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I assessed potential barriers to dispersal using homing tendency and investigated
the movements and settlement site selection of pygmy rabbits (Brachylagus idahoensis)
after short distance translocations in southeastern Oregon from June – December 2008. I
captured, radio marked, and translocated 59 pygmy rabbits 1-2 km across landscapes with
(1) continuous big sagebrush (Artemisia tridentata) cover (n = 19), (2) fragmented
patches of big sagebrush cover (n = 19), or (3) continuous big sagebrush cover bisected
by a road (n = 21). Radio telemetry was used to monitor the movements and document
the fates of translocated individuals. Logistic regression was used to compare the odds of
homing among landscapes after accounting for sex and displacement distance of
individuals. Geographic information systems (GIS) analysis and spatial analysis software
(FRAGSTATS) were used to explore the post-release movements and settlement site
selection of pygmy rabbits that failed to home.
Only 15% of translocated pygmy rabbits successfully homed to ˂ 150 m of their
original capture locations. Individuals translocated across fragmented landscapes with
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little cover of big sagebrush were the most likely to home, whereas rabbits translocated
across continuous big sagebrush cover bisected by a road were least likely to home. Of
the pygmy rabbits that did not home, those translocated across fragmented landscapes
moved the farthest (x̄ = 0.95 km, SE = 0.29 km) from their release sites prior to
settlement. Individuals that were transported across continuous big sagebrush cover, with
and without roads, settled an average of 0.45 (SE = 0.06 km) and 0.35 km (SE = 0.05 km)
from their release sites, respectively. There was a general trend of pygmy rabbits settling
closer to their release sites as big sagebrush cover increased. Pygmy rabbits also settled
on sites that, on average, had greater big sagebrush cover, higher landscape connectivity,
and fewer but larger patches of big sagebrush than were present at their capture sites.
Current or past presence of conspecifics also appeared to be a factor in selection of
settlement sites by pygmy rabbits.
Results of this study indicated that pygmy rabbits were capable of making long
distance movements across landscapes with fragmented big sagebrush cover. In addition,
pygmy rabbits were observed crossing secondary roads, but they often settled in the
dense big sagebrush along road edges where there was increased risk of coyote (Canis
latrans) predation. Results of this study suggested that successful translocation of wild
pygmy rabbits will require selection of release locations with continuous big sagebrush
cover and a history of pygmy rabbit presence. Managers should expect to lose a
percentage of pygmy rabbits to homing attempts, post-release dispersal, and predation
after translocation, so the release of large numbers of individuals may be required to
establish resident populations.
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CHAPTER 1

GENERAL INTRODUCTION

Timothy J. Lawes
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Introduction
The pygmy rabbit (Brachylagus idahoensis) is a small, burrowing lagomorph
endemic to the sagebrush-steppe ecosystem of the western United States. The pygmy
rabbit excavates extensive burrow systems and is considered a big sagebrush (Artemisia
tridentata) obligate species (Wilde 1978, Green and Flinders 1980a). Although they
seasonally consume understory grasses and forbs, winter diets may consist of up to 99%
big sagebrush material (Green and Flinders 1980b, White et al. 1982). In addition to
nutrients and energy, big sagebrush provides pygmy rabbits with important escape cover
and thermal protection (Katzner and Parker 1998, Shipley et al. 2006). Consequently,
pygmy rabbits are typically found in close association with tall, dense stands of sagebrush
growing in deep, friable soils (Green and Flinders 1980a, Weiss and Verts 1984, Gabler
et al. 2000), so the distribution of populations throughout the sage-steppe region is
naturally patchy. Isolated local populations are prone to periodic declines or extirpation
(Weiss and Verts 1984) due to low, but somewhat variable rates of survival (Wilde 1978,
Sanchez 2007, Crawford 2008). As such, long-term persistence of the species in any
single locality may depend on re-colonization by dispersing individuals (Fahrig and
Merriam 1994).
Pygmy rabbits have undergone a recent range contraction because of the land use
practices of humans (Weiss and Verts 1984). The loss and degradation of big sagebrush
habitats in the Great Basin and Intermountain West of North America due to agricultural
conversion, energy development, grazing, invasive annual grasses, and wildfire have
been identified as threats to the long-term persistence of the pygmy rabbit (Gahr 1993,
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Verts and Carraway 1998, Janson 2002, Larrucea and Brussard 2008b). The distribution
and abundance of sagebrush-steppe vegetation has declined throughout the pygmy
rabbits’ range, and the remaining acreage has become increasingly fragmented (Miller
and Eddleman 2001, Knick et al. 2003). The introduction and establishment of cheat
grass (Bromus tectorum) has altered fire return intervals and interfered with sagebrush
reestablishment after disturbance in many areas (Knick 1999). Cattle grazing also has
been correlated with decreased site occupancy by pygmy rabbits, but the exact
mechanisms responsible for the pattern remains unclear (Siegel-Thines et al. 2004).
The pygmy rabbit is listed as a species of concern with a distinct population segment
(DPS) in the Columbia Basin of Washington that is classified as endangered under the
federal endangered species act (ESA). The petition for listing the entire species under the
act was rejected by the US Fish and Wildlife Service in 2005 (USFWS 2005). However,
that ruling was appealed successfully, and the status of the species at this writing is being
reviewed (USFWS 2008). In Oregon, the Oregon Department of Fish and Wildlife
(ODFW) classifies the pygmy rabbit as a “sensitive-vulnerable” species, which requires
management action to protect and sustain population numbers within the state (Oregon
Natural History Program 2004). A reintroduction of captive-reared pygmy rabbits from
the threatened DPS subgroup into the Sage Flats area of eastern Washington has had
limited success to date (Zoeli et. al. 2008). In areas where energy development threatens
to destroy the habitat of pygmy rabbits in the eastern part of their range, the translocation
of individuals into adjacent areas has been proposed (Suzanne Grayson, BLM, pers.
comm.).
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The pygmy rabbit generally utilizes a unique “low, scampering gait,” rather than a
hopping or leaping strategy common among other Leporids (Green and Flinders 1980a).
This method of movement helps pygmy rabbits evade a large assortment of avian and
mammalian predators in areas with tall, dense sagebrush cover (Gahr 1993, Katzner and
Parker 1998, Verts and Carraway 1998, Sanchez 2007). However, this locomotion
strategy is relatively slow in comparison with co-occurring lagomorph species and may
be disadvantageous while they move through more open vegetation (Sievert and Keith
1985, Manning and Edge 2004). The continued loss and fragmentation of sagebrushsteppe habitat has lead to concerns about the vagility and dispersal ability of pygmy
rabbits (Orr 1940, Weiss 1984, Heady 1998). As such, experimental efforts have started
to address these concerns and test the ability of pygmy rabbits to navigate through
unfamiliar terrain (Estes-Zumpf and Rachlow 2009).
The pygmy rabbit is the smallest leporid in North America, but home range size is a
better predictor of the maximum distances a mammal is capable of traveling than is body
size (Bowman et al. 2002). The home ranges of pygmy rabbits (Burak 2006, Sanchez
2007, Crawford 2008), although quite variable, are larger than are predicted by their
weight (McNab 1963, Harestad and Bunnell 1979). Interestingly, the ability of dispersing
pygmy rabbits to move long (> 10 km) distances has recently been documented (EstesZumpf and Rachlow 2009). In addition, some individuals have been observed using small
sagebrush patches during long distance dispersal through open habitats, and the impacts
of habitat fragmentation on patch re-colonization and genetic diversity might be lower
than previously thought (Katzner and Parker 1998).
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Past research has exploited homing tendencies of small mammals to examine barriers
to movements within heterogeneous or fragmented landscapes (Savidge 1973, Schreiber
and Graves 1977, Merriam and Lanoue 1990, Clark et al. 2001, Bowman and Fahrig
2002, McDonald and St.Clair 2004). The distances a species is capable of traveling
during homing experiments using translocation methodologies is comparable to the
distances the species travels during juvenile dispersal (Bowman et al. 2002). In addition,
the navigation mechanisms and physical obstacles an organism faces during dispersal are
also similar to those encountered while homing (Rogers 1988), and homing by a pygmy
rabbit from > 3 km has been documented (Green and Flinders 1979).
The translocation of rare or threatened wildlife species in conservation and
management is a common approach (Griffith et al. 1989). The success of any future
translocation efforts involving wild-captured pygmy rabbits will depend on choosing
areas with suitable habitat attributes and understanding their potential dispersal response
after release (Wolf et al. 1996). My research was initiated to experimentally test the
impacts of habitat fragmentation on the movements of pygmy rabbits. I assessed potential
barriers to movements by comparing the ability of pygmy rabbits to home after short
distance experimental translocations among three categories of habitat suitability. In
addition, I examined the movements and selection of settlement sites by pygmy rabbits
that did not home. My results document pygmy rabbit movements after translocation and
provide a method for evaluating potential release sites using a combined field assessment
and geographic information system (GIS) approach.

6

CHAPTER 2

STUDY AREA DESCRIPTION AND SITE SELECTION

Timothy J. Lawes

7

Study Area Description
The general geographic area of my study was within the Northern Basin and
Range ecoregion of Oregon (Appendix A). This ecoregion is characterized by rolling
hills, alluvial fans, lava plains, and scattered mountain ranges, with elevations ranging
from 1200 to 2400 m (Thorson et al. 2003). The regional climate has seasonal
temperature extremes with hot summers and cold winters; the annual mean temperature is
around 21°C. Annual precipitation averages 28 cm, which accumulates mostly during the
winter months as snow (Crawford and Gregg 2001). The predominant vegetative cover of
the area is composed of shrubs such as Wyoming big sagebrush (Artemisia tridentata
wyomingensis), mountain big sagebrush (A. t. vaseyana), basin big sage (A. t. tridentata),
low sagebrush (A. arbuscula), bitterbrush (Purshia tridentata), and green
(Chrysothamnus viscidiflorus) and gray rabbitbrush (Ericameria nauseosa). Tree species
include curl-leaf mountain-mahogany (Cercocarpus ledifolius) and western juniper
(Juniperus occidentalis), which occur at the higher elevations (Crawford and Gregg
2001).

Site Selection
Survey reports from the Bureau of Land Management (BLM) were used to select
sites with recent evidence of pygmy rabbit occupation on landscapes divided into 3
categories of habitat suitability (see Landscape Categories section). I visually examined
each potential site for signs of current occupation using established survey techniques for
pygmy rabbits (Ulmschneider et al. 2004, Larrucea and Brussard 2008a). Observations
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made during walked line-transect surveys were used to denote a site as occupied. Sites
were searched for pygmy rabbit burrows with nearby fresh fecal pellets, active runways,
and/or direct pygmy rabbit observations. Transect direction was altered to include the
tallest, densest sagebrush areas that had the highest probability of use by pygmy rabbits
(Larrucea and Brussard 2008a). Potentially active burrow sites were recorded for future
trap locations using handheld geographic positioning system (GPS) units. Several areas
reported to have had large pygmy rabbit populations in 2007 were not used due to lack of
pygmy rabbits in 2008.
All study areas were located within Lake and Harney counties of Oregon on lands
administered by the Lakeview District of the BLM. Three regions were found to have
suitable numbers of pygmy rabbits in proximity to the landscape features appropriate for
testing potential barriers to movement: (1) The Flint Hills area northeast of Abert Lake,
(2) the West Gulch area near Beatty’s Butte, and (3) the Dixon waterhole area near the
Oregon/Nevada border (Figure 2.1). These larger study regions were subdivided into
smaller sites based on the landscape category over which pygmy rabbits were transported
(Table 2.1).
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Figure 2. 1. Study regions used to assess potential barriers to dispersal and the
movements and settlement site selection of experimentally translocated pygmy rabbits.
The regions were located in the Flint Hills, West Gulch, and Dixon Waterhole areas of
southeastern Oregon.
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Table 2. 1. Study regions, sites, and landscape features for assessing barriers to dispersal
and the movements and settlement site selection of pygmy rabbits in southeastern
Oregon.
Study Regiona

Site

Landscape Categoryb

Flint Hills Valley
Corn Lake Road
Hogback Road
Nasty Flat

Suitable
Road
Road
Unsuitable

West Gulch

Burned
Unburned
Lone Grave Mountain

Unsuitable
Suitable
Suitable

Dixon Waterhole

Dixon Waterhole

Unsuitable

Flint Hills

a

The Dixon waterhole and West Gulch regions were also used during a 2005 research
project by another Oregon State University graduate investigating the survival,
movements and habitat selection by pygmy rabbits (Crawford 2008).
b
Landscape category description: Suitable – possessing adequate sagebrush cover for
potential occupation by pygmy rabbits; Unsuitable – lacking appropriate vegetative cover
and soil characteristics for potential occupation by pygmy rabbits; Road – an otherwise
suitable category landscape bisected by a roadway.
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The Flint Hills region consisted of four study sites: Flint Hills valley, Corn Lake
road, Hogback road, and Nasty Flat (Figure 2.2). The elevation of the Flint Hills region
was between ~1500 and ~1700 meters. The Flint Hills valley runs approximately
north/south and was located between the Corn Lake and Hogback roads. The Corn Lake
road site was at the southern end of the same valley but was bisected by a bladed dirt road
(11.2 m between roadside berms). Traffic on this road averaged 10.29 (± 0.79 SE) vehicle
passes per day between August 28 and October 25, 2008. The Hogback road site was
located on the ridgeline west of the Flint Hills valley and was bisected by a bladed gravel
road (15 m between roadside berms). Traffic on the Hogback road averaged 18.51 (±
1.05 SE) vehicle passes per day between August 28 and October 15, 2008. The difference
in the time interval was due to the mechanical failure of the Hogback road traffic counter
on October 16, 2008 (Appendices B and C). The sagebrush species composition and
cover on these three sites was characterized by fairly dense, uniform shrub cover of
Wyoming and basin big sagebrush. The Nasty Flat site was located approximately 5 km
northeast of the Flint Hills valley. This site was characterized by isolated patches of
Wyoming and basin big sagebrush growing on inclusions of deeper soils that were
separated by expanses of low sage (Artemisia arbuscula) and bunch grasses growing in
shallow, rocky soils.
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Figure 2. 2. The Flint Hills region was subdivided into Flint Hills Valley, Corn Lake
Road, Hogback Road, and Nasty Flat study sites, which were used to assess potential
barriers to dispersal and the movements and settlement site selection of experimentally
translocated pygmy rabbits.
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The West Gulch area consisted of three smaller sites: West Gulch Burned, West
Gulch Unburned, and Lone Grave Mountain (Figure 2.3). The West Gulch Burned site
consisted of disjunct patches of big sagebrush that were surrounded by a matrix of native
and exotic grasses. The site was burned in 1999 during a BLM prescribed fire and in
2000 by a wildfire (Crawford 2008). The entire area was continuous sagebrush prior to
the fires. The West Gulch unburned site was located south of the burned area and escaped
the two fire events. Big sagebrush cover on this site was fairly continuous. The Lone
Grave Mountain site was located in a shallow valley near the eastern base of the
mountain. Big sagebrush cover on this site was also fairly continuous. The microtopography of the area supported a mix of basin, mountain, and Wyoming big sagebrush
on all three study sites. The elevation ranged between ~1600 and ~1800 m in West
Gulch region.
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Figure 2. 3. The West Gulch region was subdivided into the West Gulch Burn, West
Gulch Unburned, and Lone Grave Mountain sites, which were used to assess potential
barriers to dispersal and the movements and settlement site selection of experimentally
translocated pygmy rabbits.
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The Dixon waterhole area was a single site located in a valley bottom with a
history of limited seasonal flooding. This site consisted of small islands of Wyoming big
sagebrush, green rabbitbrush, and gray rabbitbrush growing in mounds of deeper soil,
which were surrounded by areas of low sage and some silver sagebrush (Artemisia cana)
growing in the shallower soils. The elevation ranged between ~1700 and ~1800 m on the
site.
Landscape Categories
Pygmy rabbits were translocated across three categories of landscape designated as 1)
suitable habitat, 2) suitable habitat with a road, or 3) unsuitable habitat. The suitable
category was comprised of areas with continuous big sage cover with shrub density
suitable for potential occupancy by the species. Landscapes in the road category were
otherwise suitable, but were bisected by a linear landscape disturbance. Landscapes in the
unsuitable category lacked the tall shrub cover and deep soil characteristics for potential
occupancy by the species. Landscape categories were assigned through visual assessment
while in the field. However, 1-m resolution aerial photographs taken by the National
Agricultural Imagery Program (NAIP) in 2005 were later analyzed to provide a
quantitative description of the big sagebrush cover and patch configuration within the
three landscape categories using geographic information systems (GIS) and
FRAGSTATS spatial pattern analysis software (McGarigal et al. 2002).
In ArcGIS 9.3 (ESRI; Environmental Systems Research Institute, Redlands, CA,
USA), I created circular areas with a 100 m radius (3.14 hectares) around the UTM
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coordinates of capture and release sites. These circular areas characterized the available
habitat within the individuals’ representative home range and habitat surrounding their
release locations. A circle encompassing the larger landscape extent was created that was
centered between and included the two smaller circular areas. The landscape extent
represented the region a pygmy rabbit would need to navigate in order to successfully
home after translocation. The landscape extent circle was extracted from the 1-m
resolution aerial photograph raster layer and reclassified (0 = not big sage, 1= big sage)
based on color reflectivity using tools in the spatial analyst toolbox of ArcGIS 9.3
(Appendix D).
I chose eight landscape metrics in FRAGSTATS to describe the area, density,
isolation, interspersion, and connectivity of big sagebrush cover of the study sites. These
included the percent of the landscape classified as big sagebrush (PLAND), density of big
sagebrush patches per hectare (PD/100), percent of the landscape made up of single
largest patch of big sagebrush (LPI), index of the clumpiness of big sagebrush patches
(CLUMPY), index of the connectedness of big sagebrush patches, where the threshold
distance for the calculations was set as 100 m (CONNECTANCE), index of the physical
connectedness of individual big sagebrush patches (COHESION), percent of the
landscape where patches of big sagebrush were aggregated together (AI), and area
weighted mean number of big sagebrush patches with edges within a 50 m search radius
of a focal big sage patch (PROX_AM). Detailed descriptions of the landscape metrics can
be found in Appendix E or on the FRAGSTATS documentation website (McGarigal et al.
2002).
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The greatest percentage of the big sagebrush patches on my study sites were
calculated as 1 m2, and nearly 90% of all patches calculated as ≤ 10 m2 using the 8-cell
rule in FRAGSTATS (Appendix F). Adjacent pixels were included during patch size
calculations by using the 8-cell rule. Calculations of the individual metrics varied in all
landscape categories (Appendix G). The mean percentage of the landscape classified as
big sagebrush was 39.6 (± 1.8 SE) in the suitable category, 41.9 (± 2.5 SE) the road
category, and 16.4 (± 2.1 SE) in the unsuitable category. The mean patch density per
hectare was 144.6 (± 6.3 SE) in the suitable category, 149.2 (± 10.9 SE) in the road
category, and 123.0 (± 7.1 SE) in the unsuitable category. The mean percentage of the
landscape composed of the single largest patch of big sagebrush was 15.8 (± 1.3 SE) in
the suitable category, 17.6 (± 1.7 SE) in the road category, and 3.9 (± 0.9 SE) in the
unsuitable category. The mean value of the clumpiness index was 0.6 (± 0.01 SE) in the
suitable category, 0.6 (± 0.01 SE) in the road category, and 0.6 (± 0.03 SE) in the
unsuitable category. The mean value of the connectance index was 2.1 (± 0.4 SE) in the
suitable category, 3.3 (± 0.1 SE) in the road category, and 3.2 (± 0.1 SE) in the unsuitable
category. The mean value of the cohesion index was 99.4 (± 0.1 SE) in the suitable
category, 99.2 (± 0.2 SE) in the road category, and 90.0 (± 2.9 SE) in the unsuitable
category. The mean value of the aggregation index was 75.4 (± 0.9 SE) in the suitable
category, 75.5 (± 1.1 SE) in the road category, and 63.6 (± 3.3 SE) in the unsuitable
category. The mean value of the area weighted mean proximity index was 8,518.0 (±
567.2 SE) in the suitable category 7,963.7 (± 1204.8 SE) in the road category, and
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1,071.1 (± 264.0 SE) in the unsuitable category. Means, 95% confidence intervals, and
sample sizes for the three landscape categories are reported in appendix H.
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Chapter 3

Homing Behavior of Pygmy Rabbits (Brachylagus idahoensis) after
Experimental Translocations across Potential Landscape Barriers

Timothy J. Lawes
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Introduction
Much of the big sagebrush (Artemisia tridentata) habitat in the Great Basin and
Intermountain West of North America has either been lost, degraded, or fragmented due
to agricultural conversion, energy development, grazing, invasive annual grasses, or
altered wildfire regimes (Knick 1999, Miller and Eddleman 2001, Knick et al. 2003).
These alterations of sagebrush habitat have coincided with the range contractions of
pygmy rabbits (Brachylagus idahoensis), a sagebrush obligate species endemic to the
sagebrush-steppe ecosystem of the western United States (Green and Flinders 1980a,
Weiss and Verts 1984, Verts and Carraway 1998). Populations of pygmy rabbits have
declined across most of their range, and they are a species of conservation concern (Hays
2001, Oregon Natural History Program 2004, USFWS 2008). The distribution of pygmy
rabbit populations is naturally patchy and closely associated with tall, dense stands of
sagebrush growing in deep, friable soils (Green and Flinders 1980b, Weiss and Verts
1984, Gabler 1997). Isolated local populations are naturally prone to periodic declines or
extirpation (Weiss and Verts 1984) due to low and variable rates of survival (Wilde 1978,
Sanchez 2007, Crawford 2008). Consequently, the long-term persistence of the species in
any single locality may depend on re-colonization by dispersing individuals (Fahrig and
Merriam 1994).
The locomotion strategy of the pygmy rabbit is considered relatively slow when
compared with other lagomorphs and is a potential liability while moving through open
habitats (Sievert and Keith 1985, Lima and Dill 1990, Kotler and Blaustein 1995, Lagos
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et al. 1995). With the continued loss and fragmentation of sagebrush steppe vegetation,
the habitat of pygmy rabbits is becoming increasingly disjunct. This has lead to concerns
about the vagility of the species and their ability to sufficiently cross unsuitable habitat
between patches of big sagebrush habitat (i.e. gap crossing) (Dale et al. 1994) in order to
maintain demographic and genetic connectivity (Orr 1940, Weiss 1984, Heady 1998).
Radio-collared juvenile pygmy rabbits successfully crossed secondary roads and
perennial streams during dispersal events in Idaho (Sanchez 2007, Estes-Zumpf and
Rachlow 2009), but investigation into the influences of habitat fragmentation on
movements and the gap crossing ability of pygmy rabbits in other parts of their range is
lacking.
Homing, the ability of an organism to return to its original capture site after
translocation, is well documented in mammals (Chapman 1971, Schreiber and Graves
1977, Rogers 1988, Merriam and Lanoue 1990, Teferi and Millar 1993, Linnell et al.
1997), but it has not been well studied in pygmy rabbits (Green and Flinders 1979). The
navigation mechanisms and physical obstacles an organism encounters during
experimentally induced homing are similar to those faced during dispersal (Rogers 1988).
In addition, the distances a species is capable of traveling during homing may be
comparable to the distances traveled during juvenile dispersal (Bowman et al. 2002).
Consequently, experimental translocations have been used to identify barriers to
movement within fragmented landscapes for several species of small mammals (Savidge
1973, Merriam and Lanoue 1990, Clark et al. 2001, Bakker and Vuren 2004, McDonald
and St.Clair 2004).

22
My research was initiated to experimentally test the influence of habitat
fragmentation on movements of pygmy rabbits after translocation using telemetry to
follow individual animals to a known fate. I compared homing by the pygmy rabbits after
short distance (1-2 km) experimental translocations across three categories of habitat
suitability. Because pygmy rabbits are well adapted to use big sagebrush as forage,
thermal protection, and cover from predators (Katzner and Parker 1998, Shipley et al.
2006), I predicted that individuals transported across landscapes with continuous big
sagebrush cover would have the highest rate of homing. Conversely, I also predicted that
individuals taken across open, fragmented areas would have the lowest rate of homing.
Linear landscape disturbances (i.e. roads) may influence movements of small mammals
by acting as barriers and lowering survival rates (Oxley et al. 1974, Schreiber and Graves
1977, Richardson et al. 1997, Huijser and Bergers 2000). Consequently, I predicted that
individuals transported across roads bisecting continuous big sagebrush would have a
lower homing rate than those transported across similar habitat without roads, but a
higher rate of successful homing than those taken across open, fragmented areas with
limited vegetative cover.

Methods
Study Sites
All study areas were located within Lake and Harney counties of Oregon on lands
administered by the Lakeview District of the Bureau of Land Management (BLM). Three
regions were found to have suitable numbers of pygmy rabbits in proximity to the
landscape characteristics of interest: (1) The Flint Hills area northeast of Abert Lake, (2)
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the West Gulch area near Beatty’s Butte, and (3) the Dixon waterhole area near the
Oregon/Nevada border. These larger study regions were subdivided into smaller sites
based on the landscape category over which pygmy rabbits were transported. The Flint
Hills region consisted of four study sites: Flint Hills valley, Corn Lake road, Hogback
road, and Nasty Flat. The elevation of the Flint Hills region was between ~1500 and
~1700 meters. The West Gulch area consisted of three smaller sites: West Gulch Burned,
West Gulch Unburned, and Lone Grave Mountain. The elevation of the West Gulch area
ranged between ~1600 and ~1800 m. The Dixon waterhole area was composed of a
single site located between an elevation range of ~1700 and ~1800 m.
For a detailed description of the study sites see Chapter 2.
Capture and Handling
Pygmy rabbits were trapped using single door Tomahawk #201 live traps
(Tomahawk Live Trap Co., Tomahawk, WI) and radio collared with VHF radio
transmitters [164 and 165 MHz band, Model RI-2DM (7.1g and 10.6 g) Holohil Systems
Ltd. Carp, Ontario, Canada] from June – December of 2008. Placement of traps and
duration of time that traps were open varied to maximize trap success. Traps were placed
in burrow openings, runways, and frequently used sites and camouflaged with burlap,
soil, and debris (Appendix I). Trapping was done without bait.
Individuals were weighed (g) and fitted with VHF radio transmitters at their
capture sites. The hind foot (mm), ear (mm), and total body (mm) lengths of each
individual were then recorded. The sex and age class (adult or juvenile) of every captured
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individual was also recorded. Age class was determined by weight and pelage condition,
and sex was ascertained through inspection of the genital region. Adult females were
visually examined, and pregnancy was determined by weight and body condition. All
pregnant or lactating females and any individual weighing ˂ 250 grams were released and
not used in the experiments (Appendix J). Radio collar loss was not a concern due to the
large head and small neck morphology of the pygmy rabbit, but uniquely numbered
#1005-4 monel ear tags (National band and tag co., Newport, KY) were used as a
permanent secondary marker during movement trials to avoid capturing and translocating
individuals more than once. Consequently, each individual rabbit was used only once in
the experiment.
Individuals were carried to release sites inside a small, covered pet carrier or
inside a Tomahawk trap that was covered and lined with burlap to reduce handling stress
during transport. Carriers were placed under the cover of sagebrush and individuals
released. Pygmy rabbits captured during the same trapping occasions were released > 200
m apart to reduce potential bias from social interactions between individuals at the
release sites.
All release sites were within a 1 – 2 km radius (x̄ =1.14 km, SE = 0.03 km,
Appendix K) from the capture site. This distance was similar to the observed median
natal dispersal distance of pygmy rabbits in Idaho (Estes-Zumpf and Rachlow 2009).
Direction of the release was chosen such that the big sagebrush conditions between the
release sites and the capture sites met one of three categorical designations: 1) suitable
habitat, 2) suitable habitat bisected by a roadway, and 3) unsuitable habitat (Detailed

25
descriptions in Chapter 2 - Landscape Categories). Final translocation distances were
determined by the availability of sagebrush cover in which to release an individual after
the 1 km minimum had been reached. Attempts to recapture individuals were made after
they successfully returned to within 150 m of their initial capture site or after they settled
in a new location for a two-week period. Once recaptured, transmitters were removed and
rabbits were released at the site of their initial capture. When an individual died, the radio
collar, physical remains, and the surrounding area was visually examined to determine
cause of mortality. The capture and handling of pygmy rabbits was performed under
permission of Oregon Department of Fish and Wildlife (Scientific Taking Permit #13307) and in compliance with Oregon State University’s guidelines for animal care and use
(Permit #3744).
Radiotelemetry
The above ground activity of pygmy rabbits typically peaks, but is not limited to
crepuscular hours (Larrucea and Brussard 2009), as individuals may be active anytime
throughout a 24 hr period (Heady 1998). Release and tracking efforts were initially
concentrated during crepuscular hours, but this varied as the movement schedules of
individuals dictated. Translocated pygmy rabbits were monitored from July 2008 –
December 2008. Immediately after release, individuals were located every 15-30 minutes
until their movement ceased. As a result, tracking typically continued for several hours
post release, after which, locations were acquired twice daily until the rabbits were
recaptured. The number of days that pygmy rabbits were radio collared during my study
ranged between ˂ 1 to 74 d (x̄ = 23.4 d).
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Radio-collared pygmy rabbits were tracked using handheld radio receivers with
directional 3-prong or 2-prong antenna and handheld global positioning system (GPS)
units (Garmin International, Inc. Olathe KS, USA) until individuals were visually
observed or burrow location was identified. Rabbits were frequently approached to within
several meters. Approximate locations were recorded if immediate visual observations
were not possible due to an evasive response by an individual. The behavior of the
individual, vegetative cover type, time, and location coordinates [Universal Transverse
Mercator (UTM) referenced by the North American datum of 1927 (NAD27)] were
recorded for each observation.
Analysis
Logistic regression was performed using Proc GenMod (SAS Institute Inc., Cary,
NC, USA) to compare the odds ratios of homing by radio-collared pygmy rabbits
between the three habitat categories after accounting for sex and the displacement
distance of individuals. Statistical significance for all tests was set at an α level of 0.05. I
assumed that individuals were captured within their core use areas, and those areas were
near the center of their respective home ranges. As such, I considered an individual to
have successfully homed if it returned to within 150 m of its original capture site. I
defined failure to home as settling in a new location > 150 m from the capture site for two
weeks (i.e. establishing a new home range) or being predated before returning. A 150 m
distance criterion was used because I was concerned that individuals might be hesitant to
return to their exact capture burrows after disturbance. Estimates of pygmy rabbit home
ranges are highly variable depending on the sex, season, geographic area, habitat quality,
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and estimation technique (Sanchez 2007). However, assuming a circular home range, the
150 m distance criteria for successful homing was within the maximum 95% fixed kernel
estimate of the annual home range size calculated for pygmy rabbits on similar sites in
southeastern Oregon (Crawford 2008). Lastly, given that predation risk may be a
function of available shrub cover (Sievert and Keith 1985), I included mortality among
the mechanisms responsible for unsuccessful homing.

Results
Fifty-nine adult pygmy rabbits were captured and translocated; 21 (36%) were
female and 38 (64%) were male (Table 3.1). Of these, nine individuals (15%)
successfully homed back to their original capture sites after translocation. Two of the 19
individuals (11%) were successful in homing back to the original capture site in the
suitable habitat category. Six of the 19 individuals (32%) successfully homed in the
unsuitable habitat category. One of 21 individuals (5%) was successful in homing in the
road category (Table 3.2). The ultimate fate of individuals that failed to home varied.
There were nine mortalities of radio-collared pygmy rabbits due to predation. Of these,
seven (78%) were in the suitable habitat with a road category; one (11%) was in the
suitable habitat category; and one (11%) was in the unsuitable habitat category. The
number of days rabbits were radio collared prior to predation ranged from 2 to 33 days
(x̄ = 13.67 days). There were two individuals in the unsuitable habitat category with
unknown fates due to lost radio signals. The remaining 39 individuals (66%) did not
home and settled in new locations. All but one individual was successfully recaptured and
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returned to its original capture location. This particular rabbit successfully homed to
within 40 m of its capture site but evaded all subsequent recapture attempts.

Table 3. 1. Number of pygmy rabbits captured, radio collared, and transported across
three categories of habitat during research into homing ability and response to
experimental translocation in southeastern Oregon, 2008.
Description of Habitat

Landscape Category

Sex

n

Continuous Big Sagebrush Cover

Suitable

♀
♂

7
12

Total

19

♀
♂

7
12

Total

19

♀
♂

7
14

Total

21

Grand Total

59

Fragmented Big Sagebrush Cover

Linear Landscape Disturbance (Road)

Unsuitable

Road
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Table 3. 2. Homing response of radio-collared pygmy rabbits after short distance (1-2
km) experimental translocations in southeastern Oregon, 2008.
Sex

Homing Reponses a

Suitable b

Unsuitable c

Road d

♂

Successful
Failure

2
10

3
9

1
13

♀

Successful
Failure

0
7

3
4

0
7

a

Successful homing was defined as an individual returning to within 150 m of original
capture location. Failure to home was defined as an individual either settling in a new
area for approximately two weeks or mortality.
b
Landscape possessing the vegetative cover attributes suitable for the habitation by the
species (i.e. dense, continuous big sagebrush cover).
c
Landscape possessing vegetative cover attributes unsuitable for the habitation by the
species (i.e. lacking adequate big sagebrush cover)
d
Landscape possessing the vegetative cover attributes suitable for the habitation by the
species but bisected by a linear disturbance (i.e. road)
There was no statistical evidence for an effect of the sex of a rabbit (χ2 = 0.04, 1
df, P = 0.836) or displacement distance (χ2 = 0.07, 1 df, P = 0.784) on the proportion of
individuals that successfully homed. However, there was support for an effect of the
habitat category (χ2 = 5.87 2 df, P = 0.053). A comparison of the odds ratios after
accounting for the sex of the individual and displacement distance indicated that pygmy
rabbits were 9.6 (95% CI: 1.02 – 90.15) times more likely to successfully home across
landscapes in the unsuitable habitat than in the road category and 4.5 (95% CI: 0.55 –
37.56) times more likely to successfully home across landscapes in the unsuitable habitat
than in the suitable habitat. They were 2.1 (95% CI: 0.15 – 30.12) times more likely to
successfully home across landscapes in suitable habitat than in similar habitat with roads
(Table 3.3).
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Table 3. 3. Odds ratio estimates, standard errors, 95% confidence intervals, χ2 values,
degrees of freedom, and probabilities of χ2 values for homing by pygmy rabbits after
experimental translocation across three habitat categories in southeastern Oregon, 2008.

a

Comparison of
Landscape Categories

Estimates a

SE a

unsuitable vs. road
unsuitable vs. suitable
suitable vs. road

9.58
4.56
2.10

10.96
4.91
2.85

95% CI a
1.02
0.55
0.15

90.15
37.56
30.12

χ2
3.90
1.99
0.30

DF Pr >χ2
1
1
1

0.048
0.158
0.585

Estimates, SE, and 95% CI reported after back transformation.

Discussion
Habitat characteristics separating capture and release sites appeared to be the most
important factor influencing homing success of pygmy rabbits in my study. Rabbits
translocated across open, fragmented sagebrush habitat were the most likely to home of
any group, which was contrary to my original predictions. Homing in animals has been
well documented for many taxonomic groups (for detailed review see Joslin 1977, Papi
1992), and some studies on the homing ability of small mammals have reported
differences in homing success as a function of the displacement distance and sex of
translocated individuals (Stickel 1949, Griffo 1961, Bovet 1984, Bovet 1992). I did not
detect these differences in pygmy rabbits during my study. Admittedly, the distances I
translocated rabbits was not highly variable (Appendix K), which may have diminished
the importance of displacement distance on successful homing. Similar to my results,
there was no effect of sex or the size of unsuitable habitat gaps on the probability of
homing in experimentally translocated eastern chipmunks (Tamias striatus) (Bowman
and Fahrig 2002). Contrary to my results, the highest homing success in three
experimentally translocated species of murid rodents in Banff National Park, Canada,
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were in areas with continuous habitat (McDonald and St. Clair 2004). Schreiber and
Graves (1977) also documented higher homing success in deer mice (Peromyscus
leucopus) across continuous forest habitat than across a cleared power-line corridor.
Translocated pygmy rabbits in my study were observed using isolated burrows, small
patches (or individual shrubs) of big sagebrush, rabbitbrush (Chrysothamnus spp. and
Ericameria spp.), and low sagebrush (Artemisia arbuscula) as hiding cover while moving
across the landscape. Individuals were also able to camouflage themselves on bare
ground by laying flat on their bellies and putting their ears back close to their heads. One
female, which successfully homed in less than 24 hours, was observed crossing a nearly
continuous 1 km expanse of low sagebrush in under 15 minutes and successfully located
a large patch of continuous big sagebrush. Other individuals were also observed making
shorter, straight-line movements between patches of big sagebrush that required crossing
areas with little vegetative cover.
Although I did not compare movement speeds of pygmy rabbits in the various habitat
conditions, Bakker and Van Vuren (2003) found that translocated red squirrels
(Tamiasciurus hudsonicus) moved slower while crossing unsuitable habitat gaps and
concluded that perceived predation risk was higher in those areas. Not only did
individuals in unsuitable habitat have the highest probability of homing in my study, but
the individuals that failed to home in that category moved the greatest distances from
their release sites prior to settlement (Chapter 4). These combined results suggest that
familiarity with, or access to, higher quality habitat in the fragmented landscapes may
outweigh the predation risks associated with crossing large patches of inhospitable
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habitat for pygmy rabbits. Given that re-colonization of vacant habitat patches is likely
necessary for pygmy rabbits to maintain genetic viability and population demographics,
future investigation into the effects of habitat quality on the survival rates of pygmy
rabbits would improve our understanding of the species’ ecology.
Although not statistically significant, pygmy rabbits translocated across continuous
sagebrush habitat were more likely to home than individuals taken across similar habitat
bisected by a road. Roads may have population effects on small mammals by acting as
either a physical barrier to movement (Clark et al. 2001) or by lowering survival rates
(Oxley et. al. 1974, Schreiber and Graves 1977, Richardson et. al 1997, Huijser and
Bergers 2000), so I considered predation to be one mechanism by which successful
homing could be prevented during my study. Pygmy rabbit mortalities in my study (seven
out of nine confirmed predations) were highest in areas with continuous sagebrush cover
that was bisected by a road, and coyotes (Canis latrans) were responsible for the
predation of four of the individuals. These mortalities occurred within 100 m of a road.
Coyotes are known to use dirt roads as navigational pathways (Way et al. 2004), and their
tracks were frequently observed along the roadways in my study, especially after snow
falls. Although none of the radio-collared pygmy rabbits in my study were hit by
vehicles, living in proximity to a roadway also puts individuals at risk to vehicle
collisions (Trombulak and Frissel 2000).
The ecological effects of roads include altered local hydrology and vegetative growth
patterns (Murcia 1995, Forman and Alexander 1998, Jones et al. 2000, Trombulak and
Frissel 2000). These impacts may extend to over 100 m on either side of a roadway
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creating what has been referred to as a “road-effect zone” (Forman and Deblinger 2000).
The earthen mounds associated with roadside ditches and berms create deeper soils and
taller sagebrush along roadways, which are habitat conditions attractive to pygmy rabbits.
I observed individuals crossing roadways during their daily movements, and the distance
that rabbits settled away from the roads ranged from ~ 10 – 740 m (x̄ = 206.14, SE =
49.57). Additionally, 50% of the rabbits that failed to home after translocation across
suitable habitats bisected by a road settled within ≤ 100 m of a road and within the “roadeffect zone”. If pygmy rabbits are indeed selecting areas with specific habitat cues
(Stamps and Swainsgood 2007), current road construction practices may be creating
attractive habitat conditions in potentially unfavorable sites resulting in an ecological trap
(Battin 2004).
Pygmy rabbits crossed secondary roads in my study; however, the roads were
unpaved and only received moderate use. The effects of major paved or unpaved roads on
pygmy rabbits with a higher level of vehicular use were outside the scope of my study.
Anecdotal evidence reported here suggests that pygmy rabbits residing near roads may
have increased encounter rates with, and predation by, coyotes. An investigation into the
survival rates of pygmy rabbits as a function of proximity to roadways and their traffic
levels is an important future direction of inquiry given the conservation concerns for the
species.
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Chapter 4

Movements and Settlement Site Selection of Pygmy Rabbits after
Experimental Translocation in Southeastern Oregon

Timothy J. Lawes
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Introduction
The re-introduction or translocation of wildlife for the conservation and
management of rare or threatened species is an established technique (Griffith et al.
1989). However, translocations are time consuming, expensive (Rodriguez et al. 1995,
Fischer and Lindenmayer 2000), and may fail because individuals leave their release sites
(Linnell et al. 1997). The dispersal of translocated animals may be associated with
rejection of release site habitat (Kenward and Hodder 1998), so selection of release sites
with suitable habitat attributes for the target species is vital to the success of any
translocation project (Wolf et al. 1996, Johnson and Swift 2000). Experimental
translocations can supply essential information to the planning stage of re-introduction
projects by providing valuable data on the settlement site selection (Fisher et al. 2009)
and movements of the species after introduction into a novel environment (Davis 1983).
Pygmy rabbits (Brachylagus idahoensis) are endemic to the sagebrush-steppe
communities of the western United States. They are a sagebrush obligate species that is
found in close association with big sagebrush (Artemisia tridentata) growing on deep
soils (Green and Flinders 1980, Katzner 1994, Gabler et al 2001, Simons and Laundre
2004). However, much of the big sagebrush habitat in the Great Basin and Intermountain
West has been lost and fragmented due to human land use practices (Miller and
Eddleman 2001, Knick et al. 2003). Population declines associated with this habitat loss
(Hays 2001) have resulted in the pygmy rabbit being listed as a species of concern under
the federal endangered species act (ESA) throughout most of their range. A distinct
population segment in Washington State is listed as endangered under the ESA, and a
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petition to list the entire species as threatened or endangered is undergoing review
(USFWS 2008). A captive breeding program and reintroduction effort for the threatened
subgroup has shown limited success to date (Zeoli et al. 2008). Nevertheless,
translocation of wild individuals into adjacent areas may occur in areas where energy
development threatens to disturb extant populations of pygmy rabbits (Suzanne Grayson
BLM pers. comm.).
The objective of my study was to document the response of wild pygmy rabbits to
short distance experimental translocations with a hard release. I evaluated their response
as a function of the big sagebrush cover at both a landscape and local scale. At the
landscape scale, I examined the distances that radio-collared pygmy rabbits moved from
their release sites after translocation as a function of proximate habitat. Because I was
examining the response of wild-captured individuals, I predicted that individuals would
likely move away from their release sites, and the big sagebrush cover and patch
configuration would ultimately influence the distances moved. At the local scale, I
compared the big sagebrush surrounding the original capture site to that of the final
settlement areas. Because pygmy rabbits are habitat specialists and previous experience
with habitat conditions may influence site selection of translocated animals (Biggins et al.
1999, Selonen et al. 2007, Stamps and Swainsgood 2007), I predicted that individuals
would settle in locations with similar habitat characteristics on average to those in the
areas where they were originally captured.
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Methods
Study Sites
All study areas were located within Lake and Harney counties of Oregon on lands
administered by the Lakeview District of the Bureau of Land Management (BLM). Three
regions were found to have suitable numbers of pygmy rabbits in proximity to the
landscape characteristics of interest: (1) The Flint Hills area northeast of Abert Lake, (2)
the West Gulch area near Beatty’s Butte, and (3) the Dixon waterhole area near the
Oregon/Nevada border. These larger study regions were subdivided into smaller sites
based on the landscape characteristics over which pygmy rabbits were transported. The
Flint Hills region consisted of four study sites: Flint Hills valley, Corn Lake road,
Hogback road, and Nasty Flat. The elevation of the Flint Hills region was between ~1500
and ~1700 meters. The West Gulch area consisted of three smaller sites: West Gulch
Burned, West Gulch Unburned, and Lone Grave Mountain. The elevation of the West
Gulch area ranged between ~1600 and ~1800 m. The Dixon waterhole area was
composed of a single site located between an elevation range of ~1700 and ~1800 m.
For a detailed description of the study sites see Chapter 2.
Capture and Handling
Pygmy rabbits were trapped using single door Tomahawk #201 live traps
(Tomahawk Live Trap Co., Tomahawk, WI) and radio collared with VHF radio
transmitters [164 and 165 MHz band, Model RI-2DM (7.1g and 10.6 g) Holohil Systems
Ltd. Carp, Ontario, Canada] from June – December of 2008. Placement of traps and
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duration of time that traps were open varied to maximize trap success. Traps were placed
in burrow openings, runways, and frequently used sites and camouflaged with burlap,
soil, and debris (Appendix I). Trapping was done without bait.
Individuals were weighed (g) and fitted with VHF radio transmitters at their
capture sites. The hind foot (mm), ear (mm), and total body (mm) lengths of each
individual were measured and recorded. The sex and age class (adult or juvenile) of every
captured individual was also recorded. Age class was determined by weight and pelage
condition, and sex was ascertained through inspection of the genital region. Adult
females were visually examined, and pregnancy was determined by weight and body
condition. All pregnant or lactating females and any individual weighing ˂ 250 g were
released immediately and not used in the experiments (Appendix J). Radio collar loss was
not a concern due to the large head and small neck morphology of the pygmy rabbit, but
uniquely numbered #1005-4 monel ear tags (National band and tag co., Newport, KY)
were used as a permanent secondary marker during movement trials to avoid capturing
and translocating individuals more than once.
Individuals were transported to release sites inside a small, covered pet carrier or
inside a Tomahawk trap that was covered and lined with burlap to reduce handling stress
during translocation. Carriers were placed under the cover of sagebrush and individuals
released. Pygmy rabbits captured during the same trapping occasions were released > 200
m apart to reduce potential bias from social interactions between individuals at the
release sites.
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All release sites were within a 1 – 2 km radius (x̄ =1.14 km, SE = 0.03 km,
Appendix K) from the capture site of each individual. This distance was similar to the
observed median natal dispersal distance of pygmy rabbits in Idaho (Estes-Zumpf and
Rachlow 2009). No specific release sites were predetermined, but the direction of the
release was chosen such that the vegetation between the release sites and the capture sites
met one of three categories. The categories were defined as 1) suitable habitat, 2) suitable
habitat bisected by a roadway, and 3) unsuitable habitat (Detailed descriptions in Chapter
2 - Landscape Categories). Final translocation distances were determined by the
availability of suitable cover in which to release an individual. Attempts to recapture
individuals were made after they successfully returned to within 150 m of their initial
capture site or after they settled in a new location for a two-week period. Once
recaptured, transmitters were removed and rabbits were released at the site of their initial
capture. When an individual died, the radio collar, physical remains, and the surrounding
area was visually examined to determine cause of mortality. The capture and handling of
pygmy rabbits was performed under permission of Oregon Department of Fish and
Wildlife (Scientific Taking Permit #133-07) and in compliance with Oregon State
University Animal Care and Use guidelines (permit # 3744).
Radiotelemetry
The above ground activity of pygmy rabbits typically peaks, but is not limited to
crepuscular hours (Larrucea and Brussard 2009), as individuals may be active anytime
throughout a 24 hr period (Heady 1998). Release and tracking efforts were initially
concentrated during crepuscular hours, but this varied as the movement schedules of
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individuals dictated. Translocated pygmy rabbits were monitored from July 2008 –
December 2008. Immediately after release, individuals were located every 15-30 minutes
until their movement ceased. As a result, tracking typically continued for several hours
post release. After individuals appeared to become sedentary, locations were recorded
twice daily for a minimum of 14 days, after which, I attempted to recapture the
individuals to remove radio collars. Locations were recorded until rabbits were
recaptured. The number of days that pygmy rabbits were radio collared during my study
ranged from ˂ 1 to 74 d (x̄ = 23.4 d).
Radio-collared pygmy rabbits were tracked using handheld radio receivers with
directional 3-prong or 2-prong antenna and handheld global positioning system (GPS)
units (Garmin International, Inc. Olathe KS, USA) until individuals were visually
observed or burrow location was identified. Rabbits were often approached to within
several meters. Approximate locations were recorded if immediate visual observations
were not possible due to an evasive response by an individual. The behavior of the
individual, vegetative cover type, time, and the location [Universal Transverse Mercator
(UTM) referenced by the North American datum of 1927 (NAD27)] were recorded for
each observation.
Movement Calculations
Distances between the final and farthest locations moved away from the release sites
of translocated pygmy rabbits were measured using ArcGIS 9.3 (ESRI; Environmental
Systems Research Institute, Redlands, CA, USA). The UTM coordinates of recapture
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sites or the last live location of predated individuals were used to calculate final
settlement distances. In addition, the farthest distances moved from release sites were
calculated from the UTM coordinates of radio-tracked pygmy rabbits. Individuals were
rarely observed making long, straight-line movements; therefore, estimates of distances
moved were an underrepresentation of the physical distances traveled by pygmy rabbits
after they were translocated.
Habitat Classification
Pygmy rabbits were translocated across three categories of landscape designated as
suitable habitat, unsuitable habitat, or suitable habitat with a road. The suitable category
was comprised of areas with continuous big sagebrush cover. Landscapes in the road
category were otherwise suitable, but were bisected by a secondary road. Landscapes in
the unsuitable category lacked the appropriate vegetative cover and soil characteristics
for potential occupancy by the species and were areas of low sagebrush (Artemisia
arbuscula) or grasslands. Landscape categories were assigned through visual assessment
while in the field. I later used ArcGIS 9.3 and FRAGSTATS spatial pattern analysis
software (McGarigal et al. 2002) to calculate the big sagebrush cover and patch
configuration from National Agricultural Imaging Program (NAIP) aerial photographs
with 1-m resolution taken in 2005.
Landscape Characteristics for Analysis of Movements
Using ArcGIS 9.3, I created circular core areas with a 100 m radius (3.14 ha) around
the UTM coordinates of capture and release sites of the pygmy rabbits that were
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translocated and survived for ≥ 14 days but failed to home (n = 43). Estimates of pygmy
rabbit home ranges are highly variable and depend on the sex, season, geographic area,
habitat quality, and estimation technique (Sanchez 2007, Crawford 2008). The 3.14 ha
circle was 2.7 times larger than the 1.16 ha estimate of the mean annual home range size
(95% fixed kernel LSCV), but ~1/3 as large as the maximum estimate of 10.46 ha
calculated for pygmy rabbits on similar sites in southeastern Oregon (Crawford 2008).
These circular areas represented the available habitat within the individuals’
representative home range and the area surrounding their release location. A larger circle
encompassing the landscape extent was created that was centered between and included
the two smaller circular areas. These larger circles represented the regions pygmy rabbit
would need to navigate through in order to successfully home after translocation. The
larger circles were extracted from a 1-m resolution aerial photograph raster layer and
reclassified (0 = not big sage, 1= big sage) based on color reflectivity using tools located
in the spatial analyst toolbox (Appendix D).
I chose six landscape metrics in FRAGSTATS to describe the area, density, isolation,
interspersion, and connectivity of big sagebrush cover of the landscapes rabbits were
transported across. These included the percent of the landscape classified as big
sagebrush (PLAND), density of big sagebrush patches per hectare (PD/100), percent of
the landscape made up of the single largest patch of big sagebrush (LPI), index of the
clumpiness of big sagebrush patches (CLUMPY), percent of the landscape where patches
of big sagebrush were aggregated together (AI), and area weighted mean number of big
sagebrush patches with edges within a 50 m radius a focal big sage patch (PROX_AM).
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Detailed descriptions of the landscape metrics can be found in Appendix E or on the
FRAGSTATS documentation website (McGarigal et al. 2002). Big sagebrush patches
were calculated using the 8-cell rule, which includes adjacent pixels during calculations
of patch size.
Landscape Characteristics for Analysis of Settlement Site Selection
Using ArcGIS 9.3, circles with a 100-m radius (3.14 hectares) were created around
the UTM coordinates of the capture and settlement sites of pygmy rabbits that were
translocated during the study but failed to home and settled for > 14 days prior to
recapture or predation (n = 42). These circles represented the available habitat within an
individuals’ representative home range at their capture and settlement areas (see above
section for explanation of representative home range size). Circles were extracted from a
1-m resolution aerial photograph raster layer and reclassified (0 = not big sage, 1 = big
sage) based on color reflectivity using tools in the spatial analyst toolbox (Appendix L). I
used a total of eight landscape metrics for the analysis of settlement site selection. In
addition to the six metrics used in the movement analysis and described above, I added
two more measures of sagebrush patch connectivity. These metrics were an index of the
connectedness of big sagebrush patches with a 100 m threshold distance
(CONNECTANCE), and an index of the physical connectedness of individual big
sagebrush patches (COHESION).
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Movement Analysis
I used Proc GLM (SAS Institute Inc., Cary, NC, USA) to perform a one-way analysis
of variance (ANOVA) to test for a difference between the final distances that pygmy
rabbits settled from their release sites among the landscape categories they were
translocated across. Least squared means tests with a Tukey-Kramer adjustment for
multiple comparisons were used to determine significant differences among all pair-wise
comparisons of the final distances moved.
The correlation between the distance from release site that pygmy rabbits settled after
failing to home (response variable) and the landscape metrics (explanatory variables) was
examined through multiple linear regression analysis (n = 43). Model selection was
performed using Akaike Information Criteria corrected for small sample sizes (AICc) in
order to select the most parsimonious model. All possible 1 variable, 2 variable, or 3
variable models, in addition to a null and a saturated model were evaluated for a total of
41 a priori models (Appendix M). The model with the lowest AICc value was considered
the top model, and all models within 2 ∆AICc values of the top model were considered to
be competitive models (Burnham and Anderson 2002). I used Proc Reg (SAS Institute
Inc., Cary, NC, USA) to complete the model selection and regression analyses. For this
analysis, the sample size included individuals that survived until recapture (n = 39) and
individuals that were predated after ≥ 2 weeks (n = 4).
Settlement Site Selection Analysis
Differences in the big sagebrush cover and patch configuration around the
original capture sites and final settlement areas of pygmy rabbits were investigated by

50
performing a multivariate analysis of variance (MANOVA) and paired t-tests on the 8
landscape metrics described above. I began with a multivariate approach to test for an
overall difference at the site level and followed with paired t-tests of each individual
metric to explore which landscape metrics explained the differences. I used a paired
analysis because there was the potential for confounding spatial autocorrelation between
the habitat characteristics of the capture sites and the available settlement sites of
individual rabbits owing to the manner in which study sites were selected (see Chapter 2).

Results
Movements
The overall distances from the release sites that pygmy rabbits settled after
translocation ranged from 2 – 2,827 m (x̄ = 525 m, SE = 80). There were statistical
differences (F2,40 = 5.28, P = 0.0092) among the distances moved by pygmy rabbits in the
three habitat categories (Figure 4.1). Pygmy rabbits translocated in unsuitable habitats
settled farther away from their release sites than did those in both suitable habitats (t =
2.59, 40 df, P = 0.035) and suitable habitats bisected by roads (t = 3.15, 40 df, P = 0.009).
No differences were detected in the distances moved between rabbits translocated across
suitable habitats and similar habitats with a road (t = -0.6, 40 df, P = 0.82). The mean
distance moved in suitable habitats (n = 16) was 448 m (95% CI: 207 – 690), in suitable
habitats with roads (n = 17) it was 348 m (95% CI: 113 – 582), and in unsuitable habitats
(n = 10) it was 948 m (95% CI: 643 – 1254).
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Figure 4. 1. Mean distances traveled (m) from release to settlement sites by pygmy
rabbits after experimental translocation by habitat categories in southeastern Oregon.
Error bars represent the 95% confidence intervals. Only the individuals that failed to
home and lived ≥ 2 weeks were used in the distance calculations.
Nearly all (n = 40) individuals had telemetry locations that were farther (x̄ = 676 m,
SE = 87) from their release sites than was indicated by their final settlement locations.
The distance from release site for these telemetry locations ranged from 23 – 3,501 m.
The difference between farthest telemetry location and final settlement distance of
individuals ranged from 2 – 675 m (x̄ = 151 m, SE = 27). There were 28 individuals
located at a distance ≥ 500 m from their release sites, but 10 of these individuals
ultimately moved back and resettled within ≤ 500 m (Appendix N). One individual
moved > 500 m but eventually returned and settled within 6 m from its release site. The
longest movement of an individual from a release site was 3,501 m, but this individual
ultimately settled 2,827 m away from its release site.
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The univariate models with the percent of the landscape composed of the single
largest patch of sagebrush (LPI) and the percent of the landscape classified as big
sagebrush (PLand) had the lowest AICc values (Table 4.1), and these variables were
included in all competitive models. Further, they were statistically significant within
those models because their 95% confidence intervals did not or barely overlapped zero
(Table 4.2). The top model included the percent of the landscape composed of the single
largest patch of sagebrush (LPI). Out of the 41 models, this model accounted for 9% of
the AICc weights and was 2.57 times more likely than the null model of no effect. The
regression equation for this model was: Distance (m) = 784 – 18.44(LPI). There was
strong support for an 18.44 m decrease in the final distance from release for every one
percent increase in the amount of the landscape composed of the single largest big
sagebrush patch (β̂ = -18.44, SE = 9.12, 95% CI: - 36.85 to - 0.03) (Figure 4.2). The
second best model included the percent of the landscape classified as big sagebrush
(PLand) and accounted for 7% of the total AICc weights. The regression equation for this
model was: Distance (m) = 858.32 – 9.5(PLand) (Figure 4.3), and there was some
support for this variable given the 95% confidence interval barely overlapped zero (β̂ = 9.5, SE = 5.01, 95% CI: -19.69 to 0.69). The explanatory variables included in these two
models were highly correlated (Person Correlation Coefficient = 0.93, Appendix O) and
demonstrated that pygmy rabbits translocated in this study settled nearer to their release
sites in areas with greater sagebrush cover.
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Table 4. 1. Multiple linear regression models of the final distances from release sites
moved by pygmy rabbits after translocation as a function of big sagebrush habitat
covariates in southeastern Oregon, 2008. Big sagebrush habitat covariates were
calculated from 1-m resolution aerial photos using ArcGIS and FRAGSTATS spatial
analysis computer programs.

a

Model a

AICc

∆ AICc

AICc
Weight

Model
Likelihood

Kb

LPI1
Pland2
Pland2 AI3
Prox_ AM4
Pland2 Clumpy5
LPI1 Clumpy5
LPI1 AI3
LPI1 PD/1006
Null 7
PLAND2 LPI1
PLAND2 LPI1 PROX_AM4

537.85
538.38
538.74
538.82
539.24
539.36
539.44
539.51
539.74
540.17
542.60

0.00
0.53
0.88
0.96
1.38
1.50
1.58
1.65
1.89
2.31
4.75

0.09
0.07
0.06
0.06
0.05
0.04
0.04
0.04
0.04
0.03
0.01

1.00
0.77
0.64
0.62
0.50
0.47
0.45
0.44
0.39
0.31
0.09

2
2
3
2
3
3
3
3
1
3
4

Parameter definitions: 1Largest Patch Index - Percent of the landscape composed of the
single largest patch of big sage, 2Percent Land - Percent of the landscape classified as big
sagebrush, 3 Aggregation Index - Frequency with which different pairs of big sage
patches appear side-by-side within the classified habitat circles, 4Area weighted mean
Proximity Index - Area weighted mean number of big sage brush patches with edges
within a 50 meter search radius a focal big sage patch, 5Clumpiness Index - Proportional
deviation of the proportion of big sage adjacencies from that expected under a spatially
random distribution, 6Patch Density per Hectare - Number of big sage patches per
hectare, 7Null model.
b
Number of parameters including the intercept.
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Table 4. 2. Parameter estimates of all competitive multiple linear regression models of
the final distances from release sites moved by pygmy rabbits after translocation as a
function of big sagebrush habitat covariates in southeastern Oregon, 2008. Big sagebrush
habitat covariates were calculated from 1-m resolution aerial photos using ArcGIS and
FRAGSTATS spatial analysis computer programs.

a

Parametera

∆AICc

Estimate

SE

Lower
95% CI

Upper
95% CI

LPI1

0

-18.44

9.12

-36.85

-0.03

PLAND2

0.53

-9.5

5.05

-19.69

0.69

PLAND2
AI3

0.88

-20.69
18.18

9.59
13.32

-40.08
-8.73

-1.3
45.1

Prox_AM4

0.96

-0.03

0.02

-0.06

0

PLAND2
CLUMPY5

1.38

-11.78
1304.71

5.38
1110.45

-22.65
-939.6

-0.9
3549.02

LPI1
CLUMPY5

1.5

-20.22
929.21

9.37
1062.88

-39.15
-1218.9

-1.29
3077.37

LPI1
AI3

1.58

-26.54
8.47

13.4
10.23

-53.62
-12.21

0.53
29.14

LPI1
PD/1006

1.65

-20.47
-1.8

9.51
2.29

-39.69
-6.42

-1.24
2.82

INTERCEPT7

1.89

524.97

80.07

363.39

686.55

Parameter definitions: 1Largest Patch Index - Percent of the landscape composed of the
single largest patch of big sage, 2Percent Land - Percent of the landscape classified as big
sagebrush, 3 Aggregation Index - Frequency with which different pairs of big sage
patches appear side-by-side within the classified habitat circles, 4Area weighted mean
Proximity Index - Area weighted mean number of big sage brush patches with edges
within a 50 meter search radius a focal big sage patch, 5Clumpiness Index - Proportional
deviation of the proportion of big sage adjacencies from that expected under a spatially
random distribution, 6Patch Density per Hectare - Number of big sage patches per
hectare, 7Intercept - Null model.
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Distance Moved

Distance = 784 – 18.44(LPI)
R2 = 0.09
p = 0.05; n = 43

Percent of Landscape in Largest Big Sagebrush Patch
Figure 4. 2. Distance moved (m) from release to settlement sites by pygmy rabbits prior
to recapture as a function of the percent of the landscape composed of the largest single
patch of big sagebrush (LPI) (R2 = 0.09). Dotted lines represent 95% confidence
intervals.
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Distance Moved (m)

Distance = 858.32– 9.5(PLand)
R2 = 0.08
p = 0.07; n = 43

Percent of Landscape in Big Sagebrush
Figure 4. 3. Distance moved (m) from release to settlement sites by pygmy rabbits prior
to recapture as a function of the percent of the landscape classified as big sagebrush
(PLand) (R2 = 0.08). Dotted lines represent 95% confidence intervals.
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Settlement Site Selection
A MANOVA test on the landscape metrics indicated strong evidence for
differences in patch configuration and big sagebrush cover characteristics between the
capture and settlement sites (F8,75 = 3.32, P = 0.0026). There was very strong statistical
support (Table 4.2) for a difference between patch aggregation index (t = -2.15, 41 df, P
= 0.037), patch cohesion index (t = -2.37, 41 df, P = 0.023), patch connectance index (t =
-2.98, 41 df, P = 0.005), the big sagebrush patch density per ha (t = 3.47, 41 df, P =
0.001), percent of the landscape composed of the single largest patch (t = -2.46, 41 DF, P
= 0.018), and the area weighted mean proximity index (t = -3.42, 41 df, P = 0.001)
(Figure 4.4). Capture sites measured an average of 4.4 (± 2.1 SE) percent less on the
aggregation index than did settlement sites (Figure 4.4). The mean cohesion index of
capture sites was 4.3 (± 1.8 SE) units less than observed on settlement sites. There were
52.6 (± 15.13 SE) more patches of big sagebrush per ha on capture sites, but the largest
patch index was 9.4 (± 3.8 SE) percent lower. The area weighted mean proximity index
was 176.0 (± 51.5 SE) units lower on capture sites, and connectance was 3.2 (± 1.1 SE)
percent less on capture sites than on settlement sites. There also was support for a 6.2 (±
3.14 SE) percent decrease in the amount of the landscape classified as big sagebrush on
captures sites compared to settlement sites (t = -1.98, 41 df, P = 0.055). Finally, there was
no evidence for a difference between the two sites as a function of the patch clumpiness
index (t = -0.7, 41 df, P = 0.49). These results indicated that translocated pygmy rabbits
selected settlement sites that, on average, had more of the area in big sagebrush cover,
higher landscape connectivity, and fewer, but larger patches of big sagebrush than were
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present at their capture sites (Figure 4.4). A summary of the mean landscape metric
values are located in Appendix P.

Table 4. 3. Mean difference and 95% confidence intervals of the differences between
landscape metrics of the capture and settlements sites of pygmy rabbits after experimental
translocation in Oregon, 2008. Differences were calculated as capture site values minus
settlement site values.
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Figure 4. 4. Mean and 95% confidence intervals (using pooled estimates of
variance) for landscape metrics of pygmy rabbit capture and settlement sites in
southeastern Oregon, 2008 (n = 42). Landscape metrics include (A) Percent of the
landscape classified as big sagebrush, (B) Number of big sage patches per hectare, (C)
Percent of the landscape composed of the single largest patch of big sage, (D)
Clumpiness Index, (E) Connectance Index, (F) Cohesion Index, (G) Aggregation Index,
and (H) Proximity Index.

Discussion
Movements
Developing an understanding of how a species might respond after release is an
important first step during the planning of a reintroduction or translocation project. The
translocation of pygmy rabbits out of areas impacted by development projects has been
proposed (Suzanne Grayson pers. Comm.), but little information on the potential
responses of wild pygmy rabbits to translocations has been published. Another study has
evaluated soft release techniques of captive raised pygmy rabbits from Idaho prior to the
attempted reintroduction of Columbia basin pygmy rabbits back into the Sagebrush Flat
area of Washington State. This study reported that individuals moved only an average of
54.1 m from their release burrows, and they readily used the artificial burrows and the
supplemental feed that was provided (Westra 2004). However, captive-reared rabbits may
respond differently to translocation than wild born individuals (Davis 1983, Bright and
Morris 1994, Carbyn et al. 1994), and my study supported this prediction.
I examined the response of wild pygmy rabbits after translocation with a hard
release. The individuals that I translocated settled a combined average of 525 m from
their release sites, a distance that is ~10 times greater than reported during the soft release
of captive bred pygmy rabbits in Idaho (Westra 2004). This result is consistent with the
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findings of Bright and Morris (1994) who reported that wild dormice (Muscardinus
avellanarius) dispersed farther from release sites after experimental translocation than did
their captive-reared counterparts. During my study, there were also differences between
the distances moved by pygmy rabbits after release as a function of the characteristics of
the sagebrush habitat at the local landscape scale. The individuals that were moved across
open, fragmented sagebrush habitats (unsuitable category) settled the farthest distance
from their release sites (x̄ = 0.95 km, SE = 0.29 km), which was a distance similar to that
which those individuals were originally transported (x̄ = 1.05 km, SE = 0.008 km). This
group also had the greatest range of movements. One individual was recaptured 2.0 m
from its release site in the same 5x5 m big sagebrush patch where it was released, while
another rabbit crossed large patches of bunch grass vegetation and settled 2,827 m from
the release site. Individuals that were transported across suitable habitat, with and without
roads, settled an average of 0.45 km (SE = 0.06 km) and 0.35 km (SE = 0.05 km) from
their release sites, respectively. These distances were approximately 1/2 and 1/3 the mean
of distance traveled by rabbits in the unsuitable category.
In my study, there was a correlation between the distance that pygmy rabbits
moved away from release sites prior to settlement and the amount and spatial
arrangement of big sagebrush in the surrounding landscape. My results indicated that
rabbits settled closer to their release sites in areas with greater amounts of sagebrush. The
indices of big sagebrush cover I used were derived from aerial photographs using a
geographic information system (GIS), which was directly influenced by the scale and
grain size (1-m resolution) of the source photographs (Turner 1990, Wu 2004). As such,
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the estimates of cover I reported were not directly comparable to other
investigations on selection for big sagebrush cover by pygmy rabbits, which utilized lineintersect methods to estimate shrub cover in the field. However, my methods provide an
approach for assessing landscapes for suitability as release sites of pygmy rabbits using
GIS and FRAGSTATS spatial analysis programs.
The distances I observed pygmy rabbits travel after translocation were within the
range (0.02 – 11.9 km) reported for dispersal of juvenile pygmy rabbits from natal
burrows (Estes-Zumpf and Rachlow 2009) and movements by undisturbed adult and
juvenile individuals (Katzner and Parker 1998, Burak 2006, Sanchez 2007, Crawford
2008). Pygmy rabbits were observed making exploratory movements away from their
release sites, but only 15% successfully homed back to their original capture locations
from distances greater than 1 km (Chapter 3). Katzner and Parker (1998) noted the
importance of small patches of big sagebrush as shelter for dispersing individuals on their
study sites. I also observed pygmy rabbits utilizing patches of big sagebrush as temporary
resting sites during movements. Although pygmy rabbits generally used a scampering
gate while moving about dense sagebrush, I observed individuals using a leaping gate as
they bounded over low sagebrush (Artemisia arbuscula) and bunch grasses while moving
over areas with little vegetative cover. Several individuals made long distance
movements away from their release sites, subsequently returned, and then ventured out
again in another direction until they located a final settlement site. The results of this
investigation suggest that relatively large areas of big sagebrush habitat may be necessary
for successful translocation of wild pygmy rabbits.
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Settlement Site Selection
The pygmy rabbit is a burrowing, big sagebrush obligate species and much of the
past research on the species has concentrated on measuring and modeling their habitat
selection and preferences (Weiss and Verts 1984, Gabler 1997, Heady 1998, Gabler et al.
2000, Gabler et al. 2001, Burak 2006, Rachlow and Svancara 2006, Himes and Drohan
2007, Sanchez 2007, Crawford 2008). Quantitative descriptions of selected habitat vary
between studies depending on geographic location, time of year, and methodologies, but
indicate that pygmy rabbits typically inhabit areas with the highest cover of big sagebrush
and deep soils that are conducive to burrowing.
Pygmy rabbits not only select specific habitat characteristics, but also have a high
rate of juvenile dispersal (Estes-Zumpf and Rachlow 2009), and previous experience with
habitat conditions may influence settlement site selection of some species of translocated
animals (Stamps and Swainsgood 2007). I assumed that the adult rabbits that I
translocated had already completed their natal dispersal and selected settlement habitat on
a previous occasion. As such, I predicted that translocated pygmy rabbits would select
settlement areas with similar cover of big sagebrush and patch attributes as their capture
areas. Kenward and Hodder (1998) found that translocated red squirrels (Sciurus
vulgaris) in England selected sites similar to those found at their origins, and this
relationship also has been described for hedgehogs (Erinaceus europaeus) (Morris et al.
1993) and woodland caribou (Rangifer tarndus) (Warren et al. 1996). My results were
contrary to these findings and my original prediction. It is difficult to predict the spatial
scale used by pygmy rabbits during habitat selection, and it is possible that my analysis
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examined the landscape at too course a scale. However, it is also possible to
imagine a scenario where the ability of pygmy rabbits to re-evaluate habitat quality after
a disturbance provides some evolutionary advantage.
In my study, the areas in which pygmy rabbits settled had, on average higher
cover of big sagebrush. In addition, the patches were larger, with greater levels of
connectivity than found at their capture areas. Given that pygmy rabbits are big sagebrush
habitat specialists, it would appear that translocated individuals selected sites of higher
habitat quality than was found at their original capture locations. Similarly, translocated
hedgehogs have been shown to select sites of higher habitat quality compared to their
original capture sites (Doncaster et al. 2001). In addition to selecting sites of higher
habitat quality, I also recorded pygmy rabbits moving greater distances prior to settling
on study sites possessing lower cover of big sagebrush. The combined results of the
habitat selection and movements of translocated pygmy rabbits suggests that the species
is capable of traveling relatively long distances and will traverse unsuitable habitat in
order to locate larger areas of big sagebrush cover.
In addition to vegetative characteristics, the presence of other pygmy rabbits or
burrow systems appeared to be important for selection of settlement sites in my study.
Similarly, Fisher et al. (2009) found that the presence of conspecifics was important in
the selection of settlement sites of translocated water voles (Arvicola terrestris). All
translocated pygmy rabbits located areas with either active or inactive burrows shortly
after release. The time before individuals were located inside, or at the mouth of a burrow
ranged between several hours to 8 days (x̄ = 2.17 days, SE = 0.36). Individuals rarely
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constructed new burrows, but often re-excavated uninhabited burrow systems. I
released individuals in a manner that reduced any social interactions; however,
individuals that were released separately in both space and time still settled within the
same burrow systems. Both soil and big sagebrush cover were important habitat features
for pygmy rabbits, and the presence of inactive burrows on sites with previous
inhabitation might be a good indicator of potential release sites of translocated pygmy
rabbits.

Management Implications
Curtailing anthropogenic impacts that destroy, further degrade, or fragment
sagebrush-steppe habitat should be of primary concern in the effort to conserve pygmy
rabbits and their habitat. Translocations should be considered an alternative only after
other viable options have been exhausted. However, should they be necessary, the results
of this study suggest that wild captured pygmy rabbits are capable of locating suitable
habitat after a translocation with a hard release. Further, individuals may be less likely to
leave the release areas where there is abundant dense big sagebrush cover. To facilitate
the success of pygmy rabbit translocation projects the release areas should have large
areas of continuous big sagebrush cover with deep, friable soils suitable for burrowing. In
addition, candidate release sites should have recent records of pygmy rabbit inhabitation,
uninhabited burrow systems, or existing populations. A great deal of literature has been
devoted to habitat selection by pygmy rabbits, and using that knowledge in concert with
my finding to properly select release sites will help ensure against failure of translocation
projects for the conservation of the species. Lastly, managers should expect to lose a
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portion of their translocated pygmy rabbits to homing attempts, post-release
dispersal, and predation. As such, the release of a relatively large numbers of individuals
may be required to successfully establish resident populations of pygmy rabbits through
translocation.
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Summary and Management Recommendations
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Summary
Much of the shrub-steppe habitats of the western United States have been severely
degraded, and the deep soiled, dense big sagebrush (Artemisia tridentata) habitat selected
by pygmy rabbits (Brachylagus idahoensis) continues to be lost and fragmented (Knick
1999). Given the conservation concerns for the species, I assessed potential barriers to
dispersal using homing tendency and investigated the movements and settlement site
selection of wild captured pygmy rabbits after short distance (1-2 km) experimental
translocations in southeastern Oregon from June – December 2008. I captured, radio
marked, and translocated 59 pygmy rabbits (38 male, 21 female) into three categories of
big sagebrush habitat (suitable, suitable with a road, and unsuitable habitats) on 8 study
sites (Flint Hills Valley, Corn Lake Road, Hogback Road, Nasty Flat, West Gulch Burn,
West Gulch Unburned, Lone Grave Mountain, and Dixon Waterhole).
I used logistic regression to compare the odds ratios of homing by radio-collared
pygmy rabbits between the three categories of habitat after accounting for sex and the
distance individuals were translocated. Only nine of the 59 individuals (15%)
successfully homed back to their original capture sites after translocation. A comparison
of the odds ratios indicated that pygmy rabbits were 9.6 (95% CI 1.02 to 90.15) times
more likely to successfully home across landscapes in unsuitable habitat than in the
suitable habitat with a road, 4.5 (95% CI 0.55 to 37.56) times more likely to successfully
home across landscapes in the unsuitable habitat than in the suitable habitat, and 2.1
(95% CI 0.15 to 30.12) times more likely to successfully home across landscapes in the
suitable habitat than in the suitable habitat with a road.
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Movements of pygmy rabbits that failed to home (n = 43) were used to test for
differences in the distances that pygmy rabbits settled from their release sites as a
function of the habitat category they were translocated across with one-way analysis of
variance (ANOVA) and a Tukey-Kramer adjusted least squares analysis for all pair-wise
comparisons (Proc GLM, SAS Institute Inc., Cary, NC, USA). The overall distances from
their release sites that pygmy rabbits resettled after translocation ranged from 2 – 2,827
m. There was a difference among distances moved by pygmy rabbits in the three habitat
categories. Pygmy rabbits translocated in unsuitable habitat settled farther away from
their release sites than those in the suitable habitat and in suitable habitat with a road.
There was no difference in the distance moved between rabbits translocated in suitable
habitat with and without a road. The mean distance moved from release sites in suitable
habitat (n = 16) was 448.46 m; in suitable habitat with a road (n = 17) it was 347.89 m;
and in unsuitable habitat (n = 10) it was 948.41 m.
The movements of pygmy rabbits that failed to home (n = 43) were further used to
investigate the correlation in the distance from the release site that individuals settled as a
function of the big sagebrush cover and patch metrics with multiple linear regression
(Proc Reg, SAS Institute Inc., Cary, NC, USA). Model selection was performed using
Akaike Information Criteria corrected for small sample sizes (AICc) in order to select the
most parsimonious model. The top linear model included the percent of the landscape
composed of the single largest patch of sagebrush (LPI). This model accounted for 9% of
the AICc weights and was 2.57 times more likely than the null model of no effect. There
was support for an 18.44 m (β̂ = 18.44, SE = 9.12, 95% CI:-36.85 to -0.03) decrease in
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the final distance from release for every one percent increase in the amount of the
landscape composed of the singe largest big sagebrush patch. The second best model was
the percent of the landscape classified as big sagebrush (PLand). This model accounted
for 7% of the total AICc weights. The regression equation for this model was: Distance
(m) = 858.32 – 9.5(PLand). There was also some support for this variable given the slight
overlap with zero of the 95% confidence interval (β̂ = -9.5, SE = 5.01, 95% CI: -19.69 to
0.69).
Nearly all (n = 40) individuals had telemetry locations that were farther (x̄ = 675.6 m,
SE = 87.0) from their release sites than were their final settlement locations. The distance
of these telemetry locations ranged from 23 – 3,501 m from the release sites. The
difference in the distance between the farthest telemetry locations and final settlement
locations of individuals ranged from 2 – 675 m (x̄ = 151 m, SE = 27). There were 28
individuals located at a distance ≥ 500 m from their release sites, but 10 of these
individuals ultimately moved back and resettled within ≤ 500 m (Appendix N). One
individual moved > 500 m but eventually returned and settled within 6 m from its release
site. The longest movement of an individual from a release site was 3,501 m, but this
individual ultimately settled 2,827 m away from its release site.
The difference between the big sagebrush cover and patch dynamics around the
original capture sites and final settlement areas of pygmy rabbits (n = 42) was
investigated through a multivariate analysis of variance (MANOVA) (Proc GLM, SAS
Institute Inc., Cary, NC, USA). The results of the MANOVA test indicated that there was
strong evidence for an effect of site between the eight landscape metrics examined.
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Paired t-tests indicated that there was strong support for a difference between patch
aggregation index, patch cohesion index, the big sagebrush patch density per hectare, the
percent of the landscape composed of the single largest patch, and the area weighted
mean proximity index. My results indicated that translocated pygmy rabbits selected
settlement sites that, on average, had greater cover of big sagebrush; fewer, but larger
patches of big sagebrush; and greater connectivity between those patches than were
present at their capture sites.

Management Recommendations
Minimizing anthropogenic impacts that destroy, degrade, and fragment sagesteppe habitat should be of primary concern in the effort to conserve pygmy rabbits.
Translocations are often expensive, physically time consuming, and prone to failure
(Griffith et al 1989). As such, translocations of wild pygmy rabbits should be considered
an alternative only after other viable options have been pursued. Candidate release sites
for translocated pygmy rabbits should have large areas of adequate big sagebrush cover
and deep, friable soils suitable for burrowing. Furthermore, they should have recent
evidence of pygmy rabbit inhabitation with either existing populations or uninhabited
burrow systems. Using the available literature on habitat selection of pygmy rabbit to
make informed choices about release sites will benefit future translocation projects.
Pygmy rabbits are capable of subsisting on a diet of up to 99% big sagebrush
(White et. al. 1982), and if release sites are chosen properly, forage availability should be
of relatively little concern during any season. However, every season has potential
deficiencies, and the timing of translocation projects should receive considerable
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attention during the planning stage. The breeding season of pygmy rabbits extends
from late February through early June (Elias et al. 2006), and translocations during this
time may disrupt mating behavior. In addition, the effects of stress during translocation
on pregnant females are unknown. Translocations in the spring and fall may be
complicated by peaks in pygmy rabbit mortality associated with raptor migrations and
breeding periods of terrestrial predators (Sanchez 2007, Crawford 2008). Winter
translocations may encounter severe weather events, and anecdotal evidence suggests that
coyotes and weasels become slightly more efficient at detecting pygmy rabbits
immediately after fresh snow events when inhabited areas become visually obvious, and
their olfactory senses are facilitated by the increase in air moisture (Müller-Schwarze
2006). Annual survival rates are naturally low for both wild (Wilde 1978, Weiss and
Verts 1984, Burak 2006, Sanchez 2007, Crawford 2008) and captive (Zoeli et al. 2008)
pygmy rabbits, and the translocation of post breeding individuals in the summer may
result in low numbers of available breeders during the following breeding season (Westra
2004). Given the lack of an ideal translocation season, timing should be tailored to meet
specific management goals, source population numbers, regional climate patterns, and
predator ecology.
Monitoring of released individuals is an important aspect of any translocation
project as it creates an opportunity to learn from mistakes, adapt techniques, and provides
a foundation for better management choices in the future. Monitoring through radio
tracking should be used to document survival, reproduction and movements of
translocated rabbits. The development and use of global positioning system (GPS) collars
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would greatly benefit our understanding of fine scale pygmy rabbit movements and
activity patterns. Lastly, the ear tags used in this study worked well as a secondary
marking. All ear tags were retained, and with the exception of one minor infection, did
not appear to have negative physical impact on the rabbits.
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Appendix A. Level III Ecoregions of Oregon digitized from 1:250,000 scale base
maps. The GIS data layers were prepared by The Oregon Natural Heritage Program
following Environmental Protection Agency (EPA) guide lines. Available from the
following geospatial data library website:
http://www.oregon.gov/DAS/EISPD/GEO/alphalist.shtml.
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Appendix B. Daily vehicle use log recorded for the Corn Lake road from August 29 to
October 24, 2008 using a TRAFx Vehicle Counter (TRAFx Research Ltd., Canmore,
Alberta, Canada).

Date

Number of
Vehicles

Date

Number of
Vehicles

8/29/08
8/30/08
8/31/08
9/1/08
9/2/08
9/5/08
9/6/08
9/7/08
9/8/08
9/9/08
9/10/08
9/11/08
9/12/08
9/13/08
9/14/08
9/18/08
9/19/08
9/20/08
9/21/08
9/22/08
9/23/08
9/24/08
9/25/08
9/26/08

18
9
8
5
10
22
15
3
20
16
10
14
13
17
4
11
8
9
11
4
6
6
9
8

9/27/08
9/28/08
9/29/08
9/30/08
10/1/08
10/2/08
10/5/08
10/6/08
10/7/08
10/8/08
10/9/08
10/10/08
10/11/08
10/12/08
10/13/08
10/14/08
10/15/08
10/18/08
10/19/08
10/20/08
10/21/08
10/22/08
10/23/08
10/24/08

6
15
12
19
14
26
6
7
18
12
8
11
15
3
2
8
9
11
5
6
5
11
6
3
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Appendix C. Daily vehicle use log recorded for the Hogback road from August 29 to
October 24, 2008 using a TRAFx Vehicle Counter (TRAFx Research Ltd., Canmore,
Alberta, Canada).

Date

Number of
Vehicles

8/29/08
8/30/08
8/31/08
9/1/08
9/4/08
9/5/08
9/6/08
9/7/08
9/8/08
9/9/08
9/10/08
9/11/08
9/13/08
9/14/08
9/18/08
9/19/08
9/20/08
9/21/08
9/22/08
9/23/08
9/24/08

18
20
11
18
18
19
40
17
19
25
26
23
21
17
15
24
12
19
13
11
15

Date

Number of
Vehicles

9/25/08
9/26/08
9/27/08
9/28/08
9/29/08
9/30/08
10/1/08
10/2/08
10/3/08
10/4/08
10/5/08
10/6/08
10/7/08
10/8/08
10/9/08
10/10/08
10/11/08
10/12/08
10/13/08
10/14/08

23
17
28
21
9
11
9
20
5
13
9
25
20
18
26
28
29
17
15
15
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Appendix D. Big sagebrush cover on landscapes of four translocated pygmy rabbits.
Big sagebrush cover (shaded) was classified from 1-m resolution aerial photos in ArcGIS
9.3 based color band reflectivity.

Animal FH02: Female pygmy rabbit captured on the Flint Hills Valley study site on
8/11/2008. Individual was translocated 1.08 km from the capture burrow across
continuous big sagebrush cover.
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HG10: Male pygmy rabbit captured on the Hogback Road study site on 10/10/2008.
Individual was translocated 1.04 km from the capture burrow across continuous big
sagebrush cover with a linear landscape disturbance.
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WG02: Male pygmy rabbit captured on the West Gulch Burned site on 11/6/2008.
Individual was translocated 1.03 km from the capture burrow across fragmented big
sagebrush cover.
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DX05: Female pygmy rabbit captured on the Dixon Waterhole study site on 11/1/2008.
Individual was translocated 1.1 km from the capture burrow across fragmented big
sagebrush cover.
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Appendix E. Descriptions of landscape metrics modified from FRAGSTATS spatial
analysis software documentation help file and website:
http://www.umass.edu/landeco/research/fragstats/documents/fragstats_documents.html
Largest Patch Index (LPI)
area (m2) of patch ij
total landscape area (m2)

aij =
A=

Description

LPI equals the area (m2) of the largest patch of the corresponding patch type
divided by total landscape area (m2), multiplied by 100 (to convert to a
percentage); in other words, LPI equals the percentage of the landscape
comprised by the largest patch. Note, total landscape area (A) includes any
internal background present.

Units

Percent

Percentage of Landscape (PLand)
Pi =
aij =
A=

proportion of the landscape occupied by patch
type (class) i
area (m2) of patch ij
total landscape area (m2)

Description

PLAND equals the sum of the areas (m2) of all patches of the corresponding
patch type, divided by total landscape area (m2), multiplied by 100 (to convert
to a percentage); in other words, PLAND equals the percentage the landscape
comprised of the corresponding patch type.

Units

Percent

Patch Density (PD/100)
ni =
A=

number of patches in the landscape of patch type
(class) i
total landscape area (m2)

Description

PD equals the number of patches of the corresponding patch type divided by
total landscape area (m2), multiplied by 10,000.

Units

Number per hectare
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Area Weighted Mean Proximity Index (Prox_AM)
aijg = area (m2) of patch ijg within specified neighborhood
(m) of patch ij
hijg = distance (m) between patch ijg and patch ijg, based on
patch edge-to-edge distance, computed from cell
center to cell center
Xij = patch metric value (i.e. Proximity Index value)
aij = area (m2) of patch ij
Description

PROX equals the sum of patch area (m2) divided by the nearest edge-to-edge
distance squared (m2) between the patch and the focal patch of all patches of
the corresponding patch type whose edges are within a specified distance (m)
of the focal patch. Note, when the search buffer extends beyond the landscape
boundary, only patches contained within the landscape are considered in the
computations. In addition, note that the edge-to-edge distances are from cell
center to cell center. Area-weighted mean (AM) is defined as the patch area
divided by the total area of that habitat type multiplied by the proportional
abundance of the patch metric

Units

None

Patch Cohesion Index (Cohesion)
pij = perimeter of patch ij in
terms of number of cell
surfaces
aij = area of patch ij in terms
of number of cells
A = total number of cells in
the landscape
Description

COHESION equals 1 minus the sum of patch perimeter (in terms of number
of cell surfaces) divided by the sum of patch perimeter times the square root
of patch area (in terms of number of cells) for patches of the corresponding
patch type, divided by 1 minus 1 over the square root of the total number of
cells in the landscape, multiplied by 100 to convert to a percentage. Note,
total landscape area (A) excludes any internal background present.

Units

None
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Connectance Index (Connectance)
cijk = joining between patch j and k (0 = unjoined, 1
= joined) of the corresponding patch type (i),
based on a user specified threshold distance
ni = number of patches in the landscape of the
corresponding patch type (class)
Description CONNECT equals the number of functional joinings between all patches of
the corresponding patch type (sum of cijk where cijk = 0 if patch j and k are not
within the specified distance of each other and cijk = 1 if patch j and k are
within the specified distance), divided by the total number of possible joinings
between all patches of the corresponding patch type, multiplied by 100 to
convert to a percentage.
Units

Percent

Clumpiness Index (Clumpiness)
gii = number of like adjacencies
(joins) between pixels of
patch type (class) i based
on the double-count
method
gik = number of adjacencies
(joins) between pixels of
patch types (classes) i and
k based on the doublecount method
min-ei = minimum perimeter (in
number of cell surfaces)
of patch type (class) i for a
maximally clumped class.
Pi = proportion of the landscape
occupied by patch type
(class) i
Description CLUMPY equals the proportional deviation of the proportion of like
adjacencies involving the corresponding class from that expected under a
spatially random distribution. If the proportion of like adjacencies (Gi) is less
than the proportion of the landscape comprised of the focal class (Pi) and Pi <
0.5, then CLUMPY equals Gi minus Pi, divided by Pi; else, CLUMPY equals
Gi minus Pi, divided by 1 minus Pi.
Units

None
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Aggregation Index (AI)
gii =
max-gii =

number of like adjacencies (joins) between
pixels of patch type (class) i based on the
single-count method
maximum number of like adjacencies
(joins) between pixels of patch type
(class) i (see below) based on the singlecount method

Description

AI equals the number of like adjacencies involving the corresponding class,
divided by the maximum possible number of like adjacencies involving the
corresponding class, which is achieved when the class is maximally clumped
into a single, compact patch; multiplied by 100 (to convert to a percentage). If
ai is the area of class i (in terms of number of cells) and n is the side of a
largest integer square smaller than ai, and m = ai - n2, then the largest number
of shared edges for class i, max-gii will take one of the three forms:
max-gii = 2n(n-1) , when m = 0, or
max-gii = 2n(n-1) + 2m -1, when m ≤ n, or
max-gii = 2n(n-1) + 2m -2, when m > n.

Units

Percent
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Distribution of Big Sagebrush Patch Sizes
55
Suitable

50

Road

45

Unsuitable

Mean Percent

40
35
30
25
20
15
10
5
0
1

2 - 10

11-50

51 +

Patch Size (m 2)

Appendix F. Distribution of big sagebrush patch sizes in three habitat categories pygmy
rabbits were transported across during a study using homing tendency to assess barriers
to dispersal, and the movements and settlement site selection after experimental
translocations in southeastern Oregon, 2008. Patch sizes were calculated from 1-m
resolution aerial photographs using ArcGIS 9.3 and FRAGSTATS spatial analysis
computer programs.

100

Percent

1.

Number of Patches

2.

Appendix G. Box and whisker plots for eight landscape metricsa calculated for three
categories of big sagebrush habitat that pygmy rabbits were transported across during a
study using homing tendency to assess barriers to dispersal, and the movements and
settlement site selection after experimental translocation in southeastern Oregon.
Landscape metrics were calculated from 1-m. resolution aerial photos using ArcGIS 9.3
and FRAGSTATS spatial analysis computer programs.
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Appendix G. continued
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Appendix G. continued
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Appendix G. continued

Percent

7.

8.

a

Landscape metric definitions: 1 Percent of the landscape that was classified as big sage,
Number of big sage patches per hectare, 3 Percent of the landscape composed of the single
largest patch of big sage, 4 Proportional deviation of the proportion of big sage adjacencies from
that expected under a spatially random distribution, 5 Number of functional joinings between all
patches of the big sage within a 100 meter distance criterion, 6 Physical connectedness of
corresponding big sage patches, 7 Frequency with which different pairs of big sage patches appear
side-by-side within the classified habitat circles, 8 Area weighted mean number of big sage brush
patches with edges within a 50 meter search radius a focal big sage patch.
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Appendix H. Mean and 95% confidence intervals of eight landscape metrics
calculated for each landscape category. Landscape metrics were calculated from 1-m
resolution aerial photographs using ArcGIS and FRAGSTATS spatial pattern analysis
computer programs.
Habitat

Lower

Upper

Mean

95% CL

95% CL

19
21
19

39.56
41.85
16.42

35.62
36.63
11.98

43.49
47.07
20.85

Suitable
Road
Unsuitable

19
21
19

144.59
149.16
123.02

131.42
126.39
108.07

157.75
171.93
137.97

Suitable
Road
Unsuitable

19
21
19

15.78
17.64
3.85

13.09
14.12
1.87

18.47
21.15
5.83

Suitable
Road
Unsuitable

19
21
19

0.59
0.58
0.58

0.58
0.56
0.52

0.61
0.59
0.63

Suitable
Road
Unsuitable

19
21
19

2.07
3.26
3.19

1.21
3.04
3

2.92
3.48
3.38

Suitable
Road
Unsuitable

19
21
19

99.41
99.17
90.03

99.28
98.73
83.89

99.55
99.62
96.17

Aggregation Index7

Suitable
Road
Unsuitable

19
21
19

75.42
75.48
63.57

73.52
73.26
56.73

77.33
77.69
70.4

Proximity(Area Weighted Mean) 8

Suitable
Road
Unsuitable

19
21
19

8518
7963.7
1071.1

7326.3
5450.5
516.44

9709.73
10477
1625.84

a

b

Landscape Metric

1

% Land Classified big sage

2

Patch Density/1ha

Largest Patch Index

Clumpiness Index

4

Connectance Index

Cohesion Index

a

3

5

6

Category

n

c

Suitable
Road
Unsuitable

Landscape metric definitions: 1 Percent of the landscape that was classified as big sage, 2 Number of big
sage patches per hectare, 3 Percent of the landscape composed of the single largest patch of big sage,
4
Proportional deviation of the proportion of big sage adjacencies from that expected under a spatially
random distribution, 5 Number of functional joinings between all patches of the big sage within a 100 meter
distance criterion, 6 Physical connectedness of corresponding big sage patches, 7 Frequency with which
different pairs of big sage patches appear side-by-side within the classified habitat circles, 8 Area weighted
mean number of big sage brush patches with edges within a 50 meter search radius a focal big sage patch.
b
Landscape classification of the region between capture and release sites.
c
Number of landscape extent circles.
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Appendix I. Example photo of the trap placement and camouflage techniques used to
capture pygmy rabbits.
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Appendix J. Flow chart of the handling procedure for pygmy rabbits captured during a
study using homing tendency to assess potential barriers to dispersal, and the movements
and settlement site selection of pygmy rabbits after experimental translocations in
southeastern Oregon, 2008.

107
Appendix K. Displacement distances of experimentally translocated pygmy rabbits
during a study on their homing behavior, movements and settlement site selection in
southeastern Oregon.
ID

Sex

Distance
(km)

FH01
FH02
FH03
FH05
FH06
FH07
FH08
FH09
FH10
FH19
LG01
LG02
LG03
LG04
WG11
WG12
WGS01
WGS02
WGS03
DX01
DX02
DX03
DX04
DX05
DX06
NF01
NF02
NF03
WG01
WG02

F
F
M
M
M
F
M
M
M
F
M
F
M
F
M
M
M
M
F
M
M
F
M
F
F
M
M
M
F
M

1.18
1.08
1.66
1.62
1.8
1.68
1.59
1.8
1.15
1.15
1.01
1.04
1.02
1.08
1.0
1.03
1.01
1.02
1.04
1.05
1.04
1.08
0.99
1.1
1.04
1.09
1.03
1.07
1.12
1.03

ID

Sex

Distance
(km)

WG03
WG04
WG05
WG06
WG07
WG08
WG09
WG10
FH11
FH12
FH13
FH14
FH15
FH16
FH17
FH18
FH20
FH21
FH22
HG01
HG02
HG03
HG04
HG05
HG06
HG07
HG08
HG09
HG10

M
F
M
F
M
F
M
M
M
M
F
F
F
M
M
F
M
M
M
F
M
M
M
M
F
M
M
F
M

1.02
1.03
1.04
1.08
1.0
1.05
1.05
1.1
1.12
1.07
1.06
1.14
1.1
1.08
1.12
1.08
1.1
1.19
1.04
1.16
1.12
1.03
1.01
1.01
1.05
1.05
1.4
1.08
1.04

Animal HG02: Male pygmy rabbit translocated 1.12 km across the Hogback Road on 9/22/2008. Individual ultimately settled
870 m. away from the original capture burrow. Capture site had 30% of the area classified as big sagebrush, and the single
largest patch made up 6% of the landscape. Settlement site had 20% of the area classified as big sagebrush, and the largest
single patch made up 1% of the landscape.

Appendix L. Big sagebrush cover (shaded area) of the capture and settlement sites for a pygmy rabbit transported during a
study using homing tendency to assess barriers to dispersal and the movements and settlement site selection after experimental
translocation in southeastern Oregon from June – December 2008. Cover was classified from 1-m resolution aerial photos in
ArcGIS 9.3.

108

3.2 km

Animal WG03: Male pygmy rabbit translocated 1.02 km across the West Gulch burn on 11/06/2008. Individual ultimately
settled 3.2 km away from the original capture burrow. Capture site had 34% of the area classified as big sagebrush, and the
single largest patch made up 13% of the landscape. Settlement site had 36% of the area classified as big sagebrush, and the
largest single patch made up 12% of the landscape.

Appendix L (Continued)
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Appendix M. Complete AICc model selection results (n = 41) for a multiple linear
regression analysis on the final distances from release sites moved by pygmy rabbits as a
function of big sagebrush habitat covariates after translocation in southeastern Oregon,
2008.
Modela
LPI
PLAND
PLAND AI
PROX_AM
PLAND CLUMPY
LPI CLUMPY
LPI AI
.
LPI PD/100
LPI PD/100 AI
PLAND PD/100 AI
PLAND CLUMPY AI
LPI PROX_AM
PLAND LPI
LPI PD/100 CLUMPY
PLAND PD/100
PLAND PROX_AM
PD/100
PLAND PD/100 CLUMPY
AI PROX_AM
PLAND LPI AI
PLAND AI PROX_AM
AI
PLAND LPI CLUMPY
PLAND CLUMPY PROX_AM
CLUMPY
LPI CLUMPY PROX_AM
LPI CLUMPY AI
PLAND PD/100 LPI
LPI AI PROX_AM
PD/100 CLUMPY AI
PD/100
LPI PD/100 PROX_AM
PD/100 CLUMPY PROX_AM
CLUMPY AI PROX_AM

AICc
537.85
538.38
538.74
538.82
539.24
539.36
539.44
539.74
539.51
539.90
539.98
539.99
540.17
540.17
540.21
540.51
540.58
540.64
540.80
541.07
541.08
541.14
541.15
541.55
541.65
541.78
541.78
541.79
541.85
541.87
541.90
541.90
541.93
542.24
542.47

∆AICc

AICc
Wt

Model
Likelihood

k

0.00
0.53
0.88
0.96
1.38
1.50
1.58
1.89
1.65
2.04
2.12
2.14
2.31
2.31
2.35
2.66
2.73
2.79
2.95
3.21
3.23
3.29
3.30
3.70
3.80
3.93
3.93
3.94
3.99
4.02
4.04
4.05
4.08
4.39
4.62

0.09
0.07
0.06
0.06
0.05
0.04
0.04
0.04
0.04
0.03
0.03
0.03
0.03
0.03
0.03
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01

1.00
0.77
0.64
0.62
0.50
0.47
0.45
0.39
0.44
0.36
0.35
0.34
0.31
0.31
0.31
0.26
0.26
0.25
0.23
0.20
0.20
0.19
0.19
0.16
0.15
0.14
0.14
0.14
0.14
0.13
0.13
0.13
0.13
0.11
0.10

2
2
3
2
3
3
3
1
3
4
4
4
3
3
4
3
3
3
4
3
4
4
2
4
4
2
4
4
4
4
4
2
4
4
4
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PLAND LPI PROX_AM
PLAND PD/100 PROX_AM
PD/100 AI PROX_AM
PD/100 AI
PD/100 CLUMPY
PLAND LPI PD/100 CLUMPY AI PROX_AM

542.60
542.70
542.78
543.45
543.98
544.60

4.75
4.85
4.93
5.60
6.12
6.75

0.01
0.01
0.01
0.01
0.00
0.00

0.09
0.09
0.09
0.06
0.05
0.03

4
4
4
3
3
7

Big sagebrush habitat covariates were calculated from 1-m resolution aerial photographs
using ArcGIS and FRAGSTATS spatial analysis computer programs.
a
Variable descriptions: PLAND – Percent of the landscape classified as big sagebrush,
PD/100 – Patch density per hectare, LPI – Largest Patch Index, CLUMPY – Clumpiness
Index, AI – Aggregation Index, PROX_AM – Area weighted mean proximity index
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Appendix N. The final and farthest distances that pygmy rabbits moved from their release
sites after experimental translocation in southeastern Oregon from June – December
2008. Shaded section represents individuals that were located farther than 0.5 km away
from their release sites.

ID #

Sex

Study Site

Final Distance
From Release
Site (m)

WG03
NF01
WG07
WG02
WGS03
DX03
WGS01
WG01
WG06
HG07
FH08
FH17
HG05
FH10
FH11
FH12
FH03
HG10
FH16
FH06
FH07
LG01
FH15
FH05
DX02
HG01
WG12
FH22

♂
♂
♂
♂
♀
♀
♂
♀
♀
♂
♂
♂
♂
♂
♂
♂
♂
♂
♂
♂
♀
♂
♀
♂
♂
♀
♂
♂

West Gulch Burn
Nasty Flat
West Gulch Burn
West Gulch Burn
West Gulch Unburned
Dixon
West Gulch Unburned
West Gulch Burn
West Gulch Burn
Hogback Road
Flint Hills Valley
Corn Lake Road
Hogback Road
Flint Hills Valley
Corn Lake Road
Corn Lake Road
Flint Hills Valley
Hogback Road
Corn Lake Road
Flint Hills Valley
Flint Hills Valley
Lone Grave Mountain
Corn Lake Road
Flint Hills Valley
Dixon
Hogback Road
West Gulch Unburned
Corn Lake Road

2827
1996
1576
1102
764
381
771
926
928
895
855
339
794
456
653
322
614
625
627
579
416
575
372
160
514
6
430
128

Animal

Farthest Telemetry
Location from
Release Site (m)
3501
1999
1594
1284
1046
965
949
938
933
921
889
829
794
784
780
664
659
642
627
589
589
578
566
560
532
511
504
503
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Appendix N. continued
FH18
FH21
FH20
DX05
FH01
HG08
FH19
FH13
HG02
FH14
LG03
FH02
LG04
WG11
NF03
HG09
NF02

♀
♂
♂
♀
♀
♂
♀
♀
♂
♀
♂
♀
♀
♂
♂
♀
♂

Corn Lake Road
Corn Lake Road
Corn Lake Road
Dixon
Flint Hills Valley
Hogback Road
Flint Hills Valley
Corn Lake Road
Hogback Road
Corn Lake Road
Lone Grave Mountain
Flint Hills Valley
Lone Grave Mountain
West Gulch Unburned
Nasty Flat
Hogback Road
Nasty Flat

233
304
374
235
300
393
228
272
248
172
284
276
233
232
100
52
2

485
476
457
450
415
393
390
390
363
329
297
296
287
247
132
98
22

0.928
<.0001
-0.106
0.498
0.360
0.018
0.078
0.621
0.719
<.0001
0.854
<.0001
0.846
<.0001

LPI
-0.270
0.080
0.217
0.162
0.212
0.172
0.592
<.0001
0.730
<.0001
0.866
<.0001

0.928
<.0001
1.000

LPI

0.292
0.058
-0.507
0.001
0.344
0.024
0.114
0.465
-0.254
0.101

-0.106
0.498
-0.270
0.080
1.000

PD/100

-0.283
0.066
0.794
<.0001
0.787
<.0001
0.109
0.487

0.360
0.018
0.217
0.162
0.292
0.058
1.000

-0.223
0.151
-0.108
0.491
-0.122
0.438

0.078
0.621
0.212
0.172
-0.507
0.001
-0.283
0.066
1.000

0.934
<.0001
0.509
0.001

0.719
<.0001
0.592
<.0001
0.344
0.024
0.794
<.0001
-0.223
0.151
1.000

CLUMPY CONNECT COHESION

0.622
<.0001

0.854
<.0001
0.730
<.0001
0.114
0.465
0.787
<.0001
-0.108
0.491
0.934
<.0001
1.000

AI

0.846
<.0001
0.866
<.0001
-0.254
0.101
0.109
0.487
-0.122
0.438
0.509
0.001
0.622
<.0001
1.000

PROX_AM

Top number equals the Pearson Correlation coefficient between the two variables. Bottom number equals the p-value under
H0: ρ = 0. Variable descriptions: PLAND – Percent of the landscape classified as big sagebrush, PD/100 – Patch density per
hectare, LPI – Largest Patch Index, CLUMPY – Clumpiness Index, AI – Aggregation Index, PROX_AM – Area weighted
mean proximity index

PROX_AM

AI

COHESION

CONNECT

CLUMPY

PD/100

1.000

PLAND

PLAND

Appendix O. Correlation matrix of landscape metrics used to describe the habitat of forty-three pygmy rabbits transported
during a study using homing tendency to assess barriers to dispersal, and the movements and settlement site selection in
southeastern Oregon, 2008. Landscape metrics calculated from 1-m resolution aerial photographs using ArcGIS and
FRAGSTATS spatial analysis programs.
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Appendix P. Landscape metrics of capture and settlement sites for pygmy rabbits
translocated in southeastern Oregon, 2008. Landscape metrics calculated from 1-m
resolution aerial photographs using ArcGIS and FRAGSTATS spatial pattern analysis
computer programs.ArcGIS and FRAGSTATS spatial pattern analysis computer
programs.
Sitea

Nb

Capture
Settlement
Capture
Settlement
Capture
Settlement
Capture
Settlement
Capture
Settlement
Capture
Settlement
Capture
Settlement
Capture
Settlement

42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42

Landscape Metricc
% LAND AS BIG SAGEBRUSH1
% LAND AS BIG SAGEBRUSH
PATCH DENSITY/ ha2
PATCH DENSITY/ ha
LARGEST PATCH INDEX3
LARGEST PATCH INDEX
CLUMPINESS INDEX4
CLUMPINESS INDEX
CONNECTANCE INDEX5
CONNECTANCE INDEX
COHESION INDEX6
COHESION INDEX
AGGREGATION INDEX7
AGGREGATION INDEX
AWT PROXIMITY INDEX8
AWT PROXIMITY INDEX

Mean

Std
Dev

Max

Min

30.92
37.01
192.23
140.48
13.26
22.55
0.50
0.51
59.92
63.07
88.04
92.36
64.28
68.65
128.99
282.96

17.37
17.23
84.16
68.60
19.58
19.02
0.10
0.12
5.26
5.81
10.94
14.14
13.65
14.28
164.18
254.56

71.23
63.60
322.18
290.60
65.63
59.96
0.78
0.74
71.56
82.01
99.72
99.77
91.92
87.58
912.55
894.18

2.77
0.76
34.10
43.65
0.18
0.02
0.33
0.11
50.20
50.88
60.91
17.01
41.33
11.69
2.53
0.41

a

Sites designated by a 100-meter radius circle around the UTM of original capture and final
location of pygmy rabbits.

b

Number of sites – Individuals that failed to home and survived > 14 days in the same
area.
c
Landscape metric definitions: 1 Percent of the landscape classified as big sagebrush, 2
Number of big sage patches per hectare, 3 Percent of the landscape composed of the
single largest patch of big sage, 4 Proportional deviation of the proportion of big sage
adjacencies from that expected under a spatially random distribution, 5 Number of
functional joinings between all patches of the big sage within a 100 meter distance
criterion, 6 Physical connectedness of corresponding big sage patches, 7 Frequency with
which different pairs of big sage patches appear side-by-side within the classified habitat
circles, 8 Area weighted mean number of big sagebrush patches with edges within a 50
meter search radius a focal big sage patch.

