.
The expected nest success was 42.6% based on 14 studies
of sage grouse nest success from 1941-1997 reported by
Schroeder et al. (1999). Our observed nest success
frequency was significantly greater than the expected nest
success frequency (G? = 3.961, p = 0.047). There was no
difference in nest success between video-recorded nests
and control nests (G*=0.217, p=0.641).

Table 1. Success, depredation, and abandonment of
greater sage grouse nests in an area of raven damage
management activities in NE Nevada, 2002-2003.

2002 6 5(83) 0(0)
2003 13 5(70) 4 |2(50) 2(50)
Total 19 [14(74) 5  [3(60) 5 2(30)

# 9% of nests that produced 21 chick
B % of falled nests thal were depredated
© 9% of failed nests that were abandoned






Predator Identity

A total of 13 nests were monitored using videography

(n = 2, 2002; n = 11, 2003). Approximately 4,450
continuous incubation hours were recorded (950 h, 2002;
3500 h, 2003). A badger (Taxidea taxus) was the only
predator to be identified by videography. We identified 6
different species of animals that encountered nests.” We
observed a Richardson’s ground squirrel (Spermophilus
elegans nevadensis) bite 3 eggs, but it did not penetrate
the eggshells of a nest, while the female was away. A
Townsend’s ground squirrel (Spermophilus townsendit)
dug up material around a nest but did not depredate eggs.
A Great Basin pocket mouse (Perognathus parvus) and a
least chipmunk (ZTamius minimus) ate eggshells and
eggshell membranes following a hatch. A Northem
pocket gopher (Thomomyns talpoides) encountered a nest
seemingly without depredating eggs. Of the 5 video-
recorded egg baits, a Richardson’s ground squitrel was
observed eating and carrying off 2 egg baits on 2
occasions. No other animal was observed encountering
egg baits.

DISCUSSION

We found that the observed sage grouse nest success
near an area of raven removal activities (73.6%) was
significantly greater than the expected nest success based
on 14 studies (42.6; Schroader et al. 1999). Also, we
found that 60% of the nest failures were due to
depredation while 40% failed for other reasons. Low nest
success in many sage grouse populations is associated
with declining numbers of greater sage grouse (Aldridge
and Brigham 2001). Previous studies have suggested that
ravens are the primary predator of sage grouse nests and
one of the greatest constraints to population increases of
sage grouse (Autenrieth 1981, Batterson and Morse
1948).

Did the removal of ravens affect nest success of sage
grouse? To answer this question it is important to
understand nest success without the influence of raven
removal in this study area. We have no direct knowledge
of sage grouse nest success prior to raven removal
because this project was initiated 2 years following the
onset of raven removal. However, a translocated
population of Columbian sharp-tailed grouse was
monitored prior to the onset of substantial efforts to
remove ravens during 1999-2000 (Coates 2001). The
average nest success of sharp-tailed grouse prior to raven
removal was 42% (Coates 2001). During the systematic
raven removal activities, nest success of sharp-tailed
grouse was 75%. Raven removal possibly increased nest
success of sharp-tailed grouse. Therefore, it is possible
that nest success was greater than the expected value of
greater sage grouse in this study due to raven removal
activities; this may be consistent with a study in Oregon
that described increase nest success due to predator
removal (Batterson and Morse 1948). Furthermore,
ravens are considered primary predators (Autenrieth
1981), but we did not identify any raven encounters at
video-recorded sage grouse nests. It is possible that raven
removal decreased the occurrence of raven depredations.

Further investigation at this site, such as measuring
nest success at various distances from the raven removal
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route, is needed to truly understand the relationship
between raven removal and nest success. Our findings
are preliminary, and during 2004-2005 we will measure
nest success at various distances from the raven removal
route to further identify any correlation.

Ground squirrels have been documented as effective
sage grouse nest predators (Schroeder and Baydack
2001). However, we observed the Richardson’s and
Townsend’s ground squirrels encounter nests and not
depredate any eggs. On one occasion, a Richardson’s
ground squirrel appeared to bite 3 eggs but did not
penetrate the eggshells. Least chipmunk and Northem

ket mouse were observed eating and crushing
eggshells following a hatch. Therefore, subsequent
scavenges by rodents may result in misidentifying sage
grouse nest predators based on egg and nest remains.

Video recording is useful for evaluating the
effectiveness of management activities on estimating
raven “take.” We observed a Richardson’s ground
squirrel depredate 2 egg baits but not sage grouse eggs. If
ground-dwelling animals prove to be substantial egg bait
predators, then elevated egg platforms may be important
to target only corvids. Further egg bait recordings may
provide an identification of these predators and an
empirical basis for estimating raven “take.” -

. Videography appears to be an effective tool for
identifying sage grouse nest predators. Remains of
eggshells and nests alone may not be reliable, due to
biases that we observed associated with identifying
predators from egg and nest remains (Lariviere 1998),
such as subsequent eggshell scavenging and inter-specific
predation patterns.

In conclusion, it is probable that direct raven removal
increased sage grouse nest success in NE Nevada. This is
consistent with experimental research of raven removal
impacts on sage grouse nest success in Oregon (Batterson
and Morse 1948). The majority of management plans
recommend restoring habitat as a means of minimizing
the predator-prey interactions. Due to the time lag
between the beginning and completion of restoring
sagebrush steppe communities and the rapidly declining
rate of sage grouse abundance, it may be important to
incorporate raven damage management activities for
endangered populations until habitat quality is sufficient
at concealing nests from predators.
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Abstract:

Human-altered landscapes have provided resource subsidies for common ravens (Corvus
corax) resulting in a substantial increase in raven abundance and distribution throughout the
United States and Canada in the past 25 years. Ravens are effective predators of eggs and
young of ground-nesting birds. During 2002-2005, we tested whether chicken egg baits treated

with

PTH (3-chloro-p-toluidine hydrochloride) could be used to manage raven numbers in an

area where raven depredation was impacting sharp-tailed grouse (Tympanuchus phasianellus
columbianus) and greater sage-grouse (Centrocercus urophasianus) populations in Nevada,
We performed multiple raven surveys at a treatment site and 3 control sites and used
videography to identify predators and estimate egg bait consumption. We detected reductions
in raven abundances over time at the treatment site during all years of this study and did
not detect reductions in raven abundances at control sites. Videographic observations of
egg consumption indicated that the standard 1:2 ratio (1 raven removed/2 eggs consumed)
substantially overestimated raven take because nontarget species (rodents) consumed some
egg baits. The technique described here likely will be effective at reducing raven densities

where this is the intended management action.

Key Words: 3-chloro-p-toluidine hydrochloride, avicide, chicken egg baits, common
raven, CPTH, Corvus corax, DRC-1339, human-wildlife conflicts, Nevada, wildlife damage

management

Human-ALTERED landscapes provide resource
subsidies to common ravens (Corvus corax) that
frequently lead to their increased reproduction
and survival (Boarman 1993, Webb et al. 2004).
Ravens often use electrical transmission towers,
highway overpasses, and railroad trestles
as nesting substrate (Boarman and Heinrich
1999), aiding reproduction in areas that lack
natural nest sites. Ravens forage efficiently in
agricultural fields (Engel and Young 1992a),
landfills (Webb et al. 2004), lambing sites
(Larsen and Dietrich 1970), rangelands (Knight
1984), and linear right-of-ways of electric power
transmission lines (Knight and Kawashima
1993). Raven abundance has tripled in the past
40 years throughout North America (Sauer et al.
2004), and increased as high as 1,500% since the
1960s in portions of the western United States
(Boarman 1993, Sauer et al. 2004).

Inthe GreatBasin, ravensfeed opportunistical-
ly on eggs and young of many birds and animals
(Boarman and Heinrich 1999), including prairie
grouse (Centrocercus urophasianus;Schroeder
et al. 1999, Schroeder and Baydack 2001, P. S.

Coates, unpublished data). Unnaturally high
raven populations as a consequence of anthro-
pogenicresourcesubsidiesmay cause”spillov-er
predation” (Schneider2001). Spillover predation
occurs when raven abundance increases due to
resource subsidies. As individual ravens move
to and hunt for prey in adjacent landscapes,
they cause unnaturally high predation rates
(Kristen and Boarman 2003). Concern that
subsidized increases in raven abundances are
adversely affecting sensitive species is growing
because ravens are effective predators of many
threatened and endangered species (Boarman
and Heinrich 1999).

Managers often rely on multiple methods
to reduce raven predation including shooting,
trapping, and poisoning, as well as habitat
manipulation (Boarman and Heinrich 1999).
Even where long-term management programs
(e.g., natural habitat restoration) are carried
out, managers often include short-term lethat
programs to reduce raven numbers. Toxic
compounds are often a method of choice for
lethal control because of advantages of reduced
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labor (Conover 2002) and applications designed
to target specific species. The compound
CPTH (3-chloro-p-toluidine hydrochloride), or
DRC-1339, is the only legal toxicant currently
registered by the U. S. Environmental Protection
Agency (EPA) for raven population control
(Larsen and Dietrich 1970, Spencer 2002). A
lethal dose of CPTH causes irreversible kidney
necrosis (DeCino et al. 1966) resulting in a
period of listlessness followed by death within
24-72 hours of ingestion (Cunningham et al.
1979). Lethal dosages vary substantially among
avian species, and corvids are highly sensitive
to CPTH (LD,, = 5.6 mg/kg; Larsen and Dietrich
1970). Other avian species found in shrub-steppe
communities that are also highly sensitive to
CPTH include red-winged blackbirds (Agelaius
phoeniceus; LD, = 1.8 to 3.2 mg/kg) and mourning
doves (Zenaida macroura; LD, = 5.6 to 10.0 mg/kg)
(DeCino et al. 1966).

To target ravens and other corvids, managers
inject CPTH into chicken egg baits and place
baits where they are likely to be encountered by
ravens but not by nontarget species that also are
sensitive to CPTH effects from ingesting the com-
pound (Spencer 2002). No cases of secondary
poisoning by CPTH of raptors or mammals have
been observed (Cunningham et al. 1979), most
likely because of rapid degradation of CPTH
following ingestion coupled with relatively low
CPTH sensitivity of species that would typically
scavenge raven carcasses. CPTH hasbeen used to
reduce abundance of otherbirds that were judged
to be pests, including red-winged blackbirds
(Blackwell et al. 2003), American magpies (Pica
hudsonia; Guarino and Schafer 1967), European
starlings (Sturnus vulgaris; Besser et al. 1967;
Royall et al. 1967), American crows (Corvus
brachyrhynchos; Boyd and Hall 1987) and herring
gulls (Larus argentatus; Seamans and Belant
1999).

Many managers have had limited success
in using CPTH in the field to remove ravens,
perhaps because published descriptions of
application techniques and their efficacy are
lacking or have not been previously developed.
Managers typically estimate the number of
ravens removed by interpolating from number
of egg baits that disappear from bait stations,
assuming that missing egg baits have been
consumed by ravens (Spencer 2002). A common
estimate is that 1 raven is removed from the
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population for every 2 missing egg baits at a
station (Spencer 2002).

Our objectives were to develop, apply, and
measure the efficacy of using systematically
placed chicken eggs treated with CPTH to
remove ravens. From 2002-2005, the raven re-
moval program was necessary to reduce their
predation during the breeding season of a
small, reintroduced population of sharp-tailed
grouse (Tympanuchus phasianellus columbianus)
and a natural population of greater sage-grouse
(Centrocercus  urophasianus) in northeastern
Nevada. Here, we describe the CPTH application
technique and its effects on a raven population.
We also used video surveillance to identify
consumers of egg baits and to estimate the num-
ber of ravens removed from the population by
quantifying consumed CPTH egg baits.

Study areas

We conducted systematic raven removal
and raven surveys on transects that overlap a
treatment site of approximately 10,000 ha lo-
cated on the east side of the Snake Mountains
in northeastern Nevada, USA (N 0670859, E
4599749, zone 11, NAD 83), during the springs
of 2002-2005. The study area was chosen by
Nevada Department of Wildlife (NDOW) based
on efforts to establish a reintroduced, nascent
population of sharp-tailed grouse (Coates and
Delehanty 2006). NDOW, in cooperation with
the U.S. Department of Agriculture, Animal
Health Inspection Service, and Wildlife Services
(WS) chose to remove ravens because they were
thought to be a primary predator of sharp-tailed
grouse nests. Their assumption was based on
interpreting nest and egg remains following
depredation during 1999-2001 (P. S. Coates,
unpublished data). Dominant plant communities
were shrub-steppe at lower elevations and
mountain shrub at higher elevations. Several
otherpotential egg predators occupying thestudy
area included coyotes (Canus latrans), striped
skunks (Mephitis mephitis), American badgers
(Taxidea taxis), ground squirrels (Spermophilus
spp.), American magpies, and American crows.

Methods

Raven surveys

We conducted transect surveys (n = 64; Table
1) following the technique of Garton et al. (2005).
Surveys were conducted every 3-7 days at the
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treatment site between late March and late June
during 2002-2005. This period coincided with the
periods of egg-bait treatment and sage-grouse
nesting. During 2004 and 2005, we con-ducted
raven surveys (n = 60) every 3-7 days at 2 and
3 untreated (UNT) sites (no CPTH application),
respectively, using the same standard protocol
as the treatment site. The first (UNT-1), second
(UNT-2), and third (UNT-3) untreated sites were
located approximately 22, 37, and 53 km from the
treatment site, respectively. We chose untreated
sites located at distances >3 times the reported
average foraging distance by ravens (6.9 km;
Engel and Young 1992b). Our reason for spacing
apart treated and untreated sites was to prevent
transient ravens from traveling from untreated
sites into the area of raven removal and thereby
affecting numbers of ravens at untreated sites.
This average raven travel distance was derived
from the nearest studied population of ravens
(southwestern Idaho), and was located in a
similar shrub-steppe community.

All survey transects were a distance of 27
km during 2002-2003 and 20 km during 2004
2005. We established 25 and 33 survey points
along each 20- and 27-km transect, respectively.
Points along each transect were separated by
800 m. Using binoculars at each survey point,
we searched for a 3-minute period and counted
the number of ravens and other corvids, flying
or perched. We avoided recounting individual
ravens by keeping track of ravens previously
counted as we moved from 1 survey point to the
next. We indexed raven abundance by calculating
the number of ravens counted per 10 km along
transects. Our objective was to compare indices
of raven abundance among and within sites
through the sage-grouse nesting season and not
to estimate raven population density. We did not
correct for the probability of detecting ravens
in relation to distance from transect. Using
binoculars to scan the shrub-steppe, we were
confident that ravens within the transect width
(0-500 m) would be detected without difficulty,
regardless of whether the ravens were perching
or flying.

Because we used vehicles to move between
points, we designated survey transects based on
unpaved roads at the treatment and untreated
areas. Vehicle-usealong roads wasapproximately
the same among sites. Also, we selected transects
that intersected >1 sage-grouse leks (sage-grouse
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breeding grounds) at all sites. The treatment site
transect also intersected a newly established
sharp-tailed grouse lek.

During 2002 and 2003, WS personnel perform-
ed 10 surveys as standard operational protocol.
We occasionally observed and recorded crows
and magpies at the treatment area during raven
surveys. However, observations of these species
were rare, perhaps because of the remote location
of the treatment site, and they were not included
in data analyses.

CPTH application

Raven removal was carried out in conjunction
with WS personnel. We followed standard op-
erational procedures for preparation of eggs
treated with CPTH (Spencer 2002). We hard-
boiled 220 eggs/week by placing 100 raw eggs
at a time in an egg basket and boiling them in
water for 13-15 minutes. We then removed the
eggs and allowed them to cool for several hours.
Cooling eggs prior to applying CPTH prevents
cracking and toxicant decomposition from heat
exposure. Eggs were rubber-stamped with a
warning skull-and-crossbones or marked with
the word poison, as instructed on the CPTH label.
After the eggs cooled, we used a 6.3 mm ratchet
hex screwdriver to punch an injection hole at
the end opposite the air cell. The injection hole
must reach the center of the yolk with a diameter
large enough to contain 1 ml of solution without
spillage.

To prepare the CPTH solution, we complied
with all precautionary statements and directions
indicated on the CPTH label. We made a 2%
CPTH solution by dissolving 2 g of CPTH con-
centrate in 100 ml of potable water warmed to
43°C. We injected 1 ml of 2% CPTH solution into
each egg injection hole using a 5-ml syringe or a
1-ml pipette. Prior to placement of egg baits at the
treatment site, we stored the eggs in an upright
position without covering injection holes for 24
hours to allow absorption of the compound into
the albumen and yolk of each egg and prevent
spillage.

Every 7 days at the treatment site from late
March to late June 2002-2005, we placed 2 egg
baits on the ground/bait station every 250 m
along a 27.5-km route. We placed a total of
approximately 10,560 eggs (2,640/year) through
the duration of the study. The egg bait route
intersected the recently established population
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of sharp-tailed grouse and sage-grouse leks.
We positioned eggs upright to prevent spillage
of any compound that may not have been
completely absorbed into the egg. Also, we
placed eggs directly on the ground between
shrubs with no vegetation covering them. To
facilitate consumption by ravens we did not use
unnatural objects (e.g., platforms) because ra-
vens can be highly neophobic (Heinrich 1988).
Also, every year the treatment site was prebaited
with nontoxic egg baits 2-3 times to habituate
ravens to egg baits as a food source. Prebaiting
took place for 1-2 weeks. Between 62-72 hours
following placement of egg baits (both treated
and nontoxic), we recorded the number of
eggs depredated, missing, or undisturbed, and
collected and disposed of all remaining eggs.
No eggs were left in the environment for more
than 2-3 days, and no eggs were reused at a later
date.

To identify egg bait predators, we used 4
miniature cameras with video-recording sys-
tems to monitor a random sample of egg baits
throughout the treatment period (n = 18, 2004;
n = 28, 2005). Also, we used 4 cameras to video-
monitor nontoxic egg baits (no CPTH treatment)
at random locations throughout the untreated
sites during the same dates used to video re-
cord eggs at the treatment sites. This allowed
us to compare frequencies of egg bait predator
consumption among sites. Video-monitored
eggs at untreated sites also had injection holes
and warning labels. These were the only eggs
placed at the untreated sites to prevent sup-
plementing raven diets with a large quantity of
unnatural food and, thereby, influencing raven
abundances by attracting ravens into untreated
areas. Cameras (40 x 40 x 60 mm) were deployed
approximately 1 m from egg baits in a nearby
shrub and equipped with infrared night
illumination (850-950 nm wavelength), which is
not detectable by vertebrates (Pietz and Granfors
2000). A 20-m cable was buried and connected to
a time-lapsed, continuous-recording VCR (Pietz
and Granfors 2000). We allowed video systems to
record continuously for 72 hours. To avoid bias
in the encounter frequency of animals that rely
on visual cues to locate nests, we used adhesive
camouflage tape and vegetation for concealment
of the camera (Herranz et al. 2002). To avoid
olfactory-related biases (Harriman and Berger
1986, Whelan et al. 1994), we used rubber boots
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and gloves to mask human scent during camera
installation.

Statistical analyses

We used PROC MIXED procedures (SAS
Institute Inc., Cary, N.C.) to test if changes in
raven abundance indices differed through time
among the treatment site and control sites.
Year was assigned as a random effect. Raven
abundance indices recorded at the treatment
site during prebaiting were not assigned as a
treatment variable in the analyses because CPTH
eggs were not yet placed at the site. Also, we
performed simple linear regressions at each site
using abundance indices as the response variable
and ordinal date (number of days elapsed from
January 1) as the explanatory variable. Where
the slope of a best-fit regression line differed
statistically from zero, we determined whether
the relationship was positive or negative.

Results

Indices of raven abundance changed through
time at the treatment site (Figure 1) differently
than at the untreated sites (F = 3.77; df = 3,115;
P = 0.12; Figure 2). Raven abundances declined
substantially at the treatment site during each
year of the study, whereas abundances remained
stable or increased at the untreated sites (Table
1). In each of the 4 years, raven abundance in-
dices declined to near zero by mid-June in the
treatment area, regardless of inter-year variation
in raven abundance indices during March.
An increase in abundance through time was
detected at UNT-1 during 2004 (¢ = 2.66; df = 8; P
=0.033; Figure 2). ’

Of the 2,640 eggs placed at the treatment site/
year, we found 756 eggs missing in 2002; 1,432 in
2003; 721 in 2004; and 1,736 in 2005. We video-
recorded a total of 42 eggs consumed during
2004-2005. At the treatment site, 2 of 22 (9%)
consumptions were by ravens, while atuntreated
sites ravens were responsible for 18 of 20 (90%)
consumptions. Other consumers were Wyoming
ground squirrel (Spermophilus elegans) (n = 14,
treatment site only), Piute ground squirrel (S.
mollis) (n = 3, treatment site only), Great Basin
pocketmouse (Perognathus parvus; n=1, treatment
site only), American magpie (n = 2, treatment site
only), and domestic cattle (n = 2, untreated site
only). All rodents completely consumed the egg
baits. Using videography, we found 1:11 ratio of
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Ficure 1. Indices of common raven abundance in
relation to days of treatment using CPTH (3-chloro-
p-toluidine hydrochloride), which was injected into
chicken egg baits and placed in the environment for
consumption by ravens every 7 days in northeastern
Nevada during 2002—2005. Days of surveys were
conducted from late March to mid-June, which en-
compassed the treatment period.

raven consumption to missing eggs.

Discussion

We measured the effects of CPTH application
using chicken egg baits on raven numbers in the
wild and found substantial short-term reductions
in raven population abundances associated with
CPTH application. This is an important first
test of the efficacy of CPTH at removing ravens
using actual field conditions and untreated sites.
It provides valuable information for making
informed policy decisions. Removal of nest pre-
dators often increases nest success of ground
nesting birds (Greenwood 1986, Garrettson
and Rohwer 2001, Littlefield 2003), a necessary
antecedent to recruitment and population re-
newal. Ravens have been documented to be

FiGuURE 2. Indices of common raven abundance at 3
untreated sites in northeastern Nevada during 2004
(A) and 2005 ( @). UNT-1, UNT-2, and UNT-3 repre-
sent untreated sites (no CPTH application). Days of
surveys were conducted from late March to mid-June.

important predators of sage-grouse nests at the
treatment site (P. S. Coates, unpblished data)
and elsewhere (Autenreith 1981, Schroeder et al.
1999, Schroeder and Baydack 2001), and removal
of ravens may increase nest success of grouse
(Batterson and Morse 1948).

Videography did not capture any nontarget
species that are known to be at risk of fatality from
CPTH effects consuming egg baits. However,
ground squirrels, which are not known to be
vulnerable to the dosage of CPTH we injected
into eggs, were commonly observed consuming
eggs. Ground squirrel LD, values have not been
described, but reported values of other rodents
arerelatively high. For example, mouse and white
rat LD, values were reported as 2,000 and 1,170-
1,770 mg/kg, respectively (Clark 1986). The EPA





approved CPTH for use primarily because of its
rapid degradation and specificity to ravens and
other corvids (raven’s LD, = 5.6 mg/kg; Larsen
and Dietrich 1970). Therefore, chicken egg baits
treated with CPTH to remove ravens from areas
of raven damage appear to have low nontarget
hazards, i.e., threat of affecting nonoffending
animals (Conover 2002), something our finding
supports. We did not observe dead animals
or noticeable impairment of live animals of
nontarget species due to the effects of CPTH.
Furthermore, secondary poisoning hazards
have not been observed in other studies and are
thought to be unlikely to occur (Cunningham et
al. 1979, Johnston et al. 1999). Although CPTH
decomposes rapidly, it is important to remove
all nonconsumed eggs from the field within
24-72 hours of placement to further reduce any
unintended effects.

Recent evidence suggests that Richardson’s
ground squirrels (Spermophilus richardsonii),
Wyoming ground squirrels, and Piute ground
squirrels are not effective at depredating grouse
eggs unless the eggs have been damaged (Coates
and Delehanty 2004, Michener 2005). Our video
observations indicate that ground squirrels used
injection holes to open and consume our egg
baits. Thus, while ground squirrels may not be
important predators of grouse eggs (Michener
2005), they are an important predator of egg
baits. We found that Wyoming and Piute ground
squirrels were responsible for 71% of egg
consumptions by species other than ravens.

Failure to consider ground squirrels as egg
bait predators will lead to substantial error when
using egg bait disappearance as a proxy for raven
take. Egg bait consumption by ground squirrels
will lead to overestimation of raven take, but the
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Araven is pictured in the act of taking an egg
bait (left), then eating it (below).

relationship has its own complexities. Ground
squirrels were common at the untreated sites,
but none were video-recorded consuming egg
baits, as all squirrel consumptions took place
at the treatment site. Ravens were primarily
responsible for consumption (18 of 20 eggs) at
untreated sites. Perhaps, in areas where ravens
were abundant, they consumed egg baits prior
to squirrels encountering and consuming them.
Also, nocturnal rodents rarely consumed eggs.
Egg baits were set out in morning hours pro-
viding ravens first access to bait relative to
nocturnal mammals.

Alternatively, it is possible that ravens
avoided treated eggs at the treatment site and
not untreated eggs at the untreated sites. How-
ever, this seems unlikely because we found no
videographic evidence of raven avoidance, and
we measured a marked decline in raven abund-
ance of the treatment site consistent with lethal
consumption of egg baits.

Ravens and ground squirrels left similar signs
following consumption of egg baits. For exam-
ple, both species partially consumed eggs at the
site and then moved eggs to another location,
leaving fragmented egg shells at the bait site.
Thus, ground squirrel and raven consumptions
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of egg baits were indistinguishable using diag-
nostic egg remains. Relying on more precise
ratios derived from unambiguous identification
techniques may be the most practical method to
estimate raven removal. These estimates should
be accompanied with weekly raven surveys in
the treatment and untreated areas.

Our results suggest that CPTH application
may cause short-term reductions in raven
numbers without long-lasting effects on raven
populations because of reoccupation of any
vacant territories. Within raven populations,
many nonbreeding ravens without territories
are transient (Boarman and Heinrich 1999)
and have been reported to travel 40-65 km in
a day (Engel and Young 1992b, Heinrich et al.
1994). Furthermore, raven numbers rebounded
each spring to abundances seen prior to CPTH
application. Therefore, reapplication of CPTH
must be made annually.

Prebaiting the treatment area with nontoxic
eggs for approximately 2 weeks appeared to
facilitate the consumption of egg baits by ravens.
Because chicken eggs differ noticeably from
wild grouse eggs and territorial ravens are often
neophobic (Heinrich 1988), territorial ravens
may be less likely to eat egg baits. Therefore,
prebaiting may help to target territorial and
nonterritorial ravens.

Indices of raven abundance at UNT-3 were
substantially greater than those of the other 2
sites (Figure 1). Perhaps, the high abundances at
UNT-3 were associated with greater availability
of anthropogenic subsidies. UNT-3 was located
<6 km from a landfill and surrounded by
agricultural activity, while the other sites were
>30 km from a landfill with less agriculture.
Also, we observed more human-made structures,
standing water, linear right-of-ways (e.g., roads
and transmission power-lines), and livestock at
UNT-3. Our findings are consistent with other
recent evidence that indicates increases in raven
populations are due to anthropogenic alterations
in water, food, and nest sites (Boarman 1993,
Knight and Kawashima 1993, Boarman and
Heinrich 1999).

When applying CPTH chicken egg baits
directly on the ground to remove ravens, we
recommend avoiding the 1:2 ratio (ravens to
missing eggs) that is currently used by managers
to estimate raven take throughout the treatment
period because it may substantially overestimate

231

raven take, especially if ground squirrels begin
consuming egg baits after an initial period of
raven removal. A 1:2 ratio may more accurately
reflect raven take in areas of concentrated raven
populations without egg-bait consumption by
nontarget species (e.g., treatment at sanitary
landfills).

In our study, the frequency of egg predators
that consumed egg baits differed among sites,
where ravens were most responsible for egg
depredation at untreated sites, and ground squir-
rels were most responsible for egg depredation at
the treatment site. The initial week of treatment
following prebaiting may have resulted in
high raven take, but prolonged treatment did
not appear to continue to remove ravens at
high rates, even though eggs disappeared at
high rates throughout the treatment period.
Unfortunately, we were unable to estimate raven
take using videography during initial treatment.
However, following the first week of application,
our estimated raven take was 1:11 ratio, rather
than the 1:2 ratio that is currently used. A 1:11
ratio would lead to an estimated 69, 130, 66,
and 157 ravens removed from the treatment site
during 2002, 2003, 2004, and 2005, respectively.
Even using a 1:11 adjustment, these values still
appear high. Perhaps, continued research using
unambiguous identification techniques will
improve or confirm our estimates.

Also, ratios likely will change over time at
treatment sites, perhaps resulting in a continuum
of ratios, especially if the rate of raven take is
continually decreasing and ground squirrel
numbers are unaffected. Our sample sizes did
not permit calculating multiple ratios through
time, but further research regarding changing
ratios would greatly improve our understanding
of estimating raven take based on egg-bait
consumption. Also, videography may lead to
minor overestimation in raven take because
ravens are known to take eggs and cache them
for later consumption (Boarman and Heinrich
1999), and eggs may be consumed when CPTH
is no longer viable or eggs are taken but not
consumed.

In conclusion, using the technique described
here, CPTH egg-bait treatment is effective in
reducing raven abundance for short periods
and in the immediate area of treatment. Lethal
removal of predators is often an effective short-
term management action for increasing nest suc-
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cess of ground nesting birds (Greenwood 1986,
Garrettson and Rohwer 2001, Littlefield 2003).
However, reducing anthropogenic resource sub-
sidies of raven populations (Boarman 1993), and
other long-term management actions, may be
ultimately needed to reverse effects of spillover
predation (Smith and Quinn 1996).
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ABSTRACT. Nest predation is the primary cause of nest failure for Greater Sage-Grouse (Centrocercus
urophasianus), but the identity of their nest predators is often uncertain. Confirming the identity of these predators
may be useful in enhancing management strategies designed to increase nest success. From 2002 to 2005, we
monitored 87 Greater Sage-Grouse nests (camera, N = 55; no camera, N = 32) in northeastern Nevada and
south-central Idaho and identified predators ac 17 nests, with Common Ravens (Corvns corax) preying on eggs
at 10 nests and American badgers (Taxidea taxis) at seven. Rodents were frequently observed at grouse nests,
but did not prey on grouse eggs. Because sign left by ravens and badgers was often indistinguishable following
nest predation, idcmi%'ing nest predators based on egg removal, the presence of egg shells, or other sign was not
possible. Most predation occurred when females were on nests. Active nest defense by grouse was rare and always
unsuccessful. Continuous video monitoring of Sage-Grouse nests permitted unambiguous identification of nest
predators. Additional monitoring studies could help improve our understanding of the causes of Sage-Grouse nest
failure in the face of land-use changes in the Intermountain West.

SINOPSIS. Depredadores de nidos del Centrocercus urophasianus identificados durante
monitoreos con cimaras de video b
* La depredacién de nidos es la principal causa del fracaso de las nidadas del Greater Sage-Grouse (Centrocercus
urophasianus), pero la identidad de los predadores de los nidos es usualmente incierta. Confirmar la identidad de
estos depredadores puede ser wtil para el desarrollo de estrategias de manejo disefiadas para incrementar el éxito
de las nidadas. Entre el 2002 y el 2005, monitoreamos 87 nidos del Greater Sage-Grouse (camaras, N = 55; sin
cdmara, N = 32) en el noreste de Nevada y en el centro-sur de Idaho e identificamos predadores en 17 nidos, en
donde el Raven comun (Corvus corax) depredo las nidadas de 10 nidos y el American badgers (Zaxidea taxis) las
de siete nidos. Se observaron frecuentemente roedores en los nidos de grouse, pero no depredaron los huevos de
grouse. Debido a que los rastros dejados por los ravens y los badgers fueron indistinguibles después de un evento
de depredacién, identificar los depredadores de nidos basado en la remocién de huevos, en la presencia de cascaras
de huevos, u otro tipo de clave no fue posible. La mayorta de eventos de depredacién ocurrieron cuando las hembras
estaban en el nido. La activa defensa del nido por los grouse fue rara y siempre fue poco exitosa. El monitoreo
continuo de nidos del sage-grouse mediante cdmaras de video permito la identificacién previamente ambigua de los
depredadores de los nidos y comportamientos en ¢l nido, Adicionalmente los estudios de monitoreo pueden ayudar
a mejorar nuestro conocimiento sobre las causas del fracaso de los nidos del sage-grouse durante los cambios del uso
de la tierra entre las montafias del oeste.

Key words:  American badger, camera, Centrocercus urophasianus, Common Raven, Greater Sage-Grouse, ground
squirrel, nest predation, Nevada, video monitoring

Greater Sage-Grouse (Centrocercus uropha-
sianus) populations are declining in most por-
tions of their range (Connelly and Braun 1997,
Connelly et al. 2004), and nest failure is thought
to be an important factor in those declines
(Schroeder and Baydack 2001). The primary
source of Sage-Grouse nest failure is predation,

B Corresponding author. Current address: USGS,
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tion, 6924 Tremont Road, Dixon, CA 95620. Email:

pcoates@usgs.gov

accounting for an average of 94% of nest loss
(Moynahan et al. 2007). Although nest preda-
tors of Sage-Grouse have been reported in the
literature (Schroeder and Baydack 2001), identi-
fication has generally been based on interpreting
ambiguous remains of predated nests rather
than unequivocal identification (Holloran and
Anderson 2003, Moynahan et al. 2006). How-
ever, using nest and egg remains to identify
predators can lead to misidentification (Marini
and Melo 1998, Lariviere 1999).

Confirming the identity of nest predators
would aid Sage-Grouse conservation efforts by
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Fig. 1.

eastern Elko County, Nevada (Universal Trans-
verse Mercator [UTM] Zone 11, Range = E

648194-706275, N 4564368—4673992 NAD
83) from March to July 2002-2005. We chose
four sites to monitor nests based on known
breeding areas (Fig. 1). We also monitored four

422 P S. Coates et al.
helping to guide management actions designed
to increase or maintain nest success, such as
direct predator control or indirectly decreasing
the chances of specific predators from locating
nests through habitat manipulation. Erroneous
identification of nest predators based on con-
ventional methods may lead to poor manage-
ment decisions. Video monitoring has been
shown to be a reliable and accurate method for
identifying predators (Cutler and Swann 1999,
King et al. 2001). Such monitoring has never
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nests in south-central Idaho (25-35 km from
the northernmost study site in Nevada).
Lower elevations (1550-1900 m) were dom-
inated by Wyoming big sagebrush (Artemisia
tridentata wyomingensis) and basin big sage-
brush (A. ¢ tridentata), with an understory of
grasses. Higher elevations (1900-2350 m) were
characterized by mountain big sagebrush (4. &
vaseyana), Saskatoon serviceberry (Amelanchier
alnifolia), and native bunchgrasses. Topography
consisted primarily of rolling hills and creek
been émployed at Sage-Grouse nests, but could  drainages that held surface water throughout the
confirm the identity of nest predators. Thus, year
our objective was to identify Sage-Grouse nest
predators by video monitoring nests and to

determine the kinds of sign that predators leave

Within the study area, we observed many
at predated nests.

species of potential egg predators (reported in
Schroeder et al. 1999), including coyotes (Canus
latrans), weasels (Mustela spp.), elk (Cervus ela-
phus), American badgers (Taxidea taxis), ground
squirrels, Black-billed Magpies (Pica hudsonia),
American Crows (Corvus brachyrhynchos), and
Common Ravens (Corvus corax). Cattle (Bos

taurus) grazed most of the study site seasonally
every year.

METHODS

We monitored nests of Sage-Grouse in north-

We captured female Sage-Grouse by spot-
lighting (Wakkinen et al. 1992, Connelly et al.
2003) near lek sites from 15 March to 1
May 2002-2005. We equipped grouse with
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Greater Sage-Grouse study sites in northeastern Nevada, 2002-2005. Study sites were based on lek

routes and were separated by distances >20 km. We video monitored an additional four nests in south-central
Idaho, 25-35 km from the northernmost study site in Nevada. A public landfill was located approximately
7 km from the northernmost Nevada site.
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necklace-style, radio transmitters (Series A4000,
Advanced Telemetry Systems, Isanti, Min-
nesota) that were <3% of grouse body mass
(1-1.8 kg; Schroeder et al. 1999). Antennae
were bent near their bases and rested along the
backs of grouse to minimize interference with
flight (Marks and Marks 1987). To locate nests,
we located radio-marked grouse every 2-3 d
using 3-element hand-held Yagi antennae and
receivers (Models R4000 and R2000, Advanced
Telemetry Systems, Isanti, Minnesota). Aircrafts
were used to locate missing grouse, followed
by ground surveys to verify grouse location.
We recorded UTM coordinates for each grouse
location using hand-held Global Positioning
System units (eTrex, Legend, Garmin Interna-
tional, Olathe, Kansas).

When a grouse was located within 30 m of
the previous position on three consecutive oc-
casions, we visually confirmed the presence of a
nest. We located all nests either during the laying
period or the initial stages of incubation. We
monitored nesting females every 3 d to record
their status (present or absent) and determine
nest fate. Clutch size was measured when females
were away from nests during early stages of
incubation or during camera installation if a
female was inadvertently flushed.

We identified nest predators and recorded
predator and grouse behavior using con-
tinuously recording video-monitoring systems
(Pietz and Granfors 2000). We used miniature
(40 x 40 x 60 mm), camouflaged cameras
(Fuhrman Diversified, Seabrook, Texas; Su-
percircuits, Austin, Texas) equipped with 12
infrared-emitting diodes (850-950 nm wave-
length) that allowed night video monitoring
using light that was likely undetectable by
vertebrates. We used time-lapse VCR systems
operating at 2-3 frames/s.

Nests (IV = 55) were chosen for video mon-
itoring based on fewest estimated days of incu-
bation, but not on distance and access to nests.
However, to minimize the risk of abandonment
(Renfrew and Ribic 2003), video systems were
deployed at nests >7 d after the onset of incu-
bation. We estimated day of incubation through
telemetry monitoring. We placed cameras 0.5—
1.0 m from nests and 10-20 cm above ground.
We mounted cameras on the nearest shrub trunk
or a camouflaged stake using rebar tie wire.
Stakes were also covered with grasses and shrub
branches. Cables that extended 15-20 m to a
VCR system and power source were buried 3—-
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5 c¢m in the ground to reduce the chances of
damage and either attracting or deterring preda-
tors. We scattered litter over the buried cord
and human tracks. Recorders were housed in
camouflaged cases and placed under the canopy
of a large shrub. We powered cameras and
recorders with two deep-cycle, 12-volt marine
batteries. Burlap and vegetation were used to
cover the VCR cases and batteries. We replaced
batteries and tapes every 3 d.

We camouflaged all cameras and other equip-
ment with camouflage vinyl photography tape
and paint that matched the colors of the
shrub-steppe microhabitat. Grasses and small
sagebrush branches and leaves were secured to
camera casings with painted wire. We applied
camouflage, adhesive cloth tape over the light
emitting diodes (LEDs). We used rubber boots
and gloves during video system deployment and
maintenance to minimize human scent at nests
(Whelan et al. 1994).

Most cameras were installed (N = 45, or
82%) while grouse were incubating, and they
typically flushed from the nests. To minimize
the risk of egg mortality, we did not install
cameras during times of snow, rain, high winds,
or extreme ambient temperatures. We contin-
ued video monitoring nests for 24 h after
termination of nesting attempts to identify any
subsequent animal encounters and record post-
nest-fate behaviors of predators at hatched and
predated nests. We then moved cameras to other
nests.

We used nests without video systems as con-
trols to measure camera effects and visited these
nests every 3 d to document nesting status
and control for potential bias caused by our
visits to nests. To estimate the camera effect
on nest fate, we used the nest survival mod-
ule in program MARK (White and Burnham
1999) and employed an information-theoretic
approach (Anderson and Burnham 2002) based
on Kullback-Leibler information (Kullback and
Leibler 1951) and maximum likelihood estima-
tion (de Leeuw 1992) to simultaneously evaluate
the support for two a priori models: an intercept-
only (B8,) model and an intercept with cam-
era covariate (B, + B,;CAM) model. We used
Akaike’s information criterion (Akaike 1973)
corrected for small sample size (AIC,; Anderson
and Burnham 2002) to evaluate the relative
support of candidate models using Akaike’s
differences (AAIC,) and weights (w;) (Anderson
and Burnham 2002) for each model. We also
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performed a likelihood ratio test to determine if
the more complex model fit the data significantly
better (o« = 0.05). Values are reported as means
=+ SE.

Predated nests were classified as cither partial
(=1 intact egg remained in the nest bowl) or
complete (all eggs destroyed or missing from nest
bowl). We considered nests successful if >1 egg
hatched (Rearden 1951), as determined by ob-
servation of >1 whole eggshell, egg membrane,
or chick in the nest bowl, and unsuccessful if
completely predated, abandoned, or partially
predated and subsequently abandoned. Descrip-
tions of predated nest remains were recorded,
including condition of nest bowl and surround-
ing vegetation (disturbed or destroyed), missing
eggs, eggshell fragments, punctured eggs, and
condition of eggshell membranes (missing, frag-
mented, or intact).

Fig. 2.
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RESULTS

We monitored 87 Sage-Grouse nests (N =
55 with camera and N = 32 with no cam-
era), with 37 (43%) partially or completely
predated, six (7%) abandoned, and 44 (51%)
successful. Nests were monitored with cameras
for about 15,500 h, or an average of 12.0 £+
0.83 d of incubation per nest. We identified
predators at 16 nests, and one predation event
was observed in the field at a nest with no cam-
era. At four nests with cameras, predation events
were not recorded due to camera failure. Of
the video-monitored nests, grouse abandoned
all nests that were partially predated.

Model selection indicated no support for
an effect of camera presence (AAIC, = 1.02)
(Fig. 2). The best-approximating model (B,,
w; = 0.63) was 1.7 times (0,/w,) more likely to

3 F18
19-03
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Images of Sage-Grouse nests in northeastern Nevada: (A) incubating grouse, (B) Common Raven

predation with no diagnostic egg remains, (C) badger removing eggs from nest bowl, (D) Wyoming ground
squirrels biting intact egg, (E) fragmented (arrow) and crushed eggshells resulting from badger predation, and

(F) holes (arrow) in eggshells due to badger predation.
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describe the data than the B, + 8, CAM model
(AAIC, = 1.02, o, = 0.37), but B, model did
not have substantially greater support from the
data (Burnham and Anderson 1998). The more
complex model (B, + 3,CAM) was not the best-
fit model (likelihood ratio test, x> = 0.98, P =
0.32). The estimated camera effect was 0.330
=+ 0.329 (95% CI —-0.315 to 0.976). Estimated
daily survival rate (DSR) for nests with and with-
out cameras were 0.980 % 0.004 and 0.973 &=
0.007, respectively. Estimated DSR was 0.978 &
0.003. Calculated point estimate of nest success
was 0.44 (95% CI 0.35-0.55), using 37-d nest
survival (laying and incubation period). Point
estimates for nests with and without cameras
were 0.47 (95% CI 0.34-0.62) and 0.36 (0.20—
0.55), respectively.

Raven encounters. We documented pre-
dation by ravens at 10 nests (Fig. 2), with
three cases of partial predation and seven with
complete predation. When a grouse was present
(N = 8), one or more ravens flushed the female
from the nest before predating eggs. We ob-
served differences among ravens and predation
events in nest and egg sign.

On three occasions, a female stood over the
eggs between ravens that were taking eggs. One
grouse actively, but unsuccessfully, defended her
nest from two or more ravens. The grouse
lunged across the nest, toward a raven, with
wings extended on three occasions. However, as
the grouse lunged at one raven, another would
take an egg on the other side of the nest. All
three attempts at nest defense by grouse were
unsuccessful and the nests were predated.

During all 10 predation events involving
ravens, one or more eggs were consumed or
taken from the nest. At two nests, ravens left
holes in the sides or tops of eggs and left the rest
of the eggshell intact. At two other nests, ravens
broke eggshells into fragments.

Badger encounters. We recorded seven
predation events by badgers and all resulted in
complete nest predation (Fig. 2). Grouse flushed
just prior to badgers arriving at nests. Badgers
did not attempt to capture flecing grouse, and
grouse did not attempt to deter badgers from
cating eggs.

Postpredation badger sign varied within and
among predation events (Fig. 2). At four nests,
badgers left holes in the sides or tops of eggs and
left the rest of the eggshell intact. At five nests,
badgers broke eggshells into fragments while
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consuming egg contents with their tongues.
During two events, badgers consumed the entire
egg and shell, leaving no eggs or eggshells.
During all events, most eggs were consumed by
badgers outside the nest bowl. However, on three
occasions, badgers ate eggs in the nest bowl and
left fragments or largely intact eggshells with
holes. Nest material was removed from bowls at
five nests destroyed by badgers, whereas, at two
nests, nesting material was not disturbed and
we found no badger tracks or sign. One badger
completely destroyed the nest and removed it
from below the shrub.

Rodent encounters. Rodents frequently
visited Sage-Grouse nests (N = 167), but
none consumed eggs. However, rodents often
consumed remnant eggshells and membranes
following normal hatches or after predation by
ravens or badgers (IV = 42) often leaving the
appearance that the nests had been predated
by rodents. Rodents identified at nests included
least chipmunks (7amias minimus; N = 73),
Wyoming ground squirrels (Spermophilus ele-
gans; N = 16), Piute ground squirrels (S. mollis;
N = 7), northern pocket gophers (Thomomys
talpoides; N = 3), Great Basin pocket mice
(Perognathus parvus; N = 22), North American
deer mice (Peromyscus maniculatus; N = 31),
and sagebrush voles (Lemmiscus curtatus; N =
2). Many small rodents visiting nests at night
could not be identified by species (V. = 29).

Least chipmunks regularly consumed or
picked up eggshells, eggshell membranes, em-
bryonic membranes, feathers, and nest material.
Least chipmunks attempted to perforate eggs
twice, but were unsuccessful. No ground squirrel
encounters resulted in egg predation. Ground
squirrel visits were generally brief (1-3 s) and
took place during incubation recesses or at
abandoned nests. Wyoming ground squirrels
bit intact eggs during four visits, but were
unsuccessful at opening them (Fig. 2).

Other encounters. On two occasions,
Great Basin gopher snakes (Pituophis catenifer
deserticola) visited nests during incubation re-
cesses. Fach snake appeared to be >1 m long
and about 4 cm at maximum body width. Snakes
lightly touch eggs with their mouths, but did not
attempt to consume them.

One of six encounters by cows resulted in
damage to one egg. At one nest, a cow flushed an
incubating grouse, causing an egg to be displaced
from the nest bowl; the cow subsequently was
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recorded cating the egg, leaving shell fragments.
The cow sniffed and moved, but did not eat,
other eggs in the nest bowl, then moved the
camera out of position. Following subsequent
nest visitation, three other eggs were damaged in
the nest and the grouse appeared to abandon the
nest. In cach of the five other cow encounters,
grouse were flushed from their nests and cows
sniffed eggs, but did not consume them. We
suspected abandonment by a cow flushing the
grouse at one other nest.

DISCUSSION

As also reported by previous investigators,
we identified ravens (Connelly et al. 1991,
Schroeder et al. 1999, Vander Haegan et al.
2002) and badgers (Petersen 1980, Ritchie et al.
1994) as Sage-Grouse nest predators. Sage-
Grouse habitat has become highly fragmented
(Knick et al. 2003) and fragmentation may
increase nest vulnerability to corvids (Hartley
and Hunter 1998, Vander Haegen et al. 2002).
Current land-use practices in the Intermountain
West favor high raven abundance (Boarman
and Heinrich 1999) relative to historic numbers
(Sauer et al. 2004).

Rodents were frequently observed at grouse
nests in our study, but did not prey on grouse
eggs. Other investigators have reported that
ground squirrels are Sage-Grouse nest preda-
tors (Patterson 1952, Gill 1965, Petersen 1980,
Niemuth and Boyce 1995). We found that
ground squirrels and other rodents often left sign
at predated nests after nest predation or hatch,
and such scavenging may result in incorrectly
attributing predation events to rodents when
nest sign is used to identify predators. Wyoming
ground squirrels in our study were limited
by their gape-width and were unsuccessful at
predating Sage-Grouse eggs, similar to reported
observations of Richardson’s ground squirrels
(Spermophilus richardsonii) that encountered
eggs of domestic fowl (Gallus gallus) and Ring-
necked Pheasant (Phasianus colchicus; Michener
2005). Ground squirrels may not be capable
of opening eggs because the average width of
Sage-Grouse eggs (38—39 mm, Schroeder et al.
1999) is greater than their functional gape-
width (Richardson’s ground squirrel was <21
mm, Michener 2005). Using still photography,
Holloran and Anderson (2003) also found that
thirteen-lined ground squirrels (Spermaphilus
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tridecemlineatus) and Richardson’s ground squit-
rels were unsuccessful at predating Sage-Grouse
eggs in Wyoming,

Our observations clearly demonstrate that
signs left by ravens and badgers were often
indistinguishable following nest predation, and
support other observations of interspecific simi-
larities in nest and egg remains (Lariviere 1999).
For example, one or more eggs or eggshells were
missing from 12 nests, with 10 predated by
ravens and two by badgers. Moreover, several
eggs with holes were observed following raven
predation, similar to eggs predated by badgers.
In addition, both badgers and ravens sometimes
scattered egg shells around the nest bowl. Thus,
documenting the removal of eggs from nests
does not permit accurate identification of preda-
tors even to higher taxonomic levels (i.e., class;
Lariviere 1999). Furthermore, interpretation of
nest sign becomes even more difficult with the
confirmation of intraspecific differences in sign
(Lariviere 1999). For example, some badgers
disturbed nest bowls and left crushed egg shells
and some did not, and nests predated by ravens
were often missing all or most of the eggs whereas
others contained eggshells with holes in the
sides.

We found no evidence that video monitoring
influenced predation rates. Waiting undl > 7 d
after the initiation of incubation by female Sage-
Grouse may have contributed to the tendency
of daily survival rates to be higher at nests with
video systems. As indicated by other investiga-
tors (Moynahan et al. 2006), Sage-Grouse nests
that survived to the later stages of incubation
were often successful, and we observed more
predation at nests during the initial stages of
incubation.

Our results confirm that Common Ravens
and badgers are predators of Sage-Grouse nests,
and suggest that previous investigators have in-
correctly identified scavenging rodents as preda-
tors. We also found that female Sage-Grouse
are not able to defend nests successfully when
confronted with ravens or badgers, but are able
to escape direct predation. Video monitoring is
an effective tool, especially when certain preda-
tors are thought responsible for nest predation
and identification of those predators must be
confirmed. Additional video-monitoring studies
would help further our understanding of the
causes of Sage-Grouse nest failure in the face of
land-use changes in the Intermountain West.
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