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EXECUTIVE SUMMARY

A field trial completed in November 2010 was successful in addressing several objectives identified as
important in planning for a proposed eradication of invasive house mice on the South Farallon Islands of
the Farallon National Wildlife Refuge. The results from the trial will inform the development of
eradication alternatives as well as possible non-target mitigation measures to be considered during project
planning.

Key findings of the trial were as follows:

e Mice were exceptionally abundant on the South Farallon Islands in November 2010, with over 93%
trapping success and more than 250 uniquely marked individual mice captured within a 0.25ha study
site. Mark-recapture data indicated mouse densities of up to 1297 mice per hectare, representing one
of the highest recorded population densities for anywhere in the world.

e  Mice were distributed across the island including West End but variation in density from site to site
was high. Many mice were active during the day during the fall months on the South Farallon Islands.

e Although mice in reproductive condition have been trapped year round on the South Farallon Islands,
very few mice were found to be reproductively active in November. Reduced breeding activity and
apparent food scarcity at this time of year marks this season as the best in which to undertake a mouse
eradication.

e Mice exhibited no sign of any Vkorcl alleles associated with anticoagulant resistance, confirming
there is no known genetic barrier to successful eradication if anticoagulants were to be used.

e A lg cereal bait pellet containing the fluorescent dye pyranine was readily accepted and appears to be
highly palatable to Farallon mice.

e Applying rodent bait at 18kg/ha provided four days of bait availability after an initial application.
Only one to two days of availability was achieved following a subsequent application at 18kg/ha in
one area and 9kg/ha in another. The period over which bait will be available is expected to be longer
during an operation as mouse numbers will be reduced after the first application of bait and if
consumption of bait by gulls can be minimized. Consequently, EPA label rates of 18kg/ha and 9kg/ha
specified for Brodifacoum-25D Conservation are considered sufficient to ensure that all mice have
time to consume sufficient bait to ingest a lethal dose for an eradication operation utilizing a second-
generation anticoagulant as the rodenticide.

e Following the application of rodent bait 18 kg/ha and 9kg/ha more than 96% of trapped mice showed
evidence of exposure to bait. For similar reasons as those stated above, EPA label rates of 18kg/ha
and 9kg/ha are considered sufficient for an eradication operation to ensure all mice are exposed to
bait.
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Western gulls were observed consuming rodent bait and it is concluded that individual western gulls

present on the islands during a mouse eradication would be at risk of primary and secondary

poisoning. The implementation of a hazing program is recommended to prevent western gulls from

consuming bait pellets and inhibit learnt behavior.

Consumption of rodent bait by gulls could reduce the amount of bait available to mice and hazing of
gulls is recommended to maximize the likelihood of mouse eradication success.

No exposure to pyranine (a fluorescent dye) was observed in two burrowing owls inspected during
the trial or in any of the owl fecal pellets found. However, individual burrowing owls present on the
island are still considered to be at risk because they are expected to consume poisoned mice.

The hand-broadcast of non-toxic bait pellets containing a fluorescent dye in salamander habitat on the
island found no evidence of salamander or invertebrate exposure. Camel crickets exposed in the same
way did consume trace amounts of the cereal grain pellets. However, camel crickets, because of their
physiology, are not at risk from anticoagulants such as diphacinone and brodifacoum.

Two bait station designs tested were readily used by mice and successfully excluded gulls.
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1. INTRODUCTION

The South Farallon Islands, comprised of Southeast Farallon Island (SEFI) and West End Island (WEI),
provide important habitat for seabirds and pinnipeds, and support some of the world’s largest seabird
populations including Ashy Storm-Petrel (Oceanodroma homochroa), Brandt’s Cormorant
(Phalacrocorax penicillatus) and Western Gull (Larus occidentals (Ainley and Boekelheide 1990,
Warzybok and R. 2011). House mice (Mus musculus), introduced to the South Farallon Islands sometime
during the 19" century, indirectly and possibly directly affect burrow nesting seabird populations and are
expected to be impacting other native and endemic species.

The impacts of House mice on species and ecosystems are described in Mackay (2011). As observed on
other islands around the world, introduced house mice pose a significant threat to seabird populations
(Ainley and Boekelheide 1990, Sydeman et al. 1998, Cuthbert and Hilton 2004). On the South Farallon
Islands, mice also provide a food source that supports an overwintering population of migratory
burrowing owls (a California Species of Special Concern), which in spring switch to Ashy Storm-Petrels
(Oceanodroma homochroa) as prey. Ashy Storm-Petrels are a rare species whose largest breeding colony
occurs on the South Farallon Islands (Carter et al. 2008). Other recorded impacts of mice include
predation or competition with many native and endemic reptile and invertebrate species (Newman 1994,
Ruscoe 2001).

To eliminate these impacts and allow species and ecosystem recovery, the USFWS is currently assessing
the potential for removing mice from the Refuge. A series of trials has been completed to inform planning
for a possible eradication attempt. This report documents the findings of recent trials that aimed to assess
the efficacy of eradication techniques, quantify potential risks to non-target wildlife and evaluate a
potential mitigation measure to reduce risk to non-target species.

Although a wider suite of methods is under consideration, trials focused on the use of rodent bait
containing an anticoagulant rodenticide. The application of anticoagulant rodenticides is the only method
that has been used successfully to remove mice from islands (Keitt et al. 2011, Mackay et al. 2011). Early
analysis of options for the removal of house mice identified gulls along with a number of bird species as
potential non-target species at risk from a mouse eradication (Howald et al. 2003). Although widely
distributed along the western US seaboard, the South Farallon Islands are home to the world’s largest
colony of western gulls (Ainley and Boekelheide 1990). Consumption of rodent bait poses not only a risk
to these birds but also to the operation, as gulls could consume sufficient bait to create gaps in bait
coverage. Successful eradication of mice requires all individuals within the mouse population to be
exposed to the technique (Bomford and O’Brien 1995).

Native reptiles and terrestrial mammals are absent from the Farallon Islands, but an amphibian, the
Arboreal salamander (Aneides lugubris farallonensis) occurs on Southeast Farallon Island. The species is
endemic to mainland California and Baja California where it is distributed primarily along the coast, with
populations on some offshore islands and in the Sierra Nevada foothills. The Farallon subspecies is not
considered threatened but is only found on the South Farallon Islands. Farallon salamanders are primarily
insectivorous, are not considered at risk from the application of rodent bait and are expected to benefit as
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a result of mouse eradication (Newman 1994, Baber et al. 2007). However, their endemic status warrants
additional analysis and risk to salamanders was assessed as part of our trials.

The endemic Farallon camel cricket (Farallonophilus cavernicolus) is an invertebrate and not considered
to be at risk because invertebrates are not generally susceptible to anticoagulants (Brooke et al. 2011)
because of their different physiology, and evidence (e.g. Green et al. 2011) suggests that cricket
abundance will increase on the islands once House mice are removed. A pilot census was undertaken in
accessible caves on Southeast Farallon to inform the development of baseline surveys to monitor relative
cricket abundance before and after mouse eradication.

In the event that mice are detected on the Farallon Islands after the proposed eradication, knowing the
provenance of individuals is important to verify whether the eradication failed or the island biosecurity
system was breached. For this reason, samples of mouse DNA were collected from SEFI and WEI for
long-term storage and future analysis. Genetic analysis was also undertaken to confirm the subspecies of
House mouse present, their geographic origin, and to determine if mice on the islands are resistant to
anticoagulants.

2. OBJECTIVES

e Assess mouse abundance by using mark-recapture techniques and establish protocols for tracking
seasonal changes in mouse abundance on SEFI.

e Determine the reproductive status of mice during the fall.

e Determine the persistence of the fluorescent dye pyranine in mice.

e Evaluate the palatability of proposed bait to mice and their preference for this food over natural food
sources.

e Apply a non-toxic bait product to a portion of SEFI in order to assess the availability of bait pellets
over time and the proportion of the mouse population exposed to bait pellets.

e Collect and archive samples of DNA from island mice.

e Confirm if South Farallon Islands mice are resistant to anticoagulant rodenticides.

e Assess the risk of primary or secondary rodenticide exposure to western gulls, burrowing owls and
salamanders using a non-toxic bait applied at the target application rate.

e Determine if camel crickets will eat rodent bait.

o Identify a potential method for monitoring the change in abundance of camel crickets over time.

e Determine acceptability of two bait station designs to mice.

e Confirm the effectiveness of two bait station designs to isolate gulls from bait exposure.

e Map and characterize caves to inform operational planning for a future mouse eradication attempt.
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3. METHODS

3.1 Mouse Abundance

Index of Abundance

Prior to applying rodent bait, a 45m x 45m grid of 100 traps spaced at Sm intervals was set and checked
for five consecutive nights within the intended baiting zone in order to develop an Index of Abundance
for mice (Fig. 1).

Monthly mouse trapping

Thirty three permanent mouse trapping locations were established on SEFI for conducting monthly mouse
trapping as a means of establishing a monthly index of activity throughout the year. In addition to the 28
sites previously used in USFWS mouse trapping studies conducted from 2001-2004 (Irwin 2006), five
new locations were established in the Lighthouse Hill area to obtain a more representative sample from
this habitat type. Sites were marked with white PVC, aluminum tags, and had GPS coordinates recorded

(Fig. 1).

¢ Monthly Mouse Abundance|
®  DNA Collection Point
Mouse IOA

Southeast Farallon

sland Consenvation 2010

Fig. 1. Location of the Index of Abundance trapping grid and monthly mouse trapping locations.

3.2 Mouse Reproductive Status
All mice trapped during our trials were assessed for reproductive activity, including descended testes in
males and perforate vaginas and enlarged mammae in females.
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3.3 Biomarker Persistence in Mice

To guide our interpretation of the mouse exposure field study described below, a study of captive
Farallons mice was used to determine how long pyranine persists in the gastrointestinal tract after
consumption. Pyranine fluoresces green when exposed to ultraviolet light (UV). Twelve mice were fed a
non-toxic form of Brodifacoum-25D Conservation (Bell Laboratories, Inc. Madison, WI, EPA Reg. No.
56228-37) infused with 0.2% pyranine during a six-day no choice trial undertaken on the island. Two
mice were also kept as a control.

The twelve mice were divided into three different exposure groups with four mice in each group. Two
adult males and two adult females in good condition were randomly placed in each group. On the first day
of the study, mice in Group 1 were fed an amount of non-toxic bait equivalent to half the amount of
Brodifacoum-25D Conservation required for ingestion of a LD50 (approximately 0.5 g). Mice in Group 2
were fed an amount equivalent to the LD50 (approximately 1 g) and Group 3 was fed twice the LD50
amount (approximately 2 g). Quantities were based on estimates that a mouse must eat 1-2.6% of its body
weight of 20ppm brodifacoum bait to achieve acute oral toxicity (Fisher 2005). Mice in the exposure
group were fed non-toxic pellets without pyranine on the second, third, and fourth days of the trial. All
mice were individually housed and provided with ad libitum water.

All mice were checked daily for four days for the presence of fluorescence under UV light at both the
mouth and the anus.

3.4 Bait Palatability and Preference

A two-choice food preference trial was conducted to determine consumption rates and food preferences.
The tests were conducted in a laboratory setting on-island and continued for eight days, with each mouse
housed individually. Ten adult mice were given a choice between non-toxic bait pellets with pyranine and
locally sourced natural food alternatives included coleopteran larvae and fresh local vegetation (endemic
Lasthenia maritima and invasive Hordeum murinum leporinum). The natural foods used in the trial were
selected based on a description of Farallon mouse diet by Hagen (2003). Each mouse was supplied daily
with 2.8g of bait pellets and 2.06g of the naturally occurring food items, totaling 4.86g of food per day.
Every day, the amount of each food type (natural food or bait pellet) consumed by individual mice during
the previous 24 hours was determined based on the amount of food remaining in the cage.

3.5 Rodent Bait Availability

In order to assess the bait application rates required to ensure all mice have access to a lethal dose of bait
during an eradication operation a bait availability trail was undertaken in autumn on SEFI. To provide an
indicator of a starting application rate to use in the trial non-toxic bait was initially hand broadcast at
36kg/ha over a 0.25 ha plot at North Landing (Fig. 2). Based on observations of bait disappearance from
this area, a larger 6.2 ha plot was split into two: Area A (western half) measuring 3 ha and area B (eastern
half) measuring 3.2 ha. Non-toxic rodent bait was initially hand broadcast at a density of 18 kg/ha in both
areas. Five days later, bait was hand broadcast at 18 kg/ha in Area A and 9kg/ha in Area B.

Immediately after bait had been hand broadcast, 10 bait availability monitoring transects (six in Area A
and four in Area B) of 1 m x 50 m were calibrated so they contained the number of pellets representative
of the bait application rate used in that area. Transects were then checked daily to determine the

8
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availability of bait pellets over time (Fig. 2). In an attempt to assess how the availability of pellets was
affected in the absence of gull consumption, four exclusion cages (two in each area) were established
(Fig. 2). The 2.4m x 2.4m exclusion cages were made of wood and chicken wire and allowed mice to
enter and feed on bait pellets, but prevented gulls from accessing bait. Bait pellets within exclusion cages
were counted on a daily basis.

3.6 Mouse Biomarker Exposure Rates

An indication of efficacy can be gauged by measuring exposure rates to non-toxic bait infused with
pyranine. A core trapping grid was established in both Area A and B (Fig. 2). Two traps were placed at
each point of a 2m x 2m grid across an area of 18m x 18m. On the second day following each bait
application, trapping was initiated and continued for a total of two nights. Traps were checked daily and
captured mice were assessed for exposure to pyranine. All mice testing positive for exposure were
removed from the population each day.

Immigration transect trapping was conducted concurrent with core grid trapping in both Areas A and B.
Each transect extended from the edge of the core trapping plot to at least 90 meters beyond the edge of the
baited area (Fig. 2). Two traps were placed at 10m intervals along the transect. Traps were opened
concurrently with core trapping grid traps and were checked in an identical fashion.

Bait Calibration Plot
Gull Exclosure

Gull Fecal Plot
Core Trapping Plot
Bait Avallability Transec!
ImmigrationTransect
aiting Areas

AreaA

Fig. 2. A map of baited areas, availability transects, immigration transects, core trapping grids, gull fecal
plots, and gull exclusion cages
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3.7 Mouse DNA Sampling and Genetic Analysis

In the event that mice are detected on the islands subsequent to an eradication attempt, archived DNA
samples will allow a determination of whether the operation failed or mice were reintroduced. Tail tissue
samples were collected from a number of locations across SEFI and WEI (Fig. 1.). Mice were trapped
using Sherman Live traps and had the last 1cm of tail tissue removed and stored in a buffer solution.

DNA samples were also sent to the University of North Carolina where they were compared using a
Mouse Diversity Array and referenced to a set of genotypes from 200 wild caught and wild-derived
strains of M. m. domesticus, M. m. musculus and M. m. castaneus. (Didion et al 2012). Heterozygosity of
Farallon mice was compared with European House mice, and the geographic origin of Farallon mice was
inferred from phylogenetic clustering. Possible anticoagulant resistance in the mice was assessed by
examining Vkorcl alleles, which encodes a protein critical for blood clotting. Mutations in Vkorcl in
rodents are associated with resistance to Warfarin, a first-generation anticoagulant. Several species of
rodents are known to have resistance alleles, including M. spretus.

3.8 Non-target Species Risk Assessment

During the period that non-toxic bait containing pryanine was available, attempts were made to quantify
the level of exposure that might occur during a mouse eradication to western gulls, burrowing owls,
salamanders and other species.

Western gulls
Following each bait broadcast, western gulls were allowed to naturally congregate and forage on bait

pellets without any human interference. Over the course of the eight days that bait was available, daily
surveys were conducted in an attempt to document instances of gulls consuming bait pellets and quantify
the proportion of the population observed to be feeding on rodent bait. Personnel were stationed on
Lighthouse Hill during the early morning and late afternoon hours to count the number of gulls present or
feeding within baited areas.

As with mice, gulls which consume pyranine excrete feces which fluoresce under UV light. In an effort to
further quantify the proportion of the gull population consuming bait, two fecal plots were demarcated
one on the helipad and one on the gull roost west of Mirounga Beach (Fig. 2). Following the first bait
application, the total number of fecal deposits was recorded daily, as were the number of deposits which
tested positive for fluorescent dye. No monitoring was undertaken prior to bait application so naturally
occurring rates of fluorescence (Sztukowski 2011) were not established.

Pyranine can be used to detect not only primary but also secondary consumption (Stephenson et al. 1999).
In conjunction with ongoing research being conducted on the island, burrowing owls captured in mist nets
were inspected for signs of the pyranine fluorescent dye. Owl fecal pellets were also collected and
examined for UV fluorescence.

Salamanders
Cover boards were put out in the Marine Terrace study area in order to assess exposure of salamanders

(Fig. 3). Boards were set out in October 2010, prior to the trial in order to allow salamanders some time
begin using the boards. Non-toxic bait pellets containing pyranine were hand broadcast at ~18 kg/ha in

10
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known salamander habitat along half of the salamander cover board monitoring area along North Landing
Trail (Fig. 3). Monitoring with a UV light underneath and around 100 salamander monitoring boards was
completed three days after bait application to assess if any salamanders or invertebrates showed evidence
of fluorescence that would indicate biomarker exposure.

®  Salamander Coverboard|
Baited Area Perimeter

Southeast Farallon

ety B
e B
ittt

ot

0 o =
e e e = o

Fig. 3. Salamander cover board locations in relation to baited areas

Other non-target species
Observations of bait take or scavenging of mouse carcasses by other species were recorded.

Secondary poisoning risks
An evaluation of secondary poisoning risks was made by monitoring the fate of mouse carcasses

positioned within baited areas. A varying number of carcasses were set out on a daily basis and checked
daily thereafter. Western gulls have been identified as being particularly vulnerable to the use of rodent
bait containing rodenticide because they are omnivorous scavengers and individuals of this species will be
present on the South Farallon Islands during the time of year that a mouse eradication might be
undertaken.

3.9 Use of Bait Stations to Mitigate Non-target Species Risk

Two different bait station types housing non-toxic rodent bait were field tested on the Farallones to assess
if they would restrict gulls from accessing and consuming bait. The Protecta™ (Fig. 4) is a commercially
available bait station made of impact-resistant, injection molded plastic (Bell Laboratories, Inc., Madison
WI). It can be staked to the ground for security. The box opens from the side for servicing using an Allen
key wrench. Its dimensions are 6” x 5” x 2.5”. A second type of bait station was constructed solely for the
purposes of the trial (Fig. 5). A PVC conduit box with PVC tube extensions on either side allowed two
entry points for mice. The top of the conduit body unscrews for inspection and refilling with bait.

11
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Ten Protectas and 10 novel bait stations were deployed on Southeast Farallon Island from November 8 —
17, 2011. Stations were evaluated in a paired test, with each pair 1m apart, and each pair of stations
separated by 10m from adjacent pairs. Both bait stations were attached to redwood boards approximately
12 inches square and 2 inches thick, which secured them to the ground and made them more resistant to
disturbance by gulls or pinnipeds. Bait stations were left out unbaited for two days to season them before
being filled with 20g of non-toxic bait pellets (~20 pellets @ ~1g each). The non-toxic bait pellet used in
the bait stations was brodifacoum (25D Conservation) because these were known to be palatable to
Farallon mice.

58.80 + labor+ tracking tunnel cost Ende cut at £5°

tashelter from rain

Top unscrewsto allow easy access.

Q Primary option for bait placement . ';
Tracking tunnel setwithin pvc |

extension to provide protection.
from weather

@ Cap5144
! /d

Bait may also be placed into end cap and housec
On the side{goodfor use on uneven slope)

Fig. 4. Protecta bait station (bait blocks depicted Fig. 5. Novel bait station (developed by Island
were not used in this trial) Conservation)

Acceptability of bait stations to mice was evaluated by two measures; mouse visitation and bait
consumption. Mouse visitation was evaluated by placing tracking pads inside the entrance of each
station. A tracking pad consists of a strip of felt moistened with peanut oil and oil based black ink
and fastened to a length of white absorbent paper. Once a mouse enters the station and steps on
the felt pad, its tracks are imprinted on the paper. Each day, the ink pads were inspected for mice
tracks and collected. Bait consumption was quantified by weighing and recording the bait
remaining on a daily basis. Bait was replenished to maintain 20g of bait, and new ink pads
inserted daily to track mouse activity. Relative differences in acceptability between station
designs were determined by having stations placed in pairs at each site.

To assess the ability of bait stations to exclude gulls, stations were placed at known gull roosts
where gulls were roosting near Low Arch and Mussel Flats on the Marine Terrace of Southeast
Farallon. Observations were made daily at a distance throughout the day to assess if gulls or other
species were investigating or disturbing the stations or accessing bait pellets.

3.10 Camel crickets

Several caves on SEFI are inhabited by the endemic Farallon camel cricket. Presence and general
abundance of these crickets were noted for designing future invertebrate surveys. Non-toxic bait
was hand-broadcast at similar densities as for salamanders inside Rabbit Cave where camel
crickets are abundant. A UV spotlight was used the day after bait application to determine
consumption of bait by camel crickets. In addition, four caves were surveyed for the presence of

12
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camel crickets. At each site, estimates were made of the number of individuals, the portion of the
cave that harbored the majority of crickets, distance from the entrance, and their location (wall,
ceiling, or floor).

3.11 Treatment of Caves

Numerous caves, coves, and coastal features on SFI may require special attention during a mouse
eradication. To investigate the extent and evaluate potential options for treating these sites, caves
were visited and mapped using GPS equipment. Some rough measurements of the dimensions of
the geographic features of some of the caves were also made.

4. RESULTS AND DISCUSSION

4.1 Mouse abundance

Out of 500 possible trap nights, 434 mouse captures were recorded. Trap success averaged 93%
on all but the first night, when trap door setting sensitivities may have resulted in a lower trap
success rate of 62%. A total of 250 different individuals were captured and marked in the
trapping period in the 0.2 ha trapping area. Recapture rates of marked individuals on nights 2
through 5 were: 35%, 40%, 56% and 66%, respectively. Mice were extremely abundant and
casily trapped, likely due to a combination of high population levels and a scarcity of other food
resources. Mice were commonly seen foraging throughout the daylight hours, as well as at night,
but traps were only left open at night.

While final density estimates have not been calculated, preliminary analysis suggests densities of
mice of up to 1297 per hectare in the study area at this time of year. Mouse densities at these
levels have only rarely been reported elsewhere and usually only during plague-level irruptions in
a few locales world-wide. Abundance levels found on SEFI are ten times greater than reported
densities in most island or mainland environments. The likelihood that mice were hungry and
readily trappable on the island during this time of year bodes well for an eradication attempt
undertaken during this period, as it is more likely they will accept bait under stressed and food
deprived conditions.

While specific mouse home-range studies were not conducted during the trial, the five-night
mark-recapture study resulted in 101 mice that were captured at least twice, and some as many as
five times. The mean maximum distance moved for mice captured two or more times was 11.7m.
Of recaptured mice, 82% moved less than 16m between most distant captures. A further 10% of
recaptured mice moved as much as 24m. Only six mice moved more than 35m, and the longest
recapture distance was 43m. While the size of the trapping grid (45m) may have biased some of
the longer ranging results downward, 95% of the maximum distances moved on SEFI are within
the expected diameters (10-29m) for reported mouse home ranges reported for house mice in
another temperate island environment (Pickard 1984).

13
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Monthly monitoring of mouse activity is ongoing.

4.2  Mouse Reproductive Status

The live-trapping of over 900 individual mice on SFI during the November 1-22 period revealed
no pregnant females and only three males that were scrotal and five that were partially scrotal.
Thus while some breeding may occur during this time of year, it would be considered a rare event
based on our results. This also bodes well for an eradication attempt during this time, as it means
that the risk of juvenile weanling mice being missed by any of the bait application events is low.

4.3 Pyranine Persistence in Mice

During the lab trials, all mice that were fed the pyranine-infused bait tested positive for external
sign of fluorescence (on mouth or anus) under UV exposure after 24 and 48 hours. On the third
day (72 hours) however, one of the twelve mice tested negative for the presence of pyranine. By
day four (96 hours) ten of twelve mice showed no external evidence of fluorescent dye. Although
necropsy was available for the field trial, based on the results of the pyranine trial, trapping field
to assess levels of exposure during the field trial was concluded within 72 hours of bait broadcast
to avoid false negatives.

4.4 Bait Palatability and Food Preference

Mice in the bait preference trial consumed an average of 3.8g of food each day, with individual
consumption ranging between 2.7g and 4.7g. Consumption was on average about 20% of their
body weight each day. All ten mice included in the trial preferred bait pellets over the natural
food items provided. Preference for rodent bait also increased over the course of the trial from
50% on the first day to 63% and above on day two and for the duration of the study. Over the
course of the trial, bait pellets on average constituted 62% of mouse diet (by weight) with
naturally occurring foods making up the remainder.

Opportunistic observations made of mice after food choices were first presented showed that
rodent bait was usually eaten first. In only one of ten instances, was coleopteran larva eaten first.
Visual observations also confirmed that bait pellets were easily picked up, handled and carried by
mice. This was also noticed in the field where pellet caching was seen at burrow entrances.
Overall, bait trial results indicated that the bait being considered was readily accepted by the
mice, and that all mice had consumed the non-toxic equivalent of an LD50 (0.4mg/kg (Dubock
and Kaukeinen 1978)) within 48 hours.

4.5 Bait Availability

Monitoring of bait availability transects showed that after the first application at 18kg/ha, bait
remained available to mice for at least four nights. This period of time has been the target
exposure period for past rodent eradication projects that used second-generation anticoagulants
(Pott et al. 2015). However, the rate of bait disappearance appeared to accelerate after Day 3 and
on the fourth day after bait application, bait had disappeared from all but one transect (Figs 6 and
7). Bait was removed at an average rate of 3.6kg/ha/day, with daily uptake rates per plot ranging
from 1.6-6.3 kg/ha/day over five days.
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Rates of bait disappearance observed after the second application were much higher with most
bait gone from availability transects in both areas the day after its application. Bait disappeared
overnight from many transects monitored in Area B where bait was applied at 9kg/hand. Bait
persisted longer in Area A where bait was applied at 18kg/ha but still disappeared within two
days on most transects. Mouse abundance in Area B was an order of magnitude higher than in
Area A and the increased rate of bait disappearance observed in Area B is considered attributable
to mice. Bait within the gull exclusion cages established in Area B also disappeared in less than
two days ruling out gulls as a factor strongly influencing bait disappearance in this area.
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Fig. 6. Bait availability over time in Area A on SEFI following two applications of rodent
bait (1g pellets) at 18kg/ha across a 3 ha trial area.

In Area B, bait disappeared from within gull exclusion cages after both applications at a
significantly faster rate than bait outside (¢ = 4.47, df = 10, p < 0.01). The opposite trend was
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observed in Area A (¢ =-5.06, df = 10, p < 0.01) suggesting that consumption of bait by gulls did
contribute to bait disappearance there. Observations of greater numbers of gulls foraging in Area
A support this view. By the time of the second application, individual western gulls roosting
along the Marine Terrace had clearly learnt to identify rodent bait as a food item and were
observed foraging in increasing numbers in both areas but most intensively within Area A.
Although sample sizes are considered too small to be representative, results from Area A indicate
that it is possible that gulls could consume a significant amount of rodent bait if no gull hazing is
undertaken. Consumption of bait by gulls appeared to increase over the course of the trial and
increased consumption by gulls may partially explain the greater rates of bait disappearance
observed after the second application.
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Fig. 7. Bait availability in Area B over time on SEFI following two applications of rodent
bait (1g pellets) at 18kg/ha and 9kg/ha across a 3.2ha trial area.
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The study area was located in a favored roosting site for western gulls and the impact of gulls was
very different between the two baited areas. Consequently, our results may not be representative
of the influence gulls could have during a mouse eradication. Our results suggest that the impact
of gulls on bait availability is likely to vary across the island and over time. Nevertheless, there is
a risk that gulls could reduce the amount of bait available to some mice. The potential increased
risk that this poses to the proposed eradication is another valid reason for implementing a hazing
program as a mitigation strategy during a mouse eradication attempt.

4.6 Mouse Biomarker Exposure Rates

The trap results indicated a very high rate of exposure to bait in the core trapping grids. Four trap
nights were conducted in each of the two core trap grids with areas A and B starting two days
after bait application. On the trapping grid within Area A, 100% of trapped mice had consumed
bait as evidenced by the presence of pyranine after each of the two applications at 18kg/ha. A
total of 13 mice were captured in grid A, amounting to 2% trapping success.

On the trapping grid with Area B mouse trapping success rates were much higher, with 25 mice
captured after the first application (6.5% trap success) and 129 mice captured after the second bait
application (32% trap success). All 25 mice trapped between two and four days after the first bait
application (18kg/ha) tested positive for fluorescent dye (100% exposure) (Table 1). After the
second application at 9kg/ha, five of the 129 mice trapped on the core trapping grid and one
mouse caught within the baited area but on the immigration transect showed no evidence of
fluorescent dye (Table 1). The overall rate of exposure recorded from within Area B was 97%.

Table 1 Mouse Trap Results for Biomarker Presence

Trap Area ‘ # Traps Set | # Mice ‘ # Positive | % Positive | # Negative | % Negative
November 10 - First Bait Application
Core Grid A Nov. 12 200 100 0
Core Grid A Nov. 13 200 100 0
November 15 - Second Bait Application
Core Grid A Nov. 17 200 3 3 100 0 0
Core Grid A Nov. 18 200 6 6 100 0 0
Core Grid A - Total 800 13 13 100 0 0
November 10 - First Bait Application
Core Grid B Nov. 12 200 16 16 100
Core Grid B Nov. 13 200 9 9 100 0
November 15 - Second Bait Application
Core Grid B Nov. 17 200 32 31 97 1 3
Core Grid B Nov. 18 200 97 93 96 4 4
Core Grid B Total 800 154 149 97 5 5
Inner Immigration A 40 16 16 100 0 0
Inner Immigration B 40 17 16 94 1 6
Outer Immigration A 16 11 1 9 10 91
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Outer Immigration B 40 | 25 ‘ 0 | 0 25 100

As no barrier existed to prevent mice from immigrating into baited areas, transient mice could
have been trapped before being exposed to bait. The probability that immigration occurred is
supported by the increase in the number of trapped mice in Area B on the night two after the
second application. However, it is also possible that resident mice did not have access to bait or
chose not to eat it. Consumption by con-specifics and gulls is likely to have reduced the
availability of bait to resident mice. In an eradication operation competition with con-specifics
will be eliminated after the first application of bait, but based on our results, gull consumption can
be expected to increase overtime unless hazing is undertaken.

Palatability of rodent bait was confirmed by the captive choice study and the high rates of bait
consumption observed during the field trial. It is considered unlikely that the mice that tested
negative for the biomarker chose not to eat the bait especially as the population was likely food
limited during the trial (per sobs.). Despite the capture of unexposed mice the results indicate that
application of rodent bait at the rates used in the trial would have a high likelihood of eradicating
mice on the South Farallon Islands.

4.7 Mouse DNA and Genetic Analysis

A total of 100 DNA tissue samples were collected during the trial, with 50 from each of SEFI and
WEL These samples have been stored for future analysis. Genetic analysis was conducted on the
25 House mice (113, 149Q) collected from around the residential area on Southeast Farallon
Island. Diagnostic alleles assigned the subspecific origin of the Farallon mice to be
overwhelmingly of M. domesticus origin (Fig. 8) (Didion et al. 2012).
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Fig. 8. Origins of introduced house mice found on Southeast Farallon Island

Heterozygosity was higher in Farallon mice than European mice (9.3% vs 8.8%), with no
evidence of inbreeding, which suggests that diversity was maintained by rapid population
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expansion following colonization. The geographic origin of Farallon mice, inferred from
phylogenetic clustering revealed two common lineages. Maternally, Farallon mice belong to the
Britlsl.5 haplotype group, which is found in northern UK, Germany, Scandinavia and former
British colonies and differs only slightly from classical inbred strains. Paternally, Farallon mice
cluster with samples from the Mediterranean. Thus, Farallon mice appear to be a mixture of two
European lineages (Didion et al. 2012).

Vkorcl encodes a protein that is critical for blood clotting. Mutations in Vkorc1 in rodents are
associated with resistance to Warfarin, an anticoagulant that is used as a rodenticide. Several
species of rodents are known to have resistance alleles, including M. spretus. It was recently
shown that M. m. domesticus from the Mediterranean (specifically Spain) have received M.
spretus resistance alleles by adaptive introgression. Analysis showed that Farallon mice are of
Mediterranean ancestry in the region containing Vkorcl. Sequencing of Vkorcl in all Farallon
mouse samples revealed no evidence of resistance alleles. It was concluded that there is no known
genetic barrier to an eradication utilizing a rodenticide for Farallon mice (Didion et al. 2012).

4.8 Non-target Species Risk Assessment

Western gulls
The total number of western gulls was highly variable during the trial period, ranging from day to

day from approximately 500 to 4000 individuals. Numbers also increased over the trial period.
The population is thought to shift sporadically from mostly non-breeding, intertidal-roosting gulls
in November to a larger percentage of territorial, breeding gulls later in December and January.
Breeding birds begin to spend more time on potential breeding sites throughout the island in
advance of their breeding season, with the earliest egg-laying dates generally occurring in late
April, when up to 17,000 gulls may be present on the island. Daily gull counts continue to be
conducted by PRBO staff.

A total of 324 hours of visual observations of gull foraging within the baited area were recorded.
Over the first 24 hours after the first application fewer than 12 western gulls were seen foraging
on bait in a few small areas. By the second day, 188 gulls were observed consuming pellets in
baited areas and by the third day, 233 gulls were seen consuming pellets. On days four and five,
the fraction of foraging gulls dropped below 12% of the total number of gulls present within the
Marine Terrace area, perhaps due to a paucity of remaining bait (Fig. 9). Following the second
application of bait, the number of gulls foraging on bait grew from 22% to 43% of the gulls
present in the study area, likely in response to the second bait application. On average, 27% of the
gulls present on the Marine Terrace were observed foraging on bait over the course of the eight
days that bait was available within the study area.

On average, 27% (range 0 — 67%) of gull feces monitored with a UV spotlight following the
application of rodent bait showed signs of pyranine. This figure agrees with the relative
proportion of gulls seen foraging on bait, but it must be noted that a baseline to determine
naturally occurring fluorescence was not established. Consequently, it is possible that this method
could have overestimated the proportion of the population exposed.
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The significantly higher rates of bait disappearance observed outside of gull exclusion cages in
Area A together with our observations of gulls highlight the potential influence that gulls could
have on bait availability for mice. The increase in the number of gulls foraging on rodent bait
over the course of the trial suggests that identifying rodent bait as a food source was a learned
behavior. Additional gulls appeared to be drawn in to an area because of the presence of foraging
gulls. A hazing program should aim to attempt if at all possible to prevent any gulls from foraging
on bait to limit the potential for behavioral transmission. Most gull foraging activity observed
during the trial occurred in the first two hours after sunrise and in the two hours preceding sunset.
This pattern could be exploited in a gull hazing program.
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Fig. 9. Percentage of gulls in study area observed feeding on bait

Burrowing owls
A total of 10-12 burrowing owls were likely present on the islands during the November trial,

many of which had been captured and banded and/or fitted with a radio-transmitter as part of
ongoing research. Two owls were captured in mist nets within 100m of sites A and B and
examined under UV light for exposure to the fluorescent dye, but neither individual showed any
sign of pyranine. A total of 26 fresh burrowing owl casts were also collected from 10 locations
within and near the study area both before and after bait application. None showed any that would
have indicated exposure to pyranine. However, these results are not considered conclusive and
based on other studies (e.g. Stephenson et al. 1999), it is likely that during a mouse eradication
burrowing owls would be at risk of exposure to rodenticide by consuming dead or dying mice.
The results of our study with regard to burrowing owls are considered inconclusive.

Salamanders
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Inspection of cover boards before and after the application of bait revealed just six salamanders
and none of these showed any signs of having being exposed to rodent bait. A further five
salamanders were captured outside of the area where bait was applied and these too showed no
signs of exposure. Invertebrates under or near cover-boards were also examined also with no
evidence of exposure.

Other species
Although invertebrates were seen consuming bait, no consumption by other non-target species

was noted during the trial. However, raptors and corvids present during a mouse eradication
should still be considered to be at risk through either primary or secondary poisoning.

Secondary poisoning risks
Scavenging of mouse carcasses was observed during the trial. Eighteen of 23 carcasses set out

within Area A and B disappeared within five days (x = 2.8 days) of being placed. Although most
scavenging of carcasses appeared to be by other mice, some mouse carcasses could have been
scavenged by western gulls or ravens (Corvus corax).
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Fig. 10. Caves and coves inspected during the November 2010 trial and recorded on GPS units

4.9 Use of Bait Stations to Mitigate Non-target Species Risk

As evidenced by the tracking rates and bait consumption observed, both bait stations tested were
readily used by mice and no discernible difference could be detected in the use of either type of
station. Similar tracking rates and levels of bait consumption were recorded between the two
models of bait station tested. No evidence for neophobia was observed. Both stations were
effective at protecting bait from rain or wind driven spray.
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No observations were made during the trial of gulls or other non-target wildlife taking bait from
bait stations and it is concluded that both station types would be effective at excluding potential
non-target species. Attaching stations to redwood boards was effective at eliminating potential
disturbance by gulls or pinnipeds. In several cases, elephant seals were observed crawling over
bait stations, yet these stations remained intact and upright. Once again both bait station designs
performed equally in this regard. Fixing bait stations to boards allowed stations to be readily
moved around whereas this would have been more difficult with other proposed methods such as
rock anchors.

In summary, both bait station types trialed were readily used by mice and were effective at
excluding non-target wildlife and it is considered that either design could be used during the
proposed eradication. However, if bait stations are to be used as a secondary method in an
eradication attempt, it is recommended that consideration be given to the additional operational
risk that this entails. Using different methods for bait application adds complexity to operational
planning and creates a greater risk of gaps in bait coverage between areas where the application
method is different. Bait station operation span a greater time period than those where bait is hand
or aerial broadcast adding complexity to the timing of an operation.

It is recommended that a gull hazing trial be undertaken on the South Farallon Islands to explore
further mitigation options for western gulls.

4.10 Camel crickets

Surveys with a UV spotlight after rodent bait had been spread in Rabbit Cave indicated that camel
crickets did ingest bait. Farallon camel crickets are not considered at risk because invertebrates do
not have the same blood clotting system as vertebrates and are generally not susceptible to
anticoagulants (Shirer 1992 in Ogilvie et al. 1997). Experiments exposing other Orthopterans
such as locusts (Locusta migratoria) (Craddock 2003) and tree weta (Hemideina crassidens)
(Morgan and Wright 1996) to second-generation anticoagulants illustrate the lack of
susceptibility. Camel crickets are also considered an unlikely pathway for secondary poisoning of
other native wildlife except perhaps mice because they are only found in caves.

Interestingly crickets that had ingested the non-toxic rodent bait containing biomarker were easier
to see and census with the UV light than traditional methods employing regular head lamps. In
some cases estimates of cricket abundance quadrupled; it was easier to see crickets fluorescing
under the UV lights. The number of crickets estimated from each cave prior to UV inspection
were: Rabbit Cave: 100; Spooky Cave: 300-500; Northern Corm Blind Cave: 100; Cricket Cave:
1100; Small Shubrick Cave: 30. Data from these pilot surveys will inform a long-term camel
cricket monitoring program, and distribution and abundance will be assessed before and after the
proposed mouse eradication attempt.
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4.11 Treatment of Caves
Fig. 10 shows a map of the caves that were visited and mapped during the trial. Other cave
locations may still need to be inventoried prior to operational planning. Caves have the potential
to harbor mice and it is recommended that rodent bait is hand spread within caves during a mouse
eradication attempt. An inventory of the cave systems should be made and this should be used

during implementation of a mouse eradication to ensure all potential mouse territories are
targeted.
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EXECUTIVE SUMMARY: PREVENTING RODENT INCURSION AND RODENT
DETECTION RESPONSE FOR THE FARALLON ISLANDS NATIONAL WILDLIFE
REFUGE

In order to mitigate and prevent the risk of a rodent reinvasion of the Farallon Islands National
Wildlife Refuge following a mouse eradication effort, a biosecurity plan to prevent and detect
rodent incursions must be implemented. This plan is a working document that will require
periodic reviews and updates as deemed necessary given operational conditions. Southeast
Farallon Island hosts a biological research station that is operated year-round by U.S. Fish and
Wildlife Service (Service), Point Blue Conservation Science (Point Blue), and other personnel
that require a steady influx of supplies in order to maintain operations. The primary pathways by
which a rodent incursion might occur include marine vessels (including shipwrecks), helicopters,
and their associated cargo. Biosecurity measures will focus on the packaging and inspection of
all cargo transported to the island, on-island surveillance, and response in the case of rodent
detection on the island. The pre-departure and post-arrival quarantine measures include the
reduction and re-packaging of supplies, packaging in rodent-proof containers, the visual
inspection of all cargo at multiple stages, and the careful unpacking of cargo inside buildings. In
order to inform outside agencies of quarantine measures, it is critical that informational briefings,
contract and Special Use Permit language, and public outreach be a component of the biosecurity
plan. Surveillance measures will include the assessment of vessels and aircraft and the regular
deployment and maintenance of rodent control and detection devices around landing areas and
buildings. If evidence of a rodent incursion was encountered, response measures would be
implemented including treating the area with rodenticide applied by bait stations, live trapping,
snap trapping, sticky pads, or by a combination of these methods. The biosecurity measures that
are outlined in this working document must be continued and refined as needed by all staff,
volunteers, cooperators, contractors, and other visitors, in perpetuity. The plan will be
implemented by both the Service and Point Blue, and will include appropriate staff training.
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PURPOSE

The Service has developed a Final Environmental Impact Statement (FEIS) for a proposed house
mouse (Mus musculus) eradication effort on the Farallon Islands National Wildlife Refuge
(Refuge), California. The conservation benefits that would follow the proposed house mouse
eradication will only be fully realized if mouse or other rodent reinvasions are prevented.
Biosecurity plans and prevention measures must be implemented if any eradication effort is to be
considered successful in the long term. This biosecurity plan supplements the FEIS and provides
a plan to prevent, detect and respond to potential future rodent incursions on the Farallon Islands
National Wildlife. It is recognized that this plan is a working document and will need periodic
review and updating as needed. This plan was developed following review of other available
island rodent biosecurity plans, of which a selected bibliography is provided.

Access

The Refuge is administered by the Service and Southeast Farallon Island (SEFT) hosts a
biological research station that is operated year-round by Point Blue Conservation Science and
Service personnel. Personnel and supplies are regularly transported to the islands by way of
ocean-going vessels (>25/year) and less frequently by helicopters (<15/year). Because the
transport of consumable goods, supplies and personal gear occurs from a variety of vessels from
different ports of call, there is a substantial risk of a rodent incursion following a completed
eradication effort. In addition, rodents could also be reintroduced to the islands via shipwreck on
or adjacent to the islands, or from a rodent swimming from a nearby visiting boat to the islands.
To mitigate the risk of a rodent reinvasion following an eradication effort, a biosecurity plan
must be implemented in conjunction with an eradication effort and continued indefinitely.

Access to SEFI is restricted due to the sensitive nature of the wildlife and habitat. Only Refuge

personnel, partners, contractors, permittees and United States Coast Guard (USCG) are allowed
to visit the islands. A limited number of Special Use Permits (SUP) may be issued for purposes
necessary for management of the island’s resources (Table 1).

Table 1. Agencies and organizations that regularly access Southeast Farallon Island.

Parties and Organizations Reason Pathway

Fish and Wildlife Service or entity |Operational, Volunteer, other

with SUP or contract maintenance, agency or
restoration contracted boat;
monitoring, research, other agency or
law enforcement contracted

helicopter

Point Blue Conservation Science  [Monitoring, research, [Volunteer or
stewardship contracted boat

U.S. Coast Guard Maintenance of aids- |Agency boat or
to-navigation helicopter
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The four basic elements of biosecurity that is included with this plan are prevention,
inspection/packaging, surveillance and incursion response. Currently, implementation, oversight
and funding responsibility for biosecurity measures for the Refuge are the responsibility of the
Service and Point Blue. Point Blue will be the primary lead for managing biosecurity measures
on all Point Blue-managed transports, including the Farallon Patrol, other personnel and supply
transports, and Point Blue contractor and cooperator transports. The Service will be the lead for
the implementation of measures on Service-managed transports, including all Service personnel
and supply transports, and Service contractor and cooperator transports.

Elements of Biosecurity Plan
1. Prevention
2. Inspection/Packaging
3. Surveillance
4. Incursion Response

Element 1: Prevention
Awareness and Education

« An informational brochure shall be created outlining the importance of biosecurity and some
key actions that can occur. These should be displayed in plain sight of Service and Point
Blue employees and distributed to other agencies and personnel who visit the island.

o A similar brochure should be distributed to tour operators that regularly use the waters near
the South Farallon Islands. This brochure should encourage reporting any incidents such
signs of rodents on vessels.

« Basic biosecurity measures shall be incorporated in to the standard operating procedures
(SOP) for the Farallon Islands National Wildlife Refuge information document that is
distributed to all island visitors.

o All communication materials should include specific instructions on how to report any
sightings or suspicions of rodents on the islands, on transport vessels, or in cargo bound for
the islands.

Biosecurity Management Standard Operating Procedures

Prevention measures during planned visits are largely the same regardless of the mode of
transportation to the islands. The Biosecurity Management SOP (Appendix 1) will be followed
during each visit to ensure that prevention measures are in place. The checklist in this SOP will
be completed and returned to the Refuge Manager or Biosecurity Officer on completion of the
trip for record keeping.

Key actions:
« Ensure all visitors know the risks of biosecurity, the most likely pathways and how to
inspect;
« Inspect all clothing, boots, equipment and cargo;
o Inspect all vessels;
« Report any suspected pest sightings; and
o Return completed biosecurity checklist to the Refuge Manager or Biosecurity Officer

Prevention measures on mainland
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o The Service and Point Blue will maintain a rodent proof room or structure to store all
biosecurity related supplies. As funding permits, this may or may not be a separate
quarantine facility;

o The Service and Point Blue will manage for pests where equipment and cargo is stored in
mainland facilities. This will help reduce the chance of rodents and other pests nesting in
cargo bound for the island; and

o The Service will purchase and use rodent proof containers. Rodent proof containers will be
made of metal or hard plastic and have tightly sealing lids. The use of these containers will
be a requirement for all other parties accessing the islands;

Prevention measures for permitted island users
« All parties that access the islands legally will be required to obtain a Special Use Permit
(SUP); and
o The SUP will specify protocols that must be followed by the entity including but not limited
to: requirement to certify the vessel utilized as rodent free; certifying compliance with
Biosecurity Management SOP; use of rodent proof containers; cleaning of containers, boots
and equipment prior to transport.

Prevention measures for chartered or volunteer vessels

Chartered vessels are typically 35’ to 65’ motorized marine vessels used for fishing or

sightseeing trips. Chartered vessels are owned and/or operated by individuals that maintain

USCG safety certifications. Volunteer vessels (Point Blue Farallon Patrol) are typically small to

moderately sized sail boats that are owned by private citizens not involved with commercial

activities. All of these vessels have home ports at different locations around the San Francisco

Bay Area.

o The Service will develop biosecurity protocols similar to those utilized for SUPs for vessels

that are chartered or volunteer for the government, partners, contractors or other permittees
to transport personnel and cargo to the islands

Prevention measures for tour operators and fishing vessels used as alternative
transportation
o The Service will develop biosecurity protocols similar to those utilized for SUPs for vessels
that operate in waters adjacent to Farallon Islands NWR (e.g., whale watching, fishing, and
dive operators).

Element 2: Inspection and Packaging

Inspection and packaging of all cargo

All items will be inspected during the packaging process. All cargo including small construction
materials, tools, food, drink, clothing, personal items and other supplies, shall be securely
packaged and sealed in clean, watertight, hard-sided rodent proof containers (i.e., plastic
containers, sealed buckets, coolers, etc.) prior to loading onto the transport vessel or aircraft.
Food may only be stored in containers that are totally sealed (i.e. hard-sided container with a
tight fitting top and no holes). No loose material or with sharp edges are permitted. All cargo
will be inspected for signs of rodents (such as chew marks or droppings) and cleaned of any
living organisms or prior to packaging. No plant seeds, rodents or other living organisms shall be
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present. Personal gear (such as overnight kit, sleeping bag, pillow, towel, linens, & extra cloths)
shall be securely packaged in clean, rodent-proof, sealed garment bags or containers (dry bags,
plastic totes or similar are recommended). Cargo packed in paper products such as cardboard
boxes must be in the manufacturers original packaging, be inspected. undamaged, cleaned,
sealed and immediately stored in rodent proof containers or packaging (i.e. plastic wrap) for
storage and transport. All plastic bags, must be placed inside a sealed rodent proof containers for
storage and transport. No corrugated cardboard boxes may be used to transport food. No
previously used corrugated cardboard boxes may be used for any reason. Any cargo items not
packaged to specifications will be rejected from entering the Farallon Islands NWR. Any cargo
packaged and stored overnight must be stored in a rodent proof containers. All island visitors
will need to supply their own packaging which will inspected for approval by The Service or
Point Blue staff.

Monitoring Island Visitation

The process involved with transferring cargo from mainland-based marine vessels on to SEFI
provides its own biosecurity measure. All personnel and cargo must be transferred at sea,
usually at a mooring buoy located approximately 115 meters from the island. The transfer
occurs from a larger mainland-based “long-haul” vessel to a smaller “landing” vessel, which is
permanently stationed at the Refuge. The “landing” vessel is then either hoisted onto SEFI with
personnel and supplies aboard, or personnel and supplies are physically transferred from the
“landing vessel” onto a land-based platform. The multiple stage process of transferring cargo
between vessels and from vessel to land allows for an added measure that can prevent rodent
incursions from occurring directly from the “long-haul” vessels to the islands.

There are currently no restrictions in place that require the long-haul vessels to maintain rodent
free certifications, which would better prevent rodent infestation of cargo during transport and
potentially prevent some rodents from swimming from the vessel to the island. This would be
difficult to manage and enforce since many private and commercial vessels of various types
transport personnel and supplies to the island, sometimes on short notice. Thus, biosecurity
measures must focus on the assessment and packaging of supplies, equipment, and personal gear
transported to the island, on-island surveillance, and contingency responses in the case of rodent
detection on the island. A necessary part of this biosecurity plan must be that all cargo be
assessed, prior to transport to the islands or prior to coming ashore, by trained Service staff or
trained individuals designated by the Service. However, future revisions and plans will research
the feasibility and cost associated with maintaining rodent-free certifications from third-party
inspections.

Equipment and Construction Materials

Large and bulky equipment and construction materials, especially hollow items (such as pipes,
conduits reels, etc.), and lumber will require special and more intensive inspections for signs of
rodents or other living organisms. These items must have all openings closed off in order to
prevent rodents and other small animals from entering. The Biosecurity Officer will be
responsible for enforcing the requirements for the inspection and packaging of these materials.
More detailed procedures for packaging, inspection, storage, and transportation of these
materials prior to transport will be developed and applied to all contracting and SUP documents.
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Inspection of chartered and volunteer transport vessels (Point Blue Farallon Patrol)

All volunteer and charter boats will be provided self-inspection checklists and rodent detection
kits. Boat owners will provide written statement asserting that vessel is rodent free based on
completion of inspection checklist and routine monitoring. A plan will be developed to
determine the feasibility and cost associated with maintaining rodent-free certifications from
third-party inspections.

Inspections of aircraft

Government Helicopters (such U.S. Coast Guard and Air National Guard)

All agency helicopters must be thoroughly inspected for signs of rodents. The USCG maintains
a clean facility at Air Station San Francisco and thus risk of rodent infiltration is quite low.
However, USCG helicopters at times land at other airports prior to landing on SEFI, and so there
is a low risk of rodent infiltration at these other locations. Future agreements with the USCG
may require that they depart only from Air Station San Francisco. Any use of other government
helicopters will require inspections of the aircraft prior to conducting operations on the Refuge.
The Biosecurity Officer will be responsible for confirming rodent free inspections of other
government aircraft.

Contractor Private Helicopters

Contracted helicopters will require inspections prior to conducting operations on the Refuge.
The Biosecurity Officer will be responsible for confirming the rodent free inspections of any
private helicopter.

Element 3: Surveillance

Surveillance will commence immediately following the implementation of the mouse eradication
effort. Routine assessments at landing sites and annual island wide comprehensive surveys for
rodents should be able to detect small populations before they spread. Prior to such confirmation,
monitoring will be conducted more frequently in accordance with the post-eradication
operational and monitoring plan.

Routine Assessments

The use of rodent detection devices such as live traps, sticky traps, snap traps, track pads, chew
blocks, and cameras will be maintained at key locations around the South Farallon Islands.
Locations might include but not be limited to the landings, houses, Powerhouse, and Carpenter
Shop. Devices will be checked at a regular interval.

Periodic Assessments
A South Farallon Islands wide effort utilizing rodent detection devices may be conducted on a
weekly, monthly, annual, or some other periodic interval.

Element 4: Incursion Response

An incursion is when a rodent makes it to an island. An incursion may consist of one or multiple
individuals. The response to an incursion initially should be focused around the area of
introduction and/or detection, but larger or island-wide monitoring may be necessary to confirm
the response was sufficient.
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Incursion response must occur before the species has had an opportunity to establish a
population. Once population has been established the removal action would no longer be an
incursion response but would be considered a full eradication.

Following an eradication effort, a quantity of registered pesticide bait product(s), live traps,
sticky traps, snap traps, track pads, chew blocks and/or cameras would be stored at the SEFI field
station. The Service and Point Blue would appropriately store, secure, and label all pesticides
and associated materials on the Refuge, ready for use should rodents be detected. All use of
pesticide bait would be in accordance with the bait product’s label and Pesticide Use Permits.

If a rodent sign were encountered or a rodent sighting occurred, rodent detection devices would
be established in the area of the sign or sighting. Confirmed rodent presence would initiate a
rodent removal response to eradicate an incursion. The area surrounding the confirmed rodent
detection either would be treated with rodenticide applied by bait stations or by live trapping,
snap trapping, sticky pads, or by a combination of these methods. Detection devices placed in
and beyond the treatment area would be monitored as frequently as practicable during the
response period, and until the point at which rodents have not been detected for a pre-determined
period of time. The response to any detection would be adaptively managed to minimize risk to
non-target species while maximizing the probability of removing all target individuals.

Response Decision Making

For the purposes of response decision making and response, a Biosecurity Officer will be
designated by the Refuge Manager. The planning of any response to an incursion of any invasive
species on the South Farallon Islands will be led by the Biosecurity Officer.

Action Responsible party

Service or Point Blue or other island personnel reports possible [Service and Point Blue

detection of invasive species

personnel

Confirm the detection by conducting additional surveys and
assessments.

Service and Point Blue
ersonnel

|Assess the level of risk posed by the incursion (number of
individuals, species, what impact might be caused by the
incursion, likelihood of population establishing, etc.)

Refuge Manager,
Biologist, Biosecurity
Officer

Decide what actions should be taken, and when. Refuge Manager,
Biosecurity Officer

Implement response actions. Refuge Manager,
Biosecurity Officer

Review outcome of response actions. Review should include an
analysis of likely incursion route, and identify any changes that
can be made to the biosecurity plan to prevent another incident.

Refuge Manager,
Biosecurity Officer

The operational response will depend on the exact details of a particular incursion. As there are
many different factors that affect a scenario it has been decided that a detailed operational
response plan cannot be pre-planned for every likely scenario. Appendix 3 outlines
recommended strategies for responding to high risk events and confirmed incursion response.
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Response Readiness
In order to be ready to respond to a high risk event or confirmed incursion, the following key
actions need to be taken:

« Maintain a rapid response team that will be activated by the Refuge Manager or Biosecurity
Officer.

« Maintain biosecurity supplies in a secure and accessible location on island and mainland
facilities.

« Maintain compliance that provides the flexibility to quickly carry out any possible response
actions. Application of rodenticide bait, if needed, must be done in accordance with the
Federal Insecticide Fungicide Rodenticide Act of 1972 (FIFRA) and U.S. Environmental
Protection Agency (EPA)-approved bait label issued to the U.S. Department of Agriculture,
Animal and Plant Health Inspection Service, Wildlife Services (USDA/APHIS), which
define the legally allowable use and restrictions of the specific pesticide under FIFRA, as
well as a Service-approved Pesticide Use Proposal (PUP).
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Appendix 1. Biosecurity Management Standard Operating Procedures for Staff & Visitors
to Farallon Islands National Wildlife Refuge

Island biosecurity refers to the policies and protocols designed to protect island ecosystems from
the threat of invasive species. Historically, the South Farallon Islands have been impacted by
human-introduced, invasive species including house mice, various plants, and European hares,
and house cats. Eradication and control of invasive species is an expensive, labor-intensive
process. In order to protect the fragile island ecosystem and to permit continued human access to
the islands, it is critical to prevent further human-caused introductions of wildlife and plants. A
single lapse in biosecurity has the potential to cause significant ecological harm and years of
protection and restoration efforts. The following is a summary of biosecurity procedures to be
followed by anyone visiting the Farallon Islands National Wildlife Refuge (NWR or, Refuge).

General Protocols

e The role of Biosecurity Officer will be assigned to one Service staff member as part of their
regular duties. The Biosecurity Officer’s duties are to implement the Farallon Islands NWR
Biosecurity Plan. When the Biosecurity Officer cannot be present, a Biosecurity Officer
designee(s) will be assigned to carry out the duties of the position.

e The Biosecurity Officer/Designee will brief all visitors to the Refuge on biosecurity
protocols and procedures.

e The Biosecurity Officer/Designee will be responsible for maintaining any biosecurity
monitoring in place on the Refuge, and for maintaining monitoring supplies and equipment
on the island.

e The Biosecurity Officer will ensure that any vehicles (boats, helicopters) transporting
personnel or cargo to the Farallon Islands NWR are inspected for animals and seeds prior to
loading and before departure.

e When contracting or chartering boats, agreements should include the right to inspect the
vehicle and/or require that necessary biosecurity measures are in place.

e The Biosecurity Officer/Designee will ensure that all cargo is inspected immediately before
loading onto the boat/helicopter. Particular attention will be placed on high-risk cargo such
as food, construction materials, fabric, and other items that may attract or hide living
organisms, plant seeds or invertebrate eggs. All food and small cargo will be packed in
rodent-proof containers or luggage.

o All containers, luggage, etc. will be sealed tightly to prevent rodents, other organisms, or
plant seeds from gaining access. All cargo, daypacks, clothing, boots, etc. must be clean and
free of plant seeds, insects, other invertebrates, dirt, and other debris. Even items that “look
clean” can harbor seeds and small invertebrates. Items including clothes, backpacks,
sleeping bags, etc. should be freshly cleaned and not worn or used elsewhere prior to
travelling to the island.

e Any observations or signs of rodents, other small mammals, or any other newly discovered
species on the Farallon Islands NWR will be immediately reported to the Biosecurity
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Officer/Designee or the Refuge Manager. Record as much detailed information about the
observation/sign as possible. Take photos and collect any sign (e.g. scat) for analysis.

Protocols for Packing Equipment and Supplies

e Clean and inspect all clothing, shoes, and fabrics.

e Physically remove all traces of dirt and seeds.

e For soft items, if difficult to clean entirely, place in a freezer or fumigate for 48 hours prior
to departure.

e Use heavy duty plastic containers, coolers or luggage that can be sealed tightly.

e Ensure that containers are completely clean. Check that seeds and invertebrates are not
hidden in grooves of the lid and handles.

e Do not use corrugated cardboard, paper bags, or plastic bags. Corrugated cardboard should
only be used if it is the original packaging, is undamaged, heavily sealed, and never used to
store food.

e Pack all items at one time. Securely close each container. Do not leave unattended cargo
containers open as this may allow rodents, invertebrates, and seeds to enter.

e Once packed, place a strip of duct tape across the lid or top of a container and label it
clearly as to indicate that it is has been checked and is ready for transport.

e Avoid re-opening any container to prevent living organisms or seeds from entering.

e Report all signs of rodents in any packing facility or container to the Biosecurity Officer.

Protocols while on-island

e Use secured rooms designated for the unpacking of cargo, where any organisms or seeds
that previously escaped biosecurity measures can be quarantined and captured.

e Any living organisms or seeds found will be captured, documented, and disposed of or
saved following the Early Detection Rapid Response protocol. Notify the Biosecurity
Officer. A can of insectecticide should be available to deal with any insects or spiders
found while unpacking that cannot be easily killed otherwise. Any rodents or other small
mammals discovered must immediately be captured to be frozen for later inspection and
genetic analysis.

e Rodent Early Detection and Rapid Response supplies/equipment and kits will be
maintained on the island and deployed in and around the landings, houses, Powerhouse,
Carpenter Shop.

General Procedures
Pre-departure Procedures

1. All personnel coming ashore must eliminate off-the-shelf packaging and re-pack in
thoroughly cleaned rodent-proof containers following the SOPs.

12
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All cargo must be in sealed duffel bags, suitcases or other sealed containers.

Bulky items that cannot be packed in containers, such as pipes or other items with
hollow portions, will need to be inspected and sealed to prevent rodent entry.

Bulky items not in containers will be visually assessed to ascertain that there is no
possibility of rodent stowing, such as inside pipes or other hollow portions of supplies
and equipment.

2. Visually inspect all cargo for signs of rodents or potential rodent entry points, especially
containers of foodstuffs and large equipment while loading on to vessels or aircraft.

o

o

o

All items loaded onto vessels or aircraft must be inspected for holes, cracks or other
signs of potential rodent entryways.

If any deficiency is found, cargo must be inspected and re-packaged prior to arrival or
it will not be permitted on the island.

Any items not packaged to specifications will be assessed for rodent intrusion,
inspected and re-packed prior to placement on vessel or it will be rejected and not
permitted on island.

Post-arrival Procedures
3. Visually assess all cargo for signs of rodents or potential rodent entry points, especially
containers of foodstuffs and large equipment before being loaded on to landing vessels.

o

The Biosecurity Officer will have designated staff that will visually assess all cargo to
ascertain if it is packaged in required containers.

a) Visually assess all cargo as it is being unloaded from landing vessel or aircraft on to
landing staging areas.

o

@)

Staff unlading cargo will provide visual assessment of containers for possible holes,
cracks or other signs of potential rodent entryways.

If entryways are detected, item will be quarantined immediately and unpacked in a
secure area to check for the possible presence of rodents.

b) As soon as practicable, unpack and visually assess all cargo inside secured building areas.

o

o

All cargo will be first unpacked in secure room indoors to reduce the risk of a rodent
escaping to the outside environment.

All island visitors will be instructed on unpacking procedures of all cargo to include
self-inspection for the presence of rodents or rodent sign.

Food will be unpacked in secured kitchen area.

If rodent is detected, immediate quarantine of room and/or building will be
implemented to ensure the rodent does not escape to outside environment.

If rodent escapes, immediate response measures will be undertaken that follow a
specified contingency response plan (to be written).
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Use this checklist to confirm that you have carried out the required protocols.
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Items/Actions Required action Check when Comments
completed
Biosecurity Name of Biosecurity Officer or Designee for the trip
Officer/Designee

Packs, duffle bags, and
containers

Empty all packs, bags and containers for inspection prior to packing
other items inside.

Inspect all containers for holes, cracks or other signs of potential rodent
entryways.

Clothing and footwear

Ensure clothes and boots are completely clean of
plant seeds, living organisms, mud, and debris, including the soles,
seams, laces, zippers, and pockets.

Food

Ensure food has been inspected and packed in a
sealed, rodent proof container.

Other Supplies/Equipment

Thorough cleaning and inspection of all cargo and equipment to ensure
it is free of rodents, plant seeds, other living organisms, mud, and
debris .

Non-bulky items are packed in sealed, rodent proof containers.

Freezing/Fumigation

Freeze or fumigate all appropriate soft gear for 48 hours or prior to
transport. This is especially critical for gear that has been used in other
Locations.

Vehicles

Ensure rodent detection and removal measures were completed for at
least 7 days immediately prior to departure.

Ensure transportation vessel (e.g. boat, aircraft) has been cleaned and
inspected for the presence of rodents, other living organisms, and
plant seeds, checked.

Other

Assess the need for any other special biosecurity risks or concerns and
address as needed.
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Appendix 2. Early Detection Methods for Routine Surveillance of Rodents on the
Farallon Islands National Wildlife Refuge

To secure the longevity of native wildlife on the South Farallon Islands and ensure that
the islands are maintained as rodent-free, periodic assessments for non-native species are
necessary. These assessments provide confidence that the biosecurity protocols are being
successfully implemented and allow the Service to make informed decisions and Rapid
Response actions should any rodent(s) or other non-native vertebrate species be
detected.

Personnel

The Early Detection protocol will be implemented by the Biosecurity Officer. When the
Biosecurity Officer is not present on the island, a trained Biosecurity Officer Designee
will be assigned.

Locations

Early Detection surveillance will be focused at the boat and helicopter landings, houses,
Powerhouse, and Carpenter Shop. These are where any rodents or other animal
stowaways would likely arrive on the islands. Rodents also are attracted to human
habitations and food sources. Periodically, other areas of the islands also should be
monitored for incursions. Surveillance tools should be employed on West End Island on
an annual basis. Installation should be done at the start of the seal monitoring season,
then inspected and removed on the next trip.

Documentation and Communication

If any rodent sign is detected or suspected, there must be immediate notification of the
Biosecurity Officer or Refuge Manager. The Rapid Response Protocol must be implemented
immediately in order to prevent any individual animals from reproducing into a self-sustaining
population. Records must be kept of the circumstances surrounding any initial detection. This
includes: who detected the animal, location, date, time, method of detection, number of animals,
and who the detection was reported to. Record as many details as possible.

Detection Methods

Tracking Tunnels

Tracking tunnels is a common method for monitoring small mammal presence on islands.
The technique uses a ‘run through’ tunnel containing two pieces of paper (track pads) on
either side of a sponge soaked with a tracking medium (ink or food coloring). As an animal
passes through the tunnel it picks up the tracking medium on its feet, then as it departs from
the tunnel it leaves a set of footprints on the track pads. The tunnel prevents native wildlife
(mostly birds) from disturbing the pads. Tracking tunnels may be more sensitive than snap
traps for detecting the presence of rodents at low abundance. The method is also less labor
intensive than trapping because the tunnels can remain permanently in place between
monitoring sessions.

o Tracking tunnels will be placed around landings, as well as inside and around the
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exterior of houses, Powerhouse, and Carpenter Shop;

Tracking tunnels should be inspected weekly at minimum;

Any track pads showing evidence of rodents or other small animals should be
photographed, and stored in a safe place. Track pads should be analyzed as soon
as possible by trained personnel.

Chew Blocks

Chew blocks are an excellent tool for detecting rodents. The blocks can be easily made
by cutting sturdy corrugated plastic sheets into one inch squares and then injecting
peanut butter into one edge to act as an attractant. Chew blocks can be made in advance
and taken along on any trips to the island. For routine deployment, plain peanut butter
can be used.

Chew blocks will be placed around landings, houses, Powerhouse, and Carpenter
Shop;

Chew blocks should be inspected weekly at minimum;

Any chew block(s) showing evidence of chewing should be removed,
photographed, and stored in a safe place. Chew marks should be analyzed as soon
as possible by trained personnel.

Traps
Traps are an efficient means of detecting and capturing rodents as specimens. A variety
of traps and bait types should be used to maximize the chances of capturing rodents.

Traps will be placed around landings as well as inside and around the exterior of
houses, Powerhouse, and Carpenter Shop.

Bait traps with known attractants that will not degrade rapidly. Peanut butter is
typically used as rodent bait. Check all traps at a minimum weekly.

Any rodent captured must be collected and analyzed.

DNA should be collected from any animals removed. DNA analysis may help
determine source population.

Sign Search

All island staff should be familiar with typical rodent tracks and scat. A protocol
and key cards will be provided with images of tracks and scat of the most likely
rodents or other small mammals to be introduced to Farallon Islands.

Constant vigilance for rodent and other introduced vertebrate sign must be done
within the course of all activities and all areas visited on the South Farallon
Islands.

Cameras
Surveillance cameras (e.g, camera traps) may be placed in and around landings and buildings to
help detect and identify rodents or other non-native vertebrates.
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Appendix 3. Recommended Rapid Response Actions for Rodent and Other Introduced
Vertebrates on the Farallon Islands National Wildlife Refuge

Roles and Responsibilities

Refuge Manager
e Designate a Biosecurity Officer and maintain a Rapid Response Team:

o Biosecurity Officer or other designees should be personnel that are
familiar with the Refuge and pertinent logistics

o Rapid Response Team can consist of Service and partner (e.g. Point
Blue Conservation Science) staff, be created through a contract with an
outside firm, or some combination of both

o Ensure funding is in place to support response actions

e Maintain regulatory compliance:

o Any application of rodenticide would be undertaken in accordance with the
Federal Insecticide Fungicide Rodenticide Act of 1972 (FIFRA) and EPA-
approved supplemental bait label issued to the USDA/APHIS, which define
the legally allowable use and restrictions of the specific pesticide under
FIFRA. All bait application activities would be conducted under the
supervision of a certified pesticide applicator holding a Qualified Applicator
Certificate from the State of California. If necessary to satisfy special
operational needs not covered under a current bait EPA-approved label, the
Service will consult with the USDA/APHIS and EPA. If deemed necessary,
the Service would then work with the USDA/APHIS to apply for a
supplemental label.

o Service policy requires an approved Pesticide Use Proposal (PUP) before
conducting any federal action involving the application of pesticides. The
Refuge Manager should request a PUP annually in case it is necessary to
apply a rodenticide to respond to an introduced mammal incursion.

e Direct rapid response team response actions

Biosecurity Officer
e Maintain good communication with Refuge Manager and other island personnel,
partners, and local agencies
e (reate and maintain rapid response kits

o All needed items should be acquired in advance and stored together in an
easily accessible location on the island.

o Perishable items (i.e., bait such as peanut butter and oats) must be replaced
as needed.

e Coordinate training for members of the Rapid Response Team

Rapid Response Team
e Be aware of pre-established locations of monitoring and removal tools
e Be prepared to respond quickly to all events
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Confirming the Incursion

e Any sightings or evidence of an incursion will be reviewed by the Biosecurity
Officer or designees to determine if and what type of response actions are necessary.

e I[fthe evidence is unclear the Biosecurity Officer will coordinate additional
investigations with expert consultation.

e Ifnecessary, the Biosecurity Officer will coordinate and implement actions of the
Rapid Response Team.

e Any information gathered during this stage, such as locations, or species identification,
should be used when determining response.

Response Actions

Confirmed Incursion
The following are recommended response actions following a confirmed rodent or other small
mammal incursion on the South Farallon Islands. If any other newly introduced vertebrates are
discovered, literature and/or expert consultation should be conducted immediately to determine
appropriate response actions:
e Utilize a variety of removal methods including bait stations, snap traps, cage traps,
and/or hand broadcast of bait.
e Trapping and bait station grid should cover all habitat types across the island. Traps
and bait stations should be placed at a higher density around key habitat and
detection sites.
e All trap and bait station locations should be numbered, visibly marked, and mapped.
Any member of the response team should be able to easily locate every location.
e Place traps in locations with plenty of natural cover, and where animals are likely
to be active. Place additional traps near any footprints or scat.
e Traps should be covered and/or placed in locations (e.g. attached to tree limbs)
that reduce the chance of interference by non-targets.
e Bait traps with known attractants. Check all traps daily and bait stations daily or
every other day. Peanut butter mixed with rolled oats makes good rodent bait.
e Keep detailed records. Any sign should be recorded and analyzed.
e DNA should be collected from any animals removed to help determine the source
population.
e Staff should continually search for sign and new trap locations.
e Additional investigations and research should be on going to determine the best
tools available removing rodents.

Recommended Equipment
The table below provides guidance on what items may be necessary for responding to an

incursion. The response kit is an example of what items may be necessary to implement a
long-term monitoring program on the island. Note that not all items will be needed for each
incursion; the nature of the incursion will dictate what exactly will be utilized.

These supplies should be acquired in advance and stored on the island. If a larger scale
response is needed, additional supplies can be obtained:
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Item Quantity
Laminated map of Southeast Farallon Island with monitoring sites noted | 1
Photocopies of map for writing on 5
Copy of Southeast Farallon Island Biosecurity Plan 1
Contact information for experts in various species 1
Copy of locations of long term monitoring tools 5

Copy of user’s manuals of any applicable monitoring tools

1 for each item

Key to identifying likely invaders

5

Waterproof notebooks 5

Zip lock bags 50
Pens/pencils 10
Permanent marker 10
Disposable gloves 50
GPS unit 2
Digital Camera 2
Colored flagging 5 rolls

Spare batteries

Enough to meet
needs

Tape measure

1

Sharp knife

1

Various tools (pliers, wire cutters, hammers, spades, etc.)

Radios for communication on island

Enough for crew

Personal protective equipment needed for work (e.g. leather gloves, eye
protection)

Enough to meet
needs

Insectecticide spray

1-2

Rodent proof containers

Enough to meet
needs
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Executive Summary

This report summarizes the process used to select action alternatives to be developed and analyzed in a
draft Environmental Impact Statement (EIS) to eradicate invasive house mice from the South Farallon
Islands, which are part of the Farallon National Wildlife Refuge, California. Home to more than 300,000
breeding seabirds, the Farallon National Wildlife Refuge supports the largest seabird colony in the
contiguous United States, as well as important populations of marine mammals, the endemic Farallon
arboreal salamander (Aneides lugubris farallonensis),the endemic Farallon camel cricket (Farallonophilus
cavernicolas), and a unigue plant community. House mice were inadvertently introduced to these
islands in the nineteenth century by early human occupants.

Invasive house mice are directly and indirectly negatively impacting the native biological resources of
the South Farallon Islands. Of particular concern is the rare ashy storm-petrel (Oceanodroma
homochroa). This small and rare seabird species is nearly endemic to coastal California, with about half
of the world population breeding on the Farallones (Carter et al. 2008). One of the major factors
affecting the Farallon ashy storm-petrel population is high predation rates from wintering burrowing
owls (Athene cunicularia; Nur et al. 2012). These owls arrive on the island as fall migrants who remain
and persist into the winter on a diet primarily of invasive house mice. The cyclic house mouse
population peaks in the fall when owls arrive, with densities as high as 1,200 mice per hectare, one of
the highest recorded rodent densities on any island. After the mouse population crashes in early winter,
the owls switch to alternative prey to survive, killing hundreds of storm-petrels each year. Based
largely on impacts of invasive rodents on other islands, it is believed that invasive house mice are
impacting other parts of the Farallones’ native ecosystem, including the endemic salamander,
invertebrates including the endemic cricket, and plant communities. The U.S. Fish and Wildlife Service
(Service) has identified mouse eradication as a critical step toward reducing the impacts of mice and
restoring the island’s ecosystem (USFWS 2009).

In 2011, the Service began the process of preparing an Environmental Impact Statement (EIS) in
compliance with the National Environmental Policy Act to assess the most appropriate action
alternatives for eradicating invasive house mice from the South Farallon Islands. To decide which action
alternatives to include in the Draft EIS, the Service utilized a Structured Decision Making (SDM) approach
known as the Alternatives Selection Process. This report documents the findings of that process and
describes the decision-making structure and resources that the Service relied upon to assess and
compare potential alternatives. The methods analyzed were gleaned from public and agency comments
received during an extended public scoping period, as well as from a thorough review of past mouse and
similar and more numerous rat eradication efforts world-wide.

In total, forty-nine mouse removal methods were assessed including mechanical, theoretical, and
chemical methods with three different delivery techniques. The methods analyzed were first assessed to
determine if they met the Minimum Operational Criteria, which required that each method:

a) Be consistent with select Service management and policy guidelines;
b) Be feasible to implement; and

¢) Meet human safety and logistical guidelines.
iii



A second parallel analysis scored and ranked each potential method for likely environmental impacts to
the islands resources and operational considerations associated with implementing the method at the
Farallon Islands. The scoring and ranking of methods was done within a series of matrices to provide a
guantitative comparative analysis of potential alternatives. This approach was intended to allow
decision makers to compare the potential environmental impacts and operational consideration of each
method on island resources in a quantifiable manner. Each method was analyzed for its potential
impact to island resources (biological, physical, and social), its availability for use, and its potential for
successfully eradicating mice from the South Farallon Islands. Thirty-five attributes in total were scored
and analyzed for each method.

Based on the information reviewed, assessed, and scored the Service selected two action alternatives to
be developed and analyzed in the draft EIS:

1) Aerial broadcast of the rodenticide brodifacoum as the primary technique; and
2) Aerial broadcast of the rodenticide diphacinone as the primary technique.

These two methods met all of the Minimum Operational Criteria and ranked among the top ten
methods within the matrix analysis. The two alternatives include the only products legally available and
registered for island rodent eradication use in the United States: Diphacinone 50—Conservation and
Brodifacoum 25-Conservation. The assessments and conclusions reached in this report were thoroughly
researched, discussed and reviewed by a wide range of experts, and are based on the best scientific
information currently available.
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1 Introduction

1.1 Description of the Problem

The Farallon Islands, or Farallones, within the Farallon National Wildlife Refuge (Refuge), are home to more
than 300,000 breeding seabirds, with over 200,000 of them on the South Farallon Islands. These islands
support the largest seabird breeding colony in the contiguous United States. Located offshore of the central
California coast within the productive California Current Upwelling System, this unique ecosystem supports
important populations of a variety of other species as well. There are five species of breeding pinnipeds
including the threatened Steller sea lion (Eumatopias jubata), the endemic Farallon arboreal salamander
(Aneides lugubris farallonensis), several species of terrestrial invertebrates including the endemic Farallon
camel cricket (Farallonophilus cavernicolus), nesting Peregrine Falcons (Falco peregrinus), over 400 species of
migrant birds, and a diverse intertidal plant and invertebrate community. The unique terrestrial plant
community is dominated by the native, annual, maritime goldfield (Lasthenia maritima), a species endemic to
seabird nesting islands along the California and Oregon coasts.

The Refuge was established by President Theodore Roosevelt in 1909 under Executive Order 1043 as a
preserve and breeding ground for marine birds. In 1969 the Refuge was expanded to include the South
Farallon Islands, the largest islands of the Farallon group. Because of their size and diversity of habitats, these
islands historically held the largest and most diverse populations of wildlife and plants. However, the South
Farallones have been impacted dramatically by human use since the early 19" century (White 1995). Since its
inclusion in the Farallon National Wildlife Refuge, the U.S. Fish and Wildlife Service (Service), along with its
partners PRBO Conservation Science and others, have been working to protect and restore the islands’
habitats and native wildlife and plant communities.

House mice (Mus musculus) were inadvertently introduced to the South Farallon Islands in the 19" century by
early human visitors. Typical of island ecosystems worldwide where this or similar species have been
introduced, house mice have both direct and indirect negative impacts on the native biological resources of
the South Farallones. Following an annual cycle of abundance, the Farallon mouse population peaks in the fall
months when densities have been measured at over 1,200 mice per hectare (3,000 per acre), one of the
highest densities ever recorded for the species (MacKay 2011). As part of the efforts to restore the native
ecosystems of the islands, in the mid-2000s the Service began investigating the possibility of eradicating the
invasive house mice) from the South Farallon Islands. In 2009, the Service published the Farallon National
Wildlife Refuge Final Comprehensive Conservation Plan and Environmental Assessment (CCP; USFWS 2009),
which provided guidelines and goals for managing the islands over the next 15 years. The CCP described
eradication of invasive house mice as one of those goals.

After several years of research, field trials, and planning the Service decided in early 2011 to prepare an
Environmental Impact Statement (EIS) in compliance with the National Environmental Policy Act (NEPA) of
1969 as a means of analyzing the potential impacts to the affected environment from the chosen range of
alternatives. In order to move forward with the eradication of mice from the Farallon Islands, the Service must
consider the environmental impacts of the actions proposed in compliance with NEPA. Specifically, federal



agencies must consider the environmental impacts of a reasonable range of alternatives for implementing an
action, and make the public aware of the environmental impacts of each of the action alternatives presented.

The Service released a public Notice of Intent (NOI) to prepare the EIS and initiated a Public Scoping period in
April 2011. After reviewing comments from both the general public and other agencies, the Service concluded
that a broad range of alternatives needed to be considered and initially assessed in a thorough and
transparent manner to assist the Service in deciding which action alternatives to fully analyze in the draft EIS. A
variety of mechanical and chemical methods have been used or potentially could be used for mouse removal.
Our goal was to assess those methods for their potential to eradicate mice from the islands as well as their
potential impacts on the affected environment. This report and decision tool documents the process that the
Service and its partners used to analyze and review potential mouse removal methods for inclusion in the Draft
EIS as action alternatives.

1.2 Objectives

1. Identify a reasonable range of alternatives that meet the Purpose and Need for action based on input
from project scoping (and in conformance with 40 CFR 1502.14 & 43 CFR 46.415).

2. Explore and assess each alternative to be considered according to a set of established Minimum
Operational Criteria, Environmental Concerns, and Operational Considerations.

a. Rigorously explore and objectively evaluate all reasonable alternatives, and for alternatives
which were eliminated from detailed study, briefly discuss the reasons for their having been
eliminated (§1502.14(a)).

b. Use the NEPA process to identify and assess the reasonable alternatives to proposed actions
that will avoid or minimize the adverse effects of these actions on the quality of the human
environment (§1502(e)).

c. The range of alternatives discussed in Environmental Impact Statements shall encompass
those to be considered by the ultimate agency decision-maker (§1505.1(e), §1502.2(e)).

3. Systematically accept or dismiss alternatives from further consideration for development in the Draft
EIS based on whether they meet the Minimum Operational Criteria for success.

4. Objectively assess the applicability of non-target species mitigation measures to remaining alternatives
to inform which alternatives will be developed as Action Alternatives in the Draft EIS for the Farallon

Mouse Eradication project.

5. Fully document the Alternatives Selection Process and the rationale used to select alternatives based
on the Minimum Operational Criteria, Environmental Concerns, and Operational Considerations.

2 Methods

The Alternatives Selection Process is a quantitative decision tool that utilizes available data and the expertise
of eradication and island resource specialists to systematically and objectively analyze and compare potential



action alternatives to include in the Draft EIS. The methods analyzed within this tool were included if they had
the potential to meet the Service’s management goal of protecting and restoring the ecosystem of the
Farallones, particularly seabirds and other native biological resources, by eradicating non-native house mice
and eliminating their negative impacts on the island ecosystem. In addition, potential alternatives were
considered based on comments received during the NEPA scoping process, as well as potential alternatives
that have had some history of use in rodent eradication or control operations throughout the world.

In total, 49 methods were analyzed: 6 non-rodenticide methods including trapping and immunocontraception,
as well as 15 rodenticides with up to three different application methods. While a combination of methods is
probable for any of the proposed action alternatives, this preliminary analysis only assessed the primary
methods that would be used if implemented. In an effort to minimize the amount of uncertainty within the
model, the analyses did not assess the myriad of possible combinations of methods available. Furthermore,
this model is not intended to provide a full scale impacts analysis of all 49 methods; rather it is intended to
allow decision makers to compare the potential impacts of each method to island resources, identify trade-offs
between methods, and determine which methods have the greatest potential to effectively eradicate mice
from the Farallon Islands. A full impacts analysis will be conducted for all action alternatives included in the
EIS.

Every method was first filtered to establish a subset of potential alternatives that would meet the Minimum
Operational Criteria. The Minimum Operational Criteria Checklist is a coarse filter that provided a framework
for eliminating methods that were either unsafe for personnel, logistically or technically infeasible (timing and
availability), or contrasted with the Service’s guidelines for management of the Refuge. Additionally, each
method was then scored for its potential impact to island resources (biological, physical and social), its
availability for use and its potential for successfully eradicating mice from the Farallon Islands. The scores
allowed for easy comparison of the potential alternatives to better understand the relationship between
various operational considerations and environmental concerns.

Structured Decision Making Steps:

2.1 Model
Approach

Mandates:
Laws, Policies,
preferences

The process of selecting a

reasonable range of
methods to fully analyze as
action alternatives in an

EIS typically does not Lonadear:
. . ] / Uncertainty,
require a comparative i /] . & linked

decisions

analysis of methods;
however, the Service felt
that the best way to
address the comments and
concerns of stakeholders,

Preference scales,
objective weighis

permitting agencies, and & risk atfitudes

Figure 1: FWS 2008 Fact Sheet




the public was through the development of a comprehensive, multi-attribute, uncertainty model that analyzed
a wide array of potential alternatives in a transparent and impartial manner (Figure 1).

The Service employed a modified Structured Decision Making (SDM) approach, which is a general term
describing an organized problem oriented approach to decision making that is focused on achieving a specific
goal. Structured Decision Making is rooted in decision theory and risk analysis that integrates science and
policy explicitly (FWS 2008). Additionally, the Service has regularly utilized this tool over the last 20 years for
endangered species management, developing Comprehensive Conservation Plans and Habitat Management
Plans, as well as numerous other applications. The steps to SDM begin with: 1) defining the problem; 2)
identifying management objectives; 3) identifying alternatives to choose from; 4) identifying the consequences
of different alternatives; 5) identifying tradeoffs between multiple objectives; 6) explicitly identifying the
uncertainties within the model; 7) identifying the risk tolerance (the level of acceptable risk) of the decision
makers; and finally 8) making an informed decision (FWS 2008).

SDM provides a framework for decision makers to balance the biological or environmental goals of a project
with societal objectives such as social justice, economic benefits, or health and safety. Moreover, SDM is
designed to allow risk managers to make decisions in the presence of substantial biological uncertainty by
adopting the Precautionary Principle. The Precautionary Principle states that “lack of full scientific certainty
should not be used as a reason for postponing cost-effective measures to prevent environmental degradation”
(1992 UN Rio Declaration — Agenda 21). Precautionary approaches to natural resources management are
intended to highlight the gap between scientifically supported data with the need for decision makers to
present defensible rationale for their choices (Gregory and Long 2009). Tools like SDM allow decision makers
to assess and aggregate multiple objectives in an effort to identify tradeoffs between objectives and impacts to
resources. Aggregation and integration of several factors across multiple metrics is the preferred method of
analysis despite the debate around the strengths and limitations of this technique between scientists and
decision makers (Bell et al. 2001 and Ohlson et al. 2005).

Selecting action alternatives for mouse eradication on the Farallon Islands is an ideal scenario for utilizing SDM
and multi-attribute analysis. This is due to the fact that decisions about the management of invasive species
encompass attributes that are typically addressed by multi-attribute decision analysis given that the outcomes
of management activities are uncertain, there are multiple, conflicting objectives, and there are many
stakeholders with differing and often opposing viewpoints (Maguire 2004). Furthermore, SDM decision
analysis can provide insights into important elements of the project to remove mice from the Farallones that
are typically neglected in ecological analyses due to a lack of available data. SDM explicitly provides a
guantitative and conceptual framework around the problem in an effort to help decision makers use scientific
data and frame the problem in a manner that will aid in the decision making process. The overall intent of this
type of modeling is to document the key exposure pathways and the resources that are sensitive to change,
not to provide an impacts analysis for each method assessed.

The Alternatives Selection Model was built to identify the range of alternatives that will be included in the
draft EIS by utilizing a combined matrix method (consequence table) and expert modeling approach. Matrix
modeling and expert judgment are often used in concert to evaluate the potential impacts of a given method
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that clearly projects the expected outcomes (Ohlson 2005). The knowledge and experience of experts can
typically be valuable at documenting the most important system vulnerabilities, as well as to project the
outcomes of an action in the face of uncertainty (See Appendix B for Expert Bios). The value of utilizing a
matrix method of analysis is that it efficiently summarizes the trade-offs that may exist across strategies or
across objectives, prioritizes methods, and allows decision makers to select methods based on the personal
values and risk tolerances of the given decision maker (Ohlson 2005).

In order to assess the multitude of possible methods available for mouse eradication, we developed a course
filter (Minimum Operational Criteria) that would identify the methods that met human safety standards, are
logistically feasible to implement, and comply with the Service’s refuge and resource management guidelines.
In addition, we then scored each method through a set of matrices (Environmental Concerns Matrix,
Operational Considerations Matrix, and Combined Matrix) for its potential impacts to island resources and its
potential for successfully eradicating mice from the Farallones. Together, the Minimum Operational Criteria
and the set of matrices identified the methods of eradication that are most likely to meet the Services
objective of eradicating mice from the Farallones, while minimizing impacts to the islands’ and nearby ocean’s
resources.

The following is the list of products that were developed to evaluate and rank the potential alternatives in a
manner that identified tradeoffs, managed uncertainties, and were transparent and easy to understand (See
Appendix A for Products 1-6 and accompanying CD for Products 7-12).

List of Products Developed for the Alternatives Selection Model:

1. List of Minimum Operational Criteria

List of Operational Tools and Methods

List of Important Operational Considerations, Environmental Concerns, and Potential Mitigation

Measures to evaluate in Matrices

An Analysis of Mouse Control vs. Eradication

Comparison of Mouse and Rat Ecology

Conceptual Model of the Alternative Selection Process scores methods for:

Minimum Operational Criteria Checklist assesses each method as a course filter

Matrices evaluating the Methods for Environmental Concerns
a. Biological Resources Worksheet (Short Term Negative Impacts)
b. Overall Environmental Concerns Matrix

9. Operational Considerations Matrix scores methods

10. Combined Matrix that combines scores from the Overall Environmental Concerns Matrix and the
Operational Considerations Matrix

11. Mitigation Matrix that includes a subset of potential alternatives that meet the Minimum Operational
Criteria and are evaluated for mitigation potential

12. Potential Alternatives List with a described outcome from the Alternatives Selection Process

wnN
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2.2 Potential Alternatives

Forty-nine potential alternatives were analyzed within the alternatives selection decision tool. The following is
a brief description of how each potential alternative is likely to be implemented if chosen for full analysis in the
Draft EIS.

2.2.1 Non-Rodenticide Methods

Live Trapping —This would involve the setting and checking of live-traps across all parts of the South Farallon
Islands, and removing all captured mice from the traps. The captured mice would likely be euthanized
humanely on site and incinerated for human and environmental health reasons. This technique would involve
accessing on foot all portions of all islands and conducting daily trapping efforts repeatedly for months or,
more likely, years. If traps were placed every 10 meters, approximately 5,000 traps would be necessary to
cover the islands (49 ha). Traps would need to be checked, re-baited, reset, and mice removed daily. If each
person checked and baited up to 100 traps per day, at least 50 personnel on foot would be required to check
the 5,000 traps daily. Given the steep and rugged terrain of much of the Farallon Islands, actual time or
personnel needed would be significantly greater especially when mice are at cyclic high numbers. Some areas
are not safely accessible on foot. Most likely potential impacts to non-target resources from the application
method include destruction of habitat from frequent trampling, frequent and long-term disturbance to marine
mammal haul-outs and breeding areas, and frequent and long-term disturbance to seabird breeding areas.
The latter two would likely result in large-scale loss of the annual productivity of many Farallon species,
including abandonment of certain areas. This method is most frequently used as a non-lethal research tool and
has no record of success in an island rodent eradication.

Snap Trapping —This method would likely involve much of the same personnel effort as the live-trapping
technique above, although the mice would already be dead when captured so would not need to be
euthanized. Over 5,000 traps would be required with traps placed at 10 m spacing. Traps may need to be
checked daily for weeks, or, more likely, years. If each person checked, removed, re-baited, and reset 100 traps
per day, 50 personnel on foot would be required to check the 5,000 traps daily. Given the steep and rugged
terrain of much of the Farallon Islands, actual time or personnel needed would be significantly greater
especially when mice are at cyclic high numbers. Some areas are not safely accessible on foot. Most likely
potential impacts to non-target island resources from the application method include destruction of habitat
from frequent trampling, frequent and long-term disturbance to marine mammal haul-outs and breeding
areas, and frequent and long-term disturbance to seabird breeding areas. The latter two would likely result in
large-scale loss of the annual productivity of many Farallon species, including abandonment of certain areas.
This method is most used for rodent control on a very local level and has no record of success in an island
rodent eradication.

Non-native Predator introduction — This technique would involve the introduction of an unknown number of
non-native predators (such as cats or snakes) that are known to prey on rodents in the hope that they would
prey on and kill every mouse on the islands. This method may provide some means of partial control of mouse
numbers on the Farallones. But its use has never been documented in an eradication setting and it is highly
unlikely to fully eradicate mice from the islands. Also, there is a high risk of major impacts to native wildlife on
the islands from introduced predators, as well as a high risk of such an introduced predator becoming
naturalized on the islands.
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2.2.2 Theoretical Methods (not yet developed or ready for field testing)

Immunocontraception — This technique utilizes a form of mammalian birth control delivered aerially in a food
pellet that would theoretically inhibit conception and reproduction of mice. While research is being conducted
into control efforts for rats using this technology, no registered product exists in the U.S. for any rodent in a
deliverable or permitted format, and none of the methods currently being tested are expected to be available
or registered for mouse eradication on islands, or any other purposes, in the near future. Since mice live up to
18 months or more before they die naturally of old age, this product likely would have to be delivered to every
mouse on the island for at least two years to have a chance at eradication of all the mice. Bait would likely
need to be continually delivered periodically for many months or years.

Disease -Like immunocontraception, the technique of introducing a fatal disease that would kill only mice has
been researched for decades, but no product or process is currently available to field test for eradication.
Theoretically, if developed in the future, this technique might involve aerially introducing infected mice or food
dosed with some infectious agent that could kill mice. A number of exposure attempts would likely be
necessary during different portions of the island and throughout the year, possibly over years.

Genetic Engineering —Another theoretical technique, that if developed would likely involve multiple releases
on the islands of genetically modified house mice that might cause the eradication of mice by producing a sex-
bias (daughterless method) so severe that mouse reproduction might eventually cease. Some lab and small
field trial work on mosquitoes suggests that this might be a possibility for mouse control in the future, but this
technique is at least 5-10 years away, if ever, from being ready for any practical field use for eradication.

2.2.3 Rodenticide Methods

A variety of chemicals have been developed to kill rodents. These chemical rodenticides are typically delivered
in an ingestible form such as a bait pellet made up largely of grain materials. Table 1 summarizes the
recognized classifications and subclassifications of rodenticides and the products assessed. The different
classes vary in their physical means of inducing mortality, time to induce mortality, effectiveness at causing
mortality, and effects on non-target species, soil and water. Most have been developed and used as rodent
control agents, mainly for rats (Rattus spp.). A small number have been used for island rat or mouse
eradications. Two products have been most widely and successfully used for rodent eradications: brodifacoum
and diphacinone. These same two are the only products registered in the U.S. for island eradication purposes.
Others may be legal or illegal for use for other purposes.
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Table 1. List of rodenticides assessed in this report, including classification and description.

Classification

Sub
classification

Description

Products assessed

Nontoxic A highly soluble and biodegradable cellulose maize Eradibait
product that blocks the digestive system of rodents,
without impacting other mammals or birds. It causes
rodent death by dehydration, blood thickening, and
circulatory collapse. It requires multiple feedings for 4-
7 days, of at least 10-15 grams per mouse, and can
only be applied through a bait station operation. This
technique has never been trialed or used in an
eradication setting.
Acute A rodenticide that acts rapidly and causes death Zinc phosphide,
shortly after ingestion. Bromethalin,
1080 (Sodium fluoroacetate),
Strychnine
Subacute A rodenticide that causes death between 24 and 48 Cholecalciferol
hours after ingestion.
Chronic 1% generation A rodenticide that prevents coagulation (clotting) of Diphacinone,
anticoagulant the blood and requires multiple doses to induce Warfarin,
mortality. It takes at least 48 to 72 hours for the Chlorophacinone,
anticoagulant effect to develop. Pindone,

Coumatetralyl

2" generation
anticoagulant

A rodenticide that prevents coagulation (clotting) of
the blood and may require just a single dose to induce
mortality. It takes at least 48 to 72 hours for the
anticoagulant effect to develop.

Brodifacoum,
Bromadiolone,
Difethialone,
Flocoumafen

e Available Broadcast Methods:

Aerial Broadcast: This approach involves the use of a sophisticated helicopter delivery system that utilizes a

custom designed and calibrated agricultural hopper with Digital GPS mapping electronics. The hopper allows

practitioners to spread bait at designated rates over the entire island in a systematic way. Aerial broadcast is

effective at quickly spreading bait over large areas, including areas not accessible on foot. One treatment can

be accomplished on the Farallones in a few hours. Two treatments separated by a week or two are usually

conducted when using second generation anticoagulants, acute toxicants, and subacute toxicants. Three or

more treatments may be necessary if using first generation anticoagulants since they require multiple feeds to

cause a lethal response to target individuals, more bait is needed to successfully eradicate every mouse, and

mice need to be exposed to the toxicant for 2 to 3 weeks at minimum. For this method, it was assumed that

implementation would be conducted during the fall months when impacts to Farallon breeding birds and

marine mammals would be minimized. Thus, the most likely potential impacts to non-target resources from

the application method include short-term disturbance to marine mammal haul-outs and seabird roosting

areas, and mortality of non-target species from both primary and secondary consumption of rodenticide.

Hand Broadcast: This method would require broadcasting bait by hand over the entirety of the islands on

foot. Bait would be spread using over 5,000 designated baiting points spaced 10 m apart. ). Given the steep

and rugged terrain of much of the Farallon Islands, in order to complete one treatment on 50 ha, 50-100

people might be needed to allow for the marking of each bait point and to execute the simultaneous baiting of
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all 5,000 points on all islands in one to two days. Some areas are not safely accessible on foot and thus could
not be baited. Two applications would be required for second generation anticoagulants, acute toxicants, and
subacute toxicants, whereas 3 or more applications may be required for first generation anticoagulants. For
this method, it was assumed that implementation would be conducted during the fall months when impacts to
Farallon breeding birds and marine mammals would be minimized. Thus, the most likely potential impacts to
non-target resources from the application method include potential destruction of habitat from trampling,
short-term disturbance to marine mammal haul-outs and seabird roost sites, and mortality of non-target
species from both primary and secondary consumption of rodenticide.

Bait Station: Bait stations are box-like enclosures with small entryways designed to be attractive to rodents,
but difficult to navigate for other species such as birds. Bait station methods involve securing bait stationsin a
manner that will enable them to hold and deliver rodenticides or other bait delivered products, including
disease and immunocontraception, to every mouse on the island. Bait station operations are typically left in
place for several months, and up to two years to ensure 100% delivery to all mice. Approximately 5,000 bait
stations would be required and secured at 10 m spacing to cover the entire island, and would need to be
checked every other day for several weeks, then potentially less frequently for several months and for as long
as two years or more. A crew of approximately 10 -15 people would be needed for at least 20 days on island to
construct, transport and install (secure) the 5,000 bait stations, assuming a rate of up to 50 bait stations
installed per person per day. Approximately 100 people would be needed to fill all 5,000 bait stations the first
day, as one person can fill one bait station every 10 minutes (= 6/hour x 8 hours = 48-50/day/person). Given
the steep and rugged terrain of much of the Farallon Islands, approximately 50-100 people likely would be
required to check and refill each of the 5,000 stations every other day for several weeks or months; and 15-20
people would be needed to check and refill the stations once per week for several months or years. Some
areas are not safely accessible on foot and thus could not be baited. Most likely potential impacts to non-
target resources from the application method include destruction of habitat from frequent trampling, frequent
and long-term disturbance to marine mammal haul-outs and breeding areas, frequent and long-term
disturbance to seabird breeding areas, and mortality of non-target species mainly from secondary
consumption of rodenticide. The latter two would likely result in large-scale loss of the annual productivity of
many Farallon species, including abandonment of certain areas.

2.3 Steps to Developing the Alternative Selection Model

The steps taken to develop the Alternatives Selection Model are illustrated below and are meant to describe
the process used to produce all of the matrices and Minimum Operational Criteria for the model, as well as
identify trade-offs and assess the risk tolerance of the Service and its partners.

e Develop a matrix that can be used to determine if a potential alternative meets the Minimum
Operational Criteria
A. Evaluate each method to determine if it meets all of the Minimum Operational Criteria
B. Provide a justification for dismissing an alternative that does not meet the Minimum
Operational Criteria

e Describe the difference between control and eradication operations
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o Describe the differences between mouse and rat ecology
A. Information about rats (Rattus spp.) and rat eradications that can be used to inform the
planning of a mouse eradication, and how mice are different from rats.

e Develop a conceptual model illustrating the Alternatives Selection Process
A. The conceptual model should provide a visual representation of the modeling process.

e Develop matrices (Biological Resources Worksheet and Overall Environmental Concerns) that
evaluate the potential alternatives for Environmental Concerns
A. Identify all major environmental concerns for use within the matrix.
B. Develop matrices for short-term negative impacts to individuals of each species or group of
species.
C. Determine how each environmental concern will be evaluated and scored within the matrix,
D. Score and total each method for environmental concerns.

e Develop a matrix that evaluates the alternatives for Operational Considerations
A. ldentify all of the operational issues for use within the matrix.
B. Score and total each method for operational considerations.

e Develop a combined matrix that includes the potential alternatives that meet the Minimum
Operational Criteria
A. Combine scores from the Overall Environmental Concerns Matrix and the Operational
Consideration Matrix to determine the overall score for each method.
B. Rank the scores in order from smallest to largest to identify the methods that are likely to have
the greatest likelihood of successfully eradicating mice from the islands combined with the
least impact on island resources .

e Develop a mitigation matrix that includes the potential alternatives that meet the Minimum
Operational Criteria
A. Determine the amount of relief (score) each mitigation measure will have on the overall
impact to the Environmental Concerns and Operational Considerations.
B. Combine scores from the Operational Considerations Matrix and Mitigated Environmental
Concerns to determine the Total Mitigated Score of the alternative.

e Develop a ranked list of potential alternatives that meet the Minimum Operational Criteria and
determine which of the potential alternatives will be dismissed or considered and evaluated fully
within the EIS

A. FWS and its partners will determine which alternatives from the list will be developed in the
EIS based on the results of the model, the identified trade-offs, and their tolerance for risk.

2.4 Scoring

Each method was scored for a suite of potential impacts and operational considerations using a range from
zero to three. The lower the score the less impactful the method was projected to be to island resources, or
the more likely the method was expected to satisfy the operational considerations. The scoring was a relative
comparison of the methods evaluated in this analysis and was not intended to be used for comparison with
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other methodologies not assessed herein. This approach allowed us to compare the potential impacts and
operational capacity of each alternative in light of uncertainties associated with these methods and their
potential to successfully eradicate mice from the Farallon Islands in a manner that imparts the minimum
impact to non-target species. The scoring system that was used for each matrix is explained in greater detail
within the following discussion. Where data gaps were present, scores were determined by utilizing known
information for similar methods. For example, a rodenticide was scored similarly to related rodenticides if
information was lacking on its impact to island resources.

2.4.1 Environmental Concerns Matrix (Products 8a and 8b)

The Environmental Concerns Matrix was split into the Biological Resources Worksheet, which compared the
impacts of the potential alternatives on biological resources, and the Overall Environmental Concerns Matrix,
which includes impacts to all of the affected environment’s resources including physical, social, and biological.

Biological Resources Worksheet (Product 8a)

The Biological Resources Worksheet analyzes the likely expected short-term impacts to one individual for each
of the biological resources on the Farallon Islands for Toxicant hazard (T), Disturbance risk (D), and Habitat
alteration risk (H). A score of zero indicates that the impact to the resource is expected to be negligible. A
score of one indicates that the impact to the resource is expected to be relatively low. A score of two indicates
that the impact to the resource is expected to be relatively moderate, and a score of three indicates that the
impact to the resource is expected to be relatively high. Scores were not meant to be absolute impact
assessments, but to be categorical scores relative to the other methods assessed. Scores were added together
for all of the biological resources to obtain a total score. The total score was then incorporated into the Overall
Environmental Concerns matrix to obtain the overall score for the environmental concerns for each potential
alternative. Table 2 illustrates the scoring methodology for biological resources. Toxicant hazard refers to
potential for an individual to be exposed to lethal doses of toxicant (for potential alternatives using
rodenticides). This takes into account both a species susceptibility to toxicant effects, as well as its potential to
consume the toxicant. Disturbance risk refers to the individual’s potential to be impacted by implementation
activities. Examples of disturbance impacts include animals moving from breeding, resting or foraging areas,
being trampled, or abandoning breeding sites. Habitat alteration risks refers to an individual’s susceptibility to
likely habitat changes resulting from implementation activities, such as trampling of vegetation, dislodging
rocks, or placement of materials such as traps or bait stations. In the case of introduced plants, extensive
ground-based operations will likely lead to spread of invasive plant seeds, which attach to personnel shoes and
clothing; this is another type of habitat alteration.
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Table 2 — Scoring Methodology for Biological Resources

Toxicant Hazard Disturbance Risk Habitat Alteration Risk

(Exposure + Toxicity) (Long-term)

A score of one indicates that the

A score of one indicates that the A score of one indicates that the species
species is at a low risk or toxicant  species is at a low risk from is at a low risk from habitat alteration
hazard. These individuals may be  disturbance impacts and will likely and any impacts to habitat will likely be
affected by high doses of toxicant recover very quickly after short-term (e.g. minor short-term

but do not have a clear exposure  implementation has ceased. impacts to habitat)

pathway and thus are unlikely to

consume lethal doses of toxicant.

A score of three indicates that A score of three indicates that the A score of three indicates that the

the species has more than one individual is highly likely to be species is highly likely to be impacted by
exposure pathway, is susceptible  exposed to disturbance impacts habitat alteration (e.g. restoration of the
to toxicant effects, and is highly such as lost productivity, long-term  habitat or several years of recovery will
likely to either consume bait or permanent departure from the likely be needed)

directly or other species that islands, injury or death.

consumed bait (e.g.,
consumption of toxicant is highly
likely and will likely cause
mortality).

Overall Environmental Concerns Matrix (Product 8b)

The Overall Environmental Concerns Matrix provides scores for the impacts of each potential alternative to
physical and social resources combined with the total score from the Biological Resources Worksheet. The
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physical and social resources are scored from zero to three; zero is negligible impact, one is low impact, two is
moderate impact, and three is high impact. For the most part, all of the physical and social resources were
similarly scored for all of the potential alternatives since none are likely to have significant impacts to any of
these resources. Table 3 illustrates the scoring for the physical and social resources.

Table 3. Scoring methodology for physical and Social resources.

Disturbance Impact or Length of Exposure to Physical and Social Resources

A score of one indicates that the resource is likely to experience minor disturbance impacts or
the length of exposure is likely to be minimal (e.g., persistence in soil is for a few weeks or

expected impacts to social resources are low)

A score of three indicates that the resource is likely to experience high levels of disturbance

impacts or the length of exposure is likely to be for a long period (e.g. persistence in soil is for
more than 6 months or expected impacts to social resources are high)

2.4.2 Operational Considerations Matrix (Product 9)

The Operational Considerations Matrix analyzes the potential for each method to be used to successfully
eradicate all mice from the Farallon Islands. This matrix looks at the efficacy of the method at eradicating mice,
its legal availability, physical availability, safety to humans, logistics, research needs, and the time needed to
obtain registration with the EPA and make island eradication ready prior to implementation. Each operational
consideration is scored from zero to three, where zero represents the least risk and three has the most risk.
However, since each operational consideration is different, they have individual scoring methods. Table 4
displays the scoring method for each operational consideration.
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Table 4. Scoring methodology for Operational Considerations.

Time to trial
Efficacy Legal Physical {o]3 Personnel Logistical Research
Availability Availability Registration & Safety Feasibility Needs
Island use

Value

Low
Needs a Moderate o .
Low . 3 to 5 years to . feasibility Extensive
L Not legally redesign to be . risk to
likelihood of ) ) trial for due to research
o available in used for . . personnel .
eradicating L registration access, required for
. the U.S. eradication . from L .
mice and island use ) timing, other  eradication
purposes operations L
logistics

High
. Negligible .g. . .
High Legal to use Sold 0to 1yearto risk to feasibility Little
likelihood of for commercially trial for due to research
_ N o S personnel .
eradicating eradication for eradication registration from access, required for
mice purposes purposes and island use . timing, other  eradication
operations -
logistics

3 Results

3.1 Minimum Operational Criteria Checklist

The Minimum Operational Criteria checklist is a coarse filter that requires all methods to meet a set of
standards for further consideration as potential action alternatives in the Draft EIS. Each potential action
alternative is required to be consistent with selected Farallon National Wildlife Refuge management
guidelines, be feasible to implement, and meet all safety and logistic requirements. Methods that do not
satisfy all the Minimum Operational Criteria were removed from further consideration and will be included in
the EIS in the section: Alternatives Considered and Dismissed. Even though many potential methods did not
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meet the minimum operational criteria, all 49 methods were scored and ranked in the parallel assessment
method, as described in Section 3.2.

The seven methods that passed through the Minimum Operational Criteria filter are shown in Table 5. All of
these include the aerial application of rodenticide products that are currently registered with the EPA for some
purpose in the U.S. Two are registered for island eradication use for non-native rodents, and five are registered
for some type of control use but not for island eradication and conservation purposes (Table 5). Potential
action alternatives that would utilize mechanical means as the primary method of operation, including the use
of snap traps or live traps, did not meet the Minimum Operational Criteria because they did not meet Service’s
safety and logistical guidelines since they require the use of extensive ground measures over the entire island,
which is considered to be highly unsafe for personnel due to steep and unstable terrain, logistically unfeasible
because of the inaccessibility of many areas, and highly impactful to island resources from the repeated
disturbance to individuals and habitats. Similarly, all of the rodenticide methods that primarily would utilize
ground operations (hand baiting or bait stations) were eliminated for the same human safety, logistical
feasibility and unacceptable habitat and disturbance impacts. Furthermore, none of these techniques have
ever been used successfully to eradicate mice on large islands.

Most rodenticide methods did not meet Minimum Operational Criteria because they are not currently
registered for use in the United States, making the method infeasible to implement in the near future. This is
primarily due to the large amount of time associated with developing a bait product, product manufacturing,
conducting lab and field trials for registration with the U.S. Environmental Protection Agency (EPA), as well as
conducting field trials in an eradication setting. In addition, there is a high degree of uncertainty of the efficacy
of the unregistered potential. Many are either less effective on mice, and/or would likely have equal impacts
on non-target species as the available registered methods (Howald, 2011 unpublished report). Thus, years of
research and development may or may not show these currently unregistered products to be either effective
or safe for mouse eradication.
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Table 5. Minimum Operational Criteria for eradicating invasive house mice from the South Farallon Islands,
including the seven potential methods that passed all criteria.

Minimum Operational Criteria

Operational Category

Aerial Cholecalciferol
es
(subacute) v

Aerial Warfarin (1st
generation)

Aerial Diphacionone (1st

. yes
generation)

Aerial Chlorophacinone
(1st generation)

Aerial Brodifacoum (2nd
. yes
generation)

Aerial Bromadiolone
(2nd generation)

Aerial Difethialone (2nd
generation)

yes
I
yes
I
yes
I
yes

yes

yes yes

3.2 Scoring Potential Alternatives

In general, potential alternatives that required aerial application scored lower for disturbance and habitat
alteration risk because they required minimal ground operations, some ground-based methods (e.g., hand
baiting) received moderate scores for disturbance and habitat alteration risk because they only required
ground operations for a short period of time, and methods with extensive ground operations (e.g., bait
stations and live trapping) received high scores for disturbance and habitat alteration because they required
extensive and repeated ground operations for an extended period of time. The latter group would entail
frequent disturbances to seabird and pinniped breeding and resting areas, likely resulting in major impacts
including extended abandonment of large areas, abandonment of nests or pups, crushing of seabird nesting
burrows, dislodging of rocks, injury to pinnipeds from trampling and flushing, damage to plant communities
from trampling, among others.
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Potential alternatives that utilized acute, sub-acute, and second generation anticoagulant rodenticides scored
higher than first generation anticoagulants for toxicant risk because of their higher toxicities, while methods
that did not include toxicants received negligible (0) scores for toxicant hazard. The score for toxicant hazard
was based on three factors: exposure potential, toxicity to the resource, and the type of rodenticide.
Therefore, a toxicant may be highly toxic to an individual but receive a low score for toxicant hazard if the
individual is not likely to be present at the time of implementation or there is no foreseeable pathway of
exposure to lethal doses (e.g., seabirds that primarily eat pelagic fish will be at a negligible toxicant risk since
they are unlikely to come in contact with the toxicant through primary or secondary exposure pathways).
Toxicant risk to invertebrates and plants is low to moderate because rodenticides are not known to be toxic to
these resources. Marine mammals scored low fortoxicant risk because they are highly unlikely to consume
rodenticide in the large quantities required to have toxic effects. Birds, such as gulls, scored high for toxicant
risk because of their likelihood of consuming lethal doses of toxic bait pellets, as well as the possibility of
consuming dead mice or other organisms killed by rodenticide ingestion. Certain raptors, such as Peregrine
Falcons and Burrowing Owls, scored high for toxicant risk because of their risk of secondary exposure by
feeding on either birds that had been exposed to rodenticide (falcon or owl) or mice exposed to rodenticide
(owl).

Generally, methods that are not currently legally available (registered for island conservation purposes in the
United States) scored higher than those that are currently registered due to the research needs, physical
availability of the method, and the time needed to trial and register a product for island use. Potential
alternatives with a limited or nonexistent history of successful rodent eradication received higher scores for
operational efficacy risk than methods with a history of successful eradication use. Methods that required
intensive ground-based activity scored higher than those that could be applied aerially (for reasons described
above) and methods that have the potential to eradicate mice but are not available scored higher than those
currently available for use at this time.

3.3 Ranked List of All Potential Alternatives

The Combined Matrix (Product 10) incorporates the scores from the Overall Environmental Concerns Matrix
(Product 8b) and the Operational Considerations Matrix (Product 9) to provide a ranked list of alternatives.

The ranked methods were then compared to the results of the Minimum Operational Criteria. Eight of the top
eleven ranking methods are aerial rodenticide methods (Table 6). Seven of these rodenticide methods
successfully passed the Minimum Operational Criteria (Table 5) and were considered for inclusion in the draft
EIS as potential action alternatives. Aerial broadcast of pindone did not meet all of the Minimum Operational
Criteria due to the length of time needed to trial and register for island use.

Immunocontraception, disease, and genetic engineering methods all ranked relatively high, as they are non-
toxic methods that could potentially be effective at eradicating mice in the future. However, at this time they
are all still in the theoretical design and planning stage (Dr. Cheryl Dyer of Synestech and Dr. David Threadgill
of North Carolina State University pers. comm.), and consequently are not available to be considered as viable
action alternatives.
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The hand broadcast, bait station, and trapping methods had the highest scores (most impactful) primarily
because they did not meet the safety and logistical requirements, but also because all of these methods
require repeated foot traffic over the entire island for many months/years, which would have unacceptable
long-term negative impacts to important seabird breeding areas and pinniped haul outs on the islands.

Table 6. Top ranked potential action alternatives based on total combined scores of the Environmental
Concerns and Operational Concerns matrices.

Total
] ] ) ) Total Operational Total Combined
Possible Action Alternatives Environmental . .
Considerations (9) Score (10)
Concerns (8a + 8b)
) *
Immunocontraception <) 16 25
Aerial Warfarin 17 8 25
. *

Disease 9 19 28
Aerial Diphacinone 21 6 27
Genetic Engineering* 12 17 29
Aerial Cholecalciferol 23 8 31
Aerial Chlorophacinone 23 9 32
Aerial Brodifacoum 32 3 35
Aerial Bromadiolone 30 6 36
Aerial pindone* 24 13 37
Aerial Difethialone 33 6 39

* Alternatives eliminated from full consideration because they did not meet the Minimum Operational Criteria listed in Product 1.

3.4 Mitigation Matrix

The Mitigation Matrix (Product 11) was designed to compare methods that met the minimum operational
criteria under both mitigated and unmitigated operations. A suite of mitigation measures that may be included
in the design of action alternatives for the draft EIS were applied and valued for the potential alternatives that
met the Minimum Operational Criteria. Mitigation measures that were included in this portion of the analysis
involve techniques that could be employed to reduce the potential impacts of rodenticides and disturbance to
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non-target resources, depending on the method used. Several of these techniques have been used successfully
in previous rodent eradications. Mitigation measures to reduce risk of toxicant exposure from rodenticide
methods included: 1) gull hazing to reduce their risk of consuming toxic bait; 2) carcass removal of all dead
animals found to reduce the risk of secondary toxicant exposure to predators and scavengers ; 3) raptor
capture and hold to eliminate the risk of those individuals to secondary exposure to toxicant by preying on
organisms that were otherwise exposed to toxicant; 4) capture and hold of suitable numbers of endemic
arboreal salamanders and Farallon camel crickets in the unlikely case that reintroduction is necessary to
protect against population level impacts to those species; 5) using a bait deflector on the coastline; and 6)
tarping the water catchment pad to protect the island drinking water supply. Mitigation measures to reduce
risk of wildlife disturbance included, for aerial broadcast methods, controlled helicopter flights to partially
habituate and slowly and safely flush marine mammals during baiting operations. The mitigation measures in
this analysis represent the type of mitigation measures that could be incorporated into operational plans for
the action alternatives developed in the draft EIS; however, it is too early in the planning process to determine
precisely which measures will ultimately be used during project implementation. Additional mitigation
measures not used in this preliminary analysis may also be considered and eventually employed.

Furthermore, the implementation of some mitigation measures such as bird hazing may reduce the toxicant
impacts to some species (e.g., gulls) that may also result in temporary disturbance impacts to other species
(e.g., marine mammals). As a result, the overall scores for the mitigated methods are, in general, about the
same as for the unmitigated methods, but these scores are not weighted for relative importance. These factors
will need to be considered thoroughly as part of the decision making process on a preferred alternative.

Table 7 provides a comparison of mitigated and unmitigated scores for the seven potential alternatives. In
addition, the table provides mitigated and unmitigated scores for the seven alternatives without any
consideration of potential disturbance impacts to illustrate the differences both with and without mitigation
for toxicant risk to non-target resources. Basically, with mitigation, the toxicant risk can be reduced to low or
negligible levels for most non-target resources on the islands. Additionally, the table identifies the key trade-
off between potential gull mortality due to toxicant exposure and increased disturbance to both birds and
marine mammals with extensive mitigation (i.e., gull hazing).
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Table 7. Comparison of the mitigated and unmitigated scores for all 7 potential alternatives that met the
minimum operational criteria and ranked in the top ten. Scores with and without disturbance impacts were
included to better illustrate how mitigation measure will likely decrease the lethal exposure of rodenticides to
non-target species.

Total Unmitigated Total Mitigated

Total Unmitigated Total Mitigated

Alternative 1 2 Score without Score without
Score Score . 3 . a
Disturbance Disturbance
| _________________|
Aerial Warfarin 25 33 15 13
Aerial Diphacinone 27 33 17 11
Aerial 31 37 21 15

Chlorophacinone

Aerial 31 37 23 17
Cholecalciferol

Aerial Brodifacoum 35 48 27 16

Aerial 39 41 31 19
Bromadialone

Aerial Difethialone 39 42 31 20

Total Combined Score from Table 6 and Matrix 10.

> Total Combined Score from Table 6 adjusted when mitigation measures for rodenticide toxicant risk and disturbance are
incorporated (Matrix 10).

* Total Combined Score from Table 6 adjusted when potential impacts to non-target resources from disturbance are not
considered (Matrix 10).

* Total Combined Score from Table 6 adjusted when potential impacts from disturbance are not considered but mitigation
measures to reduce toxicant risk to non-target resources are included (Matrix 10).

4 Conclusions

The Alternatives Selection Process utilized a Structured Decision Making (SDM) approach to analyze and
evaluate 49 potential alternatives for inclusion in the proposed Farallon Islands mouse eradication Draft EIS.
SDM is widely used by the Service to evaluate alternatives, identify priority areas for conservation, and to
develop programmatic planning documents. The Alternatives Selection Process evaluated each method for its
potential impacts to island resources, as well as its ability to fulfill all of the operational requirements for
invasive house mouse eradication on the Farallon Islands.
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4.1 Potential Action Alternatives

Of the 49 potential alternatives that were initially assessed in the model, a total of seven met the Minimum
Operational Criteria and were analyzed further under a scenario incorporating measures to mitigate, or
reduce, potential impacts to non-target resources. All seven potential action alternatives incorporated an
aerial application of rodenticide as the primary mouse removal method.

The seven potential action alternatives included:

e One sub-acute toxicant: cholecalciferol;
e Three 1st generation anticoagulants: chlorophacinone, warfarin, and diphacinone
e Three 2nd generation anticoagulants: brodifacoum, bromadiolone, and difethialone.

Of the seven rodenticides meeting the Minimum Operational Criteria, only two have products that are
currently registered with the EPA for conservation use and thus are legally available for rodent eradication on
islands in the United States: diphacinone (D50 Conservation) and brodifacoum (25D Conservation and 25W
Conservation).

Of the 47 successful mouse eradications world-wide, 98% (all but one) used brodifacoum or a closely related
second generation anticoagulant. The application of rodent bait containing brodifacoum is the only method
with a demonstrated history of success for eradicating mice from islands worldwide. However, it does pose a
greater risk than subacute or 1* generation anticoagulants to non-target species such as birds. However,
diphacinone, which is less toxic to birds, has never been successfully used for a mouse eradication, although it
has been used successfully for rat eradications

The other five rodenticides that met the Minimum Operational Criteria are not registered for island eradication
use and have properties generally similar to one of the two available rodenticides. None of the five
unregistered compounds have been proven more effective at eradicating mice than one of the two available,
registered products. Furthermore, no new products are currently in development or are likely to be available
and trialed in an island eradication setting within the time-frame preferred for this project. Also, several of the
unselected compounds (including warfarin, chlorophacinone, and bromadiolone) have a history of resistance,
while cholecalciferol has a history of bait shyness and resistance. Difethialone is a compound that has a very
long half life in soil (635 days).

Table 8 illustrates the outcome of each of the seven potential action alternatives and a summary of the
primary justifications for their dismissal from further consideration in the draft EIS as action alternatives. The
results of the minimum operational criteria and the ranked analyses identified two possible eradication
methods as available and appropriate for consideration as action Alternatives in the EIS: aerial diphacinone
and aerial brodifacoum.
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Table 8. Potential action alternatives for development in a draft EIS for house mouse eradication from the
South Farallon Islands, based on results of this study.

Potential DEIS Action Alternatives Meeting the Minimum Operational Criteria

Suggested Justification for dismissal or inclusion as an
Outcome Action Alternative

Alternative

i . . Action Alternative in | Registered for conservation on islands, has history of use for rodent
Aerial Diphacinone

EIS control and eradication; however, has a history of bait shyness1
. . Action Alternative in Registered for conservation on islands, has history of success for
Aerial Brodifacoum ..
EIS mouse control and eradication
. . L Not registered for conservation on islands, impacts likely similar to
Aerial Warfarin Dismissed

Diphacinone, history of resistance’

Not registered for conservation on islands, history of resistance* and

Aerial Cholecalciferol Dismissed . 2
bait shyness
. . L Not registered for conservation on islands, impacts likely similar to
Aerial Chlorophacinone Dismissed . .
Diphacinone
. . L Not registered for conservation on islands, impacts likely similar to
Aerial Bromadiolone Dismissed . . . 2
Brodifacoum, history of resistance
. . . L Not registered for conservation on islands, impacts likely similar to
Aerial Difethialone Dismissed

Brodifacoum, long soil half life

! Bait shyness is a taste aversion, often associated with ills feelings, to a toxicant that typically results in individuals who
will avoid consuming enough bait to meet the toxic threshold.
? Bait resistance is a genetic mutation that prevents the individual from experiencing the toxic effects of the toxicant.

Additional unregistered and untested theoretical techniques for mouse removal were identified as having
some potential to eradicate mice from islands in the future, but these techniques are likely several from being
tested and successfully employed in an island eradication setting, if at all. Because of the pressing need to
remove the destructive invasive mice from the Farallones and the high uncertainty of currently unregistered
products to become available for successful implementation makes these products extremely difficult and
undesirable to develop as action alternatives for mouse eradication from the Farallon Islands. Thus, it is
recommended that the Service develop the two currently registered products for island rodent eradications,
diphacinone and brodicafoum, using the safest and most effective method of aerial broadcast, as action
alternatives in the draft EIS for mouse eradication at the South Farallon Islands.
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6 Appendices
6.1 Appendix A: Model Products

e Product 1 - Minimum Operational Criteria for Action Alternatives

A. Must be Consistent with the Farallon National Wildlife Refuge Management Guidelines
l. Mission of the National Wildlife Refuge System
Il Mission of the Farallon National Wildlife Refuge
Il. Farallon Comprehensive Conservation Plan
V. U.S. Department of Interior Policy on Introduced/Invasive Species
V. Wilderness Act Minimum Requirements
VL. Endangered Species Act Take Requirements
VII. Migratory Bird Treaty Act

B. Implementation of the Alternative is Feasible to Implement
l. Product is available and registered for conservation eradication or could affordably
be developed and registered for conservation eradication within 2 years (including
research, trialing, manufacturing, registering, planning, and implementing)

C. Alternative Meets with Personnel Safety and Logistical Guidelines
I.  Is the alternative safe and unlikely to put personnel at undo physical risk and can it
be implemented without accessing large, relatively inaccessible portions of the
island by foot?

e Product 2 — Operational Tools and Methods

o Tools include:
= Live Trapping
=  Snap Trapping
=  Disease
= Genetic Engineering
* |Immunocontraception
= Non-native Predator introduction
= Rodenticides:

e Tools
o Non-toxic
=  Eradibait
o Acute

=  Zinc phosphide
=  Bromethalin
= 1080 (Sodium Fluoroacetate)
= Strychnine
o Subacute
= Cholecalciferol
o First Generation Anticoagulant
=  Warfarin
= Chlorophacinone
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= Diphacinone
=  Pindone
Coumatetralyl
o Second Generation Anticoagulant
= Brodifacoum
= Bromadiolone
= Difethialone
=  Flocoumafen
o Aerial broadcast
Bait Stations
o Hand Broadcast

o

Product 3 — Environmental Concerns, Operational Considerations, and
Potential Mitigation Measures

Environmental Resources of Concern

Physical Resources

Water, including drinking water supply and the surrounding ocean. No freshwater resources besides
captured drinking water exist on the islands.

Soil

Wilderness

Issues to Consider

Risk of water contamination — solubility and persistence
Risks to wilderness character
Risk of soil contamination or compaction

Biological Resources

36

Seabirds: western gulls, ashy storm-petrels, Leach’s storm-petrels, other cavity nesters (pigeon
guillemont and tufted puffin), other surface nesters (double-crested cormorant, Brandt’s cormorant,
pelagic cormorant, and common murre), burrow nesters (Cassin’s auklet and rhinoceros auklet), and
other gulls (California gull, glaucous-winged gull, herring gull, thayer’s gull, Heermann’s gull, etc.)
Shorebirds - black oystercatchers (resident breeder), black turnstone, wandering tattler, whimbrel, and
several other occasional or rare visitants.

Raptors: burrowing owl, peregrine falcon, other raptors (American kestrel, red-tailed hawk, common
raven, and several other rare or occasional transient species)

Passerines: All (migrants) except breeding common ravens which was included with raptors

Marine mammals: Steller sea lion, northern elephant seal, all others (California sea lion, northern fur
seal, and harbor seal)

Farallon arboreal salamanders

Invertebrates —



o Terrestrial: All, including Farallon camel cricket, kelp fly, beetles (Lepidoptera), spiders, etc.
o Marine: All, including mussles (Mytilus californianus), &), limpets (such as Lottia scabra and L.
giganita), barnacles (such as Chthamalus dalli/Balanus glandula and Tetraclita rubescens),

colony anemone (Anthopleura elegantissima), etc.
e Vegetation —

o Native: All. The most common species include maritime goldfield (or “Farallon weed”,
Lasthenia maritima”); sticky sandspurry (Spergularia macrotheca); and miner's lettuce
(Claytonia perfoliata).

o Introduced Vegetation: All. The most common species include New Zealand spinach
(Tetragonia tetragonoides), ripgut brome (Bromus diandrus); foxtail barley (Hordeum murinum
leporinum), cheeseweed (Malva parviflora) and buckhorn plantain (Plantago coronopus).

e Nearshore fish: All
e Human health and safety

Issues to Consider

o T=Toxicant hazard (toxicity + exposure = toxicant risk)

o D =Risks from disturbances (e.g. trampling vegetation, disturbance to breeding activities,
disturbance to rest sites, etc.)

o H=Risks from habitat alteration/destruction (e.g., long-term habitat alteration)

Social/Historical Resources

e Historical resources: buildings and artifacts
e Fisheries and tourism: recreational and commercial

Issues to Consider

o Impacts to recreation
o Impacts to historical features
o Impacts to commercial fisheries

Scoring Resources

o All resources were scored 0 to 3 for potential impacts ; biological resources were evaluated for
toxicant risk, disturbance risk, and risk of habitat alteration.
= 0= Negligible or Not Applicable

= 1=Low
= 2 =Medium
= 3 =High

Operational Considerations
1. Efficacy
2. Legal availability of technique
3. Physical availability of technique
4. Time to register and trial for conservation on islands
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5. Personnel safety
6. Logistical feasibility
7. Research needs

The following table is a breakdown of the valuation system for each operational consideration.

Value Efficacy Legal Physical Time to Personnel Logistical Research
Availability Availability Register & Safety Feasibility Needs
Trial for
Island Use
Ineffective lllegal No Known 5+ years High Risk Unfeasible  Exorbitant
Source
Low Not Legally Needs a 3-5years Moderate Low Extensive
Available Redesign Risk
Moderate  Legal for Could be 1-3 years Low Risk Moderate Some
Other Manufactured Required
Purposes
High Legal Sold 0-1vyear Negligible High Little
Commercially Risk Required

Potential Mitigation Measures

To Reduce Toxicant Hazard

Carcass removal

Gull hazing —intended to reduce gull take to a minimal level
Raptor capture/hold/relocation

Captive holding of salamanders

Captive holding of camel crickets

Tarp drinking water catchment pad

Bait deflector

NouswWwNRE

To Reduce Disturbance Risk
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1. Onthe ground measures to reducing wildlife disturbance (e.g. crouching, walking slowly, etc.)
2. Helicopter controlled surveillance flight and slow approach to decrease disturbance to pinnipeds

¢ Product 4 — Comparing Rodent Control versus Eradication Operations

The net conservation gain achieved by rodent control (i.e. reducing and maintaining rodent populations at
low levels) on an island is temporary, generally more expensive and less beneficial that the permanent
restorative benefits of complete eradication. Sustained rodent control is immensely challenging on islands
such as the Farallones where topography, climate, and disturbances to sensitive native wildlife make



access difficult and in some areas impossible. The long-term risks to non-target wildlife from control
operations are generally greater than the risks posed by island eradications because of the ongoing nature
of a control operation. Eradications occur over a short timeframe and, if conducted properly and
successfully, are single actions resulting in only short-term negative impacts.

On the Farallones, a hugely greater number of personnel hours would be needed on an annual basis in
perpetuity to sustain a mouse control operation. Activities associated with a control program would result
in repeated disturbances to sensitive breeding seabirds and marine mammals. If rodenticides were used
as the control method, control operations would place non-target wildlife at an almost constant risk of
exposure to toxicants. Should rodent control operations be interrupted or ineffective, mice are able to
quickly reproduce and rapidly re-populate the island reaching former population sizes relatively quickly. An
ongoing control effort, even if possible, would increase personnel safety risk, be more impactful to native
species, would be less cost-effective, and would not result in permanent island-wide conservation and
restoration benefits to the species of native animals and plants that exist on the Refuge.

Table 4.1 illustrates why eradication, and not control, is being considered for Farallon ecosystem
restoration, a comparison of the differences between eradication and control operations is provided in the
table below.

Table 4.1. Comparison of island eradication and mainland control operations for rodents.

Comparison of Island Eradication and Mainland Control Operations

Location Rodent eradications are primarily Rodent control efforts are primarily
attempted on isolated islands where attempted on the mainland in urban,
an invasive species is impacting the residential or agricultural areas where
native species of plants, animals, and rodents impact people or commercial
the island’s natural ecological endeavors.

processes, and where rodents cannot

recolonize the area from adjacent

habitats.

Successful Methods On all but the very smallest islets, the A variety of toxic, non-toxic,
only invasive rodent eradication mechanical (traps) and biological
technique that has been successful on  (predator) methods are available for
islands has involved distributing a controlling rodents in mainland areas.
lethal dose of rodenticide to every It is not necessary for control
individual rodent on the island. operations to remove every single
rodent.

History of Success
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Extent of Negative Impact
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Length of Operation

Extent of Positive Impact

Risk of Failed Operation

awaiting confirmations. Successful
eradications typically result in the
recovery of native biota. Success rates
have increased in recent years as
techniques are refined. Success
depends on a variety of factors
including rodent species, techniques
employed, and seasonal timing.
Eradications are typically one-time
operations that usually take only a few
days or weeks to conduct.

The positive impacts to island
ecosystems include measurable,
dramatic, and often immediate
benefits to the many native species,
while other species take years to be
restored.

While eradications have been known
to have non-target effects, these
unintentional impacts are usually one-
time, short-term, and generally lack
population-level impacts. A majority of
impacts are avoided, minimized or
mitigated. Most have a limited extent
and are confined to a relatively closed
island ecosystem.

Because of the generally high one-
time cost and logistical complexity of
conducting whole-island rodent
eradications, there is a reduced
likelihood of funding and organizing
follow up attempts. The ecological
benefits to sensitive island species and
resources will not be realized and
certain species may face extirpation or
extinction as a result.

success including toxic and non-toxic
techniques.

Depending on the nature of the
infestation, control efforts must be
continued for long periods or revisited
periodically in perpetuity.

The positive impacts are limited in
extent, degree, and duration.
Measurable benefits to mainland
areas are generally small in size and
temporary as immigration and
repopulation can result in a return to
former rodent population levels within
months.

Negative effects of chronic rodent
control efforts have resulted in direct
and indirect impacts to non-target
species. Because of the open
ecological system on the mainland, a
toxicant can be distributed widely
through a variety of pathways by a
wider range of scavengers and
predators. Repeated toxicant
exposure in urban and agricultural
settings extends the period of time in
which toxicant impacts can occur.
Most non-target species populations
that are negatively impacted continue
to repeatedly accumulate toxins for a
period of many years, often with fatal
results.

Rodent controls efforts are never
completely successful because
individuals repopulate the area from
adjacent habitats. Because of their
relative low short-term cost and low
logistical complexity, unsuccessful
rodent control efforts can be
manipulated with additional
techniques to increase success.
Rodent control is typically on a local
and relatively small scale and impacts
of failure are similarly low level and
localized. While short-term impacts to
human health and economic
endeavors may continue, long-term
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Extent of Regulatory Oversight In the U.S., island eradications are For some compounds, pesticide

permitted after extensive planning applicator licenses and permits are not

and a review of impacts are assessed required for purchase and use. Often

under NEPA, in addition to the federal, their use is allowed without the need

state, and local permits that are for a NEPA analysis. There is little

required. oversight regarding application rates
and methods of delivery for rodent
control products used in the
commercial and residential sectors.
However, the use/misuse of toxicants
for residential and commercial use is
wide in extent and has resulted in the
removal of several rodenticides from
retail sale.

e Product 5 — Assessment of Mouse vs. Rat Ecology

Eradications of introduced rodent species have been successfully conducted on about 482 islands since
1971 (MacKay 2007). Success rates can vary depending on the species targeted, the methods attempted,
as well as the geographic and ecological factors of each island (Howald 2007, MacKay 2011, Clapperton
2006, Parkes et al. 2011). The large majority, 89%, of rodent eradications have targeted one or more
species of rat (Rattus spp.). In conjunction, most methods that have been developed for island rodent
eradication have been focused on rats. In the relatively small number of attempts made (81 attempts),
success rates for mouse eradications have historically been lower on average (35% success) than rat
eradications partly because managers generally treated mice in the same way as rats. While there are
some similarities between house mice and rats, there are several differences between them in behavior
and physiology that are important to consider when designing island eradication projects. In some recent
mouse eradications, managers have taken into consideration these differences, with resulting success.

Understanding how each introduced rodent species interacts with their environment allows conservation
managers to direct resources and conduct rodent removal operations more effectively. While many of the
aspects of a rodent eradication are the same regardless of the rodent species targeted, understanding the
unique behavior and biology of the target species allows for greater likelihood of eradication success and
minimization of impacts to non-target species. Eradication methods that might be effective for some rat
species may not be as effective for house mice due to differences between mice and rats in their foraging
ecology, home range, density, and physiology (Clapperton 2006).

The following discussion summarizes the relevant differences in foraging ecology, home range, density,
and physiology between rats and mice to help inform the planning process for the removal of introduced
house mice from the South Farallon Islands.

Foraging Ecology
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All rodent species are opportunistic omnivores, readily consuming seeds, plants, invertebrates, and bird
eggs and chicks (IUCN 2011, MacKay 2011). Mice tend to consume more invertebrates than rats (Shiels
2010). Mice are considered to be light and more intermittent feeders than rats (Crowcroft & Jeffers 1961),
as rats are known to cache and store food more regularly. Rats need to consume approximately 1.5 oz (43
grams) of food per day (about 20% of their body weight), while house mice on average only need to
consume approximately 0.1 ounces (3-4 grams) of food per day (about 13% of their body weight). Thus it
can require more careful planning to ensure that each mouse ingests the required lethal dose of bait.

Home Range Size and Population Density

Home range size is a factor that can potentially affect the efficacy of eradication techniques for rats and
mice. Rats generally have much larger home ranges than house mice. Average home range size for most
rats is typically greater than one hectare and can be as large as 11 hectares (Shiels 2010). House mouse
home ranges, however, are typically 0.25 hectares or less (Pickard 1984). Small home range size for mice
accentuates the need for ensuring comprehensive bait coverage when targeting a mouse population to
ensure that every individual mouse gets access to the required dose of bait or access to a removal device,
with no gaps in coverage.

Densities of introduced rats on islands are typically much lower than densities of invasive mice. Rat
densities on Pacific islands are typically in the 5-10 individuals per hectare range, while most reported
house mouse densities fall into the 10-50 individuals per hectare range (Pearson 1963, MacKay 2011).
Densities of more than 800 mice per hectare have been reported during periodic population eruptions
(Pearson 1963). Estimated densities on islands can be an order of magnitude higher for mice than for rats.
In a mark-recapture study on Southeast Farallon Island in 2010, mouse densities were calculated to be
approximately 1,200 individuals per hectare (95% Cl 799-1792). This density estimate is among the highest
ever reported for this or any other rodent species (Grout, in prep). Mouse populations typically show
cyclical changes in population density (Ruscoe and Murphy, 2005), especially in the northern latitudes
when food or weather are variable (MacKay 2011). Mouse removal operations must be designed and
timed to consider these cyclical population fluctuations.

Physiology

Adult house mice generally range from 0.50z to 0.90z (15g to 25g), while introduced rats species can be 80
times more massive (King 2005). House mice, however, are not simply small rats, as their physiology is
much different, with higher metabolic rates, higher reproductive rates, and differences in behavior. House
mice have a very high reproductive potential, which is a large part of their success as an invasive species.
Female mice can breed for the first time at 3-6 weeks of age and can produce litters of 6-8 young every 4
weeks after that (Berry 1981). Such reproductive capabilities can lead to massive eruptions and
subsequent population crashes for mice. In one study, 20 mice placed in an outdoor enclosure with
abundant food and water became a population of 2,000 in only 8 months (Corrigan 2001).

Mice and rats also react to toxicants much differently. Resistance by mice to first generation toxicants such
as warfarin and diphacinone has been recorded, and mice are known to have different levels of
susceptibility to many toxicants. The LDs, (poison dose required to kill 50% of tested individuals) for 1*
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generation anticoagulants like Diphacinone is 1.75 mg/kg for the Norway rat while the same test
determined that the LDs, for a laboratory mouse is over four times higher, 7.05 mg/kg (Erickson and Urban
2004). Another study lists the LDs, for diphacinone as much as 350 times higher for mice than for rats
(O'Connor and Booth 2001). It seems apparent that the physiology of mice and rats are sufficiently
different that it would be inadvisable to assume that a method or toxin that has proven effective for
eradicating rats would necessarily be as effective for eradicating mice.

Mouse Eradication Success Rates

Many more island eradication operations have been undertaken for rats (>400) than for mice (81). Prior to
2007, reported operational failure rates were higher for mice (19-32%) than for rats (about 5-10%), but
some of the mouse operations either only targeted (or primarily targeted) rats. Additionally, many of the
mouse eradication attempts did not take into account the unique behavior and ecology of mice (Howald et
al. 2007, MacKay 2007). Much has been learned from both the early mouse removal successes and
failures, and since 2007 ten of the eleven (91%) mouse eradications attempted have been confirmed as
successful. Mice have now been removed from islands as large as Rangitoto (2,311 ha) and Motutapu
(3,854 ha) in New Zealand.

Of the 41 successful mouse eradications, all but one used brodifacoum, a second generation anticoagulant,
or another closely related toxicant. Bait stations were used as the primary method in 30 of 60 mouse
eradication attempts on 48 islands. Hand broadcasting was used in two attempts, and aerial broadcast was
used in 25 attempts. A total of 29 mouse eradication attempts have been completed on islands where
another pest mammal species was present, and 13 of these operations failed. Early mouse eradication
failures may have been complicated by the presence of other species, and the eradication design may not
have accounted for the presence of mice. Several operations that used bait stations used a spacing design
appropriate for rats but not for the small home range sizes of mice.

When mice are the only target species on the island, the eradication success rate is now over 90%. Table
5.1 summarizes the results of the attempted mouse eradications and corresponding success rates.



Table 5.1. Summary of house mouse (Mus musculus) eradication attempts with documented results and
methods (Keitt et al. 2011, Mackay et al. 2011).

Toxicant used Eradication Successful Failed
attempts
1* Generation anticoagulant Diphacinone 1* 0 1
rodenticides
Pindone 1 0 1
Warfarin 1 1 0
2" Generation anticoagulant | Brodifacoum 50 35 15
rodenticides
Bromadiolone 5 5 0
Flocoumafen 3 2 1
Flocoumafen and brodifacoum 1 1 0
Mixed 1% and 2™ generation Pindone and brodifacoum 3 3 0
anticoagulant rodenticides
Acute rodenticides Sodium monofluoroacetate 1 0 1
(1080)

*At Buck Island in .U. Virgin Islands a successful rat eradication failed to eradicate house mice, although it is unclear if mice were
eradication targets or not (Witmer 2007).

44







6.2 Appendix B: Contributors

US Fish and Wildlife Service

Gerry McChesney, Manager, Farallon National Wildlife Refuge: Gerry has a B.A. in Biology (focus,

Marine Sciences) from the University of California, Santa Cruz and an M.S. in Biological Sciences
(Conservation Biology) from Sacramento State University. He began his career as a seabird biologist in
1986 as an intern for Point Reyes Bird Observatory on Southeast Farallon Island. Gerry returned to
Southeast Farallon in summer 1987 to conduct a study on population status and diet of ashy and
Leach’s storm-petrels. He completed his M.S. thesis work examining the breeding ecology of Brandt’s
Cormorants (Phalacrocorax penicillatus) on San Nicolas Island, California. Gerry now has over 25 years
of experience studying seabirds in the California marine ecosystem. After working as a wildlife
biologist at Humboldt State University for nearly 14 years, Gerry began managing a seabird restoration
program at the Service’s San Francisco Bay National Wildlife Refuge Complex in 2002 and since 2008
has also been the manager of the Farallon National Wildlife Refuge.

Carolyn Marn, Fish and Wildlife Biologist: Carolyn has a Ph.D. in Wildlife Science from Oregon State
University and an M.S. in Wildlife Management from Auburn University. She has over 20 years of
experience with the U.S. Geological Survey and the U.S. Fish & Wildlife Service addressing the effects
of environmental contaminants on wildlife. She has been working as a senior staff biologist with the

Service’s Natural Resource Damage Assessment and Restoration Branch in Sacramento since 2005.

PRBO Conservation Science

Russ Bradley, Farallon Program Manager: Russ earned a B.S. in Biological Sciences and an M.S. in

Wildlife Ecology from Simon Fraser University in British Columbia, Canada. He brings almost 15 years
of conservation research experience from work in British Columbia, California, Hawaii, Nova Scotia,
and the Pacific. Russ completed his Masters work on the breeding ecology of Marbled Murrelets, a
threatened seabird breeding in old growth forests, on one of the largest conservation projects in
Canada. Since 2002, he has worked on the Farallon Islands as a biologist for PRBO Conservation
Science, and has managed their Farallon research program since 2005. He has spent over 1400 nights
on the Farallon Islands and has extensive expertise and unique knowledge of their islands and their
wildlife populations through scientific research and monitoring. Russ has authored over 20 scientific
publications, and presented research findings at dozens of scientific conferences, management
councils, and public meetings.

Island Conservation
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Gabrielle Feldman, Environmental Compliance Specialist: Gabrielle earned a BS in Zoology and an MS
in Environmental Science and Regional Planning from Washington State University. She earned a Ph.D.
in Natural Resources with an emphasis in Environmental Policy Analysis and Decision Science from the
University of Idaho. Gabrielle has worked on a myriad of environmental planning projects in the United
States and on the Black Sea with a focus on biodiversity conservation and sustainable development.
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Gabrielle brings over fifteen years of experience analyzing and writing state, national, and

international environmental impact analyses, developing decision making tools for land managers, and
building consensus between stakeholders. Gabrielle currently serves as the Environmental Compliance
Specialist at Island Conservation. Under her guidance, Gabrielle has lead the compliance processes for
the Palmyra Atoll rat eradication, the Desecheo Island rat eradication, and is currently leading the
compliance process for the Farallon Islands mouse eradication. In addition, Gabrielle has developed
several decision tools (including the Alternatives Selection Model) designed to provide a framework for
decision making that is comprehensive, transparent, and impartial.

Dan Grout, Project Manager: Dan earned a B.S. with Honors in Wildlife Ecology from the University of

Wisconsin-Madison. He has 30 years of endangered species conservation experience with a wide range
of international, federal, state, university and private institutions throughout California, Hawaii,
Mexico, Micronesia and the Pacific. Dan has worked as a Senior Wildlife Ecologist for California State
Parks, the U.S. Fish & Wildlife Service, as a private consultant and as adjunct faculty with CSU-
Monterey Bay and CalPoly University. Dan served as USFWS liaison to the Department of Defense and
the CNMI in the Western Pacific and has coordinated with many international agencies and nonprofit
organizations from many different countries overseas. His field research expertise focuses largely on
endangered birds and small mammals, but he has over 25 years of experience conducting
environmental impact assessments on a wide variety of wildlife species. Dan has written peer-
reviewed articles and has presented his research on ecosystem restoration at dozens of scientific
conferences and conservation community gatherings. His expertise is in designing and implementing
endangered species research, recovery and management programs for endangered bird and mammals
species, including invasive species control and removal operations on islands. He has been assisting the
USFWS and PRBO in the planning efforts for the Farallon Island Restoration Project since August 2010,
and his professional goal is to facilitate practical collaborative conservation and recovery actions for
imperiled species based on sound science.

Brad Keitt, Director of Conservation: Brad received an MS in Marine Sciences from the University of

California, Santa Cruz and is a Switzer Foundation Conservation Fellow. His thesis work focused on the
conservation and ecology of the Baja California endemic Black-vented Shearwater. He has conducted
research on all of the Baja Pacific Islands, as well as islands in Alaska, Hawaii, California, Oregon, the
tropical Pacific, and the Caribbean. Brad has published over 40 scientific articles on seabirds and the
conservation of islands and has extensive involvement around policy issues related to the protection of
island biodiversity and island ecosystems in the US and Mexico. Brad helped to create the Guadalupe
Island Biosphere Reserve, leading to the protection of nearly a half million hectares of marine
environment and the 26,000 hectares of terrestrial habitat on Guadalupe Island. Brad helped secure
almost $4million US to implement much needed management actions on the “Islas del Pacifico” of
Baja California, and he also petitioned to declare these islands an official protected area —an action
that will protect 11 islands and almost 180,000 hectares of the surrounding marine environment. Brad
currently serves as the Director of Conservation at Island Conservation where he oversees the
implementation of island restoration projects. In his more than15 years with Island Conservation Brad
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has participated in the planning and implementation of over 70 eradications of invasive vertebrates
from islands.

Richard Griffiths, Project Director: Richard Griffiths gained his MS in Ecology at Lincoln University in

1996. Between 1998 and 2011, he worked for the New Zealand Department of Conservation where he
led species recovery and island restoration programs. Richard also served as a member of the
Department’s Island Eradication Advisory Group over a five year period. Some of his successes include
the successful eradication of mice from Mokoia Island in 2000, Pacific rats from Little Barrier Island,
the world’s largest Pacific rat eradication, in 2004 and the removal of eight invasive mammals in one
operation from Rangitoto and Motutapu in the Hauraki Gulf in 2009. With stoats, cats, hedgehogs,
rabbits, mice and three species of rats spread across an area of 3854 ha, the latter project was the
most challenging and complex island pest eradication the Department of Conservation had ever
attempted and as a consequence the Department received the 2010 Parks Forum Environmental
Award. Richard has a strong interest in the conservation of threatened species and led the stitchbird
(Notiomystis cincta) recovery program between 2000 and 2007. During this period additional
populations of the species were established including on the mainland after an absence of over 120
years. Richard now works for Island Conservation based in Santa Cruz, California where he manages a
team of project managers and island restoration specialists whose focus is preventing extinctions on
islands through the removal of invasive vertebrates. Two recent accomplishments by his team include
working with USFWS to successfully implement the removal of rats from Palmyra and Desecheo
National Wildlife Refuges.

Gregg Howald, North American Regional Director: Gregg received an MS from the University of British

Columbia’s Department of Animal Science. He is one of the world’s foremost experts in island
restoration — he has participated in the restoration of 20 islands from the sub-Arctic to the deep
tropics. Gregg has consulted on rodent removal and research programs in Hawai'i, Micronesia, Alaska,
British Columbia, the California Channel Islands, and Mexico. Gregg works closely with multiple
government agencies across North America in his capacity as the North America Regional Director.
Gregg's technical expertise in ecotoxicology has been applied in multiple projects in which the use of
rodenticides have been used for rodent eradication - both during the development of bait products
and shepherding specific rodenticides through rigorous field trials for the regulatory process. He has
applied his technical expertise in environmental compliance and project management. He published
peer-reviewed articles, and has given over 50 presentations to the scientific and conservation
communities regarding rodent eradications on islands. Gregg’s wide range of skills, excellent
diplomatic sense, and tri-national contact network make him a heavily-utilized resource in nearly all of
IC’s projects worldwide.
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Executive Summary

Introduced mice pose a threat to the Ashy Storm-petrel and other native and endemic species of the
Farallons National Wildlife Refuge. To provide for species and ecosystem recovery, the removal of mice
from the Farallons has been proposed. Methods being considered for removing mice include the aerial
application of one of two EPA-registered grain-based rodent baits; Diphacinone-50 Conservation or
Brodifacoum-25D Conservation. These anticoagulant based products have been used successfully in past
rodent eradications.

Autumn has been proposed as the best timing for a mouse eradication attempt because most resident
seabirds are absent from the islands at this time. However, risk of exposure to rodenticide exists for some
non-target wildlife such as Western gulls. Individual western gulls would be at risk of consuming rodent
bait until it has either been consumed or degraded to an unpalatable state. To better quantify this risk,
develop mitigation measures for gulls and other non-target species, and inform the NEPA process, two
trials were undertaken, the first beginning in 2011 and the second in 2012 to determine the length of time
rodent bait would take to degrade and disappear on the South Farallon Islands.

In the first trial both Diphacinone-50 Conservation and Brodifacoum-25D Conservation bait degraded to
a condition not considered palatable or available to Western gulls over a period of 101 days. However,
trial results were confounded by a record-setting drought. A second trial was undertaken beginning in
2012 under wetter conditions. Degradation of Brodifacoum-25D Conservation in the second trial was
rapid and bait degraded to an unpalatable state within seven days. For unknown reasons, Diphacinone-50
Conservation persisted in a palatable condition despite the higher rainfall until the conclusion of the
second trial. Reasons for the difference in degradation rate observed between bait types are unknown.

Bait degradation did not differ greatly between sites but significant variation was found between
substrates (baits broke down more rapidly on soil and in vegetation than on a rock substrate) and years.
Other studies testify to the impact of rainfall on the rate of bait degradation and data from our trial
supported the inference of a relationship between bait degradation and rainfall. On this basis, predictions
of the time bait may be available and palatable to susceptible non-target species such as Western gulls
were made using three different rainfall scenarios. Assuming rainfall similar to the average over the last
30 years, it is anticipated that Brodifacoum-25D Conservation bait would remain available and palatable
to Western gulls for a period of up to five weeks. Diphacinone-50 Conservation may pose a risk to non-
target wildlife for 15 weeks or longer.
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1. Introduction

Introduced House mice (Mus musculus) are impacting the IUCN-Endangered Ashy Storm-petrel
(Oceanodroma homochroa) and other native and endemic species of the Farallon National Wildlife
Refuge. To eliminate these impacts and allow species and ecosystem recovery, the USFWS is assessing
the potential for removing mice from the Refuge. To inform the NEPA process, the planning for a
possible eradication attempt and the development of potential mitigation measures to protect non-target
wildlife from harm, a number of trials have been completed.

This report documents the findings of two trials that aimed to determine the length of time rodent bait
might remain available and palatable to susceptible non-target species specifically Western gulls (Larus
occidentalis) if consumption by the target species, in this case mice, was precluded. Although a wider
suite of methods is under consideration, the trial focused on the use of rodent bait as the application of
rodent baits containing rodenticides is the only method that has been used successfully to remove mice
from islands (Keitt et al. 2011, Mackay et al. 2011). Non-toxic formulations of Diphacinone-50
Conservation and Brodifacoum-25D Conservation, two rodent bait types registered with the EPA for use
in the U.S. to remove invasive rodents from island ecosystems, were used in the trial. Both bait types
have been used successfully in past rodent eradications (Howald et al. 2007).

The use of rodent bait containing a rodenticide on the Farallones presents a temporary risk to susceptible
non-target wildlife. Western gulls were identified as being particularly vulnerable to the use of rodent bait
containing rodenticides because they are omnivorous scavengers and individuals of this species will be
present during the time of year that a mouse eradication might be undertaken. The duration of potential
exposure will depend on how quickly rodent bait is consumed by mice and invertebrates', but also the
length of time that bait takes to degrade. Bait degradation for the purposes of our trials was only
considered within the context of the risk posed to Western gulls and other bird species. The availability
and palatability of rodent bait to mice was not considered within the scope of the trial.

Rates of bait disappearance were evaluated in 2010 with high rates of bait take recorded but degradation
of remaining bait was not assessed (Appendix C). To determine the length of time that rodent bait, not
consumed by mice, might persist on the South Farallon Islands, the breakdown of non-toxic Diphacinone-
50 Conservation and Brodifacoum-25D Conservation rodent bait was monitored over the autumn and
winter period beginning in 2011 and 2012. This report documents the methods used and the results of this
monitoring. Differences between the two bait types and variability in bait degradation between sites,
substrates and years are discussed. The influence of rainfall on bait degradation is evaluated and
predictions made based on varying rainfall scenarios of the length of time that bait may remain palatable
and available to non-target species.

! Because of their different physiology, most invertebrates are not susceptible to anticoagulants such as
diphacinone and brodifacoum (Ogilvie et al. 1997).
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2. Trial Objective

Assess the rate of degradation of rodent bait products currently registered for rodent eradication on the
South Farallon Islands.

3. Methods

To determine the rate at which rodent bait would degrade after its application, non-toxic samples of two
rodent baits (Table 1) were placed on Southeast Farallon Island (SEFI) and its fate monitored over
subsequent months. Non-toxic bait consists of the same inactive ingredients (which comprise 99.9975%
of the bait) as the toxic bait product so is considered representative of the actual bait product with respect
to degradation rate. Monitoring was undertaken from November because this is the time that a mouse
eradication operation involving an application of rodent bait is most likely to occur. The first trial began
on November 10, 2011 and extended to March 16, 2012 and the second trial began and ended on
November 27, 2012 and March 12, 2013 respectively. Both rodent baits are registered with the EPA for
rodent eradications on U.S. islands. Conservation 25D was developed by Bell Laboratories for dry
temperate climatic conditions similar to the Farallones. Ramik® Green, produced by HACCO undergoes
a hot extrusion process during manufacturing that makes it weather resistant without the use of wax.

Table 1 Rodent Baits Tested on Southeast Farallon Island

Bait Name Pellet Weight Condition Manufacturer
Brodifacoum-25D Conservation g Dry Bell Laboratories
Diphacinone-50 Conservation g Dry Hacco®

Specially constructed exclusion cages (Figs. 1 & 2) were used to prevent bait take by birds or mice. Cages
were uniquely labeled, their location and elevation recorded and the layout of baits and bait types within
the cage documented for monitoring. Cages were anchored with a buried rock and wire or in the case of
rock substrate, with masonry nails, to prevent disturbance by gulls and mice. Exact placement of the
cages was coordinated with PRBO staff on island prior to their being secured and cages were placed on or
near existing paths to minimize impacts to island resources, and to avoid impacts to other study plots.

Bait degradation rates can be affected by a range of factors (Craddock 2003), so cages were established at
six different sites on the island representing a range of microclimates. Three bait cages were deployed at
each site, one in each of the three significant substrate types found on the island; rock, bare soil, and
vegetation. Soil substrate was not sampled in the second trial. Bait cages at each site were placed within
20 meters of each other.

Between four and eight pellets of each bait type were placed into each cage. The number of bait pellets
remaining and the condition of each was then assessed weekly and degradation scored as per the scale
developed by Craddock (2003) (Appendix 1). A photograph was taken during weekly inspections for later
reference. If a pellet was obscured, the top of the cage was unscrewed to discern whether the pellet had
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truly disintegrated or was simply hidden by vegetation growing inside the cage. Rainfall data were
collected three times daily by Point Reyes Bird Observatory (PRBO) staff as part of a program for the
National Weather Service.

Fig. 1 Photo of bait degradation cage with Fig. 2. Close up of the two bait types during the trial
pellets. Wire mesh bottom on this cage not (Brodifacoum-25D Conservation on left and
visible in picture. Diphacinone-50 Conservation on right)

To evaluate the relative availability and palatability of rodent bait over time and establish the duration of
potential exposure to non-target species such as Western gulls, bait degradation scores determined after
Craddock (2003) were converted to a degradation index (Table 2). A degradation index of 1 indicates that
bait is intact and identical to fresh bait whereas a degradation index of 0 indicates that the bait has
completely disintegrated or disappeared. An assumption made in analyzing the data set was that bait was
no longer palatable or attractive to non-target species of concern on SFI when it reached a condition
degradation index of 0.4. Availability and palatability of rodent bait to mice was not considered. Bait with
a condition score of 0.4 is described by Craddock (2003) as a soft or moist pile of mush, 50% or more of
which may be covered in mold. Bait in this condition, is considered to be less visible and not attractive to
gulls and other bird species. It also cannot be readily manipulated or removed in one piece.

Table 2. Degradation indices used as a measure of bait availability and palatability to non-target species.

Bait degradation score after Craddock (2003) Degradation index used for analysis
1 1.0
2 0.8
3 0.6
4 0.4
5 0.2
6 0




Py Y™

ISLAND CONSERVATION

To determine the effect of year, bait type and substrate on mean weekly bait degradation rate, and extent
of bait degraded by week 15, we used a linear mixed model with Restricted Maximum Likelihood
estimation, with sites specified as random effects. We included interactive effects of bait type x year, and
bait type x substrate, but not year x substrate because one substrate type (soil) was only tested for one
year. Bait degradation rate was expressed as an average for the site over one season. Models created
within JMP v. 10.0, alpha was tested at 0.05 and diagnostics were checked using standard plots (Quinn
and Keough 2002).

The influence of rainfall on bait degradation was explored by linear regression on the extent of weekly
bait breakdown and total weekly rainfall. Degradation rates and rainfall data collected from SEFI were
compared with data collected from Palmyra Atoll, Wake Atoll and Anacapa. Data from SEFI and
Anacapa were then used to predict the length of time over which bait might remain available and
palatable to non-target species on the South Farallon Islands under three different rainfall scenarios. No
index was available for invertebrate activity and only anecdotal data is reported.

4. Results and Discussion

Bait degradation cages were checked for 18 weeks in the first trial and for 15 weeks in the second. One
cage in the second trial was crushed by an elephant seal at 12 weeks precluding further monitoring of this
cage. All cages successfully excluded mice and gulls and may have reduced access to bait by
invertebrates. Weekly rainfall differed between the two trials, with almost twice as much rain falling by
the 15th week in the second trial compared to the first (Fig. 3).

1I'%"Ieam[l::umulatti\.'le weekly rainfail) vs. Week

Year
107 2011
9 [ PIRH

cumulative weekly rainfail

2 4 i 8 10 12 14 16 18
Week

Fig. 3 Cumulative rainfall on SEFI during the two trials

During the unusually dry fall of 2011, 90% of Brodifacoum-25D Conservation baits degraded to a state
considered unpalatable to gulls and other wildlife over a period of 17 weeks (Fig. 3). However,
Brodifacoum-25D Conservation pellets degraded to a similar state within just three weeks in the second
trial under what are considered to be normal rainfall conditions based on the last 30 years of rainfall data
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(PRBO unpublished data). Ninety percent of Diphacinone-50 Conservation bait degraded to an
unpalatable and unavailable state by 15 weeks in the first trial (Fig. 4). In contrast, more than 90% of
Diphacinone-50 Conservation bait was still considered to be available after 15 weeks and at the
conclusion of the second trial.

Rates of bait degradation during the first trial (Fig. 4) were considerably slower than anticipated and this
is attributed to the unprecedented period of dry weather that ensued over the course of the trial.
Monitoring in the first trial was undertaken during the driest December on record for the Farallones and
for the Central California coast in general (Appendix 2). Degradation rates observed for Brodifacoum-
25D Conservation during the second trial when more rainfall was experienced, were much closer to those
expected and reinforce previous observations that degradation rates for cereal based rodent pellets are
strongly influenced by rainfall (e.g. Merton 1987, Howald et al. 2001).

Mean(Average degradation index for cage) vs. Week
Year
2011 2012
Bait Type Bait Type
Brodifacoum-25D Conservation Diphacinone-50 Conservaion Brodifacoum-25D Conservaion Diphacinone-50 Conservation
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Fig. 4. Relative availability and palatability of non-toxic Brodifacoum-25D Conservation and Diphacinone-50
Conservation rodent bait protected from consumption by vertebrate consumers observed over time on rock,
vegetation and soil substrates during two trials undertaken beginning in the fall of 2011 and 2012 on SEFI. Vertical
bars represent standard error. Bait that has degraded to a relative bait availability and palatability index of below 0.4

is considered to no longer pose a risk to non-target species such as Western gulls for the reasons outlined above.
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A significant difference in mean bait degradation rate was found between substrate type, and interactive
effects of bait x substrate, and bait x year (Table 1). Adjusted R? for the model testing mean weekly bait
degradation rate was 0.57, and 0.67 for extent of bait degraded by week 15, suggesting these variables
explained 57% and 67% of the variation observed respectively. Of the three substrate types, baits broke
down significantly faster on bare soil and in vegetation than they did on bare rock. It is thought that bait
persisted longer on bare rock because it was able to dry out between periods of rainfall or dense fog. In
contrast, bait degradation varied little between sites (Table 3).

Table 3: Fixed effects tests of year, bait and substrate on mean weekly bait degradation rate, and extent of
bait degraded by week 15. Stars indicate statistical significance.

Parameter Mean weekly bait degradation rate Extent of degradation by week 15
year F1,36.4=0.38, p=0.537 F1,38.0=0.26, p=0.613
bait F1,32.5=0.46, p=0.504 F1,32.4=2.09, p=0.157
substrate F2,32.5=8.98, p<0.001* F2,32.5=11.38, p<0.001*
bait x substrate F2,32.5=3.84, p=0.032* F2,32.4=6.64, p=0.004*
year X bait F2,32.5=16.74, p<0.001* F2,32.4=8.11, p=0.008*

Linear regression found a loose but meaningful correlation between total weekly rainfall and the weekly
extent of bait degradation for both Brodifacoum-25D Conservation (R* = 0.4, F = 17.37, df = 26) and
Diphacinone-50 Conservation (R? = 0.23, F' = 7.68, df = 26). Because repeated samples were taken, data
on bait degradation rates were correlated over time violating the assumption of independent data points
required for regression. However, based on our observations and similar conclusions about the influence
of rainfall on bait degradation by other authors (e.g. Merton 1987, Howald et al. 2001) we consider it
reasonable to make an estimate of the length of time rodent bait might persist on the South Farallones
Islands based on the degradation rates we observed.

It must also be noted that the sinusoidal pattern of bait degradation we observed for both bait types (Fig.
4) suggests that factors other than rainfall are also important in influencing the rate at which bait
degrades. Bait formulation may possibly explain why the rate of degradation initially proceeds rapidly but
then slows down and the presence and abundance of mold may also play a role. Pellets of both bait types
remaining at the end of the first trial and pellets of Brodifacoum-25D Conservation at the conclusion of
the second trial were all heavily molded, black in color and virtually impossible to see against a dark
background.

Factors other than rainfall may have contributed to the higher bait degradation rate observed for
Diphacinone-50 Conservation in the first trial including increased consumption by invertebrates. In the
first trial, Diphacinone-50 Conservation pellets appeared to be exposed to a higher level of invertebrate
consumption; slugs were detected in at least two cages and most bait pellets in these cages had
disappeared within four weeks. However, as no indices of invertebrate activity were recorded, no
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definitive conclusions can be made. In the first trial Diphacinone-50 Conservation baits were also
observed to grow mold more quickly than Brodifacoum-25D Conservation.

Tables 4 and 5 below provide a comparison of the rate of breakdown observed during this trial for
Brodifacoum-25D Conservation and Diphacinone-50 Conservation and the degradation rates for these
bait types observed during trials conducted on Anacapa, Palmyra, Wake and Desecheo islands. As can be
seen, rates of bait breakdown vary widely between islands. Because of the dissimilarities in climate
between the tropical and temperate islands, and likelihood that bait degradation was also affected by
invertebrate consumption on the tropical islands, it is considered that predictions of bait persistence on the
South Farallon Islands should be extrapolated from SEFI trial data and information from Anacapa.
Anacapa has a similar climate to the Farallones.

Table 4 Degradation of Brodifacoum-25D Conservation and rainfall amounts for five different sites.

Location Monitoring Average time to reach Total rainfall to reach Rate of bait breakdown with
period (days) bait degradation index  bait degradation index rainfall (extent of
0.4 (days) 0.4 (inches) breakdown/inch)
SEFI 126 101 5.88 0.10
2011
SEFI 105 7 3.73 0.16
2012
Anacapa 133 77? 4513 0.13
Wake 23 204 2.36° 0.25
Palmyra 5 3! 4.94 0.12
Desecheo 21 7 1.24 0.48

Table 5 Degradation of Diphacinone-50 Conservation and rainfall amounts for three different sites.

Location Monitoring Average time to reach Total rainfall to reach Rate of bait breakdown with
period (days) bait degradation index bait degradation index rainfall (extent of
0.4 (days) 0.4 (inches) breakdown/inch)
SEFI 126 98 5.78 0.10
2011
SEFI 105 Trial ended before bait N/A N/A
2012 reached necessary

degradation index

From Howald et al. (2004)

2 Estimated based on qualitative information provided in Howald et al. (2001)

3 Estimated based on average monthly rainfall data for Anacapa provided by the Western Regional Climate
Center.

4 Estimated based on qualitative information provided in Mosher et al. (2008)

5 Estimated based on average monthly rainfall data for Wake provided by the Western Regional Climate
Center.

10
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Wake 23 20* 2.36° 0.25
Palmyra 5 5 7.30 0.08

Although information is limited, we believe that the approximate length of time that Brodifacoum-25D
Conservation bait would remain available and palatable to non-target species on the South Farallon
Islands can be estimated for different rainfall scenarios by extrapolating from the rate at which bait
degraded with rainfall during this trial and on Anacapa (Tables 4 & 5). Assuming a normal fall rainfall
pattern on the South Farallon Islands, it is anticipated that Brodifacoum-25D Conservation would pose a
risk to non-target species such as Western gulls for up to five weeks (Fig. 5). This period could be
reduced if rainfall is higher than normal (Fig. 5) or, as was observed in the second trial, a significant
rainfall event (>2 inches) occurs.

Because of the disparity in results between years for Diphacinone-50 Conservation, predictions for this
bait type is more difficult. Based on the results observed and the range of conditions experienced we
conclude that this bait type could pose a hazard to susceptible non-target wildlife for a period of 15 weeks
or longer.
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Fig. 5. Fig 5. Hypothetical bait degradation rates for Brodifacoum 25D under three projected rain scenarios for the
Farallones. Slopes were calculated by multiplying rainfall by the rate of bait breakdown calculated for Brodifacoum
25D and shown in Table 4. Rainfall for a wet year was estimated as twice the amount seen in a normal year and half
the normal rainfall was used for a dry year. Both extremes have been documented on the Farallones.
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There are several factors that we did not incorporate into our predictions of bait longevity but are likely to
shorten the duration of bait availability and palatability. Growth of vegetation on the island after bait was
applied during a recent gull hazing trial rendered most pellets invisible to the human eye even at close
range. Consequently, bait in vegetated areas is likely to be obscured from non-target species such as
Western gulls as a result of this growth. Bait availability could also be manually reduced by picking up

bait after the mouse eradication is deemed complete. Removing bait from rocky substrates where it is
likely to persist the longest could reduce the time and effort required to mitigate non-target risks. Bait
degradation cages are also considered to have inhibited bait uptake by invertebrates and it is likely that
bait degradation rates would be higher if bait is unprotected.

12
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Appendix 1. Bait degradation scale used (Craddock 2004).
[ Pellctmatrix | Changein shape Presence of mold

Condition 1

Fresh pellets
Condition 2

Soft pellets

Condition 3
Mush pellets

Condition 4
Pile of mush

Condition 5
Disintegrating
Pile of mush

Condition 6

Bait gone

Identical to fresh
bait

<50% pellet
matrix is or has
been soft/moist
>50% bait matrix
is or has been
soft/moist

100% of bait
matrix is or has
been soft

100% of bait
matrix is or has
been soft

Bait is gone or is
recognizable as
only a few
separated particles
of grain or
powder.

Identical to fresh bait

Distinct cylinder still;
smooth sides may have been
lost

<50% pellet has lost distinct
cylinder shape

Pellets lost distinct cylinder
shape & resembles a pile of
mush with some grain
particles in matrix showing
distinct separation from main
pile

Pellet has completely lost
distinct cylindrical shape and
resembles a pile of mush
with >50% of the grain
particles in the bait matrix
showing distinct separation
from each other and the main
pile

Bait is gone or is
recognizable as only a few
separated particles of grain
or powder.

None

<50% bait pellets
mold

>50% bait pellets
have mold

>50% bait pellets
have mold

>50% bait pellets
have mold

Bait is gone or is
recognizable as
only a few
separated particles
of grain or
powder.

None

Little or no
volume lost

Bait has lost some
volume (<50%)

Bait has lost some
volume (<50%)

Bait has lost a
significant amount
of volume (>50%)

Bait is gone or is
recognizable as
only a few
separated particles
of grain or
powder.
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Appendix 2 Map showing drought conditions extending over California
during the 2011 trial.
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LAY ABSTRACT

Introduced House mice pose a threat to the Ashy Storm-petrel and other native species of the
South Farallon Islands. The United States Fish and Wildlife Service, which manages the Farallon
National Wildlife Refuge, has proposed that mice be removed from the islands to restore the
island’s unique ecosystems and wildlife. Methods being considered for removing mice include
the application of rodent bait by helicopter. However, the bait, that contains a rodenticide,
poses a risk to some non-target wildlife such as Western Gulls. To confirm if the risk to Western
gulls could be effectively mitigated through the use of wildlife hazing techniques, a trial was
completed in the fall of 2012. The trial that tested a range of hazing tools such as biosonics,
pyrotechnics, lasers, reflective objects and effigies (dead gulls tied to a pole) successfully
demonstrated that gulls could be kept off the islands for an extended period of time. The trial
also demonstrated that most hazing techniques had no significant negative impact on other
wildlife present such as seals and sea lions. The trial provided confidence that the risk to gulls
can be reduced to low levels if a mouse eradication took place. Results from the trial will be
used by the USFWS in planning for the proposed mouse eradication but will also be useful to
other agencies engaged in hazing wildlife such as the Oiled Wildlife Care Network.

SCIENTIFIC ABSTRACT

Introduced House mice (Mus musculus) pose a threat to the Ashy Storm-petrel and other native
and endemic species of the South Farallon Islands. The United States Fish and Wildlife Service,
which manages the Farallon National Widlife Refuge, has proposed their eradication as part of
continuing efforts to restore the islands’ ecosystem and conserve the populations of native
species. Methods being considered for removing mice include the aerial application of rodent
bait containing a rodenticide which will pose a risk of exposure to some non-target wildlife such
as Western Gulls (Larus occidentalis). In a 16 day hazing trial conducted in November and
December 2012, we evaluated the effectiveness of a combination of non-lethal wildlife hazing
techniques including biosonics, pyrotechnics, lasers, reflective objects and effigies, for
temporarily reducing gull numbers at the South Farallon Islands. We examined the relative
effectiveness of these tools for dissuading gulls as well as the impact of these treatments on
pinnipeds and other non-target bird species present on the islands. The hazing trial successfully
demonstrated the feasibility of keeping gulls off the islands for an extended period of time (in
this case a 12 day interval) while having relatively minor impacts on other species. There were
significant differences between individual hazing techniques both in terms of their effectiveness
and their disturbance to non-target species. Lasers, effigies and techniques that combined
auditory and visual stimulus had the highest hazing efficiency. These results provide valuable
guidance for USFWS in planning for the proposed mouse eradication as well as other resource



managers, such as oil spill responders when choosing appropriate techniques for their
individual applications. Although the suite of tools tested appears sufficient to minimize the risk
to gulls during the proposed mouse eradication, provision should be made for the use of
additional hazing methods to ensure the risk to gulls is minimized.



INTRODUCTION

Non-lethal hazing of wildlife is an important tool used by resource managers to reduce wildlife
damage, decrease harmful interactions with humans and protect wildlife from harm (Gilsdorf et
al. 2003; Gorenzal et al. 2004). Examples of its application include deterring gulls from landfills
(Cook et al. 2008; Baxter and Allan 2006; Curtis et al. 1995), reservoirs (Duffiney 2006; Golightly
2005) and airports (Belant and Martin 2011; Washburn et al. 2006), reducing the impact of
Canada geese in urban and rural environments (Smith et al. 1999), reducing crop damage by
foraging birds (Nemtzov and Galili 2006) and reducing the impact of oil spills on waterbirds
(Gorenzal et al. 2006; Ronconi et al. 2004).

Non-lethal hazing techniques include a suite of physical, visual and auditory methods that may
be used to disperse or dissuade wildlife from an area (Belant 1997; Gorenzal et al. 2008).
Previous studies have demonstrated the utility of several non-lethal hazing methods including
biosonic devices that broadcast alarm, distress or predator calls (Whitford 2008); pyrotechnics
which frighten wildlife through a combination of noise, light and movement (Gorenzal and
Salmon 2008); lasers (Gorenzal et al. 2010; Werner and Clark 2006; Blakwell et al. 2002); visual
deterrents such as kites, ballons and mylar tape (Seamans et al. 2002, Gorenzal and Salmon
2008); effigies (Seamans et al. 2007); and helicopters (Marsh et al. 1991). In this study, we
evaluated a variety of hazing methods in order to test their efficacy in minimizing the risk of
rodenticide exposure to Western Gulls during proposed mouse eradication on the South
Farallon Islands, California. We also assessed impact from hazing activity to non-target species1
including pinnipeds and roosting shorebirds and evaluate their potential efficacy for use in
hazing birds away from oil spill areas.

The South Farallon Islands lie approximately 30 miles west of San Francisco, California and are
part of the Farallon National Wildlife Refuge (Fig. 1). The islands are home to 13 breeding
species of marine birds, five species of pinnipeds and countless migratory birds each year. With
more than 300,000 breeding birds, they are the largest seabird breeding colony in the
contiguous United States (Ainley and Boekelheide 1990) and include globally important
populations for Ashy Storm-petrels (Oceanodroma homochroa), Brandt’s cormorants
(Phalacrocorax penicillatus) and Western gulls (Larus occidentalis). During the 1800’s, human
activity on the islands resulted in the introduction of invasive House mice (Mus musculus) that
have had both direct and indirect negative impacts on the native wildlife, most notably on Ashy
Storm-petrels (Oceanodroma homochroa) (a California species of special conservation concern
and IUCN listed endangered species) and other native and endemic species of the Farallon
Island ecosystem.

! For the purposes of this report a non-target species was defined as a species that is likely to be
unaffected by the proposed mouse eradication but could be affected by hazing methods.
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Figure 1. Map showing the location of the South Farallon Islands

The United States Fish and Wildlife Service, which manages the Farallon NWR, has proposed the
eradication of introduced mice as part of their continuing effort to restore the islands
ecosystem and conserve the populations of native wildlife (USFWS 2013, Draft Environmental
Impact Statement (DEIS)). Part of the proposed mouse removal methods includes the island
wide application of bait pellets containing rodenticide. This method has proven effective for
other island eradication projects worldwide (Howald et al. 2007, Keitt et al. 2011, Mackay et al.
2011) but carries the risk of non-target exposure (USFWS 2013, DEIS).

The occurrence of marine birds on the South Farallon Islands is strongly seasonal, with the
greatest number and diversity present during the spring and summer breeding period (Ainley
and Boekelheide 1990). The timing of the proposed operations to eradicate mice would
therefore likely take place during the late fall when most resident seabirds are not present
(USFWS 2013, DEIS). However, long-term data on seasonal occurrence indicates that Western
Gulls are likely to be present during this time period (Grout and Griffiths 2012, Pott and Grout
2012). This potentially puts them at risk of lethal exposure to rodenticide through direct
ingestion of baited pellets or by scavenging carcasses of poisoned mice.

Previous studies have indicated that the bait pellets likely to be used during the eradication
(Conservation-25D Brodifacoum or Diphacinone-50 Conservation) would remain available and
palatable to gulls for between 7 and 101 days depending on the intensity of rainfall (Griffiths et
al. 2013; USFWS 2013, DEIS). The purpose of this study was to demonstrate the ability to



minimize the risk of exposure by deterring gulls from the islands for the duration of the period
that bait remains available. Non-lethal hazing techniques were selected for the trial to ensure
the least impact on the species of concern. Herein, we evaluate the effectiveness of the hazing
trial to reduce gull numbers, the relative hazing effectiveness of the different hazing treatments
for dissuading gulls and the non-target impact of these treatments on pinnipeds and other bird
species present on the island. The knowledge generated has application not only to this project
but also to other situations where hazing of birds is required, such as oil spill response
operations.

METHODS
Study approach and treatments used

This study was conducted on the South Farallon Islands, Farallon National Wildlife Refuge,
between November 27 and December 15, 2012. This period was selected to coincide with the
likely timing of the proposed mouse eradication operation when overall marine bird numbers
are at their annual minimum and before the start of elephant seal breeding. The South Farallon
Islands consist of two main islands, Southeast Farallon Island (SEFI) and West End Island (WE) as
well as several smaller offshore islets and rocks totaling approximately 120 acres (Fig 2).

©_John Warzybok

Figure 2. Aerial view of the South Farallon Islands. The two main islands are Southeast Farallon Island (SEFI) and
West End Island (WE).



The hazing trial was split into three distinct phases with each phase having its own specific
objective (Table 1). Baseline numbers of gulls and pinnipeds were recorded prior to initiation of
the hazing trial and post-trial monitoring of gulls and pinnipeds was undertaken in order to
determine the rate at which gulls resumed normal roosting patterns and to document any
lasting impacts on pinnipeds. The impact of hazing activity and individual techniques on
pinnipeds was continually assessed throughout the study.

Table 1. Trial Phases

Phase Scope Area Duration  Dates

1 e Assessing the effectiveness of SEFI and 5 days November 28 —
individual hazing methods on gulls small areas December 2, 2012
and effects on other birds on the of WE
South Farallon Islands

2 e Assessing the effectiveness of a Island-wide 9 Days December 3 -11,
hazing operation to reduce gull 2012
numbers across the South Farallon
Islands

3 e Assessing the effectiveness of hazing ~ SEFl and 3 days December 11-13,
from SEFI to reduce gull numbers most of WE 2012

across the South Farallon Islands

Phase 1 aimed to evaluate the relative efficacy of specific techniques for hazing gulls and to
determine the effective range of individual hazing tools. Responses of other bird species in the
area were also noted. Each hazing tool was tested up to five times in areas where gulls were
present. Phase 2 aimed to simulate likely hazing activity in the event of eradication and to
evaluate the overall effectiveness of a gull hazing operation at reducing the number of gulls
present on the islands. Anecdotal evidence from Phase 1 trials was used to inform the
deployment of the different hazing treatments in order to have the greatest effect. Hazing was
conducted continuously from both SEFI and WE whenever gulls were present. Phase 3
continued hazing operations but at a reduced scale and only from SEFI. The goal during phase 3
was to determine if both main islands could be effectively hazed using only ground-based
personnel on SEFI. All hazing tools and combinations, with the exception of the helicopter and
Zon cannons continued to be used during this phase. Gulls were allowed to roost in certain
localized areas where mice may not be present and bait may not need to be applied, including
several small off-shore islets and tidally submerged roosts. These areas were treated as
temporary refugia for gulls where they may potentially be allowed to roost during a mouse
eradication operation.

A total of 21 different avian hazing tools were tested during this study and are listed below
along with the standard abbreviations used throughout this report. These included:



e 6 biosonic devices - Bird Gard Super Pro® with 4 directional speakers (bg), Bird Gard
Super Pro® with 4 speaker multidirectional tower (bgm), Bird Gard Super Pro Amp®
(bga), LRAD 100x™ (LRAD) , Marine Phoenix Wailer® (Wailer, wail), and Zon® propane
cannon (zon);

e 5 pyrotechnic devices - Starter pistol caps (cap), Bird Bangers®/Bird Bombs® (bangers,
bng), Screamer Sirens®/Bird Whistlers® (screamers, scr), Shell crackers® (crackers, crk)
and CAPA rockets® (rkt);

e 3 lasers - Penlight laser pointer (green light) (las1), Avian Dissuader® (red light) (las2)
and Aries Bird Phazer Laser® (green light) (las3);

e 5 passive visual deterrents — kites (kt), balloons (bal), mylar tape (my), owl decoys
(owl) and Western Gull effigies (ef);

e 2 active mechanical deterrents - human presence (hum) and a Robinson R22
helicopter (helo).

A full description of each hazing treatment and how it was used is presented in Appendix 1. In
addition, we tested multiple combinations of individual hazing treatments for a grand total of
29 unique hazing treatments. The most common combinations tested were multiple different
pyrotechnics (pyro), pyrotechnics in combination with biosonics or helicopter hazing (pyroplus)
and helicopter hazing combined with the LRAD (helirad). See Appendix 2 for the complete list of
all unique hazing treatments tested along with their standard abbreviations.

Although proposed, permission from the Federal Aviation Authority to deploy Unmanned Aerial
Vehicles (UAV) was not obtained in time to include testing of this technology in the trial.
However, in our discussion of the results of the trial we infer some aspects of the potential
effectiveness of UAV’s from data collected on the utility of the helicopter. Dogs are another
potential hazing tool (Gilsdorf et al. 2002) that may be effective on the Farallones, however the
testing of this method was not included because of resource limitations. Lethal hazing
techniques such as removing a single individual to dissuade a group from returning to an area
although proven effective elsewhere (Jones et al. 1996) were not included because of the
desire to minimize the impacts of the trial.

Gull distribution and abundance

Dawn gull counts were conducted on a daily basis by experienced ground based observers on
the South Farallon Islands between November and March in 2010 and 2011 in order to
establish a baseline population estimate for gulls on the island during the fall and winter period.
These counts were continued in 2012 for the two weeks prior to the hazing trial and again for
several weeks after the conclusion of hazing. During the trial, maximum dawn numbers were
determined by summing gull counts made during the earliest period of hazing activity in each
area on each day. Estimated numbers of individuals for other bird species in the area were also



noted. To allow a more detailed assessment of the impact of specific hazing treatments used
during the trial, the island was divided into 49 discrete sectors.
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Fig. 3. Sectors used for monitoring gull numbers and behavior during the hazing trial on the South Farallon Islands.
The colored areas denote Southeast Farallon Island (blue), West End Island (green) and offshore islets (red).

During all phases of the trial, trained observers recorded gull numbers and their location
multiple times per day at regular intervals as well as the number of gulls present in the targeted
area prior to application of the hazing treatment. They also identified and enumerated
pinnipeds present in the area and all non-targeted avian species. During and after the
treatment, observers determined the level of response by visually estimating the proportion of
the original number of gulls and other birds which remained after the conclusion of hazing
activity. The immediate response of birds to hazing activity was categorized into one of two
possible behaviors: 1) no response; and 2) flushed. For those that fell into the “flushed’
category, it was further noted what proportion of those individuals either: 1) immediately
departed the area; or 2) circled and returned to the same area to roost.

Analysis

The impact of hazing activity on inter-annual gull population abundance was evaluated by
comparing averaged weekly counts made between the last week of November and the first
week of January in 2010 and 2011 with those conducted prior to, during and after the hazing
trial. We also examined the overall effectiveness of the hazing effort in reducing the number of



gulls roosting on the island. We did this by comparing the number of gulls present in the 10 day
period immediately prior to hazing activity with 1) the number of gulls present during Phase 2
of the trial, and 2) a 10 day period in early January. We expected that by early January gulls
would have re-acclimated to the island after the cessation of hazing. We used the daily
maximum number of gulls present at dawn in the period prior to, during and after the hazing
trial for all comparisons. Paired t-tests were used to test and evaluate differences in gull
numbers between time periods.

We also determined overall effective daily hazing rates by calculating the percent difference
between the daily maximum gull count and the daily minimum gull count as determined by the
regular surveys. By this method, days on which we were able to clear all gulls off the island
were considered to be an effective hazing rate of 100%. We acknowledge that daily counts of
gulls prior to and during the trial are not independent i.e. counts are likely influenced by the
size of the gull population the previous day. However, this was an unavoidable constraint of the
trial design. Paired t-tests were again used to evaluate differences in the effective daily hazing
rates between trial phases.

Effectiveness of individual treatments

In order to evaluate the effectiveness of individual hazing treatments, we created a metric
called “Hazing Efficiency” which was equal to the product of the proportion of gulls that flushed
times the proportion of gulls that departed the area for any given hazing event. So a hazing
efficiency of 1 would mean all gulls targeted were flushed from the roost and moved away from
the area. Hazing efficiencies of less than 1 indicate that either some gulls did not flush (i.e. were
unaffected by the hazing method) or all gulls flushed but some simply circled and returned to
the same roost. Since the main objective of this project was to test our ability to move 100% of
the gulls from any baited areas, this seemed an appropriate measure.

Individual hazing treatments were evaluated relative to each other based on their mean and
median hazing efficiency across all trials for each treatment. Significant differences between
treatments were determined using ANOVAs on logit transformed data. The logit transformation
was used to transform proportion data in order to run parametric statistical tests. This common
transformation reduces the influence of ones and zeroes in the data so that it more closely
approximates a normal distribution.

In addition, we evaluated the effect of hazer proximity on the hazing efficiency of the different
treatments. GPS locations were collected for each hazing event and projected onto a map using
ArcGlIS. Linear distances were then calculated from the hazer location to the approximate
center of the gull roost. In order to determine the effect of proximity on hazing success, we
calculated the mean and maximum distances for each hazing method for which we were 100%
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successful in hazing the targeted gulls. Significant differences between treatments were
determined using ANOVA:s.

We further evaluated the effectiveness of individual pyrotechnics wherever possible. We chose
to use a threshold of 90% effective hazing for this analysis due to the fact that sample sizes
became too small and eliminated too many groups if the threshold of 100% was employed as
above.

Effectiveness of Passive Hazing treatments

Passive hazing treatments are those methods which can be placed in an area and do not need
to be attended to in any way. These included the use of Western Gull effigies, plastic Owl
decoys, “Big-eye” balloons, mylar tape and raptor-shaped kites. We evaluated the effectiveness
of these passive hazing tools by comparing gull counts before and after their deploymentin a
specific area. Significance of effect was determined using paired t-tests for each deployment
area.

Impacts to non-target species

We assessed the impacts of hazing activities on the five species of pinniped that reside on the
South Farallon Islands year round: Northern elephant seal (Mirounga angustirostris), Harbor
seal (Phoca vitulina), Steller sea lion (Eumetopias jubatus), Northern fur seal (Callorhinus
ursinus), and California sea lion (Zalophus californianus). All hazing activities were conducted in
accordance with the Marine Mammal Protection Act and an Incidental Harassment
Authorization (IHA) issued by the National Marine Fisheries Service for this trial.

As part of an ongoing research program, weekly surveys of all pinnipeds present on land are
conducted throughout the year. Data from the last five years (2007-2011) were averaged to
determine ‘historical’ attendance patterns for each species. We compared these historical
numbers with pinniped counts prior to and after the hazing trial to evaluate the impact of
hazing activities on pinniped abundance and distribution. We tested for a significant effect of
hazing on overall numbers by comparing the pre and post hazing counts (after controlling for
seasonal trends) as well as comparing 2012 numbers with the historical mean. Comparisons
were made separately for each of the five pinniped species present on the island.

Behavioral responses of pinnipeds to individual hazing activities were documented by counting
all animals present in the target area (area targeted for hazing treatment) immediately prior to
the initiation of any hazing technique and recording the proportion of the animals that reacted.
Responses of pinnipeds were categorized into four possible behaviors: 1) no response; 2) alert
(animal raised head, looked around or shuffled position); 3) moved (moved > 1m from initial
location); and 4) flushed (animal moved to the water). During analysis, we deemed
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“disturbance” to be any time that an animal either moved more than one meter or flushed into
the water. We did not consider animals being alerted as a significant disturbance.

Although individual species did show some differences in their response, we decided to group
all species together for the purpose of this analysis. This allowed us to maintain sufficient
sample sizes to allow comparison of hazing treatments. We calculated both the mean and
median proportion of pinnipeds disturbed as a result of each hazing treatment and used this as
a measure of the relative impact of the treatments. Medians were considered a valuable
parameter to consider due to the high occurrence of zeros in the data set which had a
disproportionately large impact on mean values.

As with the gull hazing, we also evaluated the effect of hazer proximity on pinniped response by
calculating the mean and minimum distances for which there was no pinniped disturbance
observed. These distances were calculated for each hazing treatment for which there was a
sufficiently large sample size to evaluate differences.

The hazing trial was conducted during the time of year when the majority of seabirds are not
present on the island. However, the impact of the trial on other non-target species present was
recorded as part of other long term monitoring programs and anecdotal observations, and to
inform the Oiled Wildlife Care Network (OWCN) a supporter of this trial, about the potential
response of these species if hazed during an oil spill response. Species of interest included
Common Murre (Uria aalge), Brandt’s Cormorant, Brown Pelican (Pelecanus occidentalis), Black
Oystercatcher (Haematopus bachmani), other shorebirds, and raptors. We noted the presence
and number of individuals of these species during deployment of the various hazing techniques
and recorded the number of birds affected and the type of response.

RESULTS
Gull abundance and daily hazing effectiveness

Overall gull numbers before the hazing trial were intermediate relative to the previous two
years (Fig 4). The average number of gulls on the South Farallon Islands during the 10 days
immediately prior to the hazing trial was 3,716 birds in 2012. This is approximately 32% lower
than the same period in 2011, but more than three times greater than during 2010.
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Fig. 4. Mean number of gulls present on the South Farallon Islands during the 2010, 2011 and 2012
fall/winter seasons. Active gull hazing was conducted during the first two weeks of December.

Hazing activity had a significant impact on the numbers of gulls on the South Farallon Islands.
Gull numbers were dramatically reduced during Phase 2 and remained low during Phase 3
when hazing was undertaken solely by ground based personnel on SEFI (Fig. 5). Hazing efficacy
appeared to remain high during Phase 3 even though the majority of WE was only hazed at
dawn and dusk using lasers from the SEFI Lighthouse (Fig. 2). Gull counts during Phase 2 of the
trial (the active hazing period) were significantly reduced when compared to the 10-day period
immediately preceding hazing activity (t=10.8225, p<0.01, df=17; Fig 5) as well as the 10-day
period in early January after hazing had concluded and birds had returned to the islands (t=-
7.3007, p<0.01, df=18; Fig 5).
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Fig. 5. The maximum number of gulls present at dawn throughout the course of the gull hazing trial. The dashed
vertical lines delineate the different phases of the trial (see Table 1). Full island active hazing efforts occurred
during Phase 2.

The average number of gulls present on the islands for any length of time during the day for
Phase 2 was only 327, compared to 3,700 over the ten days prior to hazing. Gulls were often
only present for a brief period (<30 min) prior to hazing or were on isolated roosts not targeted
for hazing. In contrast, historical seasonal trends indicate that gull numbers typically increase
during this same time period. The average number of gulls present on the island during the
same ten day period was 4,795 in 2010 and 9,102 in 2011. This represents a 93% to 96%
reduction in the number of gulls present when compared to previous years (Fig 4) and is
significantly different from both previous seasons (2010 t=6.1246, p<0.01, df=9; 2011 t=6.5316,
p<0.01, df=9).

Daily hazing success

The daily hazing success rate for Phase 2 (full-island hazing effort) and Phase 3 (hazing from
SEFI only) of the trial was between 92% and 100% and averaged 98%. In other words, hazing
efforts were 98% effective at keeping gulls off the island and away from areas that would be
baited during an eradication effort.
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Fig. 6. The maximum number of gulls present on the South Farallon Islands at any given time (based on 1/2 hourly
gull counts) and the estimated number that were successfully hazed during a gull hazing trial completed in
December 2012. Percentages represent the daily hazing effectiveness. Hazing efforts were reduced on December
14 due to departure of staff.

Changes in gull distribution

There were noticeable changes in the pattern of gull attendance around the islands. During the
pre-trial phase gulls were more or less evenly distributed around the common intertidal roost
areas as well as in some territorial areas away from the water. By the end of the trial, they were
generally restricted to small flocks, farther out in intertidal areas or on offshore islets (Fig. 7).
Gull numbers were dramatically reduced and they shifted their distribution towards the
extremities of the island during Phase 2. During Phase 3, gulls were confined to small roosts far
out in the intertidal and on islets. Islets where gulls were allowed to roost included Sea Lion
Islet, Saddle Rock and Sugarloaf (Fig. 7.) and these birds did not appear to attract other gulls.
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Fig. 7. Location of the main gull roosting sites prior to and during a gull hazing trial completed on the South
Farallon Islands. Monitoring began on November 28, 2012.

Following the trial Western Gulls were slow to resume roosting on the South Farallon Islands
and average weekly gull counts did not reach their pre-hazing trial level until approximately
three weeks after hazing ceased (Fig. 5). In addition to overall reduced gull abundance, spatial
changes in gull distribution were observed during the trial. In general, gulls were kept off the
marine terrace and other upland territorial areas throughout the trial period. The highest
concentrations of gulls at the initiation of hazing activities (Phase 2) were on WE (primarily Shell
Beach, Indian Head and Maintop), the Islets, Mussel Flat and Mirounga Beach. There were also

large concentrations on Blowhole, Aulon Peninsula, Weather Service Peninsula and Study Point
Peninsulas (Fig. 7).

Hazing efficiency of individual treatments

We calculated the mean and median hazing efficiency for each of the individual hazing
treatments (Appendix 2). However, some treatments were used infrequently and sample sizes
were too small to make meaningful comparisons. After visually examining the data, we decided
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to group similar treatments together if there were no noticeable differences in their hazing
effectiveness. For example, there was no difference in median hazing efficiency between the
Avian Dissuader and the Aries Phazer (Appendix 2) so these treatments were combined into the
category “laser” for the purposes of analysis. We also combined both of the smaller Bird Gard
Super Pro 4 speaker biosonic units (combined data hereafter referred to as bg4), all of the
pyrotechnics (pyro) and all of the treatments which combined pyrotechnics with additional
hazing treatments (pyroplus). This had the effect of reducing the overall number of treatment

groups and increasing the sample size within each group, thereby allowing for more robust
comparisons.

19 38 14 46 45 8 192 34 50 31

Hazing Efficiency

bgd helo wail Irad bga zon laser helirad pyro  pyroplus

Hazing Treatment
B Mean H Median

Figure 8: Mean (+ standard error) and median hazing efficiency by treatment group. See Appendix 2 for treatment
legend and description of treatment groups. Values along the top x axis indicate sample size.

There was significant difference between treatments (Anova: F=2.93, df 9; p<0.002; Fig. 8) with
lasers, helirad, pyrotechnics and pyrotechnic combinations (pyroplus) being, on average, more
efficient at hazing gulls than either of the smaller Bird Gard Super Pro units (bg4) and the
helicopter by itself. Gulls appeared to be tolerant to the noise and presence of the helicopter
limiting its effectiveness as a hazing tool unless it was used in conjunction with other methods
e.g. helirad. Other treatment groups were statistically similar to each other. It is worth noting
that the Zon propane cannon, though less efficient on average, had a median efficiency of 1.
This is likely a result of several malfunctions early in the hazing trial which rendered the
treatment ineffective and reduced average efficiency of this method.
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Among the individual pyrotechnics employed, CAPA rockets and screamers were on average
more efficient than bangers and crackers (Fig. 9). Caps, when used in isolation, were not
effective and were not used after the first few tests. When caps are removed from the analysis,
there were no significant differences between pyrotechnic types (Anova: F=0.63, p=.7079,
df=6). Therefore, we feel justified in grouping all pyrotechnics together for subsequent
analyses.

Mean and Median Hazing Efficiency by Pyro Type
3 3 3 1 12 23 2 1

Hazing Efficiency

cap bng scrrkt crk rkt scr screrk bngscr

Treatment
B mean M median

Figure 9: Mean (+ standard error) and median hazing efficiency by specific type of pyrotechnic or combination of
pyrotechnics used. See Appendix 2 for treatment legend and description of treatment groups. Values along the top
x axis indicate sample size.

Effective distances of individual treatments

Distance between the hazer and the intended target was not a reliable indicator of success.
Regressions of hazing efficiency vs. distance in general and individually for each hazing method
revealed no significant relationships.

However, our goal was to determine effective distance for the various hazing treatments
tested. In other words, how far away the hazer could be (or conversely how close they needed
to be) in order to clear all gulls from a targeted area.
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Figure 10: Mean (+ standard error) and maximum effective distance by treatment group. See Appendix 2 for
treatment legend and description of treatment groups. Values along the top x axis indicate sample size.

There were significant differences between groups (Anova: F=131, 9 df; p<0.0001; Fig. 10).
Lasers (when used in low light situations at dawn and dusk) were successful at significantly
greater distances than most other treatments whereas the Wailer and Bird Gard biosonic units
were only effective over relatively short distances.

Figure (11) below shows the relative effective distances for each of the individual pyrotechnics
tested (not including combined pyrotechnic treatments). In general, CAPA rockets and cracker
shells were effective at greater distances than screamers and bangers, though there were no
statistically significant differences between the different treatments (Anova: F=2.84, p=0.113,
df=3).
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Figure 11: Mean (+ standard error.) and maximum distance for which >90% hazing efficiency was achieved for each
of the individual pyrotechnic treatment types. See Appendix 2 for treatment legend and description of the
different pyrotechnics used.

Non-target impacts of gull hazing treatments

We observed little impacts to non-target birds as a result of the hazing activity. Because the
trial was conducted during the time of year when the majority of seabirds are not present on
the island, overall numbers of non-target species were not determined. However, in order to
assess the potential for hazing other species in an oil spill situation, we did note the presence
and numbers of individuals of all bird species that were present when hazing was conducted
and made a general estimate of the number of birds affected and the type of response.

Common Murres only attended the colony on four days during the trial period and only small
numbers of cormorants and pelicans were observed roosting on the island during the day. Of
the 493 active hazing events during Phases 2 and 3 of the trial, only 37 caused disturbance to
non-target birds (~7%). Of those, there were 22 which disturbed roosting cormorants, 10 events
which disturbed Common Murre, six events which disturbed roosting Brown Pelican and six
events which flushed shorebirds from intertidal roosts. For shorebirds, cormorants and pelicans
the disturbance usually caused the birds to take flight and then return to their roosts. Murres
on the other hand typically went to sea and did not return to roost on land again that day.
There did not seem to be any difference between the individual hazing treatments in their
likelihood to disturb non-target birds. Bird Gards, Helicopter hazing, LRAD, pyrotechnics and
lasers all caused disturbance.
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The overall impact of gull hazing activities on pinnipeds was also minimal. Pre-trial counts for all
species were statistically similar to (two tailed tests - Northern Elephant Seal: t = 1.686, p =
0.106, df =22, Harbor Seal: t =0.347, p = 0.732, df=22, California Sea Lion: t = 1.068, p = 0.297,
df=22) or higher than (Steller Sea Lion: t=3.751, p=0.001, df=22, Northern Fur Seal: t =4.125 p <
0.001, df=22) numbers observed during the same period in the previous five years (Fig12). Fur
seals in particular were present in greater numbers than the prior five year average owing to
their recent and continuing rapid population growth.
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Fig. 12. Pretrial Farallon Pinniped numbers for November. Historic data (2007-2011) compared with pre-trial data
from 2012. Mean monthly values with standard errors are plotted. Species shown are Northern Elephant Seal
(Mir), Harbor Seal (Pho), Steller Sea Lion (Eum), and Northern Fur Seal (Cal)

Likewise, comparing one month of surveys pre and post gull hazing trial, three pinniped species
showed no significant differences in numbers before and after the trial: Harbor Seals (t = 1.198,
p =0.270, df=7), Steller Sea Lions (t = 1.306, p = 0.233,df=7) (Fig. 13), and California Sea Lions (t
=1.096, p = 0.309, df=7; Fig. 14). The other two species showed significant declines: Northern
Elephant Seals (t = 6.328, p < 0.001, df=7) and Northern Fur Seals (t = 3.721, p = 0.008, df=7) (Fig
13). However, these declines are consistent with regularly observed seasonal declines as
juvenile elephant seals and most fur seals depart the island at this time. The post-trial numbers
for both elephant and fur seals were not significantly different from their number during this
period for the past five years (Northern Elephant Seals: t = 0.193, p = 0.849, df=24, Northern Fur
Seal: t =1.136, p = 0.267, df=24). Thus we conclude that there were no major impacts to

pinniped abundance from the trial.
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compared with pre-trial data from 2012/2013. Mean monthly values with standard errors are plotted. Species
shown are Northern Elephant Seal (Mir), Harbor Seal (Pho), Steller Sea Lion (Eum), and Northern Fur Seal (Cal).
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Fig. 14. Pre and Post Trial Farallon California Sea Lion (Zal) numbers. Historic data (2007-2011/2) compared with
trial data from 2012/2013. Mean monthly values with standard errors are plotted.

Effect of individual treatments on pinnipeds

Biosonic hazing methods had little effect on pinniped behavior, with no significant disturbance
(moving >1m or flushing) observed for elephant seals and harbor seals, and less than 3% of the
animals disturbed for all other species when present in hazing target areas (Fig 15).
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Fig. 15. Biosonic gull hazing tool effects on Farallon Pinnipeds in target areas (total n=103). Methods used include
Bird Gard, Wailer, LRAD, and LRAD from Helicopter. A) Percentage of pinnipeds moved >1m with standard error;
and B) percentage of pinnipeds flushed with standard error. Species are Northern Elephant Seal (Mir), Harbor Seal
(Pho), Steller Sea Lion (Eum), California Sea Lion (Zal), and Northern Fur Seal (Cal)

Pyrotechnic hazing methods elicited greater responses from marine mammals. Greater than
15% of California Sea Lions and approximately 5% of Steller Sea Lions were disturbed when
pyrotechnics were employed (Fig. 16). Harbor seal disturbance rates were high with more than
20% of the animals flushing in the presence of pyrotechnics (Fig. 16 B). This response was
primarily driven by the loudest of the pyrotechnic devices, the CAPA rocket.
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Fig. 16. Pyrotechnic gull hazing tool effects on Farallon Pinnipeds in target areas (total n=91). Methods used
include screamers, bangers, and CAPA rockets. A) Percentage of pinnipeds moved > 1m with standard error; and B)
Percentage of pinnipeds flushed with standard error. Species are Northern Elephant Seal (Mir), Harbor Seal (Pho),
Steller Sea Lion (Eum), California Sea Lion (Zal), and Northern Fur Seal (Cal)

In general, for all hazing treatments, California Sea Lions were the most sensitive to being
disturbed while Northern Elephant Seal and Northern Fur Seal were rarely affected.
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There was a significant difference in mean pinniped disturbance between treatments (Anova
F=128, 10 df; p<0.001) with pyrotechnics and pyrotechnics in combination with other
treatments causing the greatest level of disturbance to pinnipeds whereas biosonic hazing
methods showed little effect on pinniped behavior (Fig. 17). Lasers consistently had no effect
on pinniped behavior and were not included in statistical analyses.

Mean proportion of pinnipeds disturbed by method
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Fig. 17. Effect of individual hazing tools on pinniped disturbance. Presented are mean * standard error (blue) and
median values (red). Data presented for all pinniped species combined. See Table 1 for explanation of treatment
abbreviations.

Effect of proximity on disturbance

As with the bird hazing efficiency analysis, there were no direct correlations between linear
distance to the nearest pinniped and proportion of animals disturbed. We calculated the mean
and minimum distance between the hazer and the nearest pinniped for which no disturbance
was recorded. There were no significant differences found between groups but general
patterns were observed. Pyrotechnics, LRAD and Zon caused disturbance to pinnipeds at a
greater distance, on average, than other methods tested (Fig. 18).
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Fig. 18. Mean * standard error (blue) and minimum distance (red) required for zero disturbance to pinnipeds for
different hazing tools. Data presented for all pinniped species combined. See Appendix 2 for explanation of
treatment abbreviations.

Passive Hazing Summary

We tested the effectiveness of passive hazing devices such as effigies, owl decoys, kites and
mylar tape by comparing gull counts before and after their deployment (Fig. 19). These figures
illustrate the reduction in Western Gull numbers when the effigies and other passive hazing
devices are present. Counts of gulls prior to hazing treatments were significantly lower in the
presence of effigies. Simple T-tests for each area demonstrate significantly lower gull counts
when effigies are present (AP t =-3.0575, p = 0.008, df=8; BP t =-2.1985, p=0.0226, df=14; MB t
=-2.2406, p=0.0209 df=14; MF t = -2.1085, p=0.0365 df=7; WSP t =-1.8451, p=0.0491, df=9).
Other passive hazing methods were not statistically analyzed because they were not used often
and the sample sizes were too small to draw any statistically supported conclusions.
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passive hazing tools were deployed (see Fig. 3 for locations). Passive hazing tools included Western Gull effigies,
kites (kt), mylar tape (my) and owl decoys (owl).
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DISCUSSION

This study was designed and conducted with two main objectives. The first was to demonstrate
that it is possible to keep the majority of Western Gulls off the South Farallon Islands for a
period of time in order to minimize their potential exposure to rodenticide during the proposed
mouse eradication. In addition, we wished to test the efficacy of a variety of individual hazing
techniques and tools in order to assess their utility in future hazing efforts, such as during the
mouse eradication or an oil spill. These two objectives sometimes conflicted with each other in
which case the overall goal of reducing gull numbers took precedence over testing individual
methods. This resulted in some unavoidable compromises in data quantity and quality for
individual hazing treatments. However, we believe that the overall results are valid and provide
valuable information on the relative effectiveness and impact of the hazing treatments tested
both alone and in various combinations.

Overall hazing success

Results from this study clearly demonstrated that a well planned and executed hazing
operation can effectively reduce the number of gulls present on the South Farallon Islands and
minimize the number of individuals that would be likely to come into contact with rodenticide.
Hazing efforts resulted in significantly reduced gull numbers when compared to the same time
period in previous years as well as in comparison to pre-trial counts in the same year. Western
Gulls roosting on the islands were reduced from an average of approximately 3,700 present on
the island prior to the trial to only a few hundred individuals present for any length of time
during the day by the end of Phase 2. Daily hazing efficiency also increased as the trial
progressed, resulting in 100% of the birds present on the island during any given day being
successfully hazed. The high hazing efficiency achieved resulted in effectively no gulls being
present for the majority of each day by the end of the hazing period. In addition, gull
distribution around the island was significantly altered such that by the end of the trial, birds
were only present far out in the intertidal zone and on a few scattered and wave washed
offshore islets where they would not be expected to come into contact with rodent bait.

We were not able to conduct comprehensive surveys at night but anecdotal evidence indicates
that if gulls were successfully hazed off the island at dusk they did not return until after sunrise.
Gulls were not detected during random nighttime searches using a high powered spotlight and
they were not heard calling. Furthermore, when we were able to successfully haze all gulls off
the island at dusk, our surveys the following morning revealed no roosting birds. It is unlikely
that birds that were forced to find a different roost for the night due to our hazing activity
would return to the island during the night and depart again before sunrise. This gives us
confidence that successful daytime hazing operations, like those we achieved during phase 2 of
the trial, will prevent birds from encountering bait, even when no hazing activity occurs at



27

night. We also believe that should more nighttime activity of gulls be detected during the actual
rodent removal operation, that lasers could be very effectively used to deter their presence as
needed.

Hazing treatments

In all, we tested 21 different individual hazing treatments as well as multiple combinations of
these tools throughout the hazing period. Although we were not able to test each method
individually in all situations, we were able to demonstrate significant differences in overall
hazing efficiency amongst the tools tested. In general, active hazing treatments that involved
both sound and motion were more effective than one dimensional treatments or passive
treatments. Likewise, there were significant differences in the level of pinniped disturbance
caused by the various hazing methods with louder and more active treatments such as
pyrotechnics and pyrotechnics combined with biosonics causing greater disturbance than other
methods. For all hazing treatments, California Sea Lions were the most sensitive to being
disturbed while Northern Elephant Seal and Northern Fur Seal were rarely affected. This likely
reflects both relative differences among the species in their response as well as vastly different
encounter rates during the trial. For example, sea lions were present in the target area 94% of
the time that a hazing treatment was deployed, whereas fur seals were only present 13% of the
time. The localized nature and low numbers of fur seals in December prevented them from
being exposed to many of these techniques, thereby limiting our ability to evaluate their
response.

The least useful tools tested were mylar tape and balloons. These tools were difficult to deploy,
often broke down or were ripped off their tethers and lost, and appeared to have little effect
on the gulls. Kites were moderately effective when deployed after birds were flushed utilizing
other techniques, but they were difficult to keep aloft in strong. As a result, these tools were
not tested frequently and were hardly used after the first few days of the trial. While low
sample sizes for these treatments make it impossible to make a quantitative assessment of
their true effectiveness, there appears to be little evidence to support their use under the
conditions typically expected at the South Farallon Islands. The only passive hazing treatments
that were routinely effective were the Western Gull effigies. These were particularly effective at
dissuading birds from returning to a roosting site after another treatment method had been
used to flush them. As depicted in Figure 19, gull numbers were dramatically reduced after the
deployment of effigies and remained low for the duration of time they were present. Aside
from any disturbance caused during their deployment, effigies had no impact on pinnipeds or
other bird species present in the area. Although they are only effective over a short range,
effigies proved to be an especially efficient tool during this trial.
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Lasers, pyrotechnics and various combinations of pyrotechnics with additional hazing devices
were the most effective at dispersing gulls from their roosts. These treatments also had the
most substantial effect on other bird species present. These treatments all had mean hazing
efficiencies over 70% and were also effective at the greatest distances.

Fig. 20. Aries Phazer being used to haze roosting gulls from Sugarloaf at dusk.

Lasers were especially effective over long distances when used at dawn and dusk while it was
still dark enough for the birds to see the beam. They were useful both for clearing roosting gulls
and also discouraging them from landing. An added benefit of lasers was that they caused no
disturbance to pinnipeds making them both highly efficient and non-disruptive. We tested
three different types of lasers with varying power and intensity during the trial. There was no
noticeable difference in median hazing efficiency between the Avian Dissuader and the Aries
Phazer (Appendix 2). Both were highly effective over distances up to a kilometer. The small
penlight laser was less powerful and was typically only effective over a relatively short range.

Pyrotechnics and pyrotechnics combined with other hazing treatments had the highest overall
hazing efficiency. They were effective over long distances, up to 700m and unlike the lasers
were equally useful during all times of the day. Although there were no statistically significant
differences observed among the individual pyrotechnic devices deployed, the general pattern
observed was that CAPA rockets and cracker shells were more efficient for longer distances
whereas the bangers and screamers were most effective over short to medium ranges.
Pyrotechnics and especially pyrotechnics combined with other tools caused the greatest
amount of disturbance to pinnipeds of all the tools tested. Screamers (due to no abrupt bang
sound) and CAPA rockets (that deployed to a greater height or distance offshore before
exploding) appeared to have reduced impact on pinnipeds in comparison to the bangers and
cracker shells.
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Biosonic hazing devices, including all Bird-Gard units, the Wailer and the LRAD were generally
intermediate in both their hazing efficiency and in their level of disturbance to pinnipeds. All
amplified biosonics worked over a moderate distance of a few hundred meters and generally
caused low levels of disturbance to pinnipeds unless deployed at very close range. These
devices worked moderately well on their own, but were considerably more effective when
combined with another hazing device such as pyrotechnics or the helicopter. Of all biosonics
tested, the LRAD seemed to be the most effective and also offered the ability to directionally
project sounds so as to better target individual gull roosts without non-target disturbances. The
LRAD was particularly effective when deployed from the helicopter circling over the gull roost.
This treatment, termed the helirad, combined the visual stimulus of a mobile, large and
unfamiliar object with a predator or distress call to great effect. This treatment was equally as
effective as pyrotechnics and pyrotechnic combinations but with lower pinniped disturbance.
The helirad was also highly effective in dissuading gulls from returning to the island to roost for
the night. Gulls would approach the island in large numbers just before dusk. The helirad was
deployed to “intercept” these individuals, causing them to alter direction and depart the island
to find an alternative night roost.

Tolerance by gulls to the noise and presence of the R22 helicopter suggests that UAV’s are likely
to have limited effectiveness as a hazing tool unless they can be deployed in conjunction with
other methods such as a LRAD. However, the helicopter proved invaluable as a method of
detecting and monitoring gulls in areas that were difficult to observe from the ground. Based

on these observations, we see UAV’s as offering a highly efficient method for monitoring in real
time the effectiveness of future hazing operations especially those that span large areas.

Effect of proximity

One of the objectives of this study was to determine the effective distances for each of the
different hazing treatments. We expected that there would be some negative relationships in
which the effectiveness of any particular treatment would decrease with linear distance.
However, our data did not show this. While there were significant differences between hazing
treatments in terms of the average distance for which they were effective, there were no
significant relationships between distance and effectiveness for any individual method. There
are several possible reasons for this. During the course of the trial, we chose tools specific to
the hazing target and did not specifically test each treatment at varying distances. If the gull
roost was far from the hazer, then we chose a treatment that was most likely to impact the
target. Also, there was a large amount of variation in the effectiveness of each hazing
treatment regardless of distance. This may be due to other variables such as weather, temporal
proximity to another hazing event or gull density which was not considered during this analysis.
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Likewise, there were no significant relationships between hazer proximity and pinniped
disturbance. For example, when using the Bird Gard Super Pro Amp (bga) the average distance
for which no disturbance was noted was 46m. The minimum distance for which there was no
disturbance was 22m (also the minimum distance for which the bga was used). This would
seem to suggest that if you use the bga when pinnipeds are more than 50m away there should
be relatively little disturbance.

However, disturbance was also noted at far greater distances at times, in some instances up to
136m. In fact the greatest disturbance occurred at the greatest distance. A similar pattern
emerges for other hazing methods where there are times when they can be used in relatively
close proximity to pinnipeds without any effect and other times where animals that are
relatively far away will move or flushes in response. This may have been due to accumulated
subtle disturbances from repeated hazing treatments in short periods, or other factors.

As with hazing efficiency, there were general differences between hazing treatments in the
average distance required for no disturbance. Pyrotechnics, pyrotechnics combined with
another method, LRAD and Zon cannons caused disturbance to pinnipeds at a greater distance,
on average, than other methods tested. The results suggest that to minimize impact, hazers
should be farther away, on average, from pinnipeds when using Zons, LRAD or pyrotechnics
than when using other hazing treatments.

It should also be noted that for those treatments that involved an auditory component, the
sound emitted did not always occur at the hazer location. For the biosonics such as the Bird
Gard and LRAD units this was typically the case, but for pyrotechnics it could be highly variable.
In some cases the sound was generated at a short (i.e. Zons, caps) or medium distance (shell
crackers, bangers, screamers) from the hazer. In other cases the sound could actually emit from
point a long distance from the hazer as in the case of CAPA’s. CAPA’s were sometimes
intentionally directed at an angle to the birds if they were near pinnipeds in order to get the
loud bang but not close to the pinnipeds. Recognizing that it was not possible to obtain data on
how close the sound occurred to the birds versus the hazer’s physical location, the analysis in
this report represents our best effort. However, it should be noted that we were not able to
completely account for the effect of distance.

This project set out to do several things and compromises in data quantity and quality were
inevitable. Insufficient independent tests of the specific treatments were completed to allow
robust quantitative analysis of all of their individual effectiveness. There was also the necessary
focus on gulls and relatively few other bird types present. However, the data and analyses
presented serve to effectively demonstrate significant differences in the relative effectiveness
of the treatment methods tested for gulls and their impact on non-target species. The lessons
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learned from the Farallones trial will provide valuable guidance to resource managers and oil
spill responders for planning and implementing future avian hazing operations.
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APPENDIX 1: Hazing methods and product descriptions for all hazing treatments
used in a 2012 Gull Hazing Trial on the South Farallon Islands.

Description (abbreviation)

Human Movement (hum)

Use

Location

Movement of people on foot
across the island

Monitoring and setting up hazing equipment
occasionally flushed gulls from roost sites

Various locations

Effigies (ef)

Effigies are models of animals or
human forms (scarecrows) used
with the intent of scaring birds.

Effigies consisting of dead Western Gulls (beach
wrecked carcasses) were attached to 8ft poles by
nylon fishing line. Approximately 15 effigies were
used during Phases 2 and 3 of the trial.

Various locations at
persistent gull roosts
(See Figs. 3 & 19)

Mylar Tape (my)

Mylar is a reflective plastic ribbon
colored on one side. It is often
tied to poles or suspended from
overhanging lines, where its
motion in the wind creates a
humming or crackling sound and
it reflects sunlight.

Mylar tape was deployed at a few locations to
discourage gulls from roosting.

Mussel Flat (MF) and
Blowhole Peninsula (BP)
(See Fig. 3)

Kites (kt)

Kites (traditional and inflatable)
in the shape of predators or
painted with predators can be
used to deter birds.

Two types of kites were deployed, a raptor
shaped standard kite and an Allsopp Helikite
helium-filled balloon kite. Both kite designs aimed
to mimic aerial predators to frighten and disperse
birds.

These were flown or
positioned as close to
intertidal gull roost
areas as possible,
usually on the Marine
Terrace (E-Ter) or Aulon
Peninsula (AP). See Fig.
3.

Balloons (bal)

Inflatable mylar “big-eye”/”scare
eye” balloons (Bird-X Inc. 300 N
Oakley Blvd. Chicago, IL 60612)
are highly reflective and mimic a
predator’s eye. They are often
tied to poles or suspended from
overhanging lines where it can
move in the wind and reflect
sunlight.

Balloons were used infrequently at a few roost
locations to try to discourage gulls from roosting.

Positioned as close to
intertidal gull roosts
areas as possible on the
Marine Terrace (E-Ter)
and Mirounga Beach
(MB). See Fig. 3.

Lasers (laser)

Lasers are concentrated light
beams used in low lighting
conditions to disperse or deter
birds.

Three different lasers of varying power and
intensity were used during the trial, a small 5mW
green penlight (las1), a red Avian Dissuader™ (Sea
Technology, Inc., Albuquerque, NM; las2), and a
green Aries Bird Phazer Laser (JWB Marketing
LLC, 2308 Raven Trail, West Columbia, SC 29169)
(las3). Lasers were generally used in the early
morning and the evening when light levels were
low. Lasers were known to be less effective during
daylight hours except at close range (Pott and

Lasers were used
primarily from
Lighthouse Hill and
West End locations. See
Fig. 3.
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Grout 2012), so limited testing of this tool during
the day was undertaken. On moonless nights,
spotlights were sometimes used to estimate
numbers of gulls prior to flushing them with a
laser.

Zon cannons (zon)

Propane cannons, also called gas
exploders, produce a loud,
directional blast similar to that
emitted by a 12-gauge shotgun.

Zon Mark 3 cannons (Sutton Ag Enterprises, 746
Vertin Ave, Salinas, CA 93901) were tested but
due to issues associated with moisture and sound
levels, Zons were only occasionally used during
the trial. Zons were triggered on command to
flush gulls that were roosting or returning to roost
areas.

Zons were established
in three locations on
west Marine Terrace
(W-Ter) and at Sea-lion
Cove (SLC). See Fig. 3.

Bird Gard Units (bg, bgm, bga, bg4)

Biosonics, or bioacoustics, as a
hazing method, involves using
animal alarm or distress calls to
alter the behavior of a target
species.

Three different Bird Gard biosonic units (Bird
Gard, LLC, 270 E. Sun Ranch Drive, P.O. Box 1690,
Sisters, OR 97759) were tested: 1) A Bird Gard
Super Pro® with four small speakers (bg); 2) a Bird
Gard Super Pro® with a 4 speaker multi-
directional speaker tower (bgm) and; 3) a Bird
Gard Super Pro-Amp® with 20 amplified multi-
directional speakers on a tower. Each unit was
pre-programmed with a combination of recorded
gull distress calls and hawk, peregrine falcon, and
eagle calls, and was triggered on command or
randomly to flush gulls or deter them from
returning.

Birdgard units were
moved around the
island and used at many
locations.

Marine Phoenix Wailer(wailer; wail)

The Marine Phoenix Wailer is a
biosonic device designed to
prevent birds from alighting on
the water and typically used to
discourage birds from landing on
oil slicks.

The Marine Phoenix Wailer- (Phoenix Agritech.
P.O. Box 10, Truro, Nova Scotia.B2N 5B6,Canada)
is a large, multi-speaker biosonic hazing tool. For
the trial, the sound-emitting component of the
Wailer was removed from its marine floats and
placed on the ground above a gull roost. It was
programmed to play pre-recorded distress and
predator calls.

The Wailer was
positioned
predominantly within
the Marine Terrace
area above Mussel Flat
(MF). (See Fig. 3)

Long Range Acoustic Device (LRAD)

A powerful but portable
directional speaker which can be
made to play pre-recorded
sounds.

Predator and distress calls were played both from
the ground and later from a helicopter, to flush
gulls from roost sites and deter them from
resettling. (LRAD Corporation, 16990 Goldentop
Road, STE A, San Diego, CA 92127)

Used at several
locations across the
island and from the air.

Pyrotechnics (pyro)

Pyrotechnics describe a wide
variety of tools that can be used
to haze birds. Pyrotechnics are
primarily an auditory stimulus,
creating a loud bang or report,
but many charges also produce
bright flashes, spiraling light, and
smoke.

Pyrotechnics of varying types (Bird Bangersw‘
Screamer Sirensw, and CAPA rockets’ (Reed-Joseph
International Company, 800 Main Street,
Greenville, MS 38701); Bird Bombs®, Bird
Whistlers®, and Shell Crackers (Sutton Ag
Enterprises, 746 Vertin Ave, Salinas, CA 93901),
were tested. Quieter or less disturbing charges
were used first when near or close to pinnipeds,
to minimize any unnecessary disturbance, to

Various locations
around the island
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gauge the range of these devices and evaluate
whether habituation by pinnipeds to their use was
possible. Pyrotechnics were often used in
conjunction with other hazing methods to
disperse birds that were already in the air.

Helicopter (helo)

Helicopters present both an A small Robinson 22 helicopter (Robinson
auditory and visual stimulus that ~ Helicopter Company, 2901 Airport Drive,

can be used to flush roosting Torrance, CA 90505) was used principally for
birds or dissuade them from monitoring the presence of gulls and pinnipeds on
landing. the islands, as well as to transport personnel and

equipment to West End. It was also later used as a
tool for hazing gulls in less accessible locations.

Method Combinations

BirdGard and Pyrotechnics (bgapyro; pyroplus)

BirdGard units were used in combination with pyrotechnics. Typically the Bird Gard was triggered to play a
predator or distress call in order to flush gulls from their roost. This would be followed immediately by the
deployment of one or more pyrotechnics to dissuade the gulls from returning.

LRAD and Pyrotechnics (Iradpyro; pyroplus)

The LRAD unit was used in combination with pyrotechnics. Typically the LRAD was triggered to play a
predator or distress call in order to flush gulls from their roost. This would be followed immediately by the
deployment of one or more pyrotechnics to dissuade the gulls from returning.

LRAD and Helicopter (helirad)

The LRAD unit was used from the helicopter to haze gulls from less accessible locations or to discourage
gulls from approaching the island to roost..

Laser and helicopter (helolas)

Lasers were used to flush roosting gulls from land. Helicopter hazing then followed to disperse gulls and
dissuade them from landing again. This combination was used infrequently because the lasers were only
effective in low light conditions when the helicopter could not fly.

Pyrotechnics and helicopter (pyroplus)

Pyrotechnics were used to flush roosting gulls from land. Helicopter hazing then followed to disperse gulls
and dissuade them from landing again.
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EXECUTIVE SUMMARY

The application of bait pellets containing either brodifacoum or diphacinone is being considered
along with a range of other techniques to eradicate non-native house mice (Mus musculus) from
South Farallon Islands (SFI), California. Of particular concern is the risk that these rodenticide
products could have to western gulls (Larus occidentalis) that occur on the islands. Because
western gulls are gregarious omnivores, they could be at risk of exposure via ingestion of bait or
exposed mice should the gulls be present on the island when the bait is present. Given this
concern, we undertook a probabilistic assessment of the risks posed by the application of bait
containing either brodifacoum or diphacinone to western gulls on SFI.

There are three primary techniques for the application of rodent bait on islands for eradication of
rodents: bait stations, hand broadcast and aerial broadcast application of bait pellets. The latter is
the approach proposed for the South Farallon Islands.

Given the diet and behavior of western gulls and the fate of brodifacoum and diphacinone
following bait application, there are two major routes of exposure to gulls: ingestion of
rodenticide pellets (primary uptake), and ingestion of rodenticide-contaminated mice (secondary
uptake). We used a probabilistic model known as the western gull risk model to estimate the
effects of applications of brodifacoum and diphacinone to western gulls at SFI. The exposure
portion of the western gull risk model includes both the primary and secondary routes of dietary
exposure. The model estimates daily intake of rodenticide from ingestion of pellets and mice for
each of 90 days following initial application. The whole body tissue concentration in gulls on
any given day is the total daily intake for that day plus the tissue concentration remaining from
the previous day. The model runs for a total of 90 days to account for the possibility of two or
three applications depending on the rodenticide with an interval of up to several weeks apart. The
second and third applications could result in pellets being in the environment for a substantial
period of time given that there will be few mice available to consume them. However, by 90
days, a combination of weathering and other factors should have removed all or very nearly all
rodenticide pellets from the environment. The exposure metric chosen by the model for
comparison to the effects metric is the maximum tissue concentration in gulls during the 90-day
simulation.

The western gull risk model determined the theoretical fate (i.e., alive or dead) of 11,000 gulls,
which is the peak number of gulls expected on the SFI during the November to March
timeframe. Each simulation of the model determines the fate of a western gull. At the outset of a
simulation, the characteristics of the gull are randomly chosen (i.e., sex, body weight, life stage).
At the same time, the model determines whether the gull will be present on SFI to forage on
pellets and/or mice. As a mitigation measure, gull hazing will be implemented as part of the
mouse eradication to reduce the number of gulls on SFI immediately following bait application.
Thus, the probability of a gull being present is equal to the user selected value for expected
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hazing success. Gulls that are not responsive to repeated hazing are assumed to be present each
day to forage on SFI.

Based on field data, most gulls will not be present on SFI if initial application occurs in early to
mid-November. Thus, for each gull, a starting date for its appearance on the island is determined
by the model. Once a gull appears on SFI, it remains in the area until at least mid-February
though only unhazed gulls are assumed to forage on the island.

Availability of rodenticide pellets at any given time step is a function of initial availability (i.e.,
initial application rate) and the rate at which pellets disappear from the environment (e.g., due to
consumption by mice, weathering). Subsequent rodenticide applications increase availability of
pellets. The probabilities of an unhazed gull consuming pellets and mice over time were
calculated using observational data from SFI in 2010. If by random chance pellets and/or mice
are consumed at a time step, then the numbers of pellets and/or mice consumed are determined
by the model based on the energetic requirements of western gulls and availability of pellets and
mice on the island. Primary exposure for each time step is a function of the number of pellets
consumed multiplied by rodenticide concentration in each pellet. A similar approach is used for
secondary exposure.

The availabilities of pellets and mice change over time in the western gull risk model.
Subsequent time steps account for the relative availabilities of pellets and mice by assuming that
consumption rates are linearly related to availabilities (i.e., gulls do not increase or decrease their
search efforts in response to declining availabilities of pellets and mice). In the case of pellets,
availability declines rapidly after the initial rodenticide application because of consumption by
mice and weathering if a significant rainfall event occurs shortly after application, and other
factors. For subsequent applications, however, pellet availability remains constant until a
significant rainfall event occurs which causes the pellets to break down over the next couple of
days. In the case of mice, availability declines rapidly from the time they experience symptoms
to their death several days to less than two weeks later. After that, mice are not part of the gull
diet and thus there is no further secondary exposure.

Gulls learn over time and thus the model assumes conditional probabilities for primary and
secondary exposure. That is, if a gull consumes pellets by random chance in the preceding time
step, then there is an increased probability of consuming pellets in the subsequent time step.
Conversely, if a gull does not consume pellets in the preceding time step, then there is a reduced
probability of consuming pellets in the subsequent time step. The same logic is used for gulls
consuming mice.

At each daily time step in the model, a tissue concentration is calculated for the gull of interest.
The model then searches for the maximum tissue concentration that occurred during the
simulation. The maximum tissue concentration is the exposure metric for the gull of interest.
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The maximum tissue concentration in each western gull is compared with a randomly chosen
gavage dose (in units of mg active ingredient/kg body weight to match the units of the exposure
metric) from the dose-response curve for a gull or surrogate species. If the exposure dose for the
gull exceeds the randomly chosen effects dose, the bird is considered dead. Otherwise, the bird is
assumed to have survived the rodenticide applications. The model then proceeds to simulate the
next gull. The process repeats for the number of model simulations selected by the user. The net
result over many simulations is that the entire dose-response curve is sampled thus capturing the
expected range of sensitivities in the gull population at SFI. Thus, the analysis is not biased
conservative, as would be the case with selecting a no observed effect level or low percentile on
the dose-response curve (e.g., LD5), nor are potential effects to sensitive birds missed, as would
be the case with relying on the LD50.

Model runs were conducted to determine how different application options (e.g., different
application dates, differing rates of hazing success, etc.) for brodifacoum and diphacinone
affected predictions regarding mortality of western gulls. An analysis conducted by Nur et al.
(2012) for western gulls on SFI indicated that a one-time mortality event of 1700 individual gulls
would not result in a detectably significant change in the population trend of the western gull on
the Farallones over a 20-year period. We compared our model predictions to this benchmark.

It was clear from the modeling analyses that brodifacoum and diphacinone pose similar risks to
non-target western gulls. Although diphacinone is markedly less toxic than brodifacoum, gull
behavior, the duration that bait would be available, the greater amount of diphacinone bait
applied, and the addition of a third application of diphacinone all serve to bring the relative risk
posed by the two scenarios modeled closer together. The modeling analyses indicated that an
early application date, high hazing success, and an early rainfall event after the last application
significantly reduce predicted gull mortality. Assuming an early initial application date
(November 1) and hazing success of 90% or higher, neither rodenticide is likely to cause a
population-level impact as defined by a gull population viability analysis (PVA) (Nur et al.
2012). The modeling analyses also demonstrated that the primary route of exposure (i.e.,
consumption of pellets) was, by far, the most important route of exposure for western gulls for
both rodenticides. Consequently, to minimize gull mortality, it is recommended that an effective
gull hazing program, an early start date, and other measures to reduce gull exposure to bait be
investigated.
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1.0 INTRODUCTION

The natural balance and ecology of the South Farallon Islands has been altered due to human
presence and the introduction of pest species. Disruption of native biological resources, such as
predation of seabirds, has occurred as a result of infestation by non-native house mice (Mus
musculus). Along with other methods, application of one of two rodenticides, brodifacoum or
diphacinone, is being considered to eradicate mice from the South Farallon Islands.

The goals of this assessment were to determine the relative risks of brodifacoum and diphacinone
to western gulls (Larus occidentalis) and, for each rodenticide, to assist in determining what
mitigation measures would be the most effective at reducing risk. Western gulls were the focal
species of this risk assessment because it is one of the only resident seabird species of the
Farallones that could be present during the proposed mouse eradication period that is not strictly
piscivorous. As an omnivore, some western gulls could be at risk of exposure by ingestion of
pellets or mice if any gulls are on the island when rodenticide bait is present. The remainder of
this chapter provides background information on the South Farallon Islands, the bird species
found there, and on the proposed mouse eradication project.

1.1 DESCRIPTION OF THE FARALLON ISLANDS

The Farallon Islands is a group of islands located 28 miles west of San Francisco in the Pacific
Ocean. As a declared National Wildlife Refuge, the Farallon Islands are under the jurisdiction of
the United States Fish and Wildlife Service (FWS). The surrounding waters are a National
Marine Sanctuary and are under the jurisdiction of the National Oceanographic Atmospheric
Administration (NOAA). The Farallon Islands, as a group, are also called the "Farallones" which
means "rocks out of the sea".

Southeast Farallon Island (SFI) is the largest island in the Farallones group, having an area of
0.31 km? or 310,406 m?. The island is pyramidal in shape and is approximately 109 meters above
sea level at its peak. SFI is the only inhabited island of the group. The public is no longer
allowed access to the islands.

1.2 THE WESTERN GULL (LARUS OCCIDENTALIS)

The western gull (Larus occidentalis) is a white-headed, medium-sized gull. Like most gulls, the
western gull is sexually dimorphic in body size. Adult males measure 60-66 cm in total length,
with body mass ranging from 1050-1250 g. Adult females are about 20 percent smaller with a
total length of 56-62 cm, and mass of 800-980 g (Pierotti 1981; Pierotti and Annett, 1995). Like
most gulls, the western gull is an opportunistic feeder that often forages on live prey (e.g., marine
invertebrates, fish, eggs and chicks of other seabird species), scavenges carrion and refuse, and
steals food from others.
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The western gull is a familiar and well-known species on the Pacific Coast. However, the range
and distribution of the species is limited (Pierotti and Annett, 1995). The total worldwide
population of western gulls is about 40,000 pairs with 30 percent or more nesting on SFI (Sowls
et al., 1980; Penniman et al., 1990). PRBO Conservation Science has been monitoring western
gulls and other seabirds and wildlife on the South Farallon Islands daily for over 45 years and
this set of data and knowledge, along with that of the FWS Refuge biologists, helped inform
many of the parameter estimates of this model.

1.3 PROJECT BACKGROUND

Female mice reach sexual maturity at about 6 weeks and males at about 8 weeks, but both can
breed as early as 5 weeks. The reproductive potential of mice is staggering. They have a short
gestation period of about 19-21 days. Females can produce 5-10 litters per year ranging in size
from 3-12 pups per litter. Thus, a single female can produce between 15 and 168 pups in a single
year (Musser and Carleton, 2005). Mice are relatively short-lived with a lifespan of usually less
than 1 year in the wild. This short lifespan is often the result of predation and/or harsh
environmental conditions.

Rodenticide application is being considered as a potential technique(s) for mouse eradication on
SFI. Two registered rodenticides are being proposed for the eradication of mice from the
Farallones: brodifacoum and diphacinone. There are three primary techniques of application: bait
stations, hand broadcast and aerial broadcast application of bait pellets. The latter is the approach
proposed for SFI. Aerial broadcast application would be conducted by helicopter, which is
currently the most frequently used bait delivery technique for rodent eradications on large islands
(Howald et al., 2007; Parkes et al., 2011). For additional background information on the use of
rodenticides to eliminate rodents on islands, see Howald et al. (2007), Witmer et al. (2007),
Mackay et al. (2007), Keitt et al. (2011), and Parkes et al. (2011).

As one of the proposed methods of eradication includes the use of a vertebrate toxin, additional
assessment is required to determine the degree to which non-target biota could be affected by
exposure to brodifacoum or diphacinone. The risks posed by exposure to brodifacoum are
expected to be limited for nearly all non-target species (FWS, 2012). Because pinnipeds and
most marine birds typically feed exclusively on marine organisms and do not feed while on land,
exposure to rodenticides in pellets is unlikely. The likelihood of secondary exposure through
consumption of contaminated prey is also expected to be negligible.

However, western gulls would likely be at risk from exposure to a rodenticide due to their
omnivorous and aggressive foraging habits. The purpose of this assessment is to assist in
estimating the likelihood and magnitude of western gull mortality arising from aerial application
of either brodifacoum or diphacinone pellets on SFI. This report is organized to follow the
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standard paradigm for ecological risk assessment: problem formulation, exposure assessment,
effects assessment, and risk characterization.
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2.0 PROBLEM FORMULATION

For this report, the timing of the aerial broadcast of rodenticide was forecast to occur in the late
fall or early winter (i.e., November or December). This time of year is when the lowest numbers
of non-target species are present on the island. Timing the operation for this period would
provide the least risk to the island’s native biota. The months of November and December occur
after the summer breeding season for seabirds, sea lions, and fur seals and before female
northern elephant seals have started giving birth in the early winter (PRBO unpublished data).

There are two general groups of anticoagulants used as rodenticides: the hydroxycoumarins (e.g.,
warfarin) and the indandiones (e.g., pindone, valone, diphacinone, and chlorophacinone). The
second generation anticoagulants (e.g., bromadiolone, brodifacoum, and difethialone) are closely
akin to the hydroxycoumarin group (ICWDM, 2005). Second generation anticoagulant
rodenticides (SGARs) are much more potent than are first generation anticoagulants, making
them effective for rodent eradications (ICWDM, 2005). When formulated at their current
concentrations, they have the ability to kill a high percentage of individuals after a single feed.
The effects of these compounds are also cumulative and often result in death after several
feedings of even small amounts. These properties make SGARs effective primary rodenticides
and they have become extremely important for rodent control worldwide (e.g., in New Zealand:
Taylor and Thomas, 1989, 1993, Imber et al., 2000; in Canada: Howald, 1997; in the United
States: Ebbert et al., 2007, Howald et al., 2009; in Antigua: Daltry, 2006; in Mexico: Samaniego-
Herrera et al., 2009). Of the rodenticides, brodifacoum has been the most extensively used for
rodent eradication from islands (Howald et al., 2007). Indeed, Parkes et al. (2011) reported that
brodifacoum was used in 396 of 546 rodent eradication efforts that were attempted worldwide
from 1971 to 2011. Diphacinone was used in 50 of those eradication efforts.

In this chapter, the environmental fate and toxicity of the two rodenticides under consideration,
brodifacoum and diphacinone, are briefly reviewed. We then review the foraging behavior and
diet of the focal species for this assessment, the western gull, to determine potential routes of
exposure. The remainder of the problem formulation describes the assessment and measurement
endpoints and analysis plan for the assessment.

2.1 BRODIFACOUM

Brodifacoum elicits acute toxicity by inhibiting the synthesis of vitamin K, which leads to
increased coagulation times, followed by lethal internal hemorrhage (Erickson and Urban, 2004).
A lethal dose is generally achieved after a single feeding, but mortality is usually delayed for 5 or
more days (Erickson and Urban, 2004). Given that, vitamin K also plays a role in bone
metabolism (Weber, 2001), studies have been conducted to assess the hypothesis that exposure
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of non-target species to sub-lethal concentrations of SGARs may exhibit decreased bone density
and bone strength. Such effects place non-target species at risk of bone fractures (Mineau et al.,
2005; Knopper et al., 2007) in addition to hemorrhaging.

The high acute toxicity of SGARs and persistence in tissues create the potential for secondary
exposure in predatory birds and mammals that feed upon exposed rodents. Erickson and Urban
(2004) stated that brodifacoum poses a greater risk to birds and non-target mammals than
diphacinone. Mortality incidents have been documented for many non-target predators exposed
to brodifacoum (Stone et al., 1999; Howald et al., 1999; Eason et al., 2002; Erickson and Urban,
2004). For example bald eagle (Haliaeetus leucocephalus) mortality was recorded on Rat Island
in Alaska following the eradication of Norway rats (R. Norvegicus). Eagles most likely
succumbed on Rat Island after consuming rats or glaucous-winged gull (Larus glaucescens)
carcasses that had eaten rodent bait containing brodifacoum or, in the case of the gulls, poisoned
rats (Salmon and Paul, 2010).

Following application, brodifacoum pellets are either consumed or break down as a result of
rainfall, humidity, mechanical grinding and other factors. Once in soil, brodifacoum degrades at
rates that vary with soil type (EPA, 1998a). The mechanisms and pathways of brodifacoum
degradation in soil are not well described but appear related to moisture, temperature and soil
type (Fisher, 2010). The half-life of brodifacoum in soil ranges from 12-25 weeks (EPA, 1998a).
In leaching studies, only 2% of brodifacoum added to the soil leached more than 2 cm from its
source in the four soil types tested (World Health Organization, 1995; soil type was not defined).

Brodifacoum is highly insoluble in water (Ogilvie et al., 1997). In field studies, freshwater
samples were collected and brodifacoum concentrations determined after aerial applications of
cereal pellet bait containing 20 mg ai/kg bait. The field studies were conducted at Red Mercury
Island (Morgan and Wright, 1996), Lady Alice Island (Ogilvie et al., 1997), Maungatautari,
Little Barrier Island and Rangitoto/Motutapu Islands (Fisher et al., 2011). No detectable
concentrations of brodifacoum in water were found in any of the studies.

2.2 DIPHACINONE

Diphacinone was first registered for use in the United States in 1960 (EPA, 1998a). It is a first
generation indandione anticoagulant, a group that includes other pesticides such as pindone,
calone, and chlorophacinone. As a first generation rodenticide, diphacinone is less acutely toxic
to birds than are second generation rodenticides such as brodifacoum (EPA, 1998a; Erickson and
Urban, 2004; Rattner et al., 2010). Control of rodent populations requires multiple feedings
(Ashton et al., 1987). As a result, there is a higher risk of eradication efforts failing with
diphacinone than is the case with brodifacoum (Parkes et al., 2011).

Page 13



Risk Assessment for Western Gull Exposure to Brodifacoum or Diphacinone on the South Farallon Islands
January 31, 2014

Diphacinone is quickly absorbed through the gut of animals, inhibits vitamin K, and uncouples
oxidative phosphorylation (EPA, 2011). Studies with birds and mammals have documented
increased blood coagulation time, external bleeding, and mortality following consumption of as
few as one diphacinone-exposed prey item per day for 3 days (Erickson and Urban, 2004).

Diphacinone pellets or bait blocks can be broken down by rainfall, humidity, weather,
mechanical grinding, and other factors. Diphacinone has a low solubility in water of 0.3 mg/L
(EPA, 1998a). It has a low potential for volatilization, with a Henry’s Law constant of 2 x 10™'°
atm-m’/mol. The potential for leaching is low, but diphacinone is expected to be moderately
mobile in soil (EPA, 2011). The half-life of diphacinone in soil is 30 days (EPA, 2011).

2.3 FOCAL SPECIES

The western gull is found predominantly on coastal islands, including major offshore islands,
rocky islets, abandoned piers, channel markers, and dikes in commercial salt flats (Pierotti and
Annett, 1995). On SFI, gull nests tend to be found in the greatest density on the rocky marine
terraces (Pierotti, 1976, 1981). Roosting western gulls can be found on SFI nearly year round, as
well as in adjacent offshore waters, but the greatest concentrations occur during the spring and
early summer breeding season (April to August) with fewest gulls present in late summer/fall.
They are monogamous seabirds with bi-parental care, site and mate fidelity, and a maximum
lifespan of 25 years (Pierotti and Annett, 1995). Highest breeding success of western gull pairs is
achieved in either rocky or vegetated areas with adequate cover from both weather and predation
for semi-precocial young (Pierotti, 1976, 1981). Studies have shown that reproductive success is
sensitive to changes in pelagic fish abundance.

Like most gulls, the western gull is an opportunistic scavenger on fish, carrion, and human
refuse, and a generalist predator, capturing its own live prey, as well as stealing food from seals
and other gulls (Hunt and Butler, 1980; Pierotti, 1976; Annett and Pierotti, 1989; Ainley et al.,
1990). They capture food near the water’s surface and on shore.

24 EXPOSURE ROUTES

Given the diet and behavior of western gulls and the fates of brodifacoum and diphacinone
following application, there are two major routes of exposure: ingestion of rodenticide pellets
(primary poisoning), and ingestion of rodenticide-contaminated mice (secondary poisoning)
(Eason et al., 2002; Erickson and Urban, 2004; Bowie and Ross, 2006). The low solubility of
brodifacoum and diphacinone in water precludes significant exposure via drinking water. Dermal
exposure will be minimal for western gulls given the non-liquid nature of the pellet formulation,
and infrequency of contact (except for ingestion). The nature of the formulation (i.e., pellets) and
low vapor pressures for both compounds preclude inhalation exposure.
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2.5 PROTECTION GOAL AND ASSESSMENT ENDPOINT

Protection goals are defined by scientific knowledge and societal values, describe the overall aim
of a risk-based decision making and are used as the basis for defining assessment endpoints. The
protection goal for the SFI mouse eradication project is the long-term maintenance of non-target

wildlife species.

Assessment endpoints are ecological characteristics that are deemed important to evaluate and
protect. They guide the assessment by providing a basis for assessing potential risks to receptors.
Factors considered in selecting assessment endpoints include mode of action, potential exposure
pathways, and sensitivity of ecological receptors. Assessment endpoints can be general (e.g.,
maintenance of bird populations) or specific (e.g., survival of western gulls) but must be relevant
to the ecosystem they represent and susceptible to the stressors of concern (Suter et al., 1993).
The assessment endpoint for this analysis is the survival of juvenile and adult western gulls
following application of rodenticide pelletized bait on SFIL.

2.6 MEASUREMENT ENDPOINTS AND ANALYSIS PLAN

Measurement endpoints are the attributes used to quantify potential risks to an assessment
endpoint (Suter et al., 1993). The challenge for risk assessors is to select measurement endpoints
that will provide sufficient information to evaluate potential risks to the assessment endpoint.
EPA (1998b) groups measurement endpoints into three categories. Measures of effect are
measurable changes in an attribute of the assessment endpoint, or a surrogate, in response to the
stressor (e.g., results of oral gavage studies on birds). Measures of exposure (e.g., daily dose,
tissue residues) account for the presence and movement of the stressor in the environment and
co-occurrence with the assessment endpoint. Measures of ecosystem and receptor characteristics
consider the influence that the environment (e.g., rainfall events), and organism behavior and life
history (e.g., diet, timing of nesting) will have on exposure and response to the stressor (EPA,
1998Db).

A probabilistic model known as the western gull risk model was used to generate estimates of
total intake of rodenticide by western gulls following the applications on SFI. The model
included exposure from consumption of pellets and consumption of mice that have consumed
pellets. The corresponding measures of effect are dose-response curves for bird species that have
been tested for sensitivity to brodifacoum and diphacinone in laboratory exposure tests. The
model is described in detail in chapters 3 and 4 of this report.
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3.0 EXPOSURE MODEL

We used a probabilistic model known as the western gull risk model to estimate the effects of
applications of brodifacoum and diphacinone to western gulls at SFI. The following sections
provide an overview of the model, followed by a detailed description of the model inputs and
components.

3.1 OVERVIEW OF EXPOSURE MODEL

The exposure portion of the western gull risk model includes both the primary and secondary
routes of dietary exposure (Figure 3-1). Once ingested, brodifacoum and diphacinone accumulate
and are persistent in tissues of birds, particularly the liver (Erickson and Urban, 2004; Fisher,
2009). The western gull risk model estimates daily intake of rodenticide from ingestion of pellets
and mice for each of 90 days following initial application. The whole body tissue concentration
on any given day is the total daily intake for that day plus the tissue concentration remaining
from the previous day,

C

gull,dayi

—TDI +C

gull,dayi-1

x RME

where Cy,y 1s the whole body tissue concentration in mg ai’kg body weight (bw), 7D is total
daily intake of rodenticide (mg ai’kg bw/day), and RME is the daily rate of metabolism and
elimination (d™"). The model runs for a total of 90 days to account for the possibility of two or
three aerial applications with an interval of up to several weeks apart. The second and third
applications could result in pellets being in the environment for a substantial period of time given
that there will be few mice available to consume them. However, by 90 days, a combination of
weathering and other factors should have removed all or very nearly all rodenticide pellets from
the environment (Howald et al., 2001). The exposure metric chosen by the model for comparison
to the effects metric is the maximum Cgyy, 4ay i €stimated during the 90-day simulation. In
practice, concentrations in gull tissues stop increasing a few days after the first significant rain
event following the last application of rodenticide.
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See section 3.2.4 for details on how this number was determined. The results are used to
determine percent mortality. To determine expected number of dead gulls from applications of
rodenticide, percent mortality is multiplied by the maximum number of gulls on SFI in the
November to March timeframe, assuming an initial application in the month of November or
December).

Each simulation of the model determines the fate of a western gull (Figure 3-1). At the outset of
a simulation, the characteristics of the gull are randomly chosen (i.e., sex, body weight, life
stage). At the same time, the model determines whether the gull will be present on SFI to forage
on pellets and/or mice, based on the expected number of gulls each day over time. As a
mitigation measure, gull hazing would be implemented as part of the mouse eradication to
reduce the number of gulls on SFI immediately following bait application. Thus, the probability
of a gull being present was determined based on the selected value for expected hazing success.
The probability of hazing success is entered in a binomial distribution with a sample size of one
to determine if the gull will be present to forage by random chance. The model assumes that
hazing will occur each day and that gulls responsive to hazing will be absent throughout the 90-
day exposure duration. Gulls not responsive to hazing will be present each day to forage on SFI.

Few gulls would be present on SFI if the initial application occurs in early to mid-November,
based on PRBO data. Thus, for each gull, a starting date for its appearance on the island must be
determined. This is done by randomly selecting from a binomial distribution for each week that
has been parameterized with a probability equal to the fraction of the maximum number of gulls
present during that time step. Once a gull appears on SFI by random chance, it remains in the
area until at least mid-February, though the model assumes that hazed gulls will not forage on
the island. The probability of the gull leaving after mid-February is a function of the overall
population remaining relative to the maximum number of gulls present on SFI in the fall and
winter.

At time zero (day of initial application), pellet availability in the environment is a function of the
initial application rate. If a lag time is specified before unhazed gulls begin consuming pellets
(data collected at SFI indicate that pellet consumption by gulls is a behavior learned over time),
then no consumption takes place on day zero. Similarly, mice are not consumed on day zero
because they are not normally part of the western gull diet and are only likely to be consumed
once they become easy to capture because of rodenticide intoxication. For brodifacoum and
diphacinone, there is a lag time of several days before mice exhibit signs of intoxication
(Erickson and Urban, 2004; Fisher et al., 2009). Consumption of pellets and mice can begin at
the time steps at which the lag times expire for the primary and secondary routes of exposure
assuming that the gull has appeared on SFI (otherwise, there can be no consumption). The
number of pellets consumed by an unhazed western gull at the initial time step following
expiration of the lag time is a function of availability of pellets and probability of the gull
consuming pellets. Availability of pellets at any given time step is a function of initial
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availability (i.e., initial application rate) and the rate at which pellets disappear from the
environment (e.g., due to consumption by mice, weathering). Subsequent rodenticide
applications increase availability of pellets according to the application rate plus pellets
remaining from previous applications. The probability of an unhazed gull consuming pellets is a
function of observational data from SFI in 2010 in which the proportion of gulls consuming non-
toxic pellets was determined (Grout 2012). The observed proportion of unhazed gulls consuming
pellets is entered in a binomial distribution with a sample size of one to determine by random
chance whether that particular gull consumes pellets on the day at which the lag time for
consuming pellets expires. An analogous methodology is used to determine whether the unhazed
gull will consume mice following expiration of the lag time for consuming mice. If by random
chance pellets and/or mice are consumed at a time step, then the numbers of pellets and/or mice
consumed must be determined for the gull of interest. Observational data indicate that once an
unhazed gull learns to consume pellets, it may consume many pellets. To determine number of
pellets consumed at a given time step, a value is randomly chosen from a Poisson distribution
that has been parameterized to ensure that the maximum number of pellets consumed does not
exceed the daily energetics requirements of a western gull. Primary exposure for that time step is
then a function of the number of pellets randomly selected multiplied by rodenticide
concentration in each pellet. A similar approach is used for secondary exposure except that the
number of mice consumed cannot exceed the daily energetic requirements of a western gull
given the number of pellets already consumed (i.e., model assumes that pellets are a preferred
dietary choice over mice). Secondary exposure for that time step is then a function of the number
of mice randomly selected multiplied by rodenticide concentration in each mouse. The latter is a
randomly chosen value from a lognormal distribution parameterized with measured data from
field studies conducted elsewhere. Primary and secondary exposures are summed for each time
step to determine total daily intake. As noted above, the tissue concentration in the unhazed gull
on any given day is the total daily intake for that day plus the tissue concentration remaining
from the previous day.

The availabilities of pellets and mice change over time in the western gull risk model.
Subsequent time steps account for the relative availabilities of pellets and mice by assuming that
consumption rates are linearly related to availabilities. In the case of pellets, availability declines
rapidly after the initial rodenticide application because of consumption by mice, gulls and
weathering if a significant rainfall event occurs shortly after application. For subsequent
applications, however, pellet availability remains nearly constant until a significant rainfall event
occurs. A significant rainfall event causes the pellets to break down over the next couple of days.
In the case of mice, availability declines rapidly from the time they experience symptoms to their
death several days to less than two weeks later. After that, mice are not part of the gull diet and
thus there is no further secondary exposure.
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Once the lag times have expired for consumption of pellets and/or mice, the model assumes
conditional probabilities for primary and secondary exposure. That is, if a gull consumes pellets
by random chance in the preceding time step, then there is an increased probability of consuming
pellets in the subsequent time step and vice versa. The same is true for mice. As before, a
binomial distribution with a sample size of one is used to determine whether a dietary item is
consumed in subsequent time steps. However, the probability entered into the binomial
distribution is updated to reflect the conditional probability coefficient. If a dietary item is
consumed in a time step, the number of dietary items consumed is randomly selected from a
Poisson distribution as before. However, the randomly chosen value from the Poisson
distribution is multiplied by relative availability to account for changing availability over time
for each dietary item.

At each daily time step in the model, a tissue concentration is calculated for the gull of interest.
The model then searches for the maximum tissue concentration that occurred during the
simulation. The maximum tissue concentration is the exposure metric for the gull of interest.

The maximum tissue concentration in each western gull is compared with a randomly chosen
gavage dose (in units of mg ai/kg bw to match the units of the exposure metric) from the dose-
response curve for a gull or surrogate species. If the exposure dose for the gull exceeds the
randomly chosen effects dose, the bird is considered dead. Otherwise, the bird is assumed to
have survived the rodenticide applications. The model then proceeds to simulate the next gull.
The process repeats for the number of model simulations selected by the user.

The input values and distributions for the brodifacoum and diphacinone models are summarized
in Table 3-1 and discussed in detail in the subsequent section.

Table 3-1. Input values used in western gull risk models for brodifacoum and diphacinone.

Variable Value | Units | Source | Notes
Application date User choice of Nov 1, Nov 8, Nov 15, Nov 22, Nov 29, Dec 6, Dec 13 or Dec 20
1* application rate 13
(brodifacoum) ke bait/ha EPA. 2008 Maximum recommended application
2" application rate 9 J ’ rates on label.
(brodifacoum)
Number of applications ) EPA. 2008 Label recommends 2 applications to
(brodifacoum) ’ ensure efficacy.
Applications interval R. Griffiths, pers. Base.d on prel} minary assessments and
(brodifacoum) 12 days comm. previous eradications, interval would

likely be 10-14 days.

Brodifacoum mg ai’kg Label states 0.0025% active
concentration 25 pellet EPA, 2008 ingredient in pellet formulation.
Application rate 48 ke bait/ha R. Griffiths, pers. | Because an uninterrupted supply of
(diphacinone) comm., based on | this rodent bait is required for up to
Number of applications average rate of bait | 21 days to ensure mortality in rats,
(diphacinone) 3 uptake during 2010 | more applications and a shorter
Applications interval bait trial (Grout, interval between applications will be
(diphacinone) 7 days 2012) required to minimize the risk of bait
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Table 3-1. Input values used in western gull risk models for brodifacoum and diphacinone.

Variable Value Units Source Notes
being unavailable to mice.
Diphacinone mg ai’kg Ramik Green Label states 0.005% active ingredient
. 50 . .
concentration pellet Label in pellet formulation.
Mean pellet weight determined from a
Pellet weight 1.1 gwWwW Grout 2012 sample of 100 placebo 3/8-inch
diameter pellets.
Nov 2010 trials showed that most
;s pellets from 1% application had
iellﬁzi?i)fn;lfe (Ist 1 day Grout 2012 disappeared after 5 days. Assuming a
PP half-life of 1 day leaves 3.13% of
pellets after 5 days.
Data from Griffiths et al. (2013)
indicate that brodifacoum bait takes
average of 16, 32, or 101 days to
degrade in high, average and drought
Time to significant rainfall years to an unpalatable
rainfall event following 14, 30, davs Griffiths et al., condition following application.
2™ application or 99 Y 2013 These values were integrated with the
(brodifacoum) “time to removal of bait following
significant rainfall event” parameter
to model the length of time from
application to unpalatability in high,
average and drought rainfall years.
Data from Griffiths et al. (2013)
indicate that diphacinone bait takes 98
Time to significant days to degrade t.o an unpala.table
. . . condition following application.
rainfall event following Griffiths et al., . .
nd .. 96 days These values were integrated with the
2" application 2013 s ; .
(diphacinone) jum'e to removal of bait following
significant rainfall event” parameter
to model the length of time from
application to unpalatability.
Nsterr | LIRS ey deude i 27
Time to removal of bait 2007; Howald et yS 07 a S1g . .
L There is generally little pellet left to
following significant 2 days al. 2001, 2004; .
. be consumed 2 days after a significant
rainfall event Gregg Howald, .
rainfall event. Model assumes lowest
pers. obs.
value.
Mean brodifacoum 49 Mean of 2.71 mg/kg cited in Howald
concentration in mice ) et al. (2001). Mice were exposed for
4-9 days to 25 mg ai/kg bait. Howald
Standard deviation for mefkg ww Hlo 9v;agld2%toall., et al. (1999), found mean
brodifacoum 1.26 ’ concentration of 4.9 mg/kg in mice.
concentration in mice Assumed underlying lognormal
distribution in model.
Tables 1-3 in Pitt et al. (2011) list bait
Mean diphacinone consumption and weights of mice
.. . 51.5 . . .
concentration in mice mo/ke ww killed by diphacinone-treated pellets
gike Pitt et al., 2011 (50 mg ai/kg pellet). Upper bound
Standard deviation (SD) residue concentrations were
for diphacinone 13.0 calculated for each mouse and a mean

concentration in mice

and standard deviation determined.
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Table 3-1. Input values used in western gull risk models for brodifacoum and diphacinone.

Variable

Value

Units

Source Notes

Assumed underlying lognormal
distribution in model.

Proportion of gulls
removed by hazing

User choice. In this assessment, model runs were conducted for hazing success rates of
75-98%. The baseline rate was 90%. An average hazing success rate of 98% was
achieved in the December 2012 trial undertaken on SFI (Warzybok et al. 2013).

Proportion western gull

Pierotti and In the south California Bight, sex

0.5 ratios have been near equity since
females Annett, 1995 19705 and 1980s.

Proportion western gull Th(?re are ~32,200 individuals of

. . 0.46 Nur et al., 2012 which 46% are sub adults and non-

juveniles .

breeding adults.

Mean western gull adult

body weight (BW) - 879

female Measurements taken on SEFI with

SD of western gull adult 73 sample sizes of 21 and 15 for males

BW - female g Pierotti, 1981 and females, respectively. Model

Mean western gull adult 1136 assumes underlying normal

BW - male ’ distribution.

SD of western gull adult 47

BW - male

Juvenile western gull BW . 1 See Table 7.5 in source. Model

relative to adult body 0.875 Penniman et al., assumes underlying normal

. 1990 o

weight distribution.

Daily probability of gull Proportion of gulls consuming dead/dosed mice is estimated

consuming mice 0.125 to vary between 0.01-0.25 (model assumes 0.125) assuming

(unhazed gulls) 100% mice availability for unhazed gulls.

Observational and fecal count data
indicated an average of 22-25% of

Daily pr.obability of gull 2010 SEFI field uqhgzed gulls had foraged on pellets.

consuming pellets 0.25 tud Initial daily rates are much lower,

(unhazed gulls) Sudy ranging from 0 to 29% during first

five days and thus this analysis was
conservative.

Conditional probability ane birds learn to consume pellets, they will be more

for consuming mice 0.9 hke'ly to consume pellets on 'subsgquent dgtys. No data are
available, however, to quantify this behavior.

Conditional probability ane birds learn to consume pellets, they will be more

for consuming pellets 0.9 hke'ly to consume pellets on 'subse'quent dgys. No data are
available, however, to quantify this behavior.

This value is used as a rate in a Poisson distribution. By
adding 1 to the Poisson randomly generated value with a
rate of 0.2 suggests an upper limit of 3 mice/gull, which is

If mice consumed, approximately the maximum value suggested by daily

. 0.2 . . . .

Poisson rate energetic requirements. It is possible for gulls to exceed
their daily energetic requirements on any given day, but
such a situation is not likely over many days and the great
majority of affected mice will be underground.

A Poisson rate of 15 suggests an upper limit of 30
ellets/gull, which is approximately the maximum value

If pellets consumed, 15 Is:)uggest%:d by daily eneligetic requir}e]:ments. Western gulls

Poisson rate

foraging on pellets are highly unlikely to eat just one. A rate
of 15 would make this outcome unlikely.
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Table 3-1. Input values used in western gull risk models for brodifacoum and diphacinone.

Variable Value Units Source Notes
Mice are not normally part of the gull
Lag time for consuming Fisher, 2009 (Trial | diet on SFI. However, once symptoms
. 5 days . \
mice 3 data) of exposure begin (5 days), mice are
easier prey.
Lae time for consumin Trial showed no consumption on day
& & 1 day Grout, 2012 of application but consumption began
pellets
1 day later.
Tl o | M gl et Do
Proportion intoxicated Howald, 1997, ng ymp
. 0.87 stemming from exposure to
mice below ground Buckalew et al., . o
brodifacoum. 87% value was
2008
generated from rat data.
LD50 for mallards (EPA, 1998a) used
]%r"ovc‘;ffjcl;]s; 0 for 0.26 FWS, 2007 in Rat Island EA (FWS, 2007). This is
the lowest LD50 available for birds.
me/ke bw Values generated from probit
. ke Wildlife regression conducted on raw data for
Probit slope for onal lauehi s in th
brodifacoum 2.32 International, aughing gulls in the reports.
1979a,b Laughing gull should be a reasonable
surrogate for western gulls.
This value is based on a 7-day dietary
study for Eastern screech owls
(Megascops asio) and represents the
(II.O west LD30 for 0.82 Rattner et al., 2012 | lowest lethal dose for mortality. No
iphacinone . .
higher doses/concentrations were
meg/kg bw tested. Th}ls, this value is highly
conservative.
Values generated from log-probit
. regression conducted by study authors
giroll;;iisi?)iz for 6.69 Rattner et al., 2010 | for most sensitive species tested to
p date, the American kestrel (Falco
sparverius).
Half-life for elimination 217 davs Erickson and Calculated mean retention time in the
from bird- brodifacoum Y Urban, 2004 liver from available studies.
Half-life for elimination 7.8 days Rattner et al., 2011 | Half-life for American kestrels.

from bird - diphacinone

3.2 DETAILED DESCRIPTION OF EXPOSURE MODEL INPUTS AND
COMPONENTS

There are a large number of input parameters in the western gull risk model. In general, variables
of minor importance and/or that have little uncertainty and variability were treated as
deterministic variables (i.e., one value per variable). Those variables that are variable or have
high uncertainty were either treated as distributions or considered in the sensitivity analysis to
determine their importance to model predictions. Each of the model input parameters for the

western gull risk model are discussed below (also see Table 3-1).
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3.2.1 Application of Rodenticide

For brodifacoum, the model assumes two applications on SFI in November-December. The first
application rate will likely be 18 kg bait/ha, the maximum rate allowed on the Brodifacoum 25-D
label (EPA, 2008). The second application will likely be at a rate of 9 kg bait/ha, which is also
the maximum rate allowed on the label (EPA, 2008). The Brodifacoum 25-D formulation
consists of grain-based pellets that weigh 1.1 g on average and have a target brodifacoum
concentration of 25 mg ai/kg pellet (i.e., 0.0025% active ingredient in the formulation). The
interval between applications was assumed to be 12 days.

For diphacinone, the model assumes three applications on SFI in November-December, with an
application rate for each application of 48 kg bait/ha. The diphacinone formulation consists of
grain-based pellets that weigh 1.1 g on average and have a target diphacinone concentration of
50 mg ai/kg pellet (i.e., 0.005% active ingredient in the formulation). The planned interval
between applications is 7 days.

3.2.2 Date of Initial Application

Bird counts in previous years on SFI indicate that western gulls occur in low numbers in early
November and increase gradually to peak winter numbers in early to mid-December. The
number of gulls on SFI declines slightly beginning in February. Given this information, date of
initial application could influence the number of affected gulls because fewer gulls will be
present for the initial application if it takes place in early November. To explore the influence of
date of initial application, separate model runs were conducted for each rodenticide assuming
initial application dates of November 1, 8, 15, 22, and 29, and December 6, 13 and 20.

3.2.3 Removal of Pellets

Generally, cereal-based pellets disappear rapidly from the environment due to degradation from
rainfall, humidity, etc. and from consumption by target organisms, i.e., mice in the case of SFI
(Buckelew et al., 2005). Trials conducted at SFI in November 2010 demonstrated that non-toxic
pellets (i.e., pellets without rodenticide) disappeared in 3-5 days after the first application (Grout,
2012). Such a range suggests a pellet half-life following the first application of 1 day. Near total
removal of pellets within a few days has also been observed on other islands with high densities
of rodents (e.g., Round Island, Merton, 1987; Anacapa Island, Howald et al., 2001; Gough
Island, Wanless et al., 2009). Thus, a half-life of 1 day for removal of pellets following initial
application was assumed in this assessment.

Mice are not expected to be present in significant numbers at the time of the second application
of brodifacoum or third application of diphacinone. As a result, the likely major removal
mechanism for pellets from the SFI environment following the final rodenticide applications will
be disintegration following a significant rainfall event (Howald et al., 2001; Gregg Howald, pers.
comm.). A significant rainfall event is one sufficient to initiate pellet degradation, which
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according to manufacturer and applicator experience, was defined as at least 2 inches (5 cm) of
rain occurring over a period of 1-3 days. Merton (1987) previously observed that pellet
effectiveness is eliminated with rainfall events of 4 cm (1.6 in) or greater. Daily rainfall data
have been collected at SFI since 1972. Thus, high rainfall, average rainfall and drought years
were modeled for brodifacoum, and a minimum rainfall period was modeled for diphacinone.
Based on data compiled by Griffiths et al. (2013), it is expected that brodifacoum bait will take
16, 32, or 101 days to degrade to unpalatable conditions following its application in high,
average, and drought rainfall years. For diphacinone, only a minimum rainfall value of 98 days
was available and modeled. Because data were not available for the degradation of diphacinone
bait in high and average rainfall years, this parameter is conservative. Because the western gull
risk model only simulates the first 90 days after initial application, the analyses for diphacinone
and drought years for brodifacoum essentially assume no removal of pellets following the second
and/or third applications for the duration of the simulations.

A significant rainfall event will not lead to immediate disintegration of rodenticide pellets. Based
on observations of pellets during the SEFI trials in November 2010, Dan Grout of Island
Conservation cited a range of 2-7 days for removal of pellets via disintegration following a
significant rainfall event (see also Moser et al., 2007; Howald et al., 2001, 2004). Howald et al.
(2004) showed that 2 g brodifacoum pellets (dry formulation) were disintegrating within 3 days
when there was 1 inch of rain per day. Even with small rainfall events, much of the annual
vegetation growth on SFI likely would obscure many if not most bait pellets, which would
further limit rodenticide exposure for gulls. In our analyses we used the 2-day value for time to
removal of pellets following a significant rainfall event.

3.2.4 Number, Sex and Life Stage of Western Gulls on SFI

The western gull has a total worldwide breeding population of approximately 40,000 pairs of
which more than 30% occur on SFI (Penniman et al., 1990; Pierotti and Annett, 1995). Ainley
and Lewis (1974) similarly estimated that there are 25,000 individuals present on SFI, of which
about 20,000-22,000 of these birds are breeders. The remaining gulls are excess adults because
of a lack of nesting areas. Numbers are lowest, perhaps a few thousand birds, during early fall.
The numbers increase during November and reach peak numbers in the spring (Ainley and
Lewis, 1974).

The number of western gulls on SFI is variable, both seasonally and between years.
Observational data collected in November to March 2010-11 and 2011-12 were used to estimate
numbers of western gulls on SFI on a weekly basis (Table 3-2). For the western gull model, the
two years of data were combined and approximate values generated for each two week period
from November to March. These data were used to determine probabilities of a given bird being
present (i.e., Model Assigned Value in Table 3-2/Maximum Possible Value of 11,000 birds) for
each week through November to March assuming that once a bird appears on SFI in November
or December, it does not leave until mid-February at the earliest. A bird can be present but not
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foraging on SFI, as would be the case with birds that are successfully hazed each day. The
general pattern indicates that the probability of a given bird being present in early November is
relatively low and then increases to a probability of 1 by mid-December (Table 3-3). The
probability of the bird being present on SFI begins to decline in mid-February (Table 3-3).

Table 3-2. Western gull counts on SFI in 2010-11 and 2011-12.

Mean Gull Count Two-Year | Two-Week Model
Month Day .
2010-11 2011-12 Mean Average Assigned Value
Nov 2080.25 2080
2333
2584.75 2585
2300
13 1265.14 1265
2317
20 1206.5 5530 3368
Dec 27 2873 5486.67 4180
6948 7000
34 6716.67 12,716.25 9716
41 7402.43 13410 10,406
11,480
48 11,074.38 14,034.29 12,554
Jan 55 12,914.5 14198 13,556
12,114
62 10,669.2 10,673.33 10,671
11,000
69 10,960 8546.67 9753
10,448
76 12,500.67 9782.86 11,142
Feb 83 12,420 8182.857 10,301 10.301
90 10,070.29 10,890.5 10,480 ’
97 7405.67 4770 6088
5441
104 6818.67 2770 4794
Mar 111 8787.75 5224 7006
7852 8500
118 10,566.17 6830 8698
125 12,620.6 12621
12,344
132 12,067 12,067
Table 3-3. Probability of an individual western gull being present on SFI
according to initial application date and simulation day.
D Initial Application Date
a
y Nov1l | Nov38 Nov 15 Nov 22 Nov 29 Dec 6 | Dec13 Dec 20
0 0.209 0.209 0.209 0.209 0.636 0.636 1 1
7 0.209 | 0.209 0.209 0.636 0.636 1 1 1
14 0.209 0.209 0.636 0.636 1 1 1 1
21 0.209 | 0.636 0.636 1 1 1 1 1
28 0.636 0.636 1 1 1 1 1 1
35 0.636 1 1 1 1 1 1 1
42 1 1 1 1 1 1 1 1
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Table 3-3. Probability of an individual western gull being present on SFI
according to initial application date and simulation day.

Day Initial Application Date
Novl | Nov8 | Nov 15 Nov 22 Nov29 | Dec6 | Dec13 | Dec 20
49 1 1 1 1 1 1 1 0.773
56 1 1 1 1 1 1 0.773 0.773
63 1 1 1 1 1 0.773 0.773 0.773
70 1 1 1 1 0.773 0.773 0.773 0.773
77 1 1 1 0.773 0.773 0.773 0.773 0.773
84 1 1 0.773 0.773 0.773 0.773 0.773 0.773

No information was found on the numbers of females and males present on SFI in November and
December. In the Southern California Bight, sex ratios have been near equity since chemical
companies stopped disposing waste to the Bight in the 1970s and 1980s (Pierotti and Annett,
1995). On SFI, the sex ratio may be skewed slightly in favor of females during the breeding
season (Spear, 1988; Pierotti and Annett, 1995). Given the available information and minor
importance of the sex ratio variable we assumed a ratio of males to females on SFI in November
and December of 50:50.

According to Nur et al. (2012.), the total SFI population of western gulls of all age classes is
about 32,200 birds. Of the 32,200 western gulls, about 17,400 are breeding individuals and about
14,800 are immatures and non-breeding adults. Assuming the latter to be immatures, 46% of the
western gulls are immatures. No information was available to determine how the percentage of
immature gulls varies seasonally. Thus, in the absence of other information, we assumed that
46% of western gulls present on SFI during November to March are immatures.

3.2.5 Size of Western Gulls

Based on measurements taken at SFI, the mean body weight of female western gulls is 879 g
(standard deviation=78, n=15) (Pierotti, 1981). The corresponding mean body weight for males
1s 1,136 g (standard deviation=47, n=21) (Pierotti, 1981). In the western gull risk model, these
values were used to parameterize normal distributions for males and females. Immature males
and females were assumed to weigh 87.5% of their respective adult counterparts based upon data
presented in Table 7.5 of Penniman et al. (1990).

3.2.6

A number of studies have shown that gull species (i.e., Larus sp.) can be prevented from
foraging and loafing in areas where their presence is not desired (e.g., airports, landfills) (Curtis
et al., 1995; Slate et al., 2000; Chipman et al., 2004). The most common technique is to use non-
lethal pyrotechnics (Chipman et al., 2004). This technique can be quite effective and has been
observed to remove all or nearly all gulls if used on a daily basis. As such, daily hazing is being

Hazing Success
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considered as a mitigation measure on SFI to reduce the number of gulls exposed to the
rodenticide following application. Although daily hazing has been an effective management tool
at airports and landfills, its long-term effectiveness as a tool on SFI can only be inferred from the
trials that have been conducted. Thus, in this assessment we conducted model runs for each
rodenticide for a range of possible hazing successes, i.e., 75%, 90%, 95% and 98%. An extensive
hazing trial was conducted in December 2012 at SFI to evaluate hazing techniques and quantify
effective hazing rates in the field over a 2 week period. Hazing efforts were on average 98%
effective at keeping gulls off the island and away from areas that would be baited during an
eradication effort (Warzybok et al. 2013).

3.2.7 Primary Exposure Route Variables

Cereal grains such as those found in the rodenticide pellet formulation are not found on SFI and
thus are not normally part of the diet of western gulls. In general, western gulls are predators that
forage on pelagic and intertidal marine fishes and invertebrates (Hunt and Hunt, 1976; Hunt and
Butler, 1980; Pierotti, 1980; Ainley et al., 1990; Pierotti and Annett, 1995; Snellen et al., 2007).
However, western gulls are opportunistic and will forage on other items that are readily available
(Pierotti and Annett, 1995). During the SEFI trials in November, 2010, western gulls were
observed feeding on non-toxic pellets. Pellet consumption was infrequent immediately after first
application but increased as more gulls became aware of the food source (IC, 2011). Data from
the SEFI trials indicated that 22% of unhazed gulls in the bait zone were observed or suspected
of foraging on grain pellets. Further, approximately 25% of gull fecal pellets had a green dye that
had been incorporated in the pellets. To be conservative, we assumed a 25% daily probability of
an unhazed gull consuming at least one pellet when pellets are readily available (i.e., shortly after
application). A binomial distribution was assumed for this variable for each day of the model
simulation.

In the western gull risk model, consumption of pellets was assumed to decline in direct relation
to the decline in availability of pellets relative to the day of initial application. Thus, the daily
probability of consuming pellets is adjusted to account for the availability of pellets. For
example, if the daily probability of an unhazed gull consuming pellets on day zero is 25% and
the availability of pellets on the surface compared to day of initial application is 3.1% on day 5
(the case when the pellet half-life is 1 day), then the daily probability of an unhazed gull
consuming pellets on day 5 is 0.73%. Pellet availability increases with subsequent applications
of rodenticide.

Observational data at SEFI suggest that once gulls learn of the pellet food source, they are more
likely to return to that food source in successive days. We incorporated a conditional probability
for daily probability of consuming pellets to account for this learned behavior. Quantitative data
to parameterize the conditional probability, however, are lacking. A value of 90% was assigned
to this variable. Although we assumed that most gulls, once they ate bait, would eat it again the
next day, we assumed a 10% daily turnover rate of western gulls in the fall (a very conservative
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estimate). Thus, the probability of a gull consuming pellets on day 1 doing so on day 2 is ~90%.
The conditional probability essentially adjusts the daily probability of an unhazed gull
consuming pellets given the result from the previous day. Thus, consumption of one or more
pellets the previous day increases the probability of consuming one or more pellets the following
day (i.e., to 90%). If a gull does not consume any pellets on the previous day, it will be less
likely to consume pellets the following day. The higher the conditional probability, the more
likely that there will be long strings of days with pellet consumption and long strings of days
without pellet consumption. There are no scientific data available from the Farallones or
elsewhere upon which to base this 90% input parameter, but it was considered best to
conservatively assume a relatively high likelihood of a gull consuming bait on a day subsequent
to initial bait consumption. A rate of 90% was considered to be a high end estimate, given the
high rate of learned foraging behavior observed in Farallon western gulls. In addition, the daily
return rate of western gulls on the Farallones may not be 100%. It is likely a relatively high
value, due to lack of extreme daily migratory behavior observed in western gulls, as well as
observed movement of banded birds from this population.

In addition to determining whether an unhazed gull feeds on pellets in each day of the model
simulation, we need to determine the number of pellets consumed on days when consumption
occurs. Observations during the SEFI trials in November, 2010 indicated that when pellets are
readily available, unhazed gulls are unlikely to consume just one pellet once consumption
begins. To determine the daily maximum number of pellets that could be consumed, we
determined the number of pellets required to meet the metabolic needs of adult gulls. The
metabolizeable energy in cereal grain baits consumed by birds is 14.0 kJ/g dw bait (Nagy, 1987).
Assuming a moisture content of 14% (Nagy, 1987) and a pellet mass of 1.1 g as determined in
SEFI field measurements of 100 placebo pellets, the metabolizeable energy in each pellet is 13
kJ/pellet ww. Adult western gulls require approximately 12 (females) to 14 (males) kJ/hour for
normal maintenance during the non-breeding season (Pierotti and Annett, 1995). Thus, daily
energy requirements are 288 and 336 kJ/day for female and male western gulls, respectively,
similar to the values estimated for herring gulls (Pierotti and Annett, 1991; EPA, 1993). The
upper bound for pellets consumed per day to meet daily energetic requirements for male western
gulls would be 26 (336/13 =26). We rounded this figure to 30 pellets/day to be conservative and
because gulls may consume more food than required to meet typical daily energetic requirements
on some days. A Poisson distribution with a rate of 15 for daily number of pellets consumed
results in a distribution for which low (e.g., 1-3 pellets/day) and high values (i.e., 28-30
pellets/day) are rare events, but values in between are more common.

Finally, the western gull risk model assumes a 1 day lag time for consuming pellets because the
SFI trials in November demonstrated that pellet consumption did not begin until the day after
application.
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3.2.8 Secondary Exposure Route Variables

Birds have the potential to consume live rodents or carrion containing brodifacoum or
diphacinone residues (Eason et al., 2002; Erickson and Urban, 2004; Bowie and Ross, 2006). As
with consumption of pellets, the western gull risk model estimated the daily probability of
consuming mice and, should consumption occur, the number of mice consumed per day.

Few data are available to determine the daily probability of consuming mice by western gulls.
Stomach contents analyses show that consumption of rodents by gulls is low and typically in the
range of 0-2% (Ainley et al., 1990; Pierotti and Annett, 1995). However, unhazed gulls are
expected to change their behavior following rodenticide application on SFI because intoxicated
or dead mice are easier to capture. Scavenging of trapped mice was observed during the SFI
trials in November, 2010, with a maximum estimated scavenging rate of 25%, although most of
this scavenging was likely done by other mice. Some of the mouse carcasses could have been
scavenged by gulls, however, though it is also possible that none of the mouse carcasses were
scavenged by gulls (Grout, 2012; Pott and Grout, 2012). Given the range of 0-25% of rodents in
the diet of unhazed gulls, we selected an average probability of 12.5% for daily probability of
consuming mice when they are intoxicated and readily available. A binomial distribution was
assumed for this variable for each day of the model simulation.

The availability of mice for consumption by western gulls declines following exposure to
brodifacoum and diphacinone. In a study by Fisher (2009), rats exposed to brodifacoum in their
diet showed few symptoms for the first 5 days following initial exposure after which symptoms
began to appear. All rats died 6-13 days following initial exposure. Eighty-seven to 100% of
rodents generally retreated to burrows to succumb following onset of symptoms stemming from
exposure to brodifacoum (Taylor, 1993; Howald, 1997; Buckalew et al., 2008). Similarly, EPA
(1998) noted that mice may experience symptoms within 3 days of exposure to diphacinone and
die within 9 days of continuous exposure. Dead or dying mice that have retreated to burrows
would not be available for consumption by unhazed western gulls on SFI. We used the Trial 3
data from Fisher (2009) and the worst case value of 87% for mice retreating to burrows to
estimate the proportion of the mouse population available for consumption on SFI as a fraction
of pre-exposure abundance. Based on data from Fisher (2009), symptoms were assumed to
precede death by 2 days. The fitted regression model for the worst case scenario is shown in
Figure 3-2. In the western gull risk model, once mice are dead, they are no longer available.
Intoxicated mice on the surface, however, are available for consumption. The regression model
for the worst case scenario is:

y=0.0116x"—0.215x+1 (worst case)

Model fit for the worst case scenario was excellent with a correlation coefficient of 0.99. Thus,
we have high confidence in the parameterization of the regression model. In the western gull risk
model, consumption of mice was assumed to decline in direct relation to the decline in
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availability of mice relative to pre-application conditions. Thus, the daily probability of an
unhazed gull consuming mice is adjusted to account for the availability of mice compared to pre-
exposure. For example, if the daily probability of an unhazed gull consuming mice on day zero is
12.5% and the availability of mice on the surface compared to pre-exposure is 79.7% on day 5,
then the daily probability of consuming mice on day 5 is 9.96% (i.e., 12.5% x 79.7% = 9.96%)).

1
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Figure 3-2. Proportion of mice available for consumption by western gulls following
application of brodifacoum on SFI. Raw data are from Fisher (2009). The fitted model is a
2" order polynomial model. Symptoms begin 5 days after initial application with death
following 2 days after onset of symptoms.

As with pellets, once unhazed western gulls are aware of intoxicated mice as an easy food
source, they are more likely to return to that food source on successive days. We incorporated a
conditional probability for daily probability of consuming mice to account for this learned
behavior. Quantitative data to parameterize the conditional probability, however, are lacking. As
with pellets, we assumed a conditional probability of 90% for mice based on discussions with
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Dan Grout from Island Conservation. The conditional probability essentially adjusts the daily
probability of an unhazed gull consuming mice given the result from the previous day.

In addition to determining whether an unhazed gull feeds on mice in each day of the model
simulation, we need to determine the number of mice consumed on days when consumption
occurs. We determined the number of mice required to meet the metabolic needs of adult gulls.
The gross energy of mice is 8.4 kJ/g ww and they are assimilated by birds with an efficiency of
78% (EPA, 1993). Thus, the metabolizeable energy of mice is 6.55 kJ/g ww. Assuming an
average body weight of 15.5 g for the house mouse (calculated from 278 samples during 2010
SFI field trials), the metabolizeable energy of each mouse is 102 kJ/mouse. Adult western gulls
require approximately 288 and 336 kJ/day for female and male western gulls, respectively
(Pierotti and Annett, 1991; EPA, 1993). Thus, the upper bound for mice consumed per day to
meet daily energetic requirements for male western gulls would be 3 (336/102 = 3). By adding 1
to a value drawn randomly from a Poisson distribution with a rate of 0.2 generates an upper
bound of 3 mice/gull/day. It is possible for gulls to exceed their daily energetic requirements on
any given day but such a situation is not likely, on average, over many days and the likelihood of
such an event will be further diminished by the majority of mice dying underground.

Unhazed gulls could conceivably ingest both pellets and mice on the same day. To ensure that
the model does not allow for exceedance of daily energetic requirements, the number of mice
that could be consumed daily was limited to 0 if number of pellets consumed daily was >25, 1 if
number of pellets consumed daily was >15-25, 2 if number of pellets consumed daily was >5-15,
and 3 if number of pellets consumed daily was 5 or less.

To determine rodenticide concentration in unhazed gulls via consumption of mice requires data
on expected concentration in mice. For brodifacoum, Howald et al. (2001) cite a mean
concentration in mice exposed for 4-9 days to 25 mg ai/kg bait (i.e., same concentration as
Brodifacoum-25D) of 2.71 mg ai/kg ww (standard deviation=0.7). Howald et al. (1999),
however, cite a mean concentration of 4.9 mg ai’kg ww in exposed mice. We selected the worst
case mean concentration in mice of 4.9 mg ai/kg ww. The coefficient of variation (CV)
determined in the Howald et al. (2001) study (CV = 0.7/2.71 x 100 = 25.8%) was used to derive
the standard deviation of 1.26 for the worst case scenario. Concentrations in mice were assumed
not to change over time given the persistence of brodifacoum in tissues (Erickson and Urban,
2004) and the short period of time that mice remain after initial rodenticide application. For each
mouse consumed in the brodifacoum model, a value was randomly chosen from a lognormal
distribution parameterized with the mean concentration and associated standard deviation.

Little information is available on concentrations of diphacinone in mice following exposure to
bait. Pitt et al. (2011) exposed mice to diphacinone in pellets at the same concentration as
proposed for SFI (i.e., 50 mg ai/kg bait). Although the authors did not measure the resulting
concentrations of diphacinone, they did determine mouse body weights and pellet ingestion rates
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in six mice that died during the course of the study (see Tables 1-3 in Pitt et al., 2011). Assuming
that the mice did not metabolize or eliminate any of the ingested diphacinone, a worst case
assumption, the resulting mean concentration in mice was 51.5 mg ai’kg bw. The corresponding
standard deviation was 13.0. As with brodifacoum, diphacinone concentrations in mice were
assumed not to change over time given the persistence of this pesticide in tissues (Erickson and
Urban, 2004) and the short period of time that mice remain after rodenticide application. For
each mouse included in the diphacinone model, a value was randomly chosen from a lognormal
distribution parameterized with the mean concentration and associated standard deviation.

The western gull risk model assumes a 5 day lag time for consuming brodifacoum-contaminated
mice because this is the length of time required for mice to become intoxicated and thus easily
captured (Fisher, 2009). The corresponding value for diphacinone is 3 days (EPA, 1998).

We incorporated the rates of metabolism and elimination of brodifacoum and diphacinone in the
western gull model because of the length of the model runs (i.e., 90 days following initial
application). Erickson and Urban (2004) reviewed the available literature for birds and
determined a tissue half-life of 217 days for brodifacoum. Assuming first-order kinetics, the
resulting fraction of brodifacoum retained in gull tissues on a daily basis is 0.997. For
diphacinone, Rattner et al. (2011) determined a half-life of 7.8 days in American kestrels.
Assuming first-order kinetics, the resulting fraction of diphacinone retained in gull tissues on a
daily basis is 0.915.
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4.0 EFFECTS CHARACTERIZATION

In this chapter, we derive effects metrics (i.e., dose-response curves) for gulls or surrogate
species exposed to brodifacoum and diphacinone. The chapter concludes with a discussion of the
pros and cons of using effects metrics from oral gavage studies versus dietary studies.

4.1 EFFECTS METRICS FOR BRODIFACOUM

The available information on the acute toxicity of brodifacoum to various bird species is
summarized in Table 4-1. Avian LD50s range over nearly two orders of magnitude from 0.26 mg
ai/kg bw for the mallard (4nas platyrhynchos) to 20 mg ai/kg bw for the Paradise shelduck
(Tadorna variegata). By comparison, Erickson and Urban (2004) noted that the warfarin LD50
for the mallard is 620 mg ai/kg bw.

Table 4-1. Acute toxicity of brodifacoum to avian species
(modified from Erickson and Urban, 2004; Godfrey, 1985;
Eason et al., 2002; Bowie and Ross, 2000).

Species LDS50 (mg ai/kg bw) Reference
Mallard 0.26 EPA, 1998a
Canada goose <0.75%

:Sﬁthem black-backed <0.75° Godfrey, 1986
Purple gallinule 0.95
Pukeko 0.95 Eason et al., 2002
Blackbird >3° Godfrey, 1986
Hedge sparrow >3P
California quail 33
Mallard 4.6 Godfrey, 1985
Black-billed gull <Sa
House sparrow >6°
Silvereye >6° Eason et al. 2002
Ring-necked pheasant 10

- - Godfrey, 1986
Australasian harrier 10
Paradise shelduck >20° Eason et al., 2002

# the lowest concentration tested
® the highest concentration tested

Because this assessment focused on consumption of pellets and mice over a long period of time,
the preferred effects metric would be from a dietary exposure study. The dietary route of
exposure is preferred over oral gavage exposures (i.e., acute oral tests) because gavage exposures
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are generally relevant to situations where active ingredients are ingested rapidly and in large
doses (e.g., consumption of pesticide granules) (ECOFRAM, 1999; EPA, 2004).

For this assessment, the lowest LD50 available, 0.26 mg a.i.’kg bw (EPA, 1998a) for mallards,
was used to be conservative because there was no accepted LD50 for gulls. This value was also
used by FWS (2007) in the environmental assessment for Rat Island. Raw toxicity data were
unavailable from the mallard study to generate a probit slope of dose-response for the model.
Thus, the probit slope was calculated from a gull toxicity study, as described below.

The sensitivity of western gulls to brodifacoum exposure is most likely in the range
demonstrated for other gull species. Based on reviews conducted by Godfrey (1985), Eason et al.
(2002), Erickson and Urban (2004) and Bowie and Ross (2006), LD50s for gull species were
<0.75 mg ai/kg bw for the southern black-backed gull (Larus dominicanus) and <5 mg ai’kg bw
for the black-billed gull (Larus bulleri). For both species, however, the lowest dose tested
resulted in 100% mortality. Thus, there were insufficient data for deriving dose-response curves.
Although not included in the above reviews, dietary toxicity data of sufficient quality were
available to derive a dose-response curve for the laughing gull (Larus atricilla). The toxicity data
were from two studies conducted by Wildlife International (1979a,b). Birds were acclimated for
two weeks at which point they were randomly assigned to either a control diet consisting of
toxicant-free masticated rodent tissue or one of ten treatment diets (both studies combined)
consisting of spiked masticated rodent tissue. Five birds were placed in each dietary treatment.
Exposure continued for 5 days followed by an additional 5-week exposure period in which all
birds were maintained on a diet of Southern States cat food.

For the statistical analysis, daily treatment dose was calculated by multiplying treatment
concentration by the corresponding average measured food intake rate. The daily treatment doses
were then normalized to average gull body weight (average of 5 gulls/treatment on days 0 and 6).
Finally, the doses were summed across the 5 days of exposure. The latter step assumes that
metabolism and elimination of brodifacoum during the 5-day exposure period would have been
minimal (Fisher, 2009; see also Erickson and Urban, 2004). The statistical analysis was carried
out in SAS using PROC PROBIT with dose log10 transformed. The fitted LD50 was 0.588 mg
ai/’kg bw and the probit slope was 2.32 (Figure 4-1).
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Figure 4-1. Dose-response relationship for effects of brodifacoum on laughing gulls.
4.2 EFFECTS METRICS FOR DIPHACINONE

Avian toxicity studies have been conducted for diphacinone, but none have involved gull species
(EPA, 1998a; Erickson and Urban, 2004; Rattner et al., 2010, 2011, 2012). Additionally, acute
oral gavage studies may underestimate toxicity for diphacinone because multiple feedings are
typically required to evoke lethality (Vyas and Rattner, 2012). For this assessment, we used data
from a screech owl dietary toxicity study (Rattner et al., 2012). Owls were exposed to
diphacinone in the diet for seven days and observed for toxicity. At the highest concentration
tested, 22.6 mg a.i./kg diet, 33% mortality was observed. This result served both as the LC33 and
the lowest lethal dose (LLD). Using body weight and food consumption data, the authors
calculated a cumulative LLD of 5.75 mg/kg, which is more than an order of magnitude less than
the LLD (171 mg/kg) they observed in acute toxicity trials and which equates to a daily dose of
0.82 mg a.i./kg bw/day (Rattner et al., 2012). This latter value was used in the model. Because an
LD50 was not available, the effects metric used is considered conservative. To generate a probit
slope, we used the results for American kestrels from Rattner et al. (2010, 2011) as a surrogate

Page 36



Risk Assessment for Western Gull Exposure to Brodifacoum or Diphacinone on the South Farallon Islands
January 31, 2014

for the western gull. A log-probit regression analysis conducted by the study authors indicated an
LD50 of 97 mg ai/kg bw with a probit slope of 6.69.

4.3 ORAL GAVAGE VERSUS DIETARY EXPOSURE STUDIES

Often oral gavage studies differ in estimates of toxicity compared to dietary studies. In dietary
studies, metabolism and excretion over the course of the study can reduce accumulation of the
pesticide thus reducing toxicity compared to oral gavage studies (EPA, 2004). In the case of
brodifacoum, metabolism and excretion are unlikely to mediate toxicity when ingested over an
extended period because the compound is highly persistent (Eason et al., 2002). The mean liver
retention time for brodifacoum in birds is 217 days (Erickson and Urban, 2004). There are
significant differences between toxicity results from oral gavage and dietary exposure studies for
diphacinone (and other first generation anticoagulant rodenticides) given the mode of action and
time course for toxicity (Vyas and Rattner, 2012). Acute oral toxicity studies can underestimate
toxicity when multiple feedings are necessary to evoke lethality (Rattner et al., 2012).
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5.0 RISK CHARACTERIZATION

Model runs were conducted to determine how different application options (e.g., different
application dates, differing rates of hazing success, etc.) for brodifacoum and diphacinone
affected predictions regarding mortality of western gulls. The following sections describe the
results of an analysis conducted to determine how many simulations were required to produce
consistent model predictions. Subsequent sections describe the results of the model analyses
conducted for brodifacoum and diphacinone. An analysis conducted by Nur et al. (2012) for
western gulls on SFI indicated that a one-time mortality event of up to 1700 individual gulls
would not result in a detectably significant change in the population trend of the western gull on
the Farallones over a 20-year period. We compare our model predictions to this benchmark in
this chapter.

5.1 MODEL STABILITY

A model stability analysis was performed on the western gull risk model to determine the
number of model simulations required to produce estimates of proportion mortality that are
consistent from one model run to the next. The baseline scenario for this analysis assumed an
initial application date of November 29 for brodifacoum, a hazing success rate of 90%', the time
to the first significant rainfall event after the second and final application of 28 days, and 4.5
days of bait availability following a significant rainfall event. All other input parameters are
those listed in Table 3-1. We ran the model for simulation sizes ranging from 100 to 100,000
simulations, and the model was run 10 times for each simulation size. As expected, variability in
predictions regarding proportion mortality decreased as the number of simulations increases
(Figures 5-1 and 5-2). The proportion of gulls at SFI experiencing mortality had a wide range of
0.0780 to 0.106 for 100 simulation model runs but a much narrower range of 0.0894 to 0.0902
for 100,000 simulation model runs. Further, the coefficients of variation for 100 and 100,000
simulation model runs were 10.3 and 0.287, respectively. Clearly, the more simulations, the
lower the coefficient of variation and the increased likelihood that model runs will produce
consistent predictions. For this assessment, 30,000 simulations were conducted for each model
run because the coefficient of variation was quite low (0.603) with this number of simulations. In
addition, little was gained in terms of model stability by increasing the number of simulations to
100,000 (Figures 5-1 and 5-2).

' The inputs chosen for the model stability analysis are unimportant in determining how many simulations are
required to ensure a stable output (i.e., a consistent answer). Thus, readers should not interpret the inputs chosen for
this analysis as being in any way relevant to the actual analyses of risk to western gulls. For example, in the actual
analyses of risk to western gulls, we varied hazing success from 75 to 98% and application dates from November 1
to December 20.
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Figure 5-1. Results of the model stability analysis for proportion of dead western gulls
exposed to brodifacoum in relation to the number of simulations. The analyses assumed a
start date of November 29, a hazing success rate of 90%, and a time to first significant
rainfall event after the final application of 28 days. All other assumptions are listed in
Table 3-1.
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Figure 5-2. Results of the model stability analysis for the coefficient of variation of
proportion of dead gulls exposed to brodifacoum in relation to number of simulations. The
analyses assumed a start date of November 29, a hazing success rate of 90%, and a time to

first significant rainfall event after the final application of 28 days. All other assumptions
are listed in Table 3-1.

5.2 MODEL RESULTS FOR BRODIFACOUM

The results of all model runs conducted for brodifacoum can be found in Appendix A. The
following sections summarize the results for each of the major factors considered potentially
important in designing an application and risk management strategy for brodifacoum. Results are
presented as the proportion and number of western gulls present at some point on SFI during the
period November 1 to end of March that experience mortality based on various modifications of
the input parameters, assuming a population of 11,000 western gulls. The text and figures below
provide examples from the various possible scenarios.

5.2.1 Initial Application Date

Model runs were performed to determine how initial application date of brodifacoum affected
the proportion of (Figure 5-3, Appendix A) and number of western gulls dying from rodenticide
exposure (Figure 5-4, Appendix A) on SFI. The results shown in Figures 5-3 and 5-4 involved a
scenario where hazing was assumed to be 90% effective, and the first significant rainfall
occurred 30 days after the second application. All other input values are listed in Table 3-1. The
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results from other scenarios are shown in Appendix A. As shown in Figures 5-3 and 5-4, western
gull mortality increases with later initial application dates, coinciding with the increased numbers
of gulls being present on SFI. Predicted mortality did not change substantively with initial
application date after approximately November 22" There is little difference in gull mortality
with initial application date in models from drought years (Appendix A).
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Figure 5-3. Model results for proportion of 11,000 western gulls dying as a result of varying
initial application date for brodifacoum, assuming 90% hazing effectiveness and 30 days
until the first significant rainfall. See Table 3-1 for other input values and Appendix A for
other model scenarios.
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Figure 5-4. Model results for number of gulls dying as a result of varying initial application
date for brodifacoum, assuming a population of 11,000 gulls, 90% hazing effectiveness and
30 days until the first significant rainfall. The dashed line represents 1700 dead gulls, the
number considered the maximum possible without affecting long-term population viability.
See Table 3-1 for other input values and Appendix A for other model scenarios.

5.2.2 Proportion of Gulls Removed From SFI by Hazing

The utility of hazing in reducing gull mortality was investigated by varying hazing success from
75% to 98%. For the results shown in Figures 5-5 and 5-6, the date of initial application was
November 29", and there were 30 days until the first significant rainfall following the second
application (see Table 3-1 for other inputs). The results of other scenarios are shown in Appendix
A. As expected, there was a strong negative relationship between gull mortality and hazing
success (Figures 5-5 and 5-6) and the threshold of 1700 dead gulls was surpassed with 75%
hazing success (Figure 5-6). The results in Appendix A indicate that 90% hazing success is
required to ensure that the threshold of 1700 gulls is not surpassed for all possible initial
application dates and to cover the range of possible dates over which the first significant rainfall
event occurs following the second application of brodifacoum.
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Figure 5-5. Model results for proportion of 11,000 gulls dying as a function of hazing
success, assuming November 29™ date of first application of brodifacoum and 30 days until
the first significant rainfall. See Table 3-1 for other input values and Appendix A for other
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Figure 5-6. Model results for number of gulls dying as a function of hazing success,
assuming November 29" date of first application of brodifacoum and 30 days until the first
significant rainfall. The dashed line represents 1700 dead gulls. See Table 3-1 for other
input values and Appendix A for other model scenarios.
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5.2.3 Time to Significant Rainfall Event

A significant rainfall event is one in which sufficient rain falls to degrade remaining bait pellets.
Dates of historic rainfall events were compiled and analyzed to determine a best, worst, and most
likely scenario. The model was then run to determine the proportion (Figure 5-7) and number
(Figure 5-8) of dead birds following each length of time until the rainfall event. The scenario
shown in Figures 5-7 and 5-8 assumed an initial application date of November 29" and that
hazing success was 90% (see Table 3-1 for other inputs). The results indicate that the proportion
and number of dead birds increased with increasing time until the rainfall event. However, the
quantity of dead birds was below the threshold of 1700 dead birds for all scenarios with at least
90% hazing success (Appendix A).
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Figure 5-7. Model results for proportion of 11,000 gulls dying as a function of time to
significant rainfall after the second application of brodifacoum, assuming November 29"
date of first application and 90% hazing effectiveness. See Table 3-1 for other input values
and Appendix A for other model scenarios.
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Figure 5-8. Model results for number of gulls dying as a function of time to significant
rainfall after the second application of brodifacoum, assuming November 29™ date of first
application and 90% hazing effectiveness. The dashed line represents 1700 dead gulls. See

Table 3-1 for other input values and Appendix A for other model scenarios.

5.24 Number of Applications

Based on the greater gull mortalities modeled with 2 applications compared to a single
application, it is clear that the greatest risk to gulls is from ingestion of pellets remaining after the
second application (Figures 5-9 and 5-10). The results shown in Figure 5-9 and 5-10 assumed an
initial application date of November 29", 90% hazing effectiveness, and 30 days until the first
significant rainfall for the scenario involving two applications (see Table 3-1 for other inputs).
Approximately 5 times more gulls died when two applications took place. However, applying
only one application would not be best practice and that would likely compromise the
effectiveness of the mouse eradication, which requires 100% lethal exposure to all mice.
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Figure 5-9. Model results for proportion of 11,000 gulls dying as a function of number of

applications of brodifacoum, assuming an initial application date of November 29", 90%

hazing effectiveness, and 30 days until the first significant rainfall. See Table 3-1 for other
input values and Appendix A for other model scenarios.
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Figure 5-10. Model results for number of gulls dying as a function of number of
applications of brodifacoum, assuming an initial application date of November 29™, 90%
hazing effectiveness, and 30 days until the first significant rainfall. The dashed line
represents 1700 dead gulls. See Table 3-1 for other input values and Appendix A for other
model scenarios.
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5.2.5 Removal of Dead Mice

One possible management option to reduce mortality of western gulls is to remove dead mouse
carcasses as they are discovered. Assuming an initial application date of November 29™90%
hazing effectiveness, and 30 days until the first rainfall (see Table 3-1 for other inputs), the
results indicate no differences in the proportion and number of dead gulls as a result of not
removing or removing dead mice (Figures 5-11 and 5-12). For brodifacoum, it appears that
removal of dead mice would accomplish little in terms of reducing mortality of western gulls
given the greater risk from ingestion of remaining pellets.
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Figure 5-11. Model results for proportion of 11,000 gulls dying as a function of whether or
not dead mice are removed, assuming an initial application date for brodifacoum of
November 29", 90% hazing effectiveness, and 30 days until the first significant rainfall. See
Table 3-1 for other input values and Appendix A for other model scenarios.
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Figure 5-12. Model results for number of gulls dying as a function of whether or not mice
are removed, assuming an initial application date for brodifacoum of November 29" 90%
hazing effectiveness, and 30 days until the first significant rainfall. The dashed line
represents 1700 dead gulls. See Table 3-1 for other input values and Appendix A for other
model scenarios.

5.3 MODEL RESULTS FOR DIPHACINONE

The results of all model runs conducted for diphacinone can be found in Appendix B. The
following sections summarize the results for each of the major factors considered potentially
important in designing an application and risk management strategy for diphacinone. Results are
presented as the proportion and number of western gulls present at some point on SFI during the
period November 1 to end of March that experience mortality based on various modifications of
the input parameters, assuming a population of 11,000 western gulls. The text and figures below
provide examples from the various possible scenarios.

5.3.1 Initial Application Date

Possible application dates for diphacinone were modeled to determine if the initial application
date impacted the proportion (Figure 5-13) and number (Figure 5-14) of gulls dying. The results
presented in Figures 5-13 and 5-14 assumed a hazing effectiveness of 90% and that the first
rainfall event occurred 96 days after the second application (see Table 3-1 for other inputs). As
with the brodifacoum model under drought conditions, there is little difference in gull mortality
with initial application date (Appendix B).
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Figure 5-13. Model results for proportion of 11,000 gulls dying as a result of varying initial
application date for diphacinone, assuming an initial application date of November 29™,
90% hazing effectiveness, and 96 days until the first significant rainfall. See Table 3-1 for
other input values and Appendix B for other model scenarios.
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Figure 5-14. Model results for number of dead gulls as a result of varying initial application
date for diphacinone, assuming an initial application date of November 29™90% hazing
effectiveness, and 96 days until the first significant rainfall. The dashed line represents
1700 dead gulls. See Table 3-1 for other input values and Appendix B for other model
scenarios.

5.3.2 Proportion of Gulls Removed From SFI by Hazing

The utility of hazing in reducing gull mortality was investigated by varying hazing success from
75 to 98%. The results shown in Figures 5-15 and 5-16 assumed an initial application date of
November 29", and that the first significant rainfall event occurred 96 days after the second
application of diphacinone (see Table 3-1 for other inputs and Appendix B for results of other
model scenarios). As expected, the proportion and number of gulls dying decreased as hazing
effectiveness increased. At 75% hazing effectiveness, the number of dead gulls was above the
threshold of 1700.
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Figure 5-15. Model results for proportion of 11,000 gulls dying as a function of hazing
success, assuming an initial application date for diphacinone of November 29™ and 96 days
until the first significant rainfall. See Table 3-1 for other input values and Appendix B for
other model scenarios.
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Figure 5-16. Model results for number of gulls dying as a function of hazing success,
assuming an initial application date of November 29™ and 96 days until the first significant
rainfall. The dashed line represents 1700 dead gulls. See Table 3-1 for other input values
and Appendix B for other model scenarios.
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5.3.3 Time to Significant Rainfall Event

The impact of time to a significant rainfall event after the second application was not evaluated
for diphacinone because only one value was available, i.e., 96 days between application and
degradation.

5.34 Number of Applications

The effect on number of applications was modeled for 1, 2 and 3 applications of diphacinone.
The results shown in Figures 5-19 and 5-20 assumed an initial application date of November
29™ 90% hazing effectiveness, and 96 days until the first significant rainfall event after the
second application (see Table 3-1 for other inputs). The results indicate that the greatest risk to
gull mortality occurs after the second application.
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Figure 5-19. Model results for proportion of 11,000 gulls dying as a function of number of
applications of diphacinone, assuming an initial application date of November 29", 96 days
to first significant rainfall, and 90% hazing effectiveness. See Table 3-1 for other input
values and Appendix B for other model scenarios.
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Figure 5-20. Model results for number of gulls dying as a function of number of
applications of diphacinone, assuming an initial application date of November 29", 96 days
to first significant rainfall, and 90% hazing effectiveness. The dash line represents 1700
dead gulls. See Table 3-1 for other input values and Appendix B for other model scenarios.

5.3.5 Removal of Dead Mice

Removal of dead mice was modeled to determine if this mitigation practice would reduce gull
mortality. The results shown in Figures 5-21 and 5-22 assumed an initial application date of
November 29", 90% hazing effectiveness, and 96 days until the first significant rainfall event
after the second application (see Table 3-1 for other inputs). As with brodifacoum, removing
dead mice did not significantly improve the survival of western gulls exposed to diphacinone
given the greater risk from ingestion of pellets.
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Figure 5-21. Model results for proportion of 11,000 gulls dying as a function of whether or
not mice are removed, assuming an initial application date for diphacinone of November
29™ 96 days to first significant rainfall, and 90% hazing effectiveness. See Table 3-1 for

other input values and Appendix B for other model scenarios.
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Figure 5-22. Model results for number of gulls dying as a function of whether or not mice
are removed. The dashed line represents 1700 dead gulls, assuming an initial application
date for diphacinone of November 29™, 96 days to first significant rainfall, and 90% hazing
effectiveness. See Table 3-1 for other input values and Appendix B for other model
scenarios.
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5.4 SENSITIVITY ANALYSIS

The purpose of the sensitivity analysis is to identify how variation in the output of a model (e.g.,
number of dead birds) is influenced by uncertainty in the input variables. If the output variability
precludes effective decision making, sensitivity analysis may be used to identify the input
variables that contribute the most to the observed output variability. Subsequently, research
efforts may be initiated to reduce uncertainty in those input variables.

Uncertainty and sensitivity analyses both focus on the output of a model and are therefore
closely related. However, the purposes of the two types of analyses are different. An uncertainty
analysis assesses the uncertainty in model outputs that derives from uncertainty in the inputs. A
sensitivity analysis assesses the contributions of the inputs to the total uncertainty in the output.

Sensitivity analysis methods may be classified into three groups: screening methods, methods for
local sensitivity analysis, and methods for global sensitivity analysis. Screening methods are
generally used to separate influential input variables from non-influential ones, rather than
quantify the impact that an input variable has on the output of the model. Screening methods are
useful for models with large numbers of input variables. They are able to identify important input
variables with little computational effort, but at a cost of losing quantitative information on the
importance of the input variables. In contrast, local and global sensitivity measures provide
quantitative estimates of the importance of each input variable. The difference between them is
that the former focuses on estimating the impact of small changes in input variable values on
model output, while the latter addresses the contribution to model output variance over the entire
range of each input variable distribution.

Most screening methods revolve around the idea of “what if”” analyses. That is, how would the
outputs change if the value of a selected input variable was changed? With large models, this
exercise needs to be systematic to be useful. Factorial designs, for example, are used to measure
the influence of input variables on the output by taking into account both additive effects and
interactions. The design involves selecting combinations of input variable values that provide the
most information on the relationships between input and output variables. However, with a
factorial design and a large model, the number of model runs (1", where  is the number of input
variables, and #» is the number of levels for each variable) quickly becomes unmanageable. Given
the complexity of the western gull risk model, this approach was infeasible for this assessment.

One way to overcome the difficulties of a factorial design method is to set all input variable
values to achieve the most likely response and only increase or decrease one input variable at a
time (Cotter, 1979). The sensitivity analyses for the western gull risk models for brodifacoum
and diphacinone relied on “what if” analyses using a “one-at-a-time” design. The baseline
scenarios for brodifacoum and diphacinone assumed the input values in Table 3-1 except for the
variable being investigated. Each variable being investigated was altered one at a time to explore
the influence on the model outputs. The inputs values selected for the sensitivity analyses are
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listed in Table 5-1. Some of these values could be adjusted in future model simulations as, for
example, new data become available.

Table 5-1. Values of input parameters varied in one at-a-time sensitivity analyses for
western gull risk models for brodifacoum and diphacinone.

Variable

Values

Notes

First application date

Nov 1, 8, 15,22, 29
and Dec 6, 13 and 20

This is the range of possible application dates being considered
for SFI.

Applications interval -

Label does not permit intervals of <5 days. An interval of 21

brodifacoum 5,21 days days or more will increase the likelihood that all individuals are
exposed to the technique (Griffiths and Towns, 2008)

. . No need for interval of less than 3 days to ensure availability of
Applications interval - . . . )
diphacinone 3, 10 days pellets. Mice could recover if pellets not available for a period

of time which suggests upper bound of 10 days.
Number of applications - 12 2 applications is maximum indicated in Draft EIS (FWS, 2012).
brodifacoum ’ 1 application is likely to be ineffective at eradicating mice.
L 3 applications is maximum indicated in Draft EIS (FWS, 2013).
Number of applications - . . . . C
. . 1,2,3 1 or 2 applications are likely to be ineffective at eradicating

diphacinone mice
Hazing effectiveness 0.75, 0.98 Range suggested by Warzybok et al. 2013.
Pellet half-life (1% 2010 SFI field trial (Pott & Grout 2012) and available literature

o 0.5, 2 days L . )
application) indicate this approximate range.
Time to significant
rainfall event after 2™ . .

N 14, 99 days Best and worst case scenarios are14 and 99 days, respectively.
application -
brodifacoum

Mean concentration in
mice - brodifacoum

2.71, 4.9 mg/kg bw

Range cited in Howald et al. (1999, 2001). Standard deviation
adjusted to ensure same coefficient of variation.

Mean concentration in
mice - diphacinone

30, 51.5 mg/kg bw

Upper value is upper bound calculated from Pitt et al. (2011).
Lower value is somewhat arbitrary but approximately the lower
bound value if there was some initial rapid elimination of
diphacinone from the exposed mice in Pitt et al. (2011) study.

Daily probability of

Lower value reflects fact that mice are not normally part of the

consuming mice 0.01,0.15 western gull diet. Upper value is arbitrary but kept generally
low because gulls normally feed on other food items.
. . Highest average rate suggested by data collected during 2010
?()iils}l,nrl)lrizza}l))éllll;};s()f 0.22,0.25 SFI field trial. Initial daily rates are much lower, ranging from 0
to 29% during first five days.
Conditional probability 0.5.0.9 Observational data from 2010 SFI field trial suggest that once a
for consuming pellets o gull learns that pellets are a food source, they will continue to
Conditional probability consume them as long as they are available. No data are
. . 0.5,0.9 available to quantify this variable and thus a wide range was
for consuming mice . . .
selected. The same rationale was used for consumption of mice.
Proportion of intoxicated 0.87,0.935, 1 Data from literature suggests that at least 87% of brodifacoum-

mice below ground

intoxicated mice will go below ground. No comparable
information is available for diphacinone.

LD50 - brodifacoum

0.26 - 0.588 mg/kg
bw

Toxicity studies available for gull species indicate a range of
0.588 to <5 mg/kg bw (Wildlife International, 1979a,b;
Godfrey, 1985, 1986), but lowest LD50 for mallards, 0.26
mg/kg bw used as minimum value.

LD50 - diphacinone

0.82 - 97 mg/kg bw

No gull toxicity studies are available. Used range observed for
screech owl (0.82 mg/kg bw; Rattner et al., 2012) and American
kestrel (97 mg/kg bw; Rattner et al., 2010).
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54.1 Brodifacoum

Figures 5-23 to 5-25 show the results of the sensitivity analyses for brodifacoum for maximum
gull tissue concentration, proportion mortality of gulls, and number of dead gulls. The results of
the sensitivity analysis for maximum gull tissue concentration indicate that the three most
important variables influencing exposure of western gulls to brodifacoum are the number of
applications, hazing effectiveness and time to significant rainfall event following the second
application (Figure 5-23). Hazing effectiveness is the most important variable, as it determines
how many birds are foraging on the island during bait application and could, therefore,
potentially consume the bait. Hazing has been shown to be highly effective (~90-98%) at airports
and landfills (Curtis et al., 1995; Slate et al., 2000; Chipman et al., 2004) and a hazing trial
conducted on SFI in December, 2013 achieved an average hazing efficiency of 98% providing
confidence that hazing efficiencies of 90% or higher could be achieved for an extended period of
time (Warzybok et al., 2013). Time to the first significant rainfall event following the second
application is also significant because rain reduces availability of the pellets from gull exposure
in the model, particularly after the second application when few, if any, mice are available to
remove pellets. As a result, if there is an extended period of time to the first rainfall event after
the second application, gulls will have much higher exposure risk due to the long-term
availability of pellets. Although time to first significant rainfall event is a critical input variable,
there is no need to conduct additional research on this variable. Thirty-eight years of data on
daily rainfall at SFI are currently available (1972-2010), which is sufficient for determining best
case, most likely case and worst case values for this variable.

The number of applications is a significant input variable because there will likely be very few
mice available following the second application to consume the pellets. This increases the risk
that the remaining pellets will be consumed by gulls. It is important that measures be taken to
reduce the availability of pellets to gulls. This could be done by hazing, as the sensitivity analysis
shows that effective hazing greatly reduces the dose ingested by the gulls. Overall, the most
effective way to reduce exposure to gulls would be to enhance the hazing effort.

Varying the daily probability of gulls ingesting pellets from 0.22 to 0.25 had only a modest
influence on gull exposure. Although data from the 2010 SFI trial were used to define this
narrow range, the dataset was clearly limited and thus there is uncertainty regarding this input
parameter. The 0.22-0.25 range was at the maximum end of the range actually observed at SFI
using two different methods (proportion fecal pellets with dye and observations of foraging
gulls). The conditional probability for ingesting pellets is also highly uncertain. However,
varying this parameter value from 0.5 to 0.9 had little impact on predicted gull exposure. This
result suggests that further research is not required for the conditional probability for ingesting
pellets.
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Variables related to the secondary route of exposure (e.g., concentration in mice, probability of
consuming mice, conditional probability for consuming mice, proportion of intoxicated mice
below ground) had little influence on predicted exposure to western gulls. As shown in Figures
5-11 and 5-12, total removal of dead or intoxicated mice would do little to reduce gull mortality.
Clearly, exposure to pellets is a far more important contributor to gull exposure than is exposure
to mice. Thus, no research is recommended to reduce uncertainty in the parameters related to the
secondary route of exposure.

1.000

0.800 m Best Case

m Worst Case

0.600

0.400

0.200

Ingested Dose (mg ai/kg bw)

Figure 5-23. Results of sensitivity analysis for brodifacoum for maximum tissue
concentration in western gulls exposed to brodifacoum.

The results of the sensitivity analysis for proportion and number of gulls dying were similar to
the results for gull exposure
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Figure 5-24. Results of sensitivity analysis for proportion of 11,000 western gulls dying
from exposure to brodifacoum.
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Figure 5-25. Results of sensitivity analysis for number of western gulls dying from exposure
to brodifacoum.

54.2 Diphacinone

Figures 5-26 to 5-28 show the results of the sensitivity analyses for diphacinone for maximum
tissue concentration, proportion mortality of gulls, and number of dead gulls. The results of the
sensitivity analysis for diphacinone are highly similar to those for brodifacoum but with two
notable differences. First, only one time (i.e., 98 days) was modeled for rainfall events. The
second notable difference was the highly influential LD50 assumed for the analysis. No toxicity
tests have been carried out on gull species for diphacinone. As a result, the sensitivity of western
gulls to this rodenticide is unknown. Assuming the worst case LD50 of 0.82 mg ai/kg bw for
screech owls (Rattner et al., 2012) led to predictions of significant mortality for western gulls
(Figures 5-27 and 5-28). However, assuming the LD50 for American kestrels (97 mg ai/kg bw;
Rattner et al., 2010) resulted in predictions of low mortality to western gulls. Conducting a

Page 60



Risk Assessment for Western Gull Exposure to Brodifacoum or Diphacinone on the South Farallon Islands
January 31, 2014

toxicity test specific for western gulls is recommended to reduce the uncertainty of using LD50
values from unrelated bird species.

As with brodifacoum, hazing effectiveness and the number of applications impacts gull exposure
and mortality. One reason that gull impacts are greater with multiple applications of diphacinone
is due to the cumulative nature of diphacinone exposure. That is, a lethal dose requires many
days to weeks of constant ingestion because diphacinone is metabolized at the same time that it
is being consumed.
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Figure 5-26. Results of sensitivity analysis for diphacinone for maximum tissue
concentration in western gulls exposed to diphacinone.
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Figure 5-27. Results of sensitivity analysis for proportion of 11,000 western gulls dying
from exposure to diphacinone.

Page 62



Risk Assessment for Western Gull Exposure to Brodifacoum or Diphacinone on the South Farallon Islands
January 31, 2014

3000

" [ m Best Case
=2500 F

® Worst Case

[\ )
]
S
o

Number of Dead Gu
>
(@] (@]
(@] (@]

500

Figure 5-28. Results of sensitivity analysis for number of western gulls dying from exposure
to diphacinone.

5.4.3 Data Gaps

Based on the results of the sensitivity analyses, we identified several data gaps for which more
information would be beneficial to reduce uncertainty:

e Hazing effectiveness over extended (multi month) periods
e LD50s for western gull for brodifacoum and diphacinone
e Daily probability of western gulls ingesting pellets

In most other projects involving application of rodenticides, gull populations have not been
significantly affected. For example, a western gull colony on Anacapa Island in southern
California (approximately 10,300 breeding birds; Carter et al., 1992) was not significantly
affected by a rat eradication project involving application of brodifacoum. In that project, there
was a loss of only 2 gulls documented (Howald et al., 2004). Mortality of glaucous-winged gulls
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was recorded on Rat Island after an aerial application of bait containing brodifacoum (Salmon
and Paul, 2010), but no detectable change to the overall population was recorded and five years
later the species is more abundant on the island (Newton et al., 2014). Eason et al. (2002)
reported individual gull mortalities in relation to brodifacoum-based rodent eradication projects,
but there were no significant population-level effects. In fact, there has never been a reported
population-level effect to any gull species from a rodent eradication using rodenticide bait. A
number of factors could explain the discrepancy between the predictions of the western gull risk
model and the general lack of gull incidents with previous rat eradication projects:

e The western gull population on SFI is much larger than most gull populations on other
islands, which increases the likelihood of gulls learning from each other on SFI versus
other islands. It also increases the likelihood of higher gull mortalities.

e The lack of dense vegetation and the rocky substrate of SFI will render rodent bait more
visible and accessible to gulls than on other islands.

e Other islands may have had more frequent rainfall events which led to rapid breakdown
and removal of pellets. Time to a significant rainfall event after the second application is
a key variable in the western gull risk model affecting predicted exposure of gulls.

¢ One or more assumptions in the western gull model could be incorrect. Data were limited
on several key components of the model (e.g., hazing effectiveness, daily probabilities of
consuming pellets, LD50s). Although the use of best and worst case values attempted to
bracket the uncertainty, there clearly is a need to conduct additional research to reduce
uncertainty where possible in the model.

In the event that additional research is carried out on key input parameters, the western gull risk
model can be updated and additional runs undertaken to refine model predictions of mortality of
western gulls on SFI.

5.5 COMPARISON OF EFFECTS OF BRODIFACOUM AND DIPHACINONE ON
WESTERN GULL MORTALITY

One of the objectives of this assessment was to determine the relative risks of brodifacoum and
diphacinone to western gulls on SFI. It is somewhat difficult to compare the results presented in
Appendices A and B because both assessments were highly conservative and based on data with
low certainty for some input variables. For example, the LD50s assumed for both compounds
were based on species unrelated to western gulls (i.e., mallard and screech owl) and were highly
conservative relative to other tested bird species (although gull species may be sensitive to these
rodenticides). Also, information was not available on bait degradation for diphacinone during
wet years.
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The results from the western gull risk model clearly show that both chemicals pose risks at
similar hazing efficiencies (Appendices A and B). If hazing success is 90% or higher, neither
rodenticide is likely to cause 1700 or greater gull mortalities, given the model assumptions.
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Figure 5-29. Effects of hazing success on predicted gull mortality for brodifacoum and
diphacinone assuming an initial application date of November 29. The dashed line
represents 1700 dead gulls.
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6.0 CONCLUSIONS

The likelihoods of brodifacoum and diphacinone applications achieving total eradication of mice
on SFI were not considered in this assessment. Based on the model results, both brodifacoum
and diphacinone pose risks to unhazed western gulls. To most effectively reduce gull
mortalities, it would be advisable to consider implementing an effective gull hazing program, an
early start date, and other measures to reduce gull exposure to bait, including some use of bait
stations or possibly hand removal of bait pellets after several weeks, if any remain. Because the
western gull risk model used conservative input parameters when exact values were unknown, it
is likely that the model overestimated expected gull mortalities. Further, several important
parameters that could affect uptake of rodenticide by gulls were not included in the model. For
example plant cover increases rapidly shortly after the first significant rainfall of the season,
usually in November or December. High plant cover hid many placebo bait pellets in trials
conducted in early December 2012 (Grout & Griffiths 2012). If seasonal plant cover is high by
the time of application or shortly thereafter, gulls could have more trouble locating pellets, thus
reducing exposure. Similarly, use of bait stations in some areas (e.g., where terrain is relatively
flat and accessible) would reduce gull exposure. Use of bait stations on portions of SFI was not
included in the model.

Page 66



Risk Assessment for Western Gull Exposure to Brodifacoum or Diphacinone on the South Farallon Islands
January 31, 2014

7.0 REFERENCES

Ainley, D.G. and T.J. Lewis. 1974. The history of Farallon Island marine bird populations 1843-
1972. Condor, 76:432-446.

Ainley, D.G., C.S. Strong, T.M. Penniman and R.J. Boekelheide. 1990. The feeding ecology of
Farallon seabirds. In: D.G. Ainley and R.J. Boekelheide, Eds, Seabirds of the Farallon Islands:
Ecology, Dynamics, and Structure of an Upwelling System Community. Stanford University
Press, Palo Alto, CA.

Annett, C.A. and R. Pierotti. 1989. Chick hatching as a trigger for dietary switches in western
gulls. Colonial Waterbirds, 12:4-11.

Ashton, A.D., W.B. Jackson and H. Peters. 1987. Comparative evaluation of LD50 values for
various anticoagulant rodenticides. In: Control of Mammal Pests, Eds, C.G.J Richards and T.Y.
Ku. Taylor and Francis, London, U.K. pp. 187-198.

Bowie, M.H. and J.G. Ross. 2006. Identification of weta foraging on brodifacoum bait and the
risk of secondary poisoning for birds on Quail Island, Canterbury, New Zealand. New Zealand
Journal of Ecology, 30:219-228.

Buckelew, S., G.R. Howald, A. Wegmann, J. Sheppard, J. Curl, P. McClelland, B. Tershy, K.
Swift, E. Campbell and B. Flint. 2005. Progress in Palmyra Atoll restoration: Rat eradication
trial 2005. Report to the US Fish and Wildlife Service by Island Conservation, Santa Cruz, CA.

Buckelew, S., G. Howald, S. MacLean, S. Ebbert and T.M. Primus. 2008. Progress in restoration
of the Aleutian Islands: Trial rat eradication, Bay of Islands, Adak, Alaska, 2006. Report to the
US Fish and Wildlife Service by Island Conservation, Santa Cruz, CA.

Campbell, S., K.A. Hoxster and G. J. Smith. 1991. Diphacinone technical: An acute oral toxicity
study with northern bobwhite. Wildlife International, Easton, MD. Project No. 284-103.
Submitted by Bell Laboratories, Inc., Madison WI. EPA MRID 422452-01.

Carter, H.R., G.J. McChesney, D.L. Jaques, C.S. Strong, M.W. Parker, J. E. Takekawa, D.L.
Jory, and D.L. Whitworth. 1992. Breeding populations of seabirds in California, 1989-1991.
Vols 1 and 2. Unpublished draft final report, U.S. Fish and Wildlife Service, Northern Prairie
Wildlife Research Center, Dixon, California.

Chipman, R.B., R.A. Dolbeer, K.J. Preusser, D.P. Sullivan, E.D. Losito, A.L. Gosser and T.W.
Seamans. 2004. Emergency wildlife management response to protect evidence associated with
the terrorist attack on the World Trade Center, New York City. Proceedings of the 21"
Vertebrate Pest Conference, 21:281-286.

Page 67



Risk Assessment for Western Gull Exposure to Brodifacoum or Diphacinone on the South Farallon Islands
January 31, 2014

Cotter, S.C. 1979. A screening design for factorial experiments with interactions. Biometrika,
66:317-320.

Curtis, P.D., C.R. Smith and W. Evans. 1995. Techniques for reducing bird use at Nanticoke
landfill near E.A. Link Airport, Broome County, New York. Sixth Eastern Wildlife Damage
Control Conference, 6:67-78.

Daltry, J.C. 2006. Control of the black rat Rattus rattus for the conservation of the Antiguan
racer Alsophis antiguae on Great Bird Island, Antigua. Conservation Evidence, 3:28-29.

Eason, C.T., E.C. Murphy, G.R.G. Wright and E.B. Spurr. 2002. Assessment of risks of
brodifacoum to non-target birds and mammals in New Zealand. Ecotoxicology, 11:35-48.

Ebbert, S., A. Sowls and V. Byrd. 2007. Alaska’s rat spill response program. In: Managing
Vertebrate Invasive Species Proceedings of an International Symposium. USDA, APHIS, WS,
National Wildlife Research Center, Fort Collins, Colorado, USA. pages 3332—3337.

ECOFRAM (Ecological Committee on FIFRA Risk Assessment Methods). 1999. Terrestrial
Draft Report. http://www.epa.gov/oppefedl/ecorisk/terrreport.pdf

EPA (United States Environmental Protection Agency). 1993. Wildlife Exposure Factors
Handbook. Office of Research and Development, Washington, DC. EPA/600/R-93/187a.

EPA (United States Environmental Protection Agency). 1998a. Reregistration Eligibility
Decision (RED): Rodenticide Cluster. Office of Prevention, Pesticides and Toxic Substances,
Office of Pesticide Programs, Washington, D.C. EPA738-R-98- 007.

EPA (United States Environmental Protection Agency). 1998b. Guidelines for Ecological Risk
Assessment. Risk Assessment Forum, Washington, D.C. EPA/630/R-95/002F.

EPA (United States Environmental Protection Agency). 2004. Overview of the Ecological Risk
Assessment Process in the Office of Pesticide Programs, U.S. Environmental Protection Agency:
Endangered and Threatened Species Effects Determination. Office of Prevention, Pesticides and
Toxic Substances, Office of Pesticide Programs, Washington, D.C.

EPA (United States Environmental Protection Agency). 2008. Pesticide Product Label,
Brodifacoum-25D Conservation. Office of Prevention, Pesticides and Toxic Substances, Office
of Pesticide Programs, Washington, D.C. EPA Reg. No. 56228-37.

EPA (United States Environmental Protection Agency). 2011. Risks of Diphacinone Use to the
Federally Threatened Alameda Whipsnake (Masticophis lateralis euryxanthus), California Tiger
Salamander (Ambystoma californiense), and the Federally Endangered Salt Marsh Harvest
Mouse, California Tiger Salamander (Ambystoma californiense) Sonoma County Distinct
Population Segment and Santa Barbara County Distinct Population Segment, and San Joaquin

Page 68


http://www.epa.gov/oppefed1/ecorisk/terrreport.pdf

Risk Assessment for Western Gull Exposure to Brodifacoum or Diphacinone on the South Farallon Islands
January 31, 2014

Kit Fox (Vulpes macrotis mutica). Office of Prevention, Pesticides and Toxic Substances, Office
of Pesticide Programs, Washington, D.C.

Erickson, W. and D. Urban. 2004. Potential Risks of Nine Rodenticides to Birds and Nontarget
Mammals: A Comparative Approach. Office of Prevention, Pesticides and Toxic Substances,
Office of Pesticide Programs, Washington, D.C.

Fisher, P.M. 2009. Residual Concentrations and Persistence of the Anticoagulant Pesticides
Brodifacoum and Diphacinone in Fauna. Ph.D. Thesis, Lincoln University, Lincoln, New
Zealand.

Fisher, P.M. 2010. Environmental fate and residual persistence of brodifacoum in wildlife.
Envirolink, 884-HBRC131.

Fisher, P.M., R. Griffiths, C. Speedy and K. Broome. 2011. Environmental monitoring for
brodifacoum residues after aerial application of baits for rodent eradication. /n: Veitch, C.R.,
M.N. Clout and D.R. Towns (eds.), Island Invasives: Eradication and Management, pp. 300-304.
IUCN, Gland, Switzerland.

FWS (United States Fish and Wildlife Service). 2007. Restoring Wildlife Habitat on Rat Island:
Environmental Assessment. Alaska Maritime National Wildlife Refuge, Aleutian Islands Unit,
Homer, AK. 152pp.

FWS (United States Fish and Wildlife Service). 2012. House mouse eradication from the South
Farallon Islands: Draft environmental impact statement. San Francisco Bay National Wildlife
Refuge Complex, Newark, CA.

Godfrey, M.E.R. 1985. Non-target and secondary poisoning hazards of “second generation”
anticoagulants. Acta Zoologica Fennica, 173:209-212.

Godfrey, M.E.R. 1986. An evaluation of the acute-oral toxicity of brodifacoum to birds.
Proceedings of the Vertebrates Pesticides Conference, 12:78-81.

Griftiths, R. and D. Towns. 2008. The Rangitoto and Motutapu pest eradication — A feasibility
study. Department of Conservation, Wellington, New Zealand.

Griftiths, R., D. Grout and N. Holmes. 2013. Farallon Islands Restoration Project: Evaluating the
Duration of Potential Risk Exposure to Susceptible Non-target Species Following Application of
Rodent Bait. Island Conservation, Santa Cruz, CA. 15pp.

Grout, D. 2012. Report of the 2010 mouse removal field trial on the Farallon Islands.
Unpublished Report for the U.S. Fish and Wildlife Service.

Page 69



Risk Assessment for Western Gull Exposure to Brodifacoum or Diphacinone on the South Farallon Islands
January 31, 2014

Grout, D. and R. Griffiths. 2012. Farallon Islands Restoration Project — A Report on Trials
Undertaken to Inform Project Feasibility and Non-target Risk Assessments. Island Conservation,
Santa Cruz, CA.

Howald, G.R. 1997. The risk of non-target species poisoning from brodifacoum used to eradicate
rats from Langara Island, British Columbia, Canada. M.Sc. Thesis. University of British
Columbia, Vancouver, BC. 159 pp.

Howald, G.R., J.C. Donlan, K.R. Faulkner, S. Ortega, S., H. Gellerman, D.A. Croll and B.R.
Tershy. 2009. Eradication of black rats Rattus rattus from Anacapa Island. Oryx, 44:30-40.

Howald, G., C. Donlan, J. Galvan, J. Russel, J. Parkes, A. Samaniego, Y. Wand, D. Veitch, P.
Genovesi, M. Pascal, A. Saunders and B. Tershy. 2007. Invasive rodent eradication on islands.
Conservation Biology, 21:121-124.

Howald, G.R., P. Mineau, J.E. Elliott and K.M. Cheng, K.M. 1999. Brodifacoum poisoning of
avian scavengers during rat control on a seabird colony. Ecotoxicology, 8:431-447.

Howald, G.R., A. Samaniego, S. Buckalew, P. McClelland, B. Keitt, A. Wegmann, W.C. Pitt,
D.S. Vice, E. Campbell, K. Swift and S. Barclay. 2004. Palmyra Atoll rat eradication assessment
trip report August 2004. Unpublished report.

Howald, G.R., B.R. Tershy, B.S. Keitt, H. Gellerman, S. Ortega, K. Faulkner, C.J. Donlan and
D.A. Croll. 2001. Progress in rat eradication, Anacapa Island, Channel Islands National Park,
California. Unpublished report submitted to United States Environmental Protection Agency by
the National Park Service, United States Department of the Interior, Washington, DC.

Hunt, G.L. and J.L. Butler. 1980. Reproductive ecology of western gulls and Xantus’ murrelets
with respect to food resources in the Southern California Bight. CalCOFI Report, Volume XXI.

Hunt, G.L. and M.W. Hunt. 1976. Exploitation of fluctuating food resources by western gulls.
Auk, 93:301-307.

ICWDM (Internet Center for Wildlife Damage Management). 2005. Description of Active
Ingredients. Accessed online at: http://icwdm.org/handbook/pestchem/active.asp

Imber, M., M. Harrison and J. Harrison. 2000) Interactions between petrels, rats and rabbits on
Whale Island, and effects of rat and rabbit eradication. New Zealand Journal of Ecology, 24:153-
160.

Keitt, B., K. Campbell, A. Saunders, M. Clout, Y. Wang, R. Heinz, K. Newton and B. Tershy.
2011. The Global Islands Invasive Vertebrate Eradication Database: A tool to improve and
facilitate restoration of island ecosystems. In: C.R.Veitch, M.N. Clout and D.R. Towns, Eds,
Island Invasives: Eradication and Management. [UCN, Gland, Switzerland. Pages 74-77.

Page 70



Risk Assessment for Western Gull Exposure to Brodifacoum or Diphacinone on the South Farallon Islands
January 31, 2014

Knopper, L.D., P. Mineau, L.A. Walker and R.F. Shore. 2007. Bone density and breaking
strength in UK raptors exposed to second generation anticoagulant rodenticides. Bulletin of
Environmental Contamination and Toxicology, 78:249-251.

Long, R., J. Foster, K. Hoxter, et al. 1992. Diphacinone technical: A dietary LC50 study with the
mallard. Wildlife International, Ltd., Easton, MD. Project No. 284-102B.

Macdonald, D.W. and M.G. Fenn. 1994. The natural history of rodents: Preadaptations to
pestilence. In: A.P. Buckle and R.H. Smith, Eds, Rodents Pests and Their Control. CAB
International, Wallingford, U.K. Pages 1-21.

Mackay J.W.B., J.C. Russell and E.C. Murphy. 2007. Eradicating house mice from islands:
Successes, failures and the way forward. In: G.W. Witmer, W.C. Pitt and K.A. Fagerstone, Eds,
Managing Vertebrate Invasive Species: Proceedings of an International Symposium. National
Wildlife Research Center, Fort Collins, CO.

Mendenhall, V.M. and L.F. Pank. 1980. Secondary poisoning of owls by anticoagulant
rodenticides. Wildlife Society Bulletin, 8:311-315.

Merton, D. 1987. Eradication of rabbits from Round Island, Mauritius: A conservation success
story. Dodo, Journal of Jersey Wildlife Preservation Trust, 24:19-43

Mineau, P., S. Trudeau, L.D. Knopper, J. Smits, S.P. Gallagher, J.B. Beavers and J.B. Jaber.
2005. Consequences in birds of sub lethal exposure to second generation anti-coagulant
rodenticides. 26th Annual SETAC North America Meeting, Baltimore, MD.

Morgan, D.R. and G.R. Wright. 1996. Environmental effects of rodent Talon baiting: Part I.
Monitoring for toxic residues. Science for Conservation, 38:5-11.

Mosher, S., A. Hebshi, K. Swift, P. Dunlevy, D. Vice, A. Wegmann, B. Jacobs, P. McClelland,

B. Thomas, K. Mate Traps and J. Gilardi. 2007. Rat eradication feasibility study 29 September -
27 October 2007. Draft report summarizing the work conducted to determine the feasibility and
approach for a full eradication of rats from Wake Atoll.

Musser, G.G. and M.D. Carleton. 2005. Superfamily Muroidea. In: Wilson, D.E. and D.M.
Reeder, Eds, Mammal Species of the World: A Taxonomic and Geographic Reference, 3rd
edition. The Johns Hopkins University Press, Baltimore, MD. pages 894—1531.

Nagy, K.A. 1987. Field metabolic rate and food requirements scaling in mammals and birds.
Ecological Monographs, 57:111-128.

Newton, K.M., M. McKown and D.A. Croll. 2014. Five Year Post Rat Eradication Monitoring
Report: Hawadax (formerly Rat) Island, Aleutian Archipelago, Alaska. Report to Island
Conservation, Santa Cruz, CA.

Page 71



Risk Assessment for Western Gull Exposure to Brodifacoum or Diphacinone on the South Farallon Islands
January 31, 2014

Nur, N., R.W. Bradley, D.E. Lee, P.M. Warzybok and J. Jahncke. 2012. Population Viability
Analysis of Western Gulls on the Farallon Islands in Relation to Potential Mortality Due to
Proposed House Mouse Eradication. Unpublished report to the US Fish and Wildlife Service.
PRBO Conservation Science, Petaluma, California. PRBO Contribution Number 1868.

Ogilvie, S.C., R.J. Pierce, G.R.G. Wright, L.H. Booth and C.T. Eason. 1997. Brodifacoum
residue analysis in water, soil, invertebrates, and birds after rat eradication on Lady Alice Island.
New Zealand Journal of Ecology, 21:195-197.

Parkes, J., P. Fisher and G. Forrester. 2011. Diagnosing the cause of failure to eradicate
introduced rodents on islands: brodifacoum versus diphacinone and method of bait delivery.
Conservation Evidence, 8: 100-106.

Penniman, T.M., M.C. Coulter, L.B. Spear and R.J. Boekelheide. 1990. Western gull. In: D.G.
Ainley and R.J. Boelkelheide, Eds, Seabirds of the Farallon Islands: Ecology, Dynamics and
Structure of an Upwelling System Community. Stanford University Press, Palo Alta, CA. Pages
218-244.

Pierotti, R. 1976. Sex roles, social structure, and the role of the environment in the western gull.
Master’s thesis, California State University, Sacramento, CA.

Pierotti, R. 1980. Spite and altruism in gulls. American Naturalist, 115:290-300.

Pierotti, R. 1981. Male and female parental roles in the western gull under different
environmental conditions. Auk, 98:532-549.

Pierotti, R. and C.A. Annett, 1991. Diet choice in the herring gull: Effects of constraints imposed
by reproduction and ecology. Ecology, 72:319-328.

Pierotti, R.J. and C.A. Annett. 1995. Western gull (Larus occidentalis). In: A. Poole, Ed, The
Birds of North America Online. Cornell Lab of Ornithology, Ithaca, NY.
http://bna.birds.cornell.edu/bna/species/174

Pitt, W.C., L.C. Driscoll and R.T. Sugihara. 2011. Efficacy of rodenticide baits for the control of
three invasive rodent species in Hawaii. Archives of Environmental Contamination and
Toxicology, 60:533-542.

Pott, M, and D. Grout. 2012. Results of a pilot gull hazing trial on the Farallon National Wildlife
Refuge. Island Conservation, Santa Cruz, CA.

Rattner, B.A., K.E. Horak, R. S. Lazarus, K.M. Eisenreich, C.U. Meteyer, S.F. Volker, C.M.
Campton, J.D. Eisemann and J.J. Johnston. 2012. Assessment of toxicity and potential risk of the

anticoagulant rodenticide diphacinone using Eastern screech-owls (Megascops asio).
Ecotoxicology, 21:832-846.

Page 72


http://bna.birds.cornell.edu/bna/species/174

Risk Assessment for Western Gull Exposure to Brodifacoum or Diphacinone on the South Farallon Islands
January 31, 2014

Rattner, B.A., K.E. Horak, S.E. Warner, D.D. Day and J.J. Johnston. 2010. Comparative toxicity
of diphacinone to northern bobwhite (Colinus virginianus) and American kestrels (Falco
sparverius). Proceedings of the 24" Vertebrate Pest Conference, 24:146-152.

Rattner, B.A., K.E. Horak, S.E. Warner, D.D. Day, C.U. Meteyer, S.F. Volker, J.D. Eisemann
and J.J. Johnston. 2011. Acute toxicity, histopathology, and coagulopathy in American kestrels

(Falco sparverius) following administration of the rodenticide diphacinone. Environmental
Toxicology and Chemistry, 30:1213-1222.

Salmon, T. and E. Paul. 2010. The Rat Island Eradication Project: A Critical Evaluation of Non-
target Mortality. The Ornithology Council, Bethesda, MD.

Samaniego-Herrera, A., A. Aguirre-Mufioz, G. Howald, M. Felix-Lizarraga, J. Valdez-
Villavicencio, R. Gonzalez-Gomez, F. Mendez-Sanchez, F. Torres-Garcia, M. Rodriguez-
Malagén, and B. Tershy. 2009. Eradication of black rats from Farallon de San Ignacio and San
Pedro Martir Islands, Gulf of California, Mexico. In: Proceedings of the 7th California Islands
Symposium. Institute for Wildlife Studies, Arcata, CA. Pages 337-347.

Slate, D., J. McConnell, M. Barden, R. Chipman, J. Janicke and C. Benuy. 2000. Controlling
gulls at landfills. Proceedings of the 19" Vertebrate Pest Conference, 19:68-76.

Snellen, C.L., P.J. Hodum and E. Fernandez-Juricic. 2007. Assessing western gull predation on
purple sea urchins in the rocky intertidal using optimal foraging theory. Canadian Journal of
Zoology, 85:221-231.

Sowls, A.L., A.R. Degange, J.W. Nelson and G.S. Lester. 1980. Catalog of California seabird
colonies. United States Fish and Wildlife Service, Slidell, LA. FWS/OBS 80/37.

Spear, L.B. 1988. Dispersal patterns of western gulls from Southeast Farallon Island. Auk,
105:128-141.

Stone, W.B., J.C. Okoniewski and J.R. Stedelin. 1999. Poisoning of wildlife with anticoagulant
rodenticides in New York. Journal of Wildlife Diseases, 35:187-193.

Suter, G.W., L.W. Barnthouse, S.M. Bartell, T. Mill, D. Mackay and S. Patterson. Ecological
Risk Assessment. Lewis Publishers, Chelsea, MI.

Taylor, R.H. 1993. The feasibility of rat eradication on Langara Island, British Columbia,
Canada. Report to the Canadian Wildlife Service, Ottawa, ON. 30 pp.

Taylor, R.H. and B.W. Thomas. 1989. Eradication of Norway rats (Rattus norvegicus) from
Hawea Island, Fiordland, using brodifacoum. New Zealand Journal of Ecology, 12:23-32.

Page 73



Risk Assessment for Western Gull Exposure to Brodifacoum or Diphacinone on the South Farallon Islands
January 31, 2014

Taylor, R.H. and B.W. Thomas. 1993. Rats eradicated from rugged Breaksea Island (170 ha),
Fiordland, New Zealand. Biological Conservation, 65:191-198.

Vyas, N.B. and B.A. Rattner. 2012. Critique on the use of the standardized avian acute
oral toxicity test for first generation anticoagulant rodenticides. Human and Ecological Risk
Assessment, 18:1069-1077.

Wanless, R.M., P. Fisher, J. Cooper, J. Parkes, P.G. Ryan and M. Slabber. 2008. Bait acceptance
by house mice: An island field trial. Wildlife Research, 35:806-811.

Warzybok, P., R. Bradley, D. Grout, R. Griffiths, M. Pott, W. Vickers, D. Milsaps and G.
McChesney. 2013. Evaluating the Use of Non-lethal Hazing Techniques to Minimize Potential
Exposure of Western Gulls to Rodenticide from a Proposed Rodent Eradication on the South
Farallon Islands. Island Conservation, Santa Cruz, CA.

Weber, P. 2001. Vitamin K and bone health. Nutrition, 17:880-887.

Wildlife International. 1979a. Forty-day LC50 - Laughing Gull, Technical Brodifacoum, Final
Report. Submitted to ICI Americas, Inc., Goldsboro, NC. Submitted by Wildlife International,
Inc., Easton, MD.

Wildlife International. 1979b. Forty-day Dietary LC50 - Laughing Gull, Masticated Rodent
Tissue Containing PP581, Final Report. Submitted to ICI Americas, Inc., Goldsboro, NC.
Submitted by Wildlife International, Inc., Easton, MD.

Witmer, G., J.D. Eisemann and G. Howald. 2007. The Use of Rodenticides for Conservation
Efforts. In: D.L. Nolte, W.M. Arjo and D.H. Stalman, Eds, Proceedings of the 12th Wildlife
Damage Management Conference, 12: 160-167.

World Health Organization. 1995. Anticoagulant rodenticides. World Health Organization,
Geneva, Switzerland. Environmental Health Criteria 175.

Page 74



Risk Assessment for Western Gull Exposure to Brodifacoum or Diphacinone on the South Farallon Islands

January 31, 2014

APPENDIX A - MODELING RESULTS FOR WESTERN GULLS EXPOSED TO BRODIFACOUM ON

THE FARALLON ISLANDS

Proportion of Time to Mean Total Number of
Date of Gulls Significant Number of Dead Mice Ingested Proportion of | Dead Gulls
Application Removed by Rainfall Applications Removed? Dose (mg Dead Gulls (#/11,000

Hazing Event (d) ai/kg bw) Gulls)
Nov 1 0.75 14 2 No 0.136 0.0431 474
Nov 8 0.75 14 2 No 0.369 0.121 1331
Nov 15 0.75 14 2 No 0.446 0.138 1516
Nov 22 0.75 14 2 No 0.589 0.187 2061
Nov 29 0.75 14 2 No 0.647 0.202 2221
Dec 6 0.75 14 2 No 0.654 0.203 2229
Dec 13 0.75 14 2 No 0.676 0.211 2319
Dec 20 0.75 14 2 No 0.674 0.210 2308
Nov 1 0.9 14 2 No 0.057 0.0184 202
Nov 8 0.9 14 2 No 0.141 0.0465 511
Nov 15 0.9 14 2 No 0.171 0.0540 594
Nov 22 0.9 14 2 No 0.236 0.0736 809
Nov 29 0.9 14 2 No 0.267 0.0818 900
Dec 6 0.9 14 2 No 0.264 0.0811 892
Dec 13 0.9 14 2 No 0.278 0.0860 945
Dec 20 0.9 14 2 No 0.262 0.0827 909
Nov 1 0.95 14 2 No 0.0294 0.00927 101
Nov 8 0.95 14 2 No 0.0765 0.0249 273
Nov 15 0.95 14 2 No 0.0876 0.0276 303
Nov 22 0.95 14 2 No 0.121 0.0382 420
Nov 29 0.95 14 2 No 0.127 0.0396 435
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Proportion of Time to Mean Total Number of
Date of Gulls Significant Number of Dead Mice Ingested Proportion of | Dead Gulls
Application Removed by Rainfall Applications Removed? Dose (mg Dead Gulls (#/11,000

Hazing Event (d) ai’kg bw) Gulls)
Dec 6 0.95 14 2 No 0.129 0.0403 442
Dec 13 0.95 14 2 No 0.130 0.0409 449
Dec 20 0.95 14 2 No 0.132 0.0418 460
Nov 1 0.98 14 2 No 0.0131 0.00390 42
Nov 8 0.98 14 2 No 0.0279 0.00913 100
Nov 15 0.98 14 2 No 0.0364 0.0110 121
Nov 22 0.98 14 2 No 0.0483 0.0150 165
Nov 29 0.98 14 2 No 0.0499 0.0159 174
Dec 6 0.98 14 2 No 0.0543 0.0169 186
Dec 13 0.98 14 2 No 0.0527 0.0165 181
Dec 20 0.98 14 2 No 0.0544 0.0169 185
Nov 1 0.75 30 2 No 0.586 0.182 2002
Nov 8 0.75 30 2 No 0.706 0.207 2275
Nov 15 0.75 30 2 No 0.778 0.221 2425
Nov 22 0.75 30 2 No 0.811 0.226 2488
Nov 29 0.75 30 2 No 0.861 0.236 2594
Dec 6 0.75 30 2 No 0.849 0.233 2565
Dec 13 0.75 30 2 No 0.852 0.235 2580
Dec 20 0.75 30 2 No 0.865 0.237 2611
Nov 1 0.9 30 2 No 0.234 0.0718 790
Nov 8 0.9 30 2 No 0.285 0.0844 928
Nov 15 0.9 30 2 No 0.316 0.0899 988
Nov 22 0.9 30 2 No 0.331 0.0922 1014
Nov 29 0.9 30 2 No 0.343 0.0947 1042
Dec 6 0.9 30 2 No 0.341 0.0933 1025
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Proportion of Time to Mean Total Number of
Date of Gulls Significant Number of Dead Mice Ingested Proportion of | Dead Gulls
Application Removed by Rainfall Applications Removed? Dose (mg Dead Gulls (#/11,000

Hazing Event (d) ai’kg bw) Gulls)
Dec 13 0.9 30 2 No 0.336 0.0928 1020
Dec 20 0.9 30 2 No 0.348 0.0947 1041
Nov 1 0.95 30 2 No 0.115 0.0357 393
Nov 8 0.95 30 2 No 0.142 0.0416 457
Nov 15 0.95 30 2 No 0.152 0.0432 475
Nov 22 0.95 30 2 No 0.163 0.0452 496
Nov 29 0.95 30 2 No 0.167 0.0459 504
Dec 6 0.95 30 2 No 0.169 0.0461 507
Dec 13 0.95 30 2 No 0.166 0.0456 501
Dec 20 0.95 30 2 No 0.173 0.0479 527
Nov 1 0.98 30 2 No 0.0486 0.0149 163
Nov 8 0.98 30 2 No 0.0610 0.0182 200
Nov 15 0.98 30 2 No 0.0579 0.0166 182
Nov 22 0.98 30 2 No 0.0712 0.0200 220
Nov 29 0.98 30 2 No 0.0690 0.0189 207
Dec 6 0.98 30 2 No 0.0657 0.0180 198
Dec 13 0.98 30 2 No 0.0643 0.0174 191
Dec 20 0.98 30 2 No 0.0698 0.0190 209
Nov 1 0.75 99 2 No 1.02 0.248 2725
Nov 8 0.75 99 2 No 1.05 0.252 2772
Nov 15 0.75 99 2 No 1.04 0.245 2696
Nov 22 0.75 99 2 No 1.05 0.249 2743
Nov 29 0.75 99 2 No 1.05 0.248 2730
Dec 6 0.75 99 2 No 1.03 0.243 2678
Dec 13 0.75 99 2 No 1.03 0.246 2702
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Proportion of Time to Mean Total Number of
Date of Gulls Significant Number of Dead Mice Ingested Proportion of | Dead Gulls
Application Removed by Rainfall Applications Removed? Dose (mg Dead Gulls (#/11,000

Hazing Event (d) ai’kg bw) Gulls)
Dec 20 0.75 99 2 No 1.03 0.247 2719
Nov 1 0.9 99 2 No 0.409 0.0990 1089
Nov 8 0.9 99 2 No 0.424 0.102 1119
Nov 15 0.9 99 2 No 0.416 0.0993 1091
Nov 22 0.9 99 2 No 0.411 0.0969 1065
Nov 29 0.9 99 2 No 0.431 0.102 1117
Dec 6 0.9 99 2 No 0.426 0.102 1117
Dec 13 0.9 99 2 No 0.409 0.0970 1066
Dec 20 0.9 99 2 No 0.412 0.0983 1081
Nov 1 0.95 99 2 No 0.196 0.0479 526
Nov 8 0.95 99 2 No 0.210 0.0507 557
Nov 15 0.95 99 2 No 0.202 0.0475 522
Nov 22 0.95 99 2 No 0.201 0.0482 530
Nov 29 0.95 99 2 No 0.213 0.0504 554
Dec 6 0.95 99 2 No 0.206 0.0488 537
Dec 13 0.95 99 2 No 0.212 0.0500 550
Dec 20 0.95 99 2 No 0.206 0.0503 553
Nov 1 0.98 99 2 No 0.0863 0.0210 231
Nov 8 0.98 99 2 No 0.0791 0.0193 212
Nov 15 0.98 99 2 No 0.0826 0.0200 219
Nov 22 0.98 99 2 No 0.0883 0.0205 225
Nov 29 0.98 99 2 No 0.0815 0.0194 213
Dec 6 0.98 99 2 No 0.0850 0.0202 222
Dec 13 0.98 99 2 No 0.0769 0.0186 204
Dec 20 0.98 99 2 No 0.0793 0.0192 211
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Proportion of Time to Mean Total Number of
Date of Gulls Significant Number of Dead Mice Ingested Proportion of | Dead Gulls
Application Removed by Rainfall Applications Removed? Dose (mg Dead Gulls (#/11,000
Hazing Event (d) ai’kg bw) Gulls)
Sensitivity Analysis”
Nov 29 0.9 30 1 No 0.0332 0.0198 217
Nov 29 0.9 30 2 Yes 0.330 0.0918 1009

* These results were included to emphasize the effects that alterations of inputs have on the model
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APPENDIX B - MODELING RESULTS FOR WESTERN GULLS EXPOSED TO DIPHACINONE ON

THE FARALLON ISLANDS

Proportion of Time to Mean Total Proportion Number of
Date of Gulls Significant Number of Dead Mice Ingested of Dead Dead Gulls
Application Removed by Rainfall Applications Removed? Dose (mg Gulls (#/11,000
Hazing Event (d) ai/kg bw) Gulls)

Nov 1 0.75 96 3 No 31.1 0.250 2750
Nov 8 0.75 96 3 No 31.9 0.251 2765
Nov 15 0.75 96 3 No 32.5 0.253 2781
Nov 22 0.75 96 3 No 31.8 0.247 2713
Nov 29 0.75 96 3 No 31.7 0.248 2731
Dec 6 0.75 96 3 No 31.4 0.246 2708
Dec 13 0.75 96 3 No 31.4 0.249 2742
Dec 20 0.75 96 3 No 30.8 0.246 2709
Nov 1 0.9 96 3 No 12.3 0.0996 1095
Nov 8 0.9 96 3 No 12.8 0.101 1108
Nov 15 0.9 96 3 No 12.7 0.0989 1088
Nov 22 0.9 96 3 No 12.2 0.0953 1047
Nov 29 0.9 96 3 No 12.7 0.0982 1080
Dec 6 0.9 96 3 No 13.0 0.101 1115
Dec 13 0.9 96 3 No 12.5 0.0991 1090
Dec 20 0.9 96 3 No 12.6 0.0997 1096
Nov 1 0.95 96 3 No 5.97 0.0484 532

Nov 8 0.95 96 3 No 6.15 0.0485 533

Nov 15 0.95 96 3 No 6.29 0.0489 537

Nov 22 0.95 96 3 No 6.34 0.0500 550

Nov 29 0.95 96 3 No 6.35 0.0499 548
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Proportion of Time to Mean Total Proportion Number of
Date of Gulls Significant Number of Dead Mice Ingested of Dead Dead Gulls
Application Removed by Rainfall Applications Removed? Dose (mg Gulls (#/11,000
Hazing Event (d) ai/kg bw) Gulls)
Dec 6 0.95 96 3 No 6.36 0.0500 550
Dec 13 0.95 96 3 No 6.49 0.0510 561
Dec 20 0.95 96 3 No 6.36 0.0505 555
Nov 1 0.98 96 3 No 2.54 0.0201 220
Nov 8 0.98 96 3 No 2.65 0.0205 225
Nov 15 0.98 96 3 No 2.36 0.0183 201
Nov 22 0.98 96 3 No 2.51 0.0199 218
Nov 29 0.98 96 3 No 2.50 0.0198 217
Dec 6 0.98 96 3 No 2.51 0.0194 213
Dec 13 0.98 96 3 No 2.68 0.0207 227
Dec 20 0.98 96 3 No 2.31 0.0185 203
Sensitivity Analysis”
Nov 29 0.75 96 1 No 0.0691 0.0205 225
Nov 29 0.75 96 2 No 3.20 0.100 1098
Nov 29 0.75 96 3 Yes 12.8 0.100 1100

? These results were included to emphasize the effects that alterations of inputs have on the model
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APPENDIX C — SENSITIVITY ANALYSIS FOR BRODIFACOUM MODEL

Number of
. . Mean Total Proportion | Dead Gulls
Varied Parameter Value Units Ingest-ed Dose Dead Gulls (#/11,000
(mg ai/kg bw) Gulls)
Nov 1 0.234 0.0718 790
Nov 8 0.285 0.0844 928
Nov 15 0.316 0.0899 988
Application Date Nov 22 0.331 0.0922 1014
Nov 29 0.343 0.0947 1042
Dec 6 0.341 0.0933 1025
Dec 13 0.336 0.0928 1020
Dec 20 0.348 0.0947 1041
5 days 0.320 0.0887 975
Applications Interval 12 days 0.343 0.0947 1042
21 days 0.340 0.0932 1024
Number of 1 0.0332 0.0198 217
Applications 2 0.343 0.0947 1042
0.75 0.861 0.236 2594
Hazing Effectiveness 0.9 0.343 0.0947 1042
0.95 0.167 0.0459 504
0.98 0.0690 0.0189 207
0.5 days 0.364 0.0952 1046
Pellet Half-life 1 days 0.343 0.0947 1042
2 days 0.342 0.0934 1027
Time to Significant 14 days 0.267 0.0818 900
Rainfall Event After 30 days 0.343 0.0947 1042
2nd Application 99 days 0.431 0.102 1117
Mean (SD) 2.71 (0.7) | mg/kg ww 0.333 0.0920 1012
lf/[‘;lsgemm“on in 49(126) | mgkgww | 0343 0.0947 1042
Daily Probability of 0.01 0.333 0.0914 1005
Consuming Mice 0.125 0.343 0.0947 1042
Prior to Brodifacoum
Application 0.15 0.334 0.0923 1015
Daily Probability of
Consuming Pellets 0.22 0.316 0.0901 991
Following
Brodifacoum 0.25 0.343 0.0947 1042
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. . Mean Total Proportion g:illbél;l(;z
Varied Parameter Value Units Ingest.ed Dose Dead Gulls (#/11,000
(mg ai/’kg bw) Gulls)
Application
Conditional 0.5 0.337 0.0926 1018
Probability for 0.7 0.342 0.0945 1039
Consuming Mice 0.9 0.343 0.0947 1042
Probability for 0.7 0.309 0.0947 1041
Consuming Pellets 0.9 0.343 0.0947 1042
Proportion of Mouse 0.87 0.343 0.0947 1042
Population Below 0.935 0.343 0.0954 1049
Ground Following
Onset of Symptoms 1 0.339 0.0946 1040
0.26 mg/kg bw 0.343 0.0947 1042
LD50 0.424 mg/kg bw 0.336 0.0916 1007
0.588 mg/kg bw 0.332 0.0879 966
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APPENDIX D — SENSITIVITY ANALYSIS FOR DIPHACINONE MODEL

. . Mean Total Proportion g:;?lbls;r?lz
Varied Parameter | Value Units Ingest.ed Dose Dead Gulls (#/11,000
(mg ai/kg bw) birds)
Nov 1 12.3 0.0996 1095
Nov 8 12.8 0.101 1108
Nov 15 12.7 0.0989 1088
Application Date Nov 22 12.2 0.0953 1047
Nov 29 12.7 0.0982 1080
Dec 6 13.0 0.101 1115
Dec 13 12.5 0.0991 1090
Dec 20 12.6 0.0997 1096
3 days 16.2 0.0985 1083
Applications Interval 7 days 12.7 0.0982 1080
10 days 12.8 0.101 1114
1 0.0691 0.0205 225
Number of 2 3.20 0.0999 1098
Applications
3 12.7 0.0982 1080
0.75 31.7 0.248 2731
Hazing 0.9 12.7 0.0982 1080
Effectiveness 0.95 6.35 0.0499 548
0.98 2.50 0.0198 217
0.5 days 14.9 0.0984 1082
Pellet Half-life 1 days 12.7 0.0982 1080
2 days 13.1 0.102 1126
Mean (SD) 30 (7.5) | mg/kg ww 13.0 0.101 1114
ﬁ‘;ﬁgentrauon in ?115 me/kg ww 12.7 0.0982 1080
Daily Probability of 0.01 12.8 0.100 1101
Consuming Mice 0.125 12.7 0.0982 1080
Prior to Diphacinone
Application 0.15 12.4 0.0971 1068
Daily Probability of . 12.0 0.0969 1066
Consuming Pellets
Following
Diphacinone 0.25 12.7 0.0982 1080
Application
Conditional 0.5 12.7 0.0994 1093
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. . Mean Total Proportion g:;:libl;;rgz
Varied Parameter | Value Units Ingest.ed Dose Dead Gulls (#/11,000
(mg ai’kg bw) birds)
Probability for 0.7 13.3 0.103 1130
Consuming Mice 0.9 12.7 0.0982 1080
Conditional 0.5 11.6 0.101 1115
Probability for 0.7 11.6 0.100 1103
Consuming Pellets 0.9 12.7 0.0982 1080
Proportion of Mouse 0 12.6 0.0982 1080
Population Below 0.87 12.7 0.0982 1080
Ground Following
Onset of Symptoms 1 12.8 0.100 1103
0.82 mg/kg bw 12.7 0.0982 1080
LD50 4891 | mg/kgbw 12.9 0.0987 1085
97 mg/kg bw 12.7 0.0695 764
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ARTHUR CARHART NATIONAL WILDERNESS TRAINING CENTER

MINIMUM REQUIREMENTS
DECISION GUIDE

WORKBOOK

“...except as necessary to meet minimum requirements for the administration of the
area for the purpose of this Act...”
-- The Wilderness Act of 1964

Eradication of Invasive House Mice on the South
Project Title: Farallon Islands

MRDG Step 1: Determination
Determine if Administrative Action is Necessary

Description of the Situation
What is the situation that may prompt administrative action?

The house mouse (Mus musculus), a non-native, invasive species, occurs on the South
Farallon Islands (hereafter, Farallon Islands or Farallones), part of the Farallon Islands
National Wildlife Refuge off the central California coast. Mice were introduced by 19th century
visitors to the islands. All of the islands, except the largest and only inhabited island,
Southeast Farallon Island, are included in the Farallon Wilderness. The Farallon Wilderness
was designated by Congress in 1974. P.L. 93-550, Title 1, §101, 102, 88 Stat. 174 (1974).
The Farallon Wilderness comprises about 141 acres, of which about 50 acres or 35% are
infested with house mice.

The mice occur both inside and outside the Farallon Wilderness. The Farallones host a
unique island ecosystem that includes populations of about 350,000 birds of 13 species
including about half of the world population of the rare ashy storm-petrel (Oceanodroma
homochroa), as well as the endemic Farallon arboreal salamander (Aneides lugubris
farallonensis) and the endemic Farallon camel cricket (Farallonophilus cavernicolus). The
Refuge is closed to the public.
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House mice are adversely impacting the native Farallon ecosystem, including ashy storm-
petrels, salamanders, crickets, other terrestrial invertebrates, and plants. The nature and
extent of these impacts are explained in the accompanying South Farallon Islands House
Mouse Eradication Project Final Environmental Impact Statement (FEIS).

The purpose of this analysis is to determine if management action to address the impacts of
invasive house mice is necessary in wilderness in order to preserve wilderness character and
administer the Farallon Wilderness for wilderness purposes (Step 1) and, if so, what the
minimum required action is (Step 2). Results of this analysis will be used to help select a
Preferred Alternative in the FEIS.

Options Outside of Wilderness
Can action be taken outside of wilderness that adequately addresses the situation?

[1YES STOP - DO NOT TAKE ACTION IN WILDERNESS
NO EXPLAIN AND COMPLETE STEP 1 OF THE MRDG

Explain:
Actions taken outside the wilderness will not adequately address the situation.

Invasive house mice occur and are impacting the Farallon ecoystem both inside and outside
the wilderness. If measures were taken to remove mice only from outside the wilderness,
invasive mice and their impacts would remain in wilderness. While eradication of house mice
only outside the wilderness (Southeast Farallon Island) would have benefits temporarily,
narrow channels separating the wilderness from non-wilderness can easily be crossed by
mice, reintroducing them to Southeast Farallon Island from the wilderness.

Criteria for Determining Necessity
Is action necessary to meet any of the criteria below?

A. Valid Existing Rights or Special Provisions of Wilderness Legislation
Is action necessary to satisfy valid existing rights or a special provision in wilderness
legislation (the Wilderness Act of 1964 or subsequent wilderness laws) that requires
action? Cite law and section.

L] YES NO

Explain:
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There are no valid existing rights in the Farallon Wilderness. The eradication of invasive
house mice is not being proposed to satisfy any special statutory provision related to the
designation of the Farallon Wilderness.

Section 4.(d)(1) of the Wilderness Act states that, "In addition, such measures may be
taken as may be necessary in the control of fire, insects, and diseases, subject to such
conditions as the Secretary deems desirable." Service wilderness policy states that we will
follow an integrated pest management (IPM) approach to prevent, control, or eradicate
invasive species, pests, and diseases. While these laws and policies authorize action to
eradicate invasive species, they do not require the Service to act. Specific actions that
may be taken will be identified and evaluated in Step 2.

B. Requirements of Other Legislation
Is action necessary to meet the requirements of other federal laws? Cite law and section.

0 YES NO

Explain:
There are no federal statutes that specifically require management action in the Farallon
Wilderness to address invasive mice. However, Executive Orders have the force of law in
providing direction to federal agencies. Executive Order 13112 (February 3, 1999) titled
Invasive Species states that federal agencies shall, to the extent practicable, detect non-
native invasive species, respond rapidly to infestations, and provide for restoration of native
species and habitat conditions in ecosystems that have been invaded. It also directs the
creation of a federal invasive species council, the development of a national Invasive
Species Management Plan and Invasive Species information clearinghouse, and the
participation of federal agencies in the council and to implement the Invasive Species
Management Plan.

C. Wilderness Character
Is action necessary to preserve one or more of the five qualities of wilderness character?

UNTRAMMELED
O YES NO

Explain:

It is not necessary to take action to preserve this quality. The definition of the Untrammeled
quality is the lack of manipulation or control of natural processes by humans, which if
allowed to occur, would eventually affect wilderness character. This quality is typically
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preserved when no action is taken to control, hinder, or manipulate the natural functioning
of the ecosystem.

Any treatment to prevent or address the invasive mouse infestation would be a
manipulation of the natural processes of wilderness, and a trammeling, even though the
house mouse is non-native and treatment may ultimately help restore natural conditions.
The potential impacts of any proposed treatment methods will be addressed in the Step 2
alternatives.

UNDEVELOPED
O YES NO

Explain:
It is not necessary to take action to preserve this quality. Preserving this quality keeps
areas free from “expanding settlement and growing mechanization” and “with the imprint of
man’s work substantially unnoticeable” and without structures, installations, temporary or
permanent roads, or use of motorized equipment, mechanical transport, or landing or
aircraft as required by the Wilderness Act. The Undeveloped quality is preserved when
wilderness retains its "primeval character and influence," and is essentially "without
permanent improvements" or modern human occupation.

There is no need to take action to prevent adverse impacts to the Undeveloped quality
from installations, structures, motorized equipment, or the use mechanical transport
devices. The potential impacts of any proposed treatment methods will be addressed in the
Step 2 alternatives.

NATURAL
YES [INO

Explain:
It is necessary to take action to preserve this quality. The Wilderness Act states that a
wilderness area is to be "protected and managed so as to preserve its natural conditions"
meaning that wilderness ecological systems are substantially free from the effects of
modern civilization. To preserve this quality and address the conservation public purposes
of wilderness, it may be necessary to take action to correct unnatural conditions even if
they were present at the time of designation. Any impacts resulting from the influence of
modern civilization, such as by invasive house mice, affect both the Natural quality of
wilderness character and the conservation public purposes of the Farallon Wilderness.

MRDG 12/15/16
Step 1: Determination 4



Farallon Mouse Eradication Project — Wilderness MRDG

Since humans introduced house mice to the South Farallones, they have influenced the
islands’ natural ecosystem. The influence of house mice has altered the abundance of
certain native species on the islands and thereby reduced the influence of natural forces in
the wilderness. The removal of mice would reverse the degradation caused by mice to the
Natural quality of wilderness and allow the Farallon Wilderness to be more influenced by
natural forces.

SOLITUDE OR PRIMITIVE & UNCONFINED RECREATION
O YES NO

Explain:
It is not necessary to take action to preserve this quality. The Wilderness Act defines
wilderness as having “outstanding opportunities for solitude or a primitive and unconfined
type of recreation.” This quality is preserved when the opportunity for people to experience
wilderness in terms of the visitor's sense of solitude, and their expectation for an
undeveloped environment with minimal restrictions is available. Because the Farallon
Islands National Wildlife Refuge, including the Farallon Wilderness, is closed to the public,
no actions are necessary to preserve opportunities for solitude and primitive recreation. In
the same vein, the closure of the refuge to public visitation means that the recreational
purpose of the Farallon wilderness in subordinate to other wilderness purposes.

OTHER FEATURES OF VALUE AND WILDERNESS PURPOSES
YES [ONO

Explain:
FEATURES OF VALUE:
Action is necessary to preserve other features of value in the Farallon Wilderness.

The Farallon Islands National Wildlife Refuge was established by Executive Order 1043 in
1909 as a "...preserve and breeding ground for native birds.” The Refuge was expanded in
1969 to include the South Farallon islands.

In the early 1970s, the Service evaluated whether any lands within the refuge were suitable
for wilderness designation. The Farallon Wilderness proposal forwarded to Congress
recognized that “...wilderness designation of all or part of this refuge would be entirely
compatible with the purposes for which it was established, and would be in keeping with
the existing management objective of preserving physical and biological qualities in a
natural condition for optimum wildlife use and productivity.” Legislation establishing the
Farallon Wilderness was enacted in 1974. The Senate Report accompanying the Farallon
Wilderness bill cited the importance of the refuge as a nesting area for 11 species of sea
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birds including Cassin’s auklet, western gulls, ashy storm petrels and the largest cormorant
colony complex on the Pacific Coast outside Alaska. The presence of many native plant
species and haul out sites for pinnipeds also contributed to the wilderness designation of
the islands. S.Rep. 93-1221 (Oct. 4, 1974). The importance of the Farallon Islands as a
preserve and breeding site for seabirds and other native species is therefore a feature of
value for the Farallon Wilderness.

The South Farallon Islands host the largest breeding colony of seabirds in the contiguous
United States, including about 50% of the rare ashy storm-petrel population, which is
adversely impacted by mouse presence on the Farallones. While the Service found that
listing the ashy storm-petrel under the Endangered Species Act is not warranted, the
species is listed as a Service Bird of Conservation Concern and by the State of California
as a Bird Species of Special Concern. The Refuge’s Comprehensive Conservation Plan
(CCP) identified the eradication of house mice as an important conservation action for the
Service to undertake to preserve the islands’ ashy storm-petrels and other native resources
and indicated that the Service would initiate a step-down planning process to consider
eradication methods.

WILDERNESS PURPOSES:

This history discussed above underscores the fact that conservation of native species is an
important purpose behind the establishment of the Farallon Wilderness. In the current
context, the Service has determined that conservation of native species is of greater
importance that the other public purposes of wilderness (e.g., scenic, scientific,
educational, recreational and historical) because of the degree to which non-native mice
adversely impact the integrity, diversity and health of the refuge. While any feasible
eradication effort will result in temporary impacts to all aspects of wilderness character
through the deployment of personnel and tools and the use of rodenticide, myriad long-
term benefits will result. The eradication of mice will remove the visual presence of a non-
native species; enhance the natural quality of wilderness and its special features by
restoring native species habitat and removing unnatural predator-prey relationships; and
support scientific and educational opportunities through the re-establishment of more
natural ecosystem dynamics.

Step 1 Determination
Is administrative action necessary in wilderness?

Criteria for Determining Necessity

A. Existing Rights or Special Provisions LI YES NO
B. Requirements of Other Legislation L YES NO

MRDG 12/15/16
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C. Wilderness Character

Untrammeled L1 YES NO
Undeveloped 1 YES NO
Natural YES I NO
Solitude/Primitive/Unconfined L1 YES NO
Other Features of Value YES 1 NO

Is administrative action necessary in wilderness?

YES EXPLAIN AND PROCEED TO STEP 2 OF THE MRDG
[INO  STOP - DO NOT TAKE ACTION IN WILDERNESS

Explain:
Some type of action is necessary in wilderness to address the threat of invasive house mice
both within and outside the Farallon Wilderness. Non-native house mice negatively impact the
Natural conditions and special features of the Farallon Wilderness, including native birds,
salamanders, invertebrates, and plants. Because of the ease with which mice could re-infest
non-wilderness areas, eradication only in non-wilderness portions of the refuge would not
preserve the Natural quality of wilderness or the area’s special features of value. Taking no
action in wilderness to eliminate the adverse effects of mice is incompatible with the
conservation purpose of the Farallon Wilderness.

MRDG 12/15/16
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MRDG Step 2

Determine the Minimum Activity

Other Direction
Is there “special provisions” language in legislation (or other Congressional direction) that
explicitly allows consideration of a use otherwise prohibited by Section 4(c)?

AND/OR

Has the issue been addressed in agency policy, management plans, species recovery plans,
or agreements with other agencies or partners?

YES DESCRIBE OTHER DIRECTION
[1NO SKIP AHEAD TO TIME CONSTRAINTS BELOW

Describe Other Direction:

There is no special provision language in legislation or other Congressional direction that
explicitly allows consideration of a prohibited use for management of invasive species such
as house mice in the Farallon Wilderness. However, Section 4(d)(1) of the Wilderness Act
states that, "In addition, such measures may be taken as may be necessary in the control of
fire, insects, and diseases, subject to such conditions as the Secretary deems desirable." This
provision applies to actions that may be taken for management of invasive species such as
house mice.

Fish & Wildlife Service (Service) policy (610 FW 2) provides that native wildlife and plants are
essential components of wilderness. This policy permits management of invasive species,
pests, and diseases in wilderness when: 1) we have demonstrated that they have degraded
or there is a high probability they will degrade the biological integrity, diversity, environmental
health, or wilderness character of a wilderness area; 2) they pose a significant threat to the
health of humans, and the U.S. Public Health Service (which includes the Centers for Disease
Control) has advised us to control them; or 3) we have demonstrated that they pose a
significant threat to the health of fish, wildlife, plants, or their habitats.

When natural ecosystem processes have been altered by invasive species, Service policy
authorizes action to eradicate invasive species and restore biological integrity and wilderness
character, provided that the action is the minimum required to administer the wilderness and
achieve refuge purposes. For eradication actions involving chemical treatments, Service
policy directs the Service to select the agent that will have the least impact on non-target
species and the wilderness environment.

MRDG 12/15/16
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Time Constraints
What, if any, are the time constraints that may affect the action?

Efficacy of mouse eradication is greatest when the mouse population is at or near an annual
low, or at least when breeding activity is low to nonexistent. To minimize impacts to non-
target wildlife, eradication is best when potential non-target populations are at or near annual
minimums. The mouse population crashes in late fall or early winter and reaches an annual
minimum between mid-winter and early spring. Research has shown that mouse breeding
activity nearly ceases in November. Potential non-target populations are at annual lows in
early to mid-fall but remain at relatively low levels through late fall.

Based on available information, the best timing for high eradication efficacy and minimizing
non-target impacts is in October-December, with preferred timing in November-December.

Components of the Action
What are the discrete components or phases of the action?

Component X:  Example: Transportation of personnel to the project site

Component 1:  Application of rodenticide.

Component 2:  Transportation of personnel, supplies and equipment.

Component 3:  Gull hazing tools, tent camp.

Component 4:  Condition of the site after project completion.

Proceed to the alternatives.

Refer to the MRDG Instructions regarding alternatives and the effects to each of the
comparison criteria.

MRDG 12/15/16
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MRDG Step 2: Alternatives

Alternative 1: No Action

Description of the Alternative
What are the details of this alternative? When, where, and how will the action occur? What
mitigation measures will be taken?

If this alternative was selected, mice would not be eradicated and they would continue to
impact the natural character and special features of value of the Farallon Wilderness. Other
ongoing invasive species management programs on the Refuge would continue. The Service
currently conducts limited manual control of invasive plants in the wilderness. The Service
would also continue management activities focused on protecting and restoring storm-petrel
breeding habitats, but this activity is limited to non-wilderness areas. If mice were allowed to
remain on the islands, ongoing negative impacts are anticipated affecting seabird, plant,
salamander and terrestrial invertebrate populations. The population decline seen in ashy
storm-petrels is expected to continue, and impacts to the similar Leach’s storm-petrel
(Oceanodroma leucorhoa) are likely to continue. Continued suppression of the islands’
invertebrate populations is anticipated and potential increases in the abundance and
distribution of endemic Farallon arboreal salamanders and endemic Farallon camel crickets
would not be seen. Native plant species including the maritime goldfield would continue to be
impacted by foraging by mice.

It is believed that the continued presence of house mice on the Farallones would compromise
the effectiveness of future ecosystem restoration efforts. Mice present an obstacle to the
Service facilitating ecological adaptation in the face of accelerated global climate change.
Biosecurity measures planned to prevent the arrival of more invasive vertebrates would be
hampered by the presence of mice since they can mask the ability to detect other rodent
invasions. Taking No Action to address the effects of non-native mice would be contrary to
the purpose of the Refuge as a reserve for native birds and other Service policies for
conservation and restoration of natural biodiversity, removal of invasive species, and
management of the natural character and special features of value of wilderness.

MRDG 12/15/16
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Component Activities
How will each of the components of the action be performed under this alternative?

Component of the Action Activity for this Alternative

X | Example: Transportation of personnel to Example: Personnel will travel by
the project site horseback

1 | Application of rodenticide. No bait application will occur.

2 | Transportation of personnel, supplies and No transportation of personnel, supplies

equipment. and equipment for eradication purposes will
occur.
3 | Gull hazing tools, tent camp. No gull hazing tools will be used.
4 | Condition of the site after project Condition of the site will be unchanged;
completion. house mice are still present.

Wilderness Character
What is the effect of each component activity on the qualities of wilderness character? What
mitigation measures will be taken?

UNTRAMMELED
Component Activity for this Alternative Positive | Negative | No Effect
X | Example: Personnel will travel by horseback O O
1 | No bait application will occur. ] ]
2 | No transportation of personnel, supplies and O O
equipment will occur.
3 | No gull hazing tools will be used. O O
4 | Condition of the site will be unchanged; house mice ] 0
are still present.
Total Number of Effects 0 0 NE
Untrammeled Total Rating 0
Explain:

Untrammeled is defined as free from the action of modern human control or manipulation.
The No Action alternative would not affect the untrammeled character of the wilderness
because no action would be taken in the wilderness and the presence of mice does not
constitute human control or manipulation.

MRDG 12/15/16
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UNDEVELOPED

Component Activity for this Alternative Positive | Negative | No Effect

X | Example: Personnel will travel by horseback U] (]

1 | No bait application will occur. O O]

2 | No transportation of personnel, supplies and O (]
equipment for eradication purposes will occur.

3 | No gull hazing tools will be used. O [

4 | Condition of the site will be unchanged; house mice O O
are still present.

Total Number of Effects 0 0 NE

Undeveloped Total Rating 0

Explain:

The presence of mice does not affect the undeveloped character of the wilderness.

Therefore, because no action would be taken in the wilderness, the No Action alternative
would have no impact to this wilderness component.

NATURAL

Component Activity for this Alternative Positive | Negative | No Effect

X | Example: Personnel will travel by horseback O ]

1 | No bait application will occur. ] ]

2 | No transportation of personnel, supplies and O L]
equipment for eradication purposes will occur.

3 | No gull hazing tools will be used. O [

4 | Condition of the site will be unchanged; house mice O L
are still present.

Total Number of Effects 0 -1 NE

Natural Total Rating -1

Explain:

Under the No Action alternative, mice would not be eradicated from the South Farallon
Islands. Mice alter the natural character of wilderness by impacting native species including
ashy storm-petrels, arboreal salamanders, Farallon camel crickets and other invertebrates,
and maritime goldfields and other native plants. Under this alternative, the negative impacts
of mice on the natural character of wilderness would continue.
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SOLITUDE OR PRIMITIVE & UNCONFINED RECREATION

Component Activity for this Alternative Positive | Negative | No Effect

X | Example: Personnel will travel by horseback U] (]

1 | No bait application will occur. O O]

2 | No transportation of personnel, supplies and O (]
equipment for eradication purposes will occur.

3 | No gull hazing tools will be used. O [

4 | Condition of the site will be unchanged; house mice O O
are still present.

Total Number of Effects 0 0 NE

Solitude or Primitive & Unconfined Rec. Total Rating 0

Explain:

The refuge is closed to public visitation. The presence of mice does not affect solitude or
unconfined recreation in the wilderness. Therefore, the No Action alternative would have no
impact on this wilderness character.

OTHER FEATURES OF VALUE

Component Activity for this Alternative Positive | Negative | No Effect

X | Example: Personnel will travel by horseback U 0

1 | No bait application will occur. Ol O

2 | No transportation of personnel, supplies and O O]
equipment for eradication purposes will occur.

3 | No gull hazing tools will be used. [l (]

4 | Condition of the site will be unchanged; house mice ] O
are still present.

Total Number of Effects 0 -1 NE

Other Features of Value Total Rating -1

Explain:

The importance of the Farallon Islands as a preserve and breeding site for seabirds and other
native species is a feature of value for the Farallon Wilderness. Relatedly, conservation of
native species is one of the purposes for which the Farallon Wilderness was established.

By not removing invasive house mice, mice would continue to impact the ashy storm-petrel, a
Service Bird Species of Conservation Concern of which nearly 50% of the world population
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occurs on the South Farallones. Other unique wildlife species, including the Farallon arboreal
salamander and Farallon camel cricket, would also continue to be impacted. These impacts
would continue for the foreseeable future.

Summary Ratings for Alternative 1

Wilderness Character

Untrammeled 0
Undeveloped 0
Natural -1
Solitude or Primitive & Unconfined Recreation 0
Other Features of Value -1
Wilderness Character Summary Rating -2

" Note that impacts scores are an unweighted tabulation of the number of effects to wilderness character
and thus do not reflect the overall differences in positive and negative impacts to wilderness character
between alternatives. The relative importance of each impact is addressed in the narrative portions of the
MRDG.
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MRDG Step 2: Alternatives

Description of the Alternative
What are the details of this alternative? When, where, and how will the action occur? What
mitigation measures will be taken?

Alternative 2: Brodifacoum 25-D Conservation, non-mechanical hazing methods

In Alternative 2, house mice would be eradicated from the South Farallones using an aerial
(helicopter) application of Brodifacoum-25D Conservation rodent bait pellets as the primary
application method. Brodifacoum-25D Conservation is a compressed cereal grain pellet that
weighs approximately 0.35 oz (1 g). The pellet contains 25 ppm or 0.0025 percent
brodifacoum, a second-generation anticoagulant. Pellets are dyed green to make them less
attractive to birds and reptiles. The specific bait product used for this alternative is registered
by the U.S. Department of Agriculture, Animal and Plant Health Inspection Service, Wildlife
Services (USDA) with the U.S. EPA (EPA Reg. No. 56228-37). In consultation with USDA
and EPA, supplemental label may be acquired if necessary to modify methods for baiting
certain areas. Bait would be applied in compliance with the EPA and FIFRA bait label or
supplemental label. The main differences between Brodifacoum and Diphacinone
(Alternatives 5-8) is Brodifacoum’s greater potency; mice typically need only one feeding to
reach a lethal dose. Thus, the period of bait availability is less for Brodifacoum than
Diphacinone, thus reducing the period of availability for ingestion by non-target species. Also,
Brodifacoum has been shown to be more palatable to mice than Diphacinone, increasing the
likelihood of ingestion of bait by mice.

The operation would strictly follow the principals of IPM. Application would occur in the fall
between October and December (most likely November-December) when the risk to non-
target wildlife is minimal. Bait would need to be applied to every mouse territory. Bait
application would follow the EPA regis