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INTRODUCTION

Oceanic insular ecosystems are particularly sensitive to anthropogenic disturbances. Of these
human impacts, introductions of highly adaptable grazing animals to islands can have a variety of
effects on native species composition and community structure. Globally, the European rabbit
(Oryctolagus cuniculus; hereafter “rabbit”) is one of the most widely-introduced mammals to islands —
the species has become established on more than 800 islands throughout the world (Flux and
Fullagar 1992). Introductions of rabbits frequently succeed in establishing permanent populations
because they adapt well to a range of conditions, including harsh island environments (Flux 1993,
Smith and Quin 1996). Their capacity to rapidly increase population size can result in dramatic
changes in vegetation composition, structure and standing biomass (Norman 1967, Donlan et al.
2002). Because of these changes, rabbits are thought to be responsible for the decline or extinction
of several reptile and bird species throughout the world (Courchamp et al. 2000).

Quantitative assessments of rabbit impacts on island bird species in general, and seabirds in
particular, are few. Rabbits alter seabird habitat by their direct effects on vegetation cover and by
accelerating or causing erosion (Copson and Whinam 1998, Bergstrom et al. 2006, Scott et al. 2007).
Rabbits also cause direct behavioral interference by competing with burrowing seabirds for space,
especially in areas with deeper soils (Imber et al. 2000, Bried et al. 2009) resulting in lower burrow
nesting density (Vigfusdottir 2007, Brodier et al. 2011). After rabbit removal, the vegetation is likely
to recover rapidly (Copson and Whinam 1998, Bergstrom et al. 2006) and burrow nesting seabird
density has increased markedly (Hodum 2007, Brodier et al. 2011).

Beyond direct impacts such as competition, rabbits may also contribute to indirect effects, including
the hyper-predation process. This process can arise when a prey species well adapted to high
predation pressure, like the European rabbit, is introduced to an island, thereby resulting in an
increase in predator populations and, in turn, elevated predator densities and the extinction of
endemic prey species (Smith and Quin 1996, Courchamp et al. 2000 but see Brodier et al. 2011). In
the California Channel Islands, the introduction of a prey species has led to “wholesale restructuring
of an island food web” (Roemer et al. 2002).

PROBLEM STATEMENT AND NEED

On Destruction Island, rabbits were introduced in the 1970s and successfully established a viable
population. Since that time, the island’s Rhinoceros Auklet (Cerorbinca monocerata, hereafter “auklet”)
has declined by more than 50% while other large populations in the region increased dramatically
during this same time period (Pearson et al. 2011). This population decline has occurred with no
measurable change in auklet reproductive success or diet quality and quantity between these time
periods (Pearson et al. in prep), suggesting that food resources are not limiting. The rabbit
population in the early- to mid-1970s was kept low by active efforts to remove the rabbits, but these



efforts were subsequently discontinued (L. Leschner pers. comm.). Because the rabbit population
was relatively small in the 1970s, it likely had less impact on local seabirds.

Given the timing of the establishment of the rabbit population on the island, it is very possible that
rabbits have contributed to the decline in the Destruction Island breeding population. We have
documented clear spatial overlap between rabbits including: (1) rabbits foraging in auklet colonies
and around butrows, and (2) rabbit wallow/warren/shelters and droppings present throughout
auklet colonies. The vegetation structure and composition on the island’s seabird habitat appears to
be altered. In the past, the grassy slopes were dominated by native perennial grasses (Leschner
1976) but now appear to be composed primarily of non-native perennial and annual grasses that are
very short in stature due to rabbit grazing (Pearson et al. 2011). Auklet burrow density on the island
is positively correlated with slope and with presence of perennial grasses (Pearson et al. 2011), and
perennial grass is negatively correlated with abundance of annual grasses (Pearson et al. 2011). Thus,
the grazing activity of rabbits may be facilitating the colonization and expansion of non-native
annual grasses on the island, with a consequent impact on auklet burrow densities.

Erosion and land slipping caused by rabbit grazing may also be having negative effects on the
auklets and some of the island’s other seabirds. We noted considerable land slipping on the grass-
dominated steep slopes where rabbits spend most of their time foraging and where auklet nesting
density was historically the highest. The land slipping has removed the soil needed for auklets to
create new burrows (see Figure 1).

Figure 1. Comparison of rabbit free (left) and rabbit occupied (right) habitat on Destruction Island
in 2011. Note the heavily grazed grasses, considerable slope slipping, and the loss of soil needed for
burrowing by seabirds in the right photograph.

Rabbits may also be maintaining unusually large predator populations on the island, resulting in
hyper-predation pressure on all of the island’s seabirds by Bald Eagles (Haliacetus lencocephalus) and,
presumably, Great Horned Owls (Bubo virginianus). We have counted as many as 20 Bald Eagles
during a single visit to the 10 acre island during the prime seabird nesting season, observed eagles
attempting to capture rabbits and documented considerable evidence of owl predation on rabbits.
We know that on Protection Island, Washington, Great Horned Owls can exploit Rhinoceros
Auklets as their primary food source (Hayward et al. 1993), that auklet skeletal parts were the most



common prey remains found beneath a Bald Eagle nest, and that eagles regularly eat chicks of
Glaucous-winged Gulls (Larus glaucescens) and other seabirds (Hayward et al. 1993, 2010).

PROJECT PROPOSAL

We propose to use funds from the Oil Spill Liability Trust Fund to remove European rabbits from
Destruction Island to benefit several seabird species killed by the Mystery Oil Spill and to restore
habitat as needed after rabbit removal. We propose the following objectives:

1) Remove rabbits from Destruction Island (separate contract)

2) Directly evaluate auklet-rabbit interactions prior to rabbit removal.

3) Evaluate seabird habitat conditions before and after rabbit removal.

4) Quantify Rhinoceros Auklet, Leach’s Storm-petrel (Oceanodroma lencorhoa), Brandt’s
Cormorant (Phalacrocorax penicillatus), Tufted Puftin (Fratercula cirrbata), and Glaucous-winged
Gull (Larus glancescens) populations before and after rabbit removal to assess seabird
response. All of these species were killed by the Mystery Oil Spill.

5) Install nest boxes to benefit Rhinoceros Auklets in areas with reduced nesting density as a
result of occupancy by rabbits.

6) Restore habitat, including native vegetation, as needed.

However, to prepare the full proposal, the following additional baseline preliminary information is
needed to predict the likely benefit of rabbit remowval to each species and to develop a detailed
budget:

1) Quantify seabird population locations and numbers:

a. Rhinoceros Auklet — stratified random design following Pearson 2011. Map outer
extent perimeter of burrows using a hand held GPS

b. Leach’s Storm-petrel — number of calling adults and mapping locations where birds
are heard using GPS.

c. Brandt’s Cormorant — complete count and mapping of all nests using GPS.

d. Tufted Puffin — complete count and mapping of all nests using GPS.

e. Glaucous-winged Gull — complete count and mapping of all nests using GPS.

2) Estimate the amount of suitable habitat that is likely to be created for each seabird species as
a result of rabbit removal.

3) For the only seabird species that currently has extensive overlap with areas used by rabbits,
the Rhinoceros Auklet and Tufted Puffin, map the areas of spatial ovetlap to predict the
likely benefit to this seabird from rabbit removal.

4) Determine the locations of suitable sites for artificial auklet burrows on the island.

5) Conduct a pre-removal habitat assessment — this will provide information needed to estimate
potential costs associated with habitat restoration

a. Identify and map areas likely to require restoration
b. Develop a species list of the plants needed for restoration using rabbit-free areas as
reference sites.



BUDGET

The following budget includes salary, field time, equipment, boat operation expenses needed to
gather the additional information needed to write the full proposal and itemized in #1-5 above.

Salaries
Scott (2 months) $12,514
Peter (2 months) $12,514
Student (2 months) $3,500
Benefits
Combined $7,128
Equipment
GPS units $2,000
Misc. supplies $1,000
Travel
Boat and vehicles (expenses) $2,500
Travel per diem $1,000
Indirect

30% $18,066
Totals $54,807
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Appendix I. Detailed Methods

Assess the spatial overlap of rabbits and anklets— We propose to determine rabbit distribution by using a
hand-held Trimble GeoXT unit to map the outer extent of areas with noticeable grazing and where
rabbit pellets are evident. Within the areas occupied by rabbits, we will map the distribution of
auklet burrows and rabbit pellet density. This will allow us to create a GIS map of the overlap
between rabbits and auklets which will define the area where we will focus our sampling to assess
seabird and vegetation response to rabbit removal. Also, by determining the area of overlap and the
loss of burrow density presumably caused by rabbits, we can then estimate the likely benefit to
auklets caused by removal.

Assess anklet burrow density, occupancy and reproductive success— We will establish 5-m diameter random
auklet monitoring plots in high, medium, low and no-rabbit use areas based on rabbit pellet density.
All plot centers will be geo-referenced using the Trimble GPS unit and marked with a reference
stake. Within these plots, we will assess auklet reproductive variables, including burrow occupancy,
hatching success, and fledging success, following Pearson et al. (2010). To assess burrow occupancy
(% burrows with eggs), we will use an infra-red camera probe (Sandpiper Technologies Peep-A-Roo
Video Probe ®) to examine all burrows in our study plots in late May or early June. We define a
burrow as any excavation that contains both a tunnel and at least one nesting chamber. Burrows
with more than one entrance are considered a single burrow unless there are two separate tunnels
and two nest chambers. Collapsed burrows will not be counted as burrows. Based on results of our
previous auklet breeding monitoring program, we define a burrow as occupied if it has an adult
and/or egg or chick present on two consecutive days during the late May or early June visit. We will
re-check all occupied burrows in mid- to late June to determine hatching success. Chick survival will
be assessed in mid-July by probing all burrows with chicks or eggs present during the second (mid-
June) island visit. Burrows with chicks or eggs during the third check will be probed a fourth and
final time in late July to early August to determine fledging success. Timing of visits will be based on
auklet reproductive phenology observed during our four years of monitoring on the island. For all
burrow checks, burrows with a questionable status will be checked a second time to assure that
status was correctly assigned during the initial assessment. We will then compare auklet burrow
occupancy, hatching success and fledging success before and after rabbit removal.

Quantify seabird populations before and after rabbit removal— The methods used will be appropriate and
specific to each species:

Rhinoceros Auklet populations — The overall population size was estimated in 2009 (See
Pearson et al. 2010). We will estimate the auklet population within the area of overlap with
rabbits using the same methods.

Leach’s Storm-petrel — The current nesting population on the island is estimated to be fewer
than 10 pairs, although a rigorous current population estimate is lacking. To estimate the
number of nesting pairs, we will count the number of vocalizing individuals by placing



observers on the island top during four nights and complete ground-based surveys to search
for burrows in areas of aerial activity.

Tufted Puffin, Brandt’s Cormorant, and Glaucous-winged Gull — We will conduct complete
counts and GPS the locations of all nests on the island.

Develop habitat restoration plan—This stand-alone restoration plan will include a literature review, an
assessment of native grass species on undisturbed portions of the island and nearby islands, and an
assessment of the damage caused by rabbits. Restoring the native grasslands of the island to pre-
rabbit conditions requires an understanding of the native plant community that would have been
present on the island before the rabbit introduction. To reconstruct this community, we will assess
the composition and structure of the detached portions of the island that have not experienced
rabbit grazing, we will examine the species composition and structure of grasslands on nearby
islands without rabbits, and we will review the literature describing the historic condition of these
habitats on the island. We will map areas of erosion in areas of heavy rabbit grazing as potential
sites for restoration activities.





