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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

Xvii



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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PREFACE

The greater sage-grouse (Centrocercus urophasianus) is a sagebrush (Artemisia spp.)
obligate species. Sage-grouse distribution is closely associated with sagebrush
distribution, particularly big sagebrush (4. tridentata) (Patterson 1952, Connelly and
Braun 1997, Benedict et al. 2003, Schroeder et al. 2004) across western North America,
primarily in the Great Basin and Interior Columbia Basin. Prior to Euro-American
settlement of western North America, the potential area of sagebrush habitat for sage-
grouse distribution was approximately 1,200,483 km? (Schroeder et al. 2004). Currently,
sage-grouse occupy 55.7% of this area (Schroeder et al. 2004). Numbers of grouse within
the current distribution are also declining (Connelly and Braun 1997, Braun 1998).
Breeding numbers have been reduced by 17-47% over a period >40 years (Connelly and

Braun 1997).

Habitat loss, fragmentation, and degradation are critical factors responsible for
distribution and abundance declines in sage-grouse (Connelly and Braun 1997, Braun et
al. 1977). Important habitat alteration factors include agricultural practices (Dalke et al.
1963, Wallestad and Pyrah 1974, Swenson et al. 1987), energy development (Aldridge
1998, Holloran 2005), roadway creation and associated development (Patterson 1952),
fences (Braun 1998), livestock overgrazing (Beck and Mitchell 2000), wildfire (Nelle et
al. 2000), and establishment of non-native vegetation (Knick et al. 2003). Other factors
affecting grouse include infectious disease (Naugle et al. 2004) and climate (Back et al.
1987). Both recent (Connelly and Braun 1997, Schroeder et al. 2004) and historic
(Patterson 1952) reports expressed concern over sage-grouse declines in distribution and

numbers. This has led to multiple petitions to list the greater sage-grouse as threatened or



endangered under the U. S. Endangered Species Act and listing as endangered within
other jurisdictions (Schroeder et al. 2000, Aldridge and Brigham 2003).

Maintenance of existing sage-grouse populations depends on a suite of
environmental and ecological factors upon which multiple life-stages depend including
factors associated with nest success (Connelly et al. 1991, Popham and Gutierrez 2003,
Holloran et al. 2005), chick survival (Aldridge and Brigham 2001), annual migration
(Berry and Eng 1985, Leonard et al. 2000), and adult survival (Naugle et al. 2004, Zablan
et al. 2003). Nest success of birds is a natural antecedent to other important life-stages
and plays a critical role in population maintenance (Martin 1993, 1995).

Nest predation is a natural component of bird reproduction and is the primary
cause of reproductive failure across a wide variety of birds, and across diverse habitats
and geographic locations (Ricklefs 1969, Martin 1995). Predation accounts for an
estimated 79% of loss of prairie grouse nests (Bergerud 1988). Unnatural levels of nest
predation may limit population growth of birds by reducing annual reproductive rates
(Martin 1995, Evans 2004), particularly so for game species (Bro et al. 2006).

Nesting is reported to be the most critical life-stage in grouse productivity
(Bergerud 1988) because breeding densities in subsequent years are adversely affected by
high rates of nest depredation causing lower long-term productivity. Sage-grouse have
been reported to have the highest nest predation rates of 9 species of North American
grouse based on 82 field studies (Bergerud 1988). Thus, nest predation may be an
especially important factor influencing sage-grouse population dynamics (Schroeder and

Baydack 2001, Autenrieth 1981).



Many authors have measured and thoroughly described important relationships
between sage-grouse nest success and habitat characteristics (Connelly et al. 1991, Gregg
et al. 1994, Holloran et al. 2005), but knowledge of interactions between the predator
community and specific nest habitat components is poorly developed. Predators have
direct, proximate effects on nest success through their consumption of eggs. Changes in
habitat, on the other hand, have indirect but long-term and important effects in that
habitat alterations affect predation rates (Martin 1993, 1995, Evans 2004).

Changes in habitat can influence predation rates by influencing predator
composition and abundance, as well as the ability of predators to locate nests.
Interactions between changes in habitat and predation were shown to have substantial
effects at the landscape level (Stephens et al. 2003) and include fragmentation of nesting
areas that resulted in birds nesting in areas of reduced concealment and, seemingly,
increased probability of detection by visually-cued predators. Habitat fragmentation can
cause changes in diversity and density of predators (Andrén et al. 1985, Andrén and
Angelstam 1988).

Reported microhabitat effects in relation to nest success of sage-grouse appear to
be contradictory without first considering predator communities. For example, in some
studies, nest success did not appear to vary among shrub species (Sveum et al. 1998),
shrub height (Wallestad and Pyrah 1974), or other vegetation characteristics (Wakkinen
1990). However, others found sage-grouse nest success rates to be greater under
sagebrush (Connelly et al. 1991) and shrubs of medium heights (40-80 cm) (Gregg et al.
1994). Increased grass height (Gregg et al. 1994, Holloran et al. 2005) and shrub density

(Wallestad and Pyrah 1974) were positively correlated to nest success, while others,



using artificial nests, reported higher predation rates in areas of increased herbaceous
cover and shrub height (Ritchie et al. 1994).

Knowledge about the predator community in relation to nest habitat and sage-
grouse behavior may help clarify these inconsistencies. For example, some habitat
characteristics that are needed for nest concealment may increase nest success by
reducing predation by visually-cued predators (Martin 1993), such as predatory birds, but
may not be as important as scent barriers in reducing predation of predators that rely on
olfaction, such as mammalian mesopredators (Crabtree and Wolfe 1988, Sargeant et al.
1993, Fleskes and Klaas 1991).

Changes in predator communities, i.e., species composition and abundance, have
been known to affect nest success of ground nesting birds in other ecosystems (Sovada et
al. 1995, Greenwood and Sovada 1996, Evans 2004). Generalist predators have the
greatest effect on ground nesting birds (Harris and Saunders 1993) because predator
numbers are independent of prey density and can cause prey population suppression,
decline, or extinction (Evans 2004). Identifying and measuring abundances of generalist
predators in landscapes would be important and helpful for formulating management
actions meant to enhance sage-grouse populations.

Human-altered environments typically affect predator communities by promoting
survival and reproduction of generalist predators (Boarman 1993, Boarman 2003). In
particular, predators often are subsidized by non-natural food, shelter, and nest substrate
which results in increased predator abundance (Knight and Kawashima 1993, Boarman
2003, Kristan and Boarman 2003). Elevated predator abundance as a consequence of

human resource subsides appears to cause hyperpredation on prey (Crooks and Soule



1999, Courchamp et al. 2000). Hyperpredation occurs when predator populations are
unnaturally high causing increased predation rates (Kristan and Boarman 2003). Even
when prey populations are low, abundant generalists may suppress prey population
growth (Newsome et al. 1989). Increased corvid abundances have been reported to cause
higher nest predation rates of many bird species (Angelstam 1986, Andrén 1992,
Luginbuhl et al. 2001), including prairie grouse (Manzer and Hannon 2005) and were
shown to reduce annual productivity of Old World birds (Andrén 1992).

Ravens are subsidized, generalist predators that consume eggs and young of many
ground nesting birds (Boarman 1993, 2003, Boarman and Heinrich 1999) including sage-
grouse (Schroeder et al. 1999, Schroeder and Baydack 2001). Raven abundance has
increased as much as 1500% in some areas of western North America since the 1960s
(Boarman 1993) and there has been an average of >200% increase throughout the United
States (Sauer et al. 2004). Where ravens and sage-grouse distributions overlap, abundant
ravens have been hypothesized to suppress or reduce sage-grouse populations due to
increased nest predation (Batterson and Morse 1948, Autenrieth 1981). However, the
relative importance of raven as sage-grouse nest predators and the effects of raven
predation in relation to their abundance have not been adequately studied. Nevertheless,
wildlife managers use egg baits treated with 3-chloro-p-toluidine hydrochloride (CPTH)
to reduce raven numbers in sage-grouse habitat (Spencer 2002) with the intention of
increasing sage-grouse productivity. Although some authors have indicated that nest
success increases when ravens are removed (Batterson and Morse 1948), estimation of
parameters and precision in quantifying effect size is needed to evaluate management

strategies for protecting sage-grouse populations.



Fine-scale information of sage-grouse incubation rhythms and behavior in relation
to predator community, nest microhabitat, age class, and timing of incubation would also
substantially improve our understanding of factors underlying sage-grouse nest success.
Few studies have addressed incubation rhythms of galliform birds in the wild and reports
of incubation behavior of sage-grouse are largely anecdotal (Schroeder et al. 1999). Sage-
grouse are large-bodied, uniparental incubators that are energetically constrained during
incubation and must trade-off self-maintenance activities (e.g., foraging) for meeting
metabolic demands in order to incubate eggs and conceal eggs from predation (Conway
and Martin 2000, Deeming 2002).

Nest predation represents an important source of natural selection in birds
(Ricklefs 1969, Martin 1995) and may influence the expression of successful parental
incubation behavior (Ghalambor and Martin 2001, 2002). For example, in large-bodied,
uniparental incubators like sage-grouse, greater risk of predation may favor increased
incubation constancy (% of time on nests in a 24-h period) because of multiple potential
benefits of constancy, including egg concealment (Martin 1993), parental nest defense
(Montgomerie and Weatherhead 1988), and decreased incubation periods reducing
opportunities for predators to locate nests (Deeming and Ferguson 1991) despite costs of
constancy in the form of negative energy balance. Nest predation increases with parental
movements to and from nests in several bird species (Martin et al. 2000) and species with
higher predation risks exhibit behavioral plasticity in parental activity near nest (Conway
and Martin 2000). If this is true for sage-grouse, predator composition and abundance

may influence sage-grouse incubation rhythms.



Variation in nest habitat quality may also influence rhythms. For example,
variation in recess duration may be explained by availability of food and water for
meeting energetic demands during incubation (Afton and Paulus 1992, Deeming 2002),
especially for yearling grouse that have relatively low lipid reserves (Erikstad 1986). Nest
microhabitat may also influence incubation behavior by influencing microclimate at
nests, which influences parental energy loss (Ar and Sidis 2002). Information regarding
sage-grouse incubation rhythms in relation to microhabitat and predators is unknown and
would be worth consideration when trying to understand the roles of habitat
characteristics and predation in sage-grouse population dynamics.

The primary objectives of my dissertation were to measure greater sage-grouse
grouse incubation rhythms and nest success in relation to predators, microhabitat, age of
grouse, and timing of incubation in northeastern Nevada within the Great Basin
sagebrush ecosystem. Also, I measured the efficacy of reducing local raven numbers on
local sage-grouse nest success. To achieve these objectives I developed 4 studies. Each
study is presented as a separate chapter and will be or has been submitted for publication
in peer-reviewed journals. All chapters were written in style and usage to meet journal
publication guidelines, but formatting was changed only when necessary for this
dissertation. In chapter 1, I describe unambiguous identification of sage-grouse nest
predators using continuously-recording videography. Additionally, I compared post-
depredation sign among nests based on confirmed nest predator and compared nest-
predation sign and behavior among known predators. I also used video-monitoring to
make precise measurements of sage-grouse incubation constancy and recess duration and

present these data in chapter 2. I describe fine-scale incubation patterns of female sage-



grouse and model incubation constancy and recess duration in relation to timing, grouse
age, nest predator abundance, and microhabitat features using an information theoretic
approach. In chapter 3, I describe a technique to remove common ravens using chicken
egg baits treated with CPTH (3-chloro-p-toluidine hydrochloride) and measure the
efficacy of this technique at reducing a local population of ravens. Furthermore, I used
videography of experimentally-placed egg baits to estimate a ratio of egg bait loss to
raven consumption of egg baits. Also, I estimate actual raven take and describe egg bait
consumption by non-target species. In chapter 4, I measured the effects of reducing raven
numbers at a local scale (the management action was described in Chapter 3) on sage-
grouse nest success. Using measurements over a 4-year period, I modeled sage-grouse
nest success in relation to factors that characterize predators, grouse age, nest
microhabitat, and timing of incubation using an information theoretic approach. I
challenged the best model developed through modeling procedures with additional
measurements of nest microhabitat variables collected during the last 2 years of my
study. Also, I described the probability of nest depredation by each predator species that
was described in chapter 1 using videography in relation to predator indices and
microhabitat characteristics at nest sites.

In summary, this 4-part study was designed to address four fundamental questions
(1) What predator species depredate sage-grouse nests in my study area? (2) Does local
removal of a confirmed predator influence nest success? (3) What incubation rhythms do
sage-grouse employ and what factors explain variation in incubation behavior? (4) Does
predator community and nest microhabitat influence grouse incubation behavior and

probability of depredation? These studies were designed to advance our knowledge of



interactions between sage-grouse incubation behavior, microhabitat characteristics, and
the predator community and ultimately guide management and restoration actions that
promote productivity, especially in areas where predation rates are found to be
unnaturally high. Specific recommendations for managers are provided within each
chapter. Information on these interactions is informative for studies that measure the
effect of human developments (e.g., powerlines and roads) and human-altered landscapes

(e.g., sagebrush removal) on sage-grouse productivity and predator communities.
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CHAPTER 1:

IDENTIFICATION OF GREATER SAGE-GROUSE NEST PREDATORS AND

DEPREDATION SIGN USING CONTINUOUS VIDEO-MONITORING

ABSTRACT
I used videographic monitoring of greater sage-grouse (Centrocercus urophasianus) nests
to provide unambiguous identification of nest predators, document nest fate, and compare
post-depredation sign among nests based on actual nest predators. Continuous, time-
lapsed video recordings using infrared micro-cameras also allowed me to measure timing
of predation events and behaviors of nest predators and incubating sage-grouse. Common
ravens (Corvus corax) and American badgers (Taxidea taxis) commonly depredated nests
and left similar sign and remains at nest sites. Both species also exhibited individual
variation in predatory behavior and resulting nest remains. Wyoming ground squirrels
(Spermophilus elegans nevadensis) and Piute ground squirrels (Spermophilus mollis)
encountered intact sage-grouse eggs in active nests during female incubation recesses and
sometimes attempted to open eggs but were always unsuccessful as were all rodent
encounters with intact eggs. Most depredations were initiated during active incubation by
females. Raven depredations were most frequent during morning and evening hours
following grouse incubation recesses. Badger depredations occurred during day and
night. Active nest defense by grouse was rare and always unsuccessful.
Key Words: American badger, Centrocercus urophasianus, common raven, greater sage-

grouse, predator identification, nest depredation, nest defense, videography
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INTRODUCTION
Nest predation is an important ecological factor that affects population viability (Martin
1993, 1995) and shapes life history traits and reproductive strategies (Martin 1993, 1995,
Fontaine and Martin 2006). Increased predator abundance can result in increased nest
depredation in many birds (Angelstam 1986, Andrén 1992). Additionally, predator
composition (i. e., bird, mammal, etc.) plays an important role in nest success (Martin
1987, Miller and Knight 1993). Human-altered landscapes can influence predator
communities by providing generalists predators with food, shelter, and nest site subsidies
(Boarman 1993, 2003).

Greater sage-grouse range is substantially smaller than it was prior to European
settlement (Schroeder et al. 2004) and populations are declining in most portions of the
remaining species range (Connelly and Braun 1997). Nest failure may limit game bird
populations (Bro et al. 2006) and has been suggested as the most important aspect of
prairie grouse population dynamics (Bergerud 1988). The primary source of prairie
grouse nest failure is loss of eggs to predators, accounting for an average of 79% of nest
failures (Bergerud 1988). Nest predation is thought to be an important constraint on sage-
grouse population increase (Schroeder and Baydack 2001).

Reported descriptions of sage-grouse nest predators are limited (Holloran and
Anderson 2003) and their associated behaviors at nests are unknown. This information is
needed and would benefit grouse management. For example, unambiguous identification
of predators would lead to recognizing the biologically relevant community, which would
aid decisions to mitigate predation by managing predators (Schroeder and Baydack 2001)

and nesting habitat (Connelly et al. 1991, Riley et al. 1992, Holloran et al. 2005).
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Additionally, unambiguous predator identification is critical to understanding habitat
selection behavior by incubating female grouse and its effects on sage-grouse life history.
Conventional methods used to identify predators (Rearden 1951), such as
examining nest and egg remains following depredations, can be very misleading (Marini
and Melo 1998, Lariviere 1999). Biases include ambiguous remains at nests due to visits
by multiple predators, different species of predators leaving similar sign, and individuals
of the same species of predators leaving different sign (Lariviere 1999). Management

decisions based on erroneous identification of nest predators may have negative
repercussions. For example, Use of conventional methods to identify predators may
explain reported inconsistencies in the role of ground squirrels (Spermophilus spp.) as
sage-grouse egg predators (Patterson 1952, Watters et al. 2002).

Video-monitoring through day and night is a reliable and accurate method to
determine predator identity and does not bias depredation rates (King et al. 2001).
Continuous videography of nests can unambiguously identify nest predators and
simultaneously document predator prey interactions at the nest (Pietz and Granfors 2000).
Recent developments in miniature cameras for the field and time-lapsed VCRs present an
excellent opportunity to identify sage-grouse nest predators and document behaviors of
predators and incubating grouse (Cutler and Swann 1999). Monitoring natural instead of
artificial nests is critical to the identification of predators and to understanding dynamics
of nest predation (Pietz and Granfors 2000) because variation in nests and eggs between
species influences predation rate and predation behavior (Willebrand and Marcstrom

1988, Major and Kendal 1996, Wilson et al. 1998).
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The principle objectives of my study were to document unambiguously (1)
identity of sage-grouse nest predators, (2) timing of predation events, (3) behaviors of
predators at nests, and (4) any defensive behaviors of incubating sage-grouse. To validate
my methods I also tested the hypothesis that camouflaged video cameras at natural nests
do not influence depredation rates by comparing nests with and without cameras and
report the results here. I also compared post-depredation remains among nests relative to
predator identity to evaluate the hypothesis that the use of nest remains is not reliable in
identifying predators.

STUDY AREA
I video-monitored sage-grouse nests in northeastern Elko County, Nevada (N0670859, E
4599749, zone 11, NAD 83) during March-July of 2002-2005. I chose four areas to
monitor sage-grouse nests based on information provided by Nevada Department of
Wildlife (Figure 1.1). Study areas were separated by >20 km. A public landfill and
private disposal site were located approximately 7 and 3 km northeast of the
northernmost study area and >20 km from other study sites (Figure 1.1).

Lower elevations were dominated by Wyoming big sagebrush (Artemisia
tridentata wyomingensis) and basin big sagebrush (4. ¢. tridentata) with an understory of
grasses, primarily crested wheatgrass (Agropyron cristatum) and bluebunch wheatgrass
(Pseudoroegneria spicata). Higher elevations were characterized by mountain big
sagebrush (4. t. vaseyana), serviceberry (Amelanchier alnifolia) and native bunchgrasses.
Utah Juniper (Juniperus osteosperma) occurred in the peripheral regions of 2 sites but
was absent from the others. Topography of the study sites consisted primarily of rolling

hills and creek drainages that held surface water throughout the year.
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Some of the variation in common raven (Corvus corax) numbers among study
areas was a result of wildlife damage management by United States Department of
Agriculture/Animal Health Inspection Service/Wildlife Services (WS) in cooperation
Nevada Department of Wildlife (NDOW) for the purpose of protecting a recently
reestablished population of Columbian sharp-tailed grouse (Tympanuchus phasianellus
columbianus) (Coates and Delehanty 2006). Approximately 10,500 chicken egg baits
were treated with an avicide (3-chloro-p-toluidine hydrochloride) and placed
systematically at the southernmost area by WS personnel to remove ravens during 2002-
2005 (Coates et al., In press). Consumption of egg baits by ravens caused an estimated
removal of 69, 130, 66, and 157 ravens from the site during 2002, 2003, 2004, and 2005.

Most of the study area was on land administered by the U.S. Bureau of Land
Management (BLM) while much of the surrounding land was privately owned. Within
the study area, I observed many species of potential egg predators (reported in Schroeder
et al. 1999), including coyotes (Canus latrans), weasels (Mustela spp.), elk (Cervus
elaphus), American badgers (Taxidea taxis), ground squirrels, American magpies (Pica
hudsonia), common crows (Corvus brachyrynchos), and common ravens. Cattle grazed
most of the study site annually.

METHODS
I captured female sage-grouse by spotlighting (Giesen et al. 1982, Wakkinen et al. 1992,
Connelly et al. 2003) near lek sites between 15 March and 1 May of 2002-2005. 1
equipped grouse with necklace style, battery-powered radio transmitters equipped with
22 c¢m antennae. To minimize transmitter-caused mortality (Carroll 1990), radio collars

were <3% of grouse body mass, based on average mass of female sage-grouse (1.0-1.8
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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). I classified
all grouse by age based on plumage (Ammann 1944).

I located radio-marked grouse every 2-3 days using 3-element hand-held Yagi
antennae and receivers (Advanced Telemetry Systems, Isanti, Minnesota). I reduced
location error (Hupp and Ratti 1983, Garrott et al. 1986) and avoided flushing grouse by
circling each grouse at a distance of approximately 30-50 m using the “loudest signal
method” (Springer 1979). Aircraft were also used to locate missing grouse, followed by
ground surveys to verify grouse location. I recorded Universal Transverse Mercator
(UTM) coordinates for each grouse location using hand-held GPS units (Garmin
International Inc., Olathe, Kansas).

When a grouse occupied the same site on 2 consecutive occasions, I then located
the grouse every 1-2 days and after 3 consecutive locations of the bird in the same area |
visually confirmed the presence of a nest. I normally located grouse nests during the
laying period or the initial days of incubation. I recorded UTM coordinates 5 m north of
nests and described characteristics associated with nest location allowing me to relocate
nests when grouse were not present.

I monitored nesting females every 2-3 days to record female status (present or
absent) and nest fate (successful or unsuccessful). I considered nests to be successful if
>1 egg hatched (Rearden 1951) and unsuccessful if the nest was depredated or abandoned
(female was >300 m from nest for 3 consecutive relocations). Depredations were
classified as partial (>1 intact egg remained in the nest bowl) or complete (all eggs

destroyed or missing from nest bowl). Also, depredations were classified as multiple (>1
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animal consumed eggs, eggshells, eggshell membranes, or embryonic membranes within
24 hours of the first egg depredation) or single (one animal depredated nest within 24
hours). I recorded predator sign at depredated nests including animal tracks, feces, hair
and feathers. Descriptions of depredated nest remains were also recorded including nest
bowl condition (i.e., disturbed or destroyed), disturbed surrounding vegetation, missing
eggs, eggshell fragments, punctured eggs, and condition of eggshell membranes that
inside of eggshells (e.g., missing, fragmented, intact).
Video-Monitoring
I identified nest predators and recorded predator and grouse behaviors using continuously
recording video-monitoring systems. Nests were randomly chosen for video-surveillance
>7 days (range 7-25) following the onset of incubation to avoid researcher-induced nest
abandonment (Renfrew and Ribic 2003). Following the termination of a nesting effort, I
moved cameras to other randomly chosen nests.

I used miniature, camouflaged cameras (40 x 40 x 60 mm) (Fuhrman Diversified
Inc., Seabrook, Texas; Supercircuits, Austin, Texas) equipped with 12 infrared-emitting
diodes (850-950 nm wavelength), which allowed night video-recording using light that
was not detectable by vertebrates (Pietz and Granfors 2000). I deployed cameras 0.5-1.0
m from the nest bowl and 10-20 cm above ground. I mounted cameras directly to the
nearest shrub trunk (usually sagebrush) and occasionally to a camouflaged stake using
rebar tie wire. Stakes were also covered with grasses and shrub branches. I connected a
cable that extended 15-20 m to a VCR system and power source. Connection cables were
buried 3-5 cm into the ground to reduce chance of damage or of attracting or deterring

predators. I scattered small rocks and litter over buried cord and used sagebrush leaves to
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remove human tracks. I used time-lapsed VCR systems operating at 2-3 frames/sec,
which allowed accurate identification of species and individual behavior. Video-cassette
recorders were housed in camouflaged cases and placed under the canopy of a large
shrub. I powered cameras and recorders with two deep-cycle, 12-volt marine batteries.
Burlap and vegetation were used to cover the VCR cases and batteries. I replaced
batteries and tapes every 2-3 days and used hand-held LCD monitors in the field to
determine the status of nests and examine previously recorded images.

I camouflaged all cameras and other equipment to avoid predation biases
(Herranz et al. 2002) by covering cameras completely with camouflaged vinyl
photography tape and paint using colors that matched the shrubsteppe microhabitat.
Grasses and small sagebrush branches and leaves were secured to camera casings with
painted wire. I applied camouflaged, adhesive cloth tape across LEDs, which still
allowed night video-recording. I used rubber boots and gloves during video system
deployment and maintenance to minimize human scent at nests.

I attempted to install cameras and VCRs during morning hours while grouse were
away from nests (Schroeder et al. 1999). However, most installations (82%) took place
while grouse were incubating, typically resulting in flushing grouse from nests. On two
occasions, grouse remained on their nests throughout the duration of video-system
deployment. I did not install cameras during times of snow, rain, and relatively high wind
speed and ambient temperatures to prevent researcher-induced egg mortality. I continued
video-recording nests for 24 hours following termination of nesting attempts to identify
any subsequent animal encounters and record post-nest-fate behaviors of predators at

hatched and depredated nests. Cameras were removed when I determined the nest was
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abandoned. Video systems were then removed and installed at other randomly selected
nests. Video systems also were left recording for an additional 24 h if a nest was partially
depredated.

I used natural nests without video systems as controls to measure camera effects
during all years of study. During 2004 and 2005, I further measured camera effects by
placing pheasant eggs in 18 (9 per year) sage-grouse nest bowls randomly chosen from
36 nest bowls following termination of use by sage-grouse. I placed 6 pheasant eggs in
each nest and monitored nests with and without video-systems every 2 days for a 10-day
exposure period. Monitoring of pheasant eggs was initiated and terminated on the same
dates at all nest bowls each year.

Statistical Analyses

I used binary logistic regression analyses (SAS Institute Inc., Cary, North Carolina) to
measure camera effects on predation rates of natural sage-grouse nests. Because video
systems were not deployed on each nest throughout the entire incubation period, I
calculated the percent of the total incubation period that each nest was exposed to a video
camera and used three regression models to test for effects of video exposure time on nest
fate. First, I tested the influence of video exposure time on nest fate using all nests.
Second, to reduce biases associated with timing of camera deployment, I chose a 10-day
period of incubation (days 13-23) to test the influence of video exposure on nest fate.
Although I did not deploy cameras on nests until >7 days following initial day of
incubation, nests often were depredated naturally during this time. The 10-day model
avoided bias due to early depredation. Third, I tested the effects of video exposure time

on nest fate of only those nests that were exposed to cameras throughout the incubation
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period. In addition to this assessment of natural nests, I used Fisher’s Exact Test to
measure the difference in depredation frequencies of nests with and without cameras of
18 former sage-grouse nest bowls containing experimentally placed pheasant eggs.
RESULTS
I monitored 87 sage-grouse nests (camera exposure, n = 55; no camera, n = 32; Table
1.1). I confirmed 17 depredations (video-monitoring, n = 16; direct observation, n = 1).
Of the nests with cameras, 4 depredations were not video-recorded due to camera failure.
Of the nests with no-camera, 1 depredation was directly observed in the field.
I recorded approximately 15,500 h of incubation averaging 12.0 £ 0.83 days of
incubation per nest. Thirty-six (41%) nests were partially or completely depredated, six
(7%) were abandoned, and 45 (52%) hatched. Sage-grouse abandoned all nests that were
partially destroyed.

Video-monitoring exposure time did not influence nest fate of grouse considering
all nests (G > 0.001, P = 0.993), nests during a 10-day period midway through incubation
(G=0.614, P=0.433), and nests of camera deployment only (G =0.811, P =0.368).
Also, of the 18 randomly selected sage-grouse nest bowls into which I placed pheasant
eggs and monitored for 10-days during 2004 and 2005, four and two depredation events
occurred at nests with cameras and without cameras, respectively. I did not detect a
difference in depredation rates among nests with and without cameras (Exact P = 0.658).
Raven Encounters
I documented 10 nest depredations by ravens, 9 of which were recorded using continuous
video-monitoring (Figure 1.2) and 1 was directly observed. All raven depredations were

diurnal (Figure 1.3) and mean of a depredation was 70.8 + 24.8 minutes. Mean duration
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of time interval between eggs taken from nests was 11.1 = 4.0 minutes. Three raven
depredations were partial and seven were complete (Table 1.2). Grouse were incubating
at the onset of the depredation event for 8 of the 10 events. When the female grouse was
present, one or more ravens flushed the grouse from the nest before depredating eggs. No
adult grouse was present when ravens located the eggs of one nest and the status of the
female 