From: McChesney, Gerry

To: Szumski, Mike

Subject: Revised Leach"s Storm-Petrel restoration proposal

Date: Sunday, November 7, 2021 8:20:50 AM

Attachments: Proposal Leach"s Storm-Petrel Restoration Farallon Islands NWR 20211107.docx

Proposal Leach"s Storm-Petrel Restoration Farallon Islands NWR 20211107.pdf

Hi Mike,

Sorry this took so long, but attached is revised Farallon Leach's storm-petrel restoration
proposal. | attached both Word and PDF versions. Based on your comments from the draft,
| spent some time looking at available data to examine Leach's status and trends on the
islands, and came up with a rough population estimate. | hope this provides what you need.

Please let me know if you have any questions.

Gerry McChesney

Manager, Farallon Islands NWR & Common Murre Restoration Project
U.S. Fish and Wildlife Service

1 Marshlands Rd., Fremont CA 94555

510-435-9151 (cell)

gerry_mcchesney@fws.gov
https://www.fws.gov/refuge/farallon_islands

Follow us on Facebook: https://www.facebook.com/SanFranciscoBayNWRComplex
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Proposal

Restoration of Leach’s Storm-Petrels on the Farallon Islands National Wildlife Refuge, California 

[bookmark: _GoBack](7 November 2021)



Name of Project: Restoration of Leach’s Storm-Petrels on the Farallon Islands National Wildlife Refuge, California



Main Objective

This project seeks to help restore a Leach’s storm-petrel (Hydrobates leucorhous) colony on the South Farallon Islands, California, by eradicating the introduced, invasive house mouse (Mus musculus). 



Background

The proposed project would occur entirely on the South Farallon Islands, part of the Farallon Islands National Wildlife Refuge (FINWR), California. Only 120 acres in size, the South Farallon Islands are comprised of Southeast Farallon Island, West End Island, and seven smaller islets (Figures 1–3). All but Southeast Farallon, the largest and only inhabited island, are congressionally designated as Wilderness under the Wilderness Act of 1964. The islands are part of the UNESCO Golden Gate Biosphere Reserve because of the international significance of their natural resources. 



The South Farallon Islands host the largest seabird breeding colony in the lower 48 United States, with nearly 400,000 birds of 13 species, including the Leach’s storm-petrel and globally significant populations of several other species. Early studies of Farallon Islands storm-petrel populations conducted in the 1970s estimated breeding populations of about 1,400 and 4,000 breeding Leach’s and ashy (H. homochroa) storm-petrels, respectively, based on capture-recapture analyses of mist-netted birds (Ainley and Lewis 1974, Ainley et al. 1990). Follow-up studies of Farallon storm-petrel population size and trends since the late 1980s have used similar but slightly revised techniques focused on the more globally rare ashy storm-petrel. However, the Farallones are important for Leach’s storm-petrels because they host what had been the only major breeding site along a 700-mile stretch of coast between other major colonies to the north and south (Sowls et al. 1980, Pollet et al. 2021). Also, Farallon birds are highly variable in plumage and the Farallon colony is recognized as an intergrade between colonies to the north and south (Ainley 1980, Ainley et al. 1990).



No recent status and trends assessment for the Farallon Leach’s storm-petrel colony has been conducted. Thus, without a more species-specific study, to help assess the status of the Farallon population we must examine the status and trends of the more intensively studied but similar ashy storm-petrel. Both Leach’s and ashy storm-petrels are similar in size, highly pelagic, nocturnal at the breeding colonies, nest underground, feed mainly on zooplankton and small fish, and are susceptible to many of the same threats such as mammalian and avian predation, oil and other contaminants (Ainley et al. 2021, Pollet et al. 2021). At the Farallon Islands, both species use small rock crevices for nest sites where they remain well-hidden and hard to find (Ainley et al. 1975, 1990). Ashy storm-petrels have been more intensively studied than Leach’s at the Farallones because of the global importance of this colony to the species, whereas Leach’s are more abundant elsewhere. 



For the ashy storm-petrel, Sydeman et al. (1998) reanalyzed mist-net capture data from 1971-1972 and compared to a capture-recapture estimate from 1992. From those analyses, they estimated breeding population sizes of 3,402 and 1,990 breeding ashy storm-petrels in the main breeding habitat in 1971-1972 and 1992, respectively, a 40% decline over that time period. Because of the uncertainty in population estimation, more recent ashy storm-petrel population modelling has focused more on population trends than estimating population size. These modelling efforts showed increased numbers, especially in the early 2000s, led to a near doubling of the population between 1992 and 2006 (Nur et al. 2013, 2019). Despite the uncertainty in the estimate, Nur et al. (2013) used 2010-2012 capture-recapture data to estimate a rough breeding population estimate of 5,768 (95% CI of 3,790 to 8,778) breeding ashy storm-petrels during that period. However, since 2005 the population has been back in a declining trajectory. Nur et al. (2019) estimated a decline of 4.36% per year from 2005-2012. Preliminary analyses of data since that time indicate the decline has continued (Point Blue Conservation Science, unpublished data). 



Much like the similar ashy storm-petrel, assessing the status of the Farallon Leach’s storm-petrel population is problematic for multiple reasons.  Firstly, birds are only active at the colony at night. Secondly, at the Farallon Islands, nesting is in small and often deep rock crevices where locating and studying birds is very difficult. Nesting habitat at the Farallones differs from that at most other colonies where Leach’s storm-petrels usually breed in soil burrows dug by the birds, making breeding site surveys easier. Although Farallon breeding site survey data for the Leach’s storm-petrel is lacking (aside from the small numbers of nests found during storm-petrel productivity monitoring), unpublished data (Point Blue Conservation Science) obtained from storm-petrel mist-net capture studies and presented here for the first time do indicate that Leach’s storm-petrels have declined on the Farallones since the early 1970s. For example, the ratio of ashy to Leach’s storm-petrels captured in mist-nets has increased dramatically since the early 1970s (Figure 4a), meaning that fewer Leach’s are being captured.  A caveat to this observation is that, in the early 1970s, taped recordings of Leach’s storm-petrels were solely used to attract birds to the nets, which likely resulted in lower ratios of ashy:Leach’s (i.e., more Leach’s captured). Beginning in the mid-1980s, methods were modified so that mainly ashy storm-petrel vocals were played as an attractant.  Even so, the ratio of ashy:Leach’s captured has continued to increase since 1992 (Figure 4b) in spite of the fact that ashy storm-petrels have been in decline since 2005 (Nur et al. 2019).  



Another measure of population trend is Catch Per Unit Effort (CPUE), or in this case, number of birds captured per hour of mist-netting.  Raw CPUE for Leach’s storm-petrels has declined since 1999, the first year that effort was recorded and standardized (Point Blue Conservation Science, unpublished data; Figure 5). During this period, decline in CPUE has been most pronounced in the 2014-2020 period.  A caveat of these trends is that these raw CPUE values have not been corrected for potentially important variables such as captured birds’ breeding status, moonlight levels, and potentially other factors (see Nur et al. 2019). Funding is not available at this time to conduct those analyses. Even so, the combination of changes in both ashy:Leach’s capture ratios and Leach’s CPUE suggests the Farallon Leach’s storm-petrel population has declined over time.   



Estimating the Farallon Leach’s storm-petrel population size is even more problematic than examining trends and funds are not currently available to conduct capture-recapture population estimates. Without the availability of more sophisticated statistical models, to estimate current breeding population size I first established an estimate for the 2003-2012 period as a baseline, then applied the change in CPUE between the 2003-2012 and 2013-2020 time periods.  For the baseline period, I roughly estimated the Leach’s population size using the ashy:Leach’s capture ratios in relation to the most recent ashy storm-petrel breeding population estimate of 5,768 birds in 2010-2012 (Nur et al. 2013). But instead of using just the 2010-2012 Leach’s ratio values, I used the average ratio of 55 ashy:Leach’s captured over the 10-year period of 2003-2012 to better account for annual variability (range 30–78). Realizing that the capture effort was biased in favor of ashy storm-petrels, to provide a more realistic range I ad hoc reduced this ratio by both two and three times, or 27.5 and 18.3 ashy:Leach’s, respectively.  Applying this to the estimate of 5,768 breeding ashy storm-petrels provides a range of estimates of 210 to 315 breeding Leach’s storm-petrels in 2003-2012. 



The second part of this exercise was to estimate current breeding population size. To do this, first I utilized the differences in average Leach’s storm-petrel CPUE between the 2003-2012 (0.547 birds/hr; range 0.410–0.833) and 2013-2020 (0.278 birds/hr; 0.121–0.542) periods. If we make the assumption that these differences reflect actual population trend, the breeding population declined 49% between the 2003-2012 and 2013-2020 time periods.  Applying this estimated decline to the 2003-2012 estimated population range gives a current breeding population estimate of only about 126 to 189 breeding birds.         



Causes of the Leach’s storm-petrel decline are not entirely clear, but a strong indirect link between invasive mice and declines in the Farallon storm-petrel population (focused on the more globally rare and more intensively studied ashy storm-petrel) has been shown (Nur et al. 2019). The Farallon Islands ecosystem evolved in the absence of terrestrial mammals. Introductions of invasive mammals by early human inhabitants in the 19th and early 20th centuries led to ecological damage, including extirpation or declines in burrow-nesting seabirds and overgrazing of native plants (Ainley and Lewis 1974). With the eradications of introduced rabbits (Oryctolagus cuniculus) and domestic cats (Felis catus) in the early 1970s, house mice are the only remaining introduced mammals on the Farallones. At their annual peak, densities of house mice on the South Farallones have been measured at over 490 per acre, among the highest densities recorded on any island in the world (USFWS 2019a). This has resulted in impacts to the islands’ native seabirds, salamanders, insects and plants. 

House mice are harmful to Farallon storm-petrels because they artificially attract burrowing owls (Athene cunicularia) to the islands, which then prey upon storm-petrels (Figure 6). The invasive mouse population, and associated increase in storm-petrel predation (by burrowing owls), is one of the most critical threats to Farallon storm-petrels (Nur et al. 2019; USFWS 2019a, b). During fall bird migration, when the house mouse population peaks, mice provide the primary food source for migratory burrowing owls that stop at the islands. Each year, at least 2-10 owls are known to remain through the winter on this small island group, encouraged to stay by the abundant mouse supply. Then, when the mouse population crashes in winter, the owls switch to preying primarily on storm-petrels when they begin returning to the islands for breeding (Figure 7; Chandler et al. 2016, Mills 2016). Chandler et al. (2016) showed that mice and storm-petrels make up 70% and 28% of the annual owl diet by biomass, respectively, with mainly mice taken in September-January and mainly storm-petrels taken in February-May. While it was presumed that most of this owl predation was on ashy storm-petrels, we believe that Leach’s storm-petrels also are taken, but because of their similarity in size and plumage to the ashy, confirmation has been difficult to obtain. 

Nur et al. (2019) examined the impacts of mice (and owls) on the Farallon ashy storm-petrel population, which we believe also applies to the Leach’s storm-petrel. They found that owl predation (an indirect impact of mice) caused a reduction in annual adult survival of storm-petrels. During periods with higher numbers of wintering owls and high owl predation rates, the ashy storm-petrel population declines. By modelling future population trajectories based on differing levels of owl predation, the authors showed that by reducing owl predation by just 50%, the Farallon storm-petrel population will benefit. For example, with no reduction in owl numbers, ashy storm-petrels are expected to decline 63% in 20 years. With just a 50% reduction in owl numbers, the expected decline is reduced to 26%, while a reduction in owl numbers by 80% would result in a 2% increase in storm-petrel numbers over 20 years (Figure 8). While there is some uncertainty in these models, they clearly demonstrate the benefits of reducing, or eliminating, owl predation on the Farallon storm-petrel populations. 



Project Goals and Objectives:

The purpose of this project is to meet the Refuge’s management goal of eradicating invasive house mice from the FINWR in order to eliminate their negative impacts on the native ecosystem of the South Farallon Islands, including Leach’s storm-petrels. This project will help attain goals and objectives of the FINWR Comprehensive Conservation Plan (CCP; USFWS 2009) and the step-down Natural Resource Management Plan (NMRP) for the San Francisco Bay National Wildlife Refuge Complex (USFWS 2019b). The primary management goals of the CCP (USFWS 2009) are to protect and restore populations of breeding seabirds, other native wildlife and native plants.  Project goals include increasing the population size of Farallon Leach’s storm-petrels and to improve the species resilience to climate change (USFWS 2019a). 

 

Project objectives: 

· Year 1: Non-native house mouse eradication at the Farallon Islands National Wildlife Refuge is underway;

· Within 2 years of implementation of mouse eradication at FINWR, non-native mice are declared eradicated (2 years of monitoring with no mouse detection);

· After the first year of mouse eradication, overwintering burrowing owls are reduced by at least 50% of pre-eradication 10-year average;

· Within 5 years of implementation of mouse eradication, statistically significant increases in storm-petrel numbers are detected from baseline measures; 

· Following the implementation of eradication efforts, no successful reinvasion by rodents will occur; and

· Minimize impacts (mortality and disturbance) of project implementation to all non-target species.





Restoration methodology: 

We propose to restore Farallon Leach’s storm-petrels by eradicating the invasive house mice from the South Farallon Islands. Eradication of this species will reduce annual predation on storm-petrels and assist population recovery.  House mice have been eradicated from over 60 islands worldwide; success rates have been >70% since 1970 and >90% since 2005 (Samaniego 2016, DIISE 2021). Careful planning and implementation of best practices (USFWS 2013a, Broome et al. 2017) provide for a high likelihood of eradication success. To ensure long-term success, a biosecurity plan (Appendix B in USFWS 2019a) will be implemented by the Refuge. At FINWR, the house mouse is only known to occur on the South Farallon Islands where they were introduced by early inhabitants in the 19th century. The remoteness of these islands, 30 miles offshore of San Francisco and 15 miles from the nearest mainland at Point Reyes, severely limits the chance for natural house mouse or other terrestrial mammal recolonization. 



A Final Environmental Impact Statement (FEIS) for this project has been prepared, where greater details about the project can be found (USFWS 2019a).  This project would be implemented by U.S. Fish and Wildlife Service (USFWS) in partnership with: the U.S. Department of Agriculture, Animal and Plant Health Inspection Service, Wildlife Services; the Department of Interior (DOI) Restoration Support Unit; Point Blue Conservation Science (Point Blue); and other agencies and NGOs. Implementation will be conducted by a contractor/cooperator with a successful track record of conducting other similar eradication projects.	



This project will be conducted following FWS policy and the principles of IPM. Eradication of invasive species from islands is based on certain core principles (Cromarty et al. 2002): 1) all target animals can be put at risk by the eradication technique(s); 2) target animals must be killed at a rate exceeding their rate of increase; and 3) immigration must be zero. 

With nearly 700 successful island rodent eradications worldwide (Samaniego 2016, DIISE 2021), including several in the United States, a wealth of knowledge is available for project design. Following the general principles and established best practices for rodent eradication, the objective is to ensure toxic bait is available for every rodent to consume a lethal dose (Howald et al. 2007, Broome et al. 2017). For FINWR, the preferred alternative is the aerial broadcast of bait containing 25 ppm brodifacoum (Brodifacoum-25D; supplemented by bait stations, hand broadcast and traps for certain areas) with a robust mitigation plan to protect non-target resources (USFWS 2019a). This method and product were chosen over other possible options because of the greater efficacy and successful track record in mouse eradication (Broome et al. 2017). Aerial application is the only feasible method to apply bait to every mouse territory on an island of the size and topography of the South Farallones. Brodifacoum is effective in only one feeding and is highly palatable to mice. Other available rodenticides such as the less potent diphacinone require multiple feedings over several days and are not palatable to mice; use of diphacinone would put the project at a high risk of failure.

Pre-eradication trials using non-toxic bait determined that application of bait at the established label rates with minor adjustments should be sufficient to expose the entire mouse population. Monitoring of bait uptake will help determine rates of mouse exposure to the toxicant. Timing of the proposed eradication in a November-December time window has been optimized based on mouse population cycles and minimizing risk to non-target species. During this period, mice are in decline and not reproducing; birds are not nesting and bird numbers are near annual minimums. 

The eradication would be conducted by USFWS in cooperation with a qualified contractor or cooperator with demonstrated ability to conduct a house mouse eradication project on the Farallon Islands. Prior to implementation, precise methods will be described in a detailed Operational Plan. The operational area would encompass all islands and islets of the South Farallon Islands. To best ensure eradication success, two bait applications, the first at 16 lb/acre (18 kg/ha) and the second at 8 lb/acre (9 kg/ha), will be conducted 10–21 days apart. Aerial bait broadcast would be conducted in strict accordance with the current EPA-approved label or Supplemental Bait Label issued to the USDA. Using a helicopter guided by GPS, bait would be applied from a specialized bait spreading bucket slung beneath the helicopter. The bait spreading bucket would be composed of a bait storage compartment (the hopper), a remotely-triggered adjustable gate to regulate bait flow out of the storage compartment, and a motor-driven broadcast device (the spinner). For shoreline areas, a bait deflector and skirt attached to the bait bucket would be used to provide a directional (120° rather than 360°) broadcast of bait out to a predetermined distance to prevent baiting of the marine environment. Aerial broadcast would comprise a series of low-altitude flights; each flight swath would overlap the previous by approximately 50 percent to ensure no gaps in bait coverage. GPS tracklines will be used to track area covered. Certain areas, such as around dwellings, caves, and sensitive shoreline areas, would be baited either by hand or with bait stations, or with rodent traps.

The eradication will be accompanied by an intensive effort to mitigate and monitor potential impacts on non-target resources including fish, wildlife, soil and water. Mitigation measures include but are not limited to: 1) limiting bait application to above the Mean High Water Spring to minimize bait drift into the marine environment, 2) a gull hazing effort to reduce gull exposure to bait, 3) capture and hold or translocation of raptors, 4) capture and hold of a sample of salamanders and crickets (for precautionary measures), and 5) carcass removal to minimize both primary and secondary exposure and impacts to toxicant by non-target species. Capture and hold of non-target species has been used successfully in multiple eradication projects, including Anacapa Island, Palmyra Atoll, and the Galapagos Islands. A gull hazing plan will follow results of a successful trial conducted during project planning. It is expected that project implementation will be completed in about 5 weeks from the first bait application. An estimated implementation timeline is included in Table 1.



Operational Monitoring

[bookmark: _Hlk86584225]Operational monitoring, meaning the monitoring conducted during eradication implementation, will have several components, including eradication efficacy, success of mitigation measures, non-target impacts, and rodenticide residues in the environment. 



USFWS (2013a) recommended “…monitoring for rodenticide residues in birds, fish, invertebrates, other project-appropriate organisms, and the abiotic environment (e.g., marine and fresh waters, soils).” We will work with an experienced contractor or cooperator to develop and implement a detailed environmental monitoring plan that will help determine both short- and potential long-term effects of rodenticide use as well as the success of mitigation measures (objective to minimize exposure to non-target species and the marine environment). Non-target resources including gulls, raptors, salamanders, crickets, fish, marine invertebrates, marine waters, and soil will be sampled for rodenticide residues throughout the operational period until residues decline to below identified threshold values. Residue monitoring will be used, in part, to help determine when it is safe to discontinue gull hazing, release captured raptors, salamanders and crickets, and halt mitigation monitoring. Ideally, residue monitoring will continue periodically until residue levels are below detectability. Details of operational monitoring can be found in the FEIS (USFWS 2019a). 



Post-Eradication Monitoring

Our post-eradication (or, post-operational) monitoring plan will include: 1) Eradication efficacy monitoring to determine whether or not mice were successfully eradicated; 2) Ecosystem response monitoring (including Leach’s storm-petrels) to examine both short- and long-term positive and negative ecosystem response to mouse eradication; and 3) potential rodent re-invasion monitoring and rapid response plan. Monitoring will be conducted in accordance with recommended potential best management practices (USFWS 2013a) and adapted from protocols from other recent eradication projects (Howald et al. 2010, Pitt et al. 2015, Newton et al. 2016, Broome et al. 2017, Shiels et al. 2017) and existing protocols for Farallon wildlife and plants (Point Blue, unpublished data; Holzman et al. 2021). 



1) Eradication efficacy monitoring for mice

Project monitoring to document eradication success will begin immediately after the eradication operation is complete. Our strategy will be to detect any surviving mice using traps, tracking tunnels, chew blocks, cameras, owl pellets, and other methods as appropriate, placed in multiple locations throughout the islands to ascertain sufficient cover. Monitoring would be conducted at frequent intervals (e.g., weekly to monthly) on the inhabited Southeast Farallon Island. Periodic surveys conducted in less accessible wilderness areas would be done in fall and winter after the seabird breeding season and when mice are currently most abundant and easiest to detect. Detection of any mouse would be followed by a localized rapid response to remove the remaining individual(s). Post-eradication monitoring will occur for two consecutive years, the typical timeline to declare rodent eradication success.

2) Ecosystem response monitoring

Ecosystem response monitoring will entail monitoring a variety of species to detect either positive or negative population responses to the mouse eradication operation. For this proposal, I have only included monitoring population change of Leach’s storm-petrels, the subject of this restoration plan. 

Leach’s Storm-Petrel Population Change

Storm-petrels are monitored on the largest and only inhabited island of the Farallon group, Southeast Farallon Island. On Southeast Farallon, storm-petrels nest only in small, deep rock crevices as opposed to the soil burrows used by Leach’s storm-petrels at most other colonies. As described above, together with their nocturnal habits, this makes surveying of nest sites especially challenging. Because of this issue, monitoring of Farallon storm-petrel populations has relied more heavily on capture-recapture of mist-netted birds. More recently, audio recording units have been installed at the Farallones to examine call rates of storm-petrels and other nocturnal breeding seabirds with the goal of developing another technique to assess population status and trends. Thus, we plan to utilize a variety of complimentary techniques to detect changes in Leach’s storm-petrel population size, including capture-recapture of mist-netted birds, acoustic monitoring, and nest site monitoring. Utilizing multiple relatively inexpensive methods will provide the most accurate measure of actual storm-petrel population change on the Farallones. Because of their low annual productivity and delayed maturation, we believe a period of 5-10 years will be necessary to detect changes in the population following mouse eradication.  

Mist-net captures – Capture-recapture mist-netting of Farallon storm-petrels has been conducted annually since 1992 (Sydeman et al. 1998, Nur et al. 2019; Point Blue Conservation Science, unpubl. data), with other intensive efforts in the early 1970s (Ainley and Lewis 1974; Ainley et al. 1990) and 1987 (McChesney 1988). Mist-net captures would be continued for at least 5 years post-eradication. Capture rates of Leach’s storm-petrels would be modelled comparing pre-eradication to the five year post-eradication period to estimate the level of change in the population size, using methods similar to Nur et al. (2019).

Audio Call Rates – Calls of nocturnal seabirds including Leach’s storm-petrels have been conducted since 2017 by Conservation Metrics at several sites on Southeast Farallon Island using Audio Recording Units (ARUs).  Using ARU data, call rates of vocal species like Leach’s storm-petrels can be determined using automated algorithms (M. McKown, pers. comm.). Call rates of Leach’s storm-petrels would be modelled comparing pre-eradication to the five year post-eradication period to estimate the level of change in the population size. Although ARU data has not yet been analyzed to examine Leach’s call rates, we believe this may provide a valuable tool to help assess population status and trends of this species on the Farallones. An added benefit is that ARU call rate data will not be impacted by the tape playback biases inherent in storm-petrel mist-net capture data. 

Nest site occupancy – Storm-petrel nest sites have been monitored annually on Southeast Farallon Island using standardized methods since the early 1970s (Ainley et al. 1990, Johns et al. 2020). Numbers of occupied Leach’s storm-petrel nest sites would be compared between the pre-eradication period to the five year post-eradication period to estimate the level of change in the population. 



3) Reinvasion Detection Monitoring and Rapid Response:

Preventing reinvasion is critical to the success of the Farallon house mouse eradication project. The risk of introductions is already reduced by the Refuge being closed to the public, the considerable distance to the mainland (15 miles), infrequent and controlled transport trips to the islands, difficult landing conditions that help prevent unauthorized landings, and low numbers of people and supplies coming ashore. No mammal invasions are known to have occurred since the USFWS assumed management of the South Farallones in 1969. The FINWR Biosecurity Plan contains protocols for minimizing reinvasion risk and early detection rapid response (EDRR). Measures to reduce the likelihood of future introductions of rodents and other non-native species have been implemented for several years, including the control of vessels and aircraft delivering personnel and supplies to the islands, use of rodent-proof containers, and inspections of suspect cargo. Following mouse eradication, additional measures would include rodent-free certifications for vessels and aircraft delivering personnel and supplies, development of quarantine facilities, inspections of cargo destined for the islands, and implementation of an EDRR protocol in order to detect any rodents that may come ashore and to eliminate them promptly. All visitors to FINWR are given instructions on preventing invasive species introductions to the islands, including the packing of gear and clothing worn. Island personnel are vigilant for signs of new invasions. Immediately following the mouse eradication operation, the permanent implementation of the rodent EDRR Protocol will begin so that any potential incursion can be detected and thwarted quickly. This may include combinations of snap and cage traps, camera traps, chew blocks, tracking plates, and bait stations deployed and monitored regularly at strategic locations such as landings and dwellings. The biosecurity program would be funded and implemented by the Refuge with base funds and dedicated staff. 

Boats – Most personnel and supply deliveries arrive about every two weeks by vessels <50 ft long. Transport vessels then moor 0.25 mi off the island, where personnel and cargo are transferred to a 17-ft shuttle boat that is kept on island. Improperly packed cargo is re-packed and cleared before going ashore. Prior to the mouse eradication project, strengthened protocols will be implemented requiring boats to obtain rodent-free certifications. Cargo will be quarantined and inspected prior to boat loading and upon arrival. 

The waters surrounding the islands are visited occasionally by tour boats and both recreational and commercial fishermen. A closure surrounding the islands prohibits approaches closer than 300 ft. A marine protected area surrounding the islands that prohibits fishing also limits the numbers of boats coming near the islands. Shipwrecks are now rare, although one small sailboat wrecked on the FINWR in 2012. In case of shipwrecks, the EDRR Protocol from the revised FINWR Biosecurity Plan would be used to prevent reinvasion of mice and other invasive species. 

Helicopters – A small number (<15/year) of helicopter trips deliver personnel and supplies to the island in the fall and winter months. Most (>75%) are U.S. Coast Guard helicopters. Pilots are instructed to inspect and clean their helicopters of any living things prior to boarding. Suspect cargo is inspected upon landing. Prior to the mouse eradication project, strengthened protocols will be implemented requiring helicopters to obtain rodent-free certifications. Cargo will be quarantined and inspected prior to loading and upon arrival. 



Relationship to Planning Documents:

House mice eradication on FINWR directly supports the goals and objectives of several USFWS and other regional conservation plans. The FINWR CCP (USFWS 2009) and SFBNWRC NMRP (USFWS 2019b) provided that the Refuge should develop a plan to reduce the impacts of non-native species on the islands’ ecosystem, including house mice. The CCP specifically called for reducing or eliminating “…nonnative wildlife species and “specialist” individual animals (e.g., house mice, individual burrowing owls, western gulls) that threaten the viability of seabird and marine mammal species so that less than one percent of native populations are adversely affected by nonnative wildlife on SEFI”. The Regional Seabird Conservation Plan, Pacific Region (USFWS 2005), listed eradication of house mice from FINWR as a top priority to benefit seabirds. The Ashy Storm-Petrel Conservation Action Plan (Parker 2016) listed eradication of house mice from the FINWR as a top priority to benefit the species. The Luckenbach Oil Spill Restoration Plan (2006) identified the eradication of house mice from FINWR as a benefit to ashy storm-petrels. To implement this objective, the USFWS developed an EIS with a detailed plan to eradicate house mice and prevent future introductions of mice, finalized in early 2019 (USFWS 2019a). 



Long-Term Sustainability:

The long-term sustainability of this project will depend on the success of biosecurity efforts to protect the islands from future invasions of mice and other invasive species. FINWR recently revised its Biosecurity Plan including EDRR and monitoring (Appendix B in USFWS 2019a) based on USFWS, NPS and other island models to reduce the likelihood of future species introductions, to rapidly detect introductions should they occur and to respond quickly to eliminate any potential threats. The updated plan, to be implemented permanently, will both broaden and strengthen measures already in place that have prevented introduced vertebrate invasions since the USFWS assumed management of the South Farallon Islands in 1969. Periodic reviews of the Biosecurity Plan will be conducted and updates made as necessary. If any future incursions should occur, an immediate review of the cause, efficacy of detection and response, and measures needed to prevent another incursion would be conducted. Implementation and enforcement of the biosecurity plan will be a primary duty of Refuge staff with dedicated Refuge funds. 

Climate change is not expected to reduce the success of biosecurity or the benefits from mouse eradication. Instead, this project is expected to provide resiliency to the effects of climate change by reducing impacts of mice on the FINWR ecosystem. Forecasts of increasing air temperatures, changing rainfall patterns, and changing upwelling patterns in the region (Snyder et al. 2003; Kao and Yu 2009; Sydeman et al. 2013, 2014; Diffenbaugh et al. 2015) will put additional stressors on Farallon wildlife and plants. Long-term data are showing that some of these factors are already happening at the Farallones. For example, increasing air temperatures and unusual heat events have caused heat stress and nest failures on the islands’ Cassin’s auklets (Ptychoramphus aleuticus; Kelsey et al. 2015). Changing ocean conditions and prey availability have caused recent changes in the reproductive patterns of the islands’ Brandt’s cormorants (Phalacrocorax penicillatus) and Cassin’s auklets (Schmidt et al. 2014, 2015). Changing prey conditions have resulted in a shift in the Brandt’s cormorant population, once the world’s largest, away from the Farallones (Ainley et al. 2018). Over the last 10 years, unusually warm ocean conditions, unusual storms, and lack of prey have caused unprecedented die-off events for Brandt’s cormorants, Cassin’s auklets and common murres (Uria aalge) (Ainley et al. 2018, Jones et al. 2018, Piatt et al. 2020). Potential impacts of climate change on Leach’s storm-petrels are uncertain, but could result in reduced breeding success, reduced survivorship, and decline. Conversely, reduction or elimination of owl predation, an indirect result of mouse presence, is expected to result in a minimum 3.7% increase in annual survivorship of Farallon storm-petrels (Nur et al. 2019) and would reduce the effects of climate change by buffering potential impacts of reduced breeding success. 



Budget and Timeline for Activities:

A detailed budget is outlined in Table 1. The total project cost, including house mouse eradication implementation, post-eradication monitoring for project success, and Leach’s storm-petrel monitoring, is $2,809,400. A grant from the U.S. Fish and Wildlife Service’s Large Invasives Program has already been procured. Thus, our budget request for Leach’s storm-petrel restoration is $1,809,400. 




Table 1. Detailed project budget.



		Task

		Cost

		Comment



		Acquisition of additional permits and authorizations

		$30,000

		Includes National Marine Sanctuaries authorization, Marine Mammal Protection Act Incidental Harassment Authorization, National Pollution Discharge (State Water Resources Control Board), Federal and state collecting permits for raptor capture and hold/translocation, USFWS Pesticide Use Proposal, FIFRA supplemental label (to be determined if needed)



		Eradication contractor staff salaries, benefits, overhead

		$600,000

		Includes preparation of Operational Plan, logistical planning, project implementation, report writing



		Eradication contractor travel to California/Per Diem

		$54,000

		



		Traps, bait stations and associated supplies

		$30,000

		



		Bait

		$36,000

		



		Biosecurity supplies, on-site preparation

		6,000

		



		Boat transport

		$54,000

		



		Helicopter transport

		$60,000

		



		Helicopter support 

		$239,400

		Baiting, non-target mitigation



		Field per diem

		$18,000

		



		Equipment

		$60,000

		



		Non-target species mitigation

		$360,000

		Gull hazing, raptor capture and hold, salamander capture/hold



		Rodenticide residue monitoring

		$180,000

		



		On-island mouse and non-target species monitoring

		$60,000

		Including bait disappearance/mouse uptake, gull hazing effectiveness, carcass surveys, salamander and cricket monitoring, etc.



		Project communications, outreach (contractor)

		$12,000

		



		Eradication success monitoring (mouse detection)

		$90,000

		Conducted for 2 years. Includes supplies, staff time, transportation, consultation.



		Implementation of biosecurity plan

		$180,000

		Includes staff time, supplies, equipment, monitoring & enforcement, outreach & education



		Leach’s storm-petrel monitoring:

		

		Includes 2 years pre-, 5 years post-eradication monitoring, analyses, reports



		      Mist-net captures

		$100,000

		



		      Audio call monitoring 

		$100,000

		



		      Nest site monitoring

		$100,000

		



		Subtotal contracts

		$2,369,400

		



		USFWS Project oversight

		$100,000

		



		DOI, USFWS indirects

		$240,000

		120% of labor



		Project Total

		$2,809,400

		



		

		

		



		Matching funds:

		

		



		USFWS Large Invasives grant

		$1,000,000

		



		

		

		



		Total Request

		$1,809,400

		











Project Contact Information: 

Gerry McChesney, Manager, Farallon Islands National Wildlife Refuge: 510-435-9151, gerry_mcchesney@fws.gov
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Figure 1. Map of the Farallon Islands National Wildlife Refuge. The invasive house mouse eradication project would be conducted only on the South Farallon Islands (Southeast Farallon and adjacent islands and islets), 30 miles west of San Francisco. Mice do not occur on the other islands
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Figure 2. The South Farallon Islands, California, viewed from the southeast. USFWS file photo.
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Figure 3. Topographic map of the South Farallon Islands, California. Black polygons represent buildings and other infrastructure; blue lines represent trails. 












Figure 4. Trends in the ratio of ashy storm-petrels (ASSP) to Leach’s storm-petrels (LHSP) captured in mist-nets at Southeast Farallon during the periods a) 1967-2020 (top graph) and b) 1992-2020 (lower graph). In the 1960s-1970s, only Leach’s storm-petrel tape lures were used, whereas in 1992-2020, mainly ashy storm-petrel tape lures were used. In-between these periods, a mix of ashy and Leach’s tape lures were used. Note that an increasing trend indicates fewer Leach’s storm-petrels per ashy storm-petrel captured.   








Figure 5. Leach’s storm-petrel (LHSP) catch per unit effort (numbers per hour) at Southeast Farallon Island, 1999-2020. 
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Figure 6. Impacts of invasive house mice on the South Farallon Islands.
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Figure 7. Seasonal cycle of house mouse abundance (2001–2004, 2011–2012), storm-petrel predation (ASSP), and burrowing owl (BUOW) abundance on Southeast Farallon Island. Monthly values with standard deviations are shown. From USFWS (2019a).
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Figure 8. Ashy storm-petrel population projections and probability of decline at the South Farallon Islands. This model likely applies to Farallon Leach’s storm-petrels as well. (A) Farallon ashy storm-petrel population projections under the three levels of reduction in burrowing owl abundance: 0% (blue circles), 50% (orange triangles), and 80% reduction (gray squares). Median results are shown (10,000 simulations each). Depicted are relative population sizes for a 20-yr period; the population size index has been set to 1.0 for Year 0. Year 0 corresponds to the first breeding season following burrowing owl reduction. (B) Probability of population decline for the Farallon ashy storm-petrel population under three levels of reduction in burrowing owl abundance: 0% (blue circles), 50% (orange triangles), and 80% (gray squares). Depicted is the probability of a net decline, shown as percent, at the end of 5, 10, 15, and 20 yr. (From Nur et al. 2019).
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Proposal
Restoration of Leach’s Storm-Petrels on the Farallon Islands National Wildlife Refuge,
California
(7 November 2021)

Name of Project: Restoration of Leach’s Storm-Petrels on the Farallon Islands National Wildlife
Refuge, California

Main Objective

This project seeks to help restore a Leach’s storm-petrel (Hydrobates leucorhous) colony on the
South Farallon Islands, California, by eradicating the introduced, invasive house mouse (Mus
musculus).

Background
The proposed project would occur entirely on the South Farallon Islands, part of the Farallon

Islands National Wildlife Refuge (FINWR), California. Only 120 acres in size, the South
Farallon Islands are comprised of Southeast Farallon Island, West End Island, and seven smaller
islets (Figures 1-3). All but Southeast Farallon, the largest and only inhabited island, are
congressionally designated as Wilderness under the Wilderness Act of 1964. The islands are part
of the UNESCO Golden Gate Biosphere Reserve because of the international significance of
their natural resources.

The South Farallon Islands host the largest seabird breeding colony in the lower 48 United
States, with nearly 400,000 birds of 13 species, including the Leach’s storm-petrel and globally
significant populations of several other species. Early studies of Farallon Islands storm-petrel
populations conducted in the 1970s estimated breeding populations of about 1,400 and 4,000
breeding Leach’s and ashy (H. homochroa) storm-petrels, respectively, based on capture-
recapture analyses of mist-netted birds (Ainley and Lewis 1974, Ainley et al. 1990). Follow-up
studies of Farallon storm-petrel population size and trends since the late 1980s have used similar
but slightly revised techniques focused on the more globally rare ashy storm-petrel. However,
the Farallones are important for Leach’s storm-petrels because they host what had been the only
major breeding site along a 700-mile stretch of coast between other major colonies to the north
and south (Sowls et al. 1980, Pollet et al. 2021). Also, Farallon birds are highly variable in
plumage and the Farallon colony is recognized as an intergrade between colonies to the north
and south (Ainley 1980, Ainley et al. 1990).

No recent status and trends assessment for the Farallon Leach’s storm-petrel colony has been
conducted. Thus, without a more species-specific study, to help assess the status of the Farallon
population we must examine the status and trends of the more intensively studied but similar
ashy storm-petrel. Both Leach’s and ashy storm-petrels are similar in size, highly pelagic,
nocturnal at the breeding colonies, nest underground, feed mainly on zooplankton and small fish,
and are susceptible to many of the same threats such as mammalian and avian predation, oil and
other contaminants (Ainley et al. 2021, Pollet et al. 2021). At the Farallon Islands, both species
use small rock crevices for nest sites where they remain well-hidden and hard to find (Ainley et
al. 1975, 1990). Ashy storm-petrels have been more intensively studied than Leach’s at the





Farallones because of the global importance of this colony to the species, whereas Leach’s are
more abundant elsewhere.

For the ashy storm-petrel, Sydeman et al. (1998) reanalyzed mist-net capture data from 1971-
1972 and compared to a capture-recapture estimate from 1992. From those analyses, they
estimated breeding population sizes of 3,402 and 1,990 breeding ashy storm-petrels in the main
breeding habitat in 1971-1972 and 1992, respectively, a 40% decline over that time period.
Because of the uncertainty in population estimation, more recent ashy storm-petrel population
modelling has focused more on population trends than estimating population size. These
modelling efforts showed increased numbers, especially in the early 2000s, led to a near
doubling of the population between 1992 and 2006 (Nur et al. 2013, 2019). Despite the
uncertainty in the estimate, Nur et al. (2013) used 2010-2012 capture-recapture data to estimate a
rough breeding population estimate of 5,768 (95% CI of 3,790 to 8,778) breeding ashy storm-
petrels during that period. However, since 2005 the population has been back in a declining
trajectory. Nur et al. (2019) estimated a decline of 4.36% per year from 2005-2012. Preliminary
analyses of data since that time indicate the decline has continued (Point Blue Conservation
Science, unpublished data).

Much like the similar ashy storm-petrel, assessing the status of the Farallon Leach’s storm-petrel
population is problematic for multiple reasons. Firstly, birds are only active at the colony at
night. Secondly, at the Farallon Islands, nesting is in small and often deep rock crevices where
locating and studying birds is very difficult. Nesting habitat at the Farallones differs from that at
most other colonies where Leach’s storm-petrels usually breed in soil burrows dug by the birds,
making breeding site surveys easier. Although Farallon breeding site survey data for the Leach’s
storm-petrel is lacking (aside from the small numbers of nests found during storm-petrel
productivity monitoring), unpublished data (Point Blue Conservation Science) obtained from
storm-petrel mist-net capture studies and presented here for the first time do indicate that Leach’s
storm-petrels have declined on the Farallones since the early 1970s. For example, the ratio of
ashy to Leach’s storm-petrels captured in mist-nets has increased dramatically since the early
1970s (Figure 4a), meaning that fewer Leach’s are being captured. A caveat to this observation
is that, in the early 1970s, taped recordings of Leach’s storm-petrels were solely used to attract
birds to the nets, which likely resulted in lower ratios of ashy:Leach’s (i.e., more Leach’s
captured). Beginning in the mid-1980s, methods were modified so that mainly ashy storm-petrel
vocals were played as an attractant. Even so, the ratio of ashy:Leach’s captured has continued to
increase since 1992 (Figure 4b) in spite of the fact that ashy storm-petrels have been in decline
since 2005 (Nur et al. 2019).

Another measure of population trend is Catch Per Unit Effort (CPUE), or in this case, number of
birds captured per hour of mist-netting. Raw CPUE for Leach’s storm-petrels has declined since
1999, the first year that effort was recorded and standardized (Point Blue Conservation Science,
unpublished data; Figure 5). During this period, decline in CPUE has been most pronounced in
the 2014-2020 period. A caveat of these trends is that these raw CPUE values have not been
corrected for potentially important variables such as captured birds’ breeding status, moonlight
levels, and potentially other factors (see Nur et al. 2019). Funding is not available at this time to
conduct those analyses. Even so, the combination of changes in both ashy:Leach’s capture ratios
and Leach’s CPUE suggests the Farallon Leach’s storm-petrel population has declined over time.





Estimating the Farallon Leach’s storm-petrel population size is even more problematic than
examining trends and funds are not currently available to conduct capture-recapture population
estimates. Without the availability of more sophisticated statistical models, to estimate current
breeding population size I first established an estimate for the 2003-2012 period as a baseline,
then applied the change in CPUE between the 2003-2012 and 2013-2020 time periods. For the
baseline period, I roughly estimated the Leach’s population size using the ashy:Leach’s capture
ratios in relation to the most recent ashy storm-petrel breeding population estimate of 5,768 birds
in 2010-2012 (Nur et al. 2013). But instead of using just the 2010-2012 Leach’s ratio values, |
used the average ratio of 55 ashy:Leach’s captured over the 10-year period of 2003-2012 to
better account for annual variability (range 30—78). Realizing that the capture effort was biased
in favor of ashy storm-petrels, to provide a more realistic range I ad hoc reduced this ratio by
both two and three times, or 27.5 and 18.3 ashy:Leach’s, respectively. Applying this to the
estimate of 5,768 breeding ashy storm-petrels provides a range of estimates of 210 to 315
breeding Leach’s storm-petrels in 2003-2012.

The second part of this exercise was to estimate current breeding population size. To do this, first
I utilized the differences in average Leach’s storm-petrel CPUE between the 2003-2012 (0.547
birds/hr; range 0.410-0.833) and 2013-2020 (0.278 birds/hr; 0.121-0.542) periods. If we make
the assumption that these differences reflect actual population trend, the breeding population
declined 49% between the 2003-2012 and 2013-2020 time periods. Applying this estimated
decline to the 2003-2012 estimated population range gives a current breeding population
estimate of only about 126 to 189 breeding birds.

Causes of the Leach’s storm-petrel decline are not entirely clear, but a strong indirect link
between invasive mice and declines in the Farallon storm-petrel population (focused on the more
globally rare and more intensively studied ashy storm-petrel) has been shown (Nur et al. 2019).
The Farallon Islands ecosystem evolved in the absence of terrestrial mammals. Introductions of
invasive mammals by early human inhabitants in the 19th and early 20th centuries led to
ecological damage, including extirpation or declines in burrow-nesting seabirds and overgrazing
of native plants (Ainley and Lewis 1974). With the eradications of introduced rabbits
(Oryctolagus cuniculus) and domestic cats (Felis catus) in the early 1970s, house mice are the
only remaining introduced mammals on the Farallones. At their annual peak, densities of house
mice on the South Farallones have been measured at over 490 per acre, among the highest
densities recorded on any island in the world (USFWS 2019a). This has resulted in impacts to
the islands’ native seabirds, salamanders, insects and plants.

House mice are harmful to Farallon storm-petrels because they artificially attract burrowing owls
(Athene cunicularia) to the islands, which then prey upon storm-petrels (Figure 6). The invasive
mouse population, and associated increase in storm-petrel predation (by burrowing owls), is one
of the most critical threats to Farallon storm-petrels (Nur et al. 2019; USFWS 2019a, b). During
fall bird migration, when the house mouse population peaks, mice provide the primary food
source for migratory burrowing owls that stop at the islands. Each year, at least 2-10 owls are
known to remain through the winter on this small island group, encouraged to stay by the
abundant mouse supply. Then, when the mouse population crashes in winter, the owls switch to
preying primarily on storm-petrels when they begin returning to the islands for breeding (Figure
7; Chandler et al. 2016, Mills 2016). Chandler et al. (2016) showed that mice and storm-petrels
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make up 70% and 28% of the annual owl diet by biomass, respectively, with mainly mice taken
in September-January and mainly storm-petrels taken in February-May. While it was presumed
that most of this owl predation was on ashy storm-petrels, we believe that Leach’s storm-petrels
also are taken, but because of their similarity in size and plumage to the ashy, confirmation has

been difficult to obtain.

Nur et al. (2019) examined the impacts of mice (and owls) on the Farallon ashy storm-petrel
population, which we believe also applies to the Leach’s storm-petrel. They found that owl
predation (an indirect impact of mice) caused a reduction in annual adult survival of storm-
petrels. During periods with higher numbers of wintering owls and high owl predation rates, the
ashy storm-petrel population declines. By modelling future population trajectories based on
differing levels of owl predation, the authors showed that by reducing owl predation by just 50%,
the Farallon storm-petrel population will benefit. For example, with no reduction in owl
numbers, ashy storm-petrels are expected to decline 63% in 20 years. With just a 50% reduction
in owl numbers, the expected decline is reduced to 26%, while a reduction in owl numbers by
80% would result in a 2% increase in storm-petrel numbers over 20 years (Figure 8). While there
is some uncertainty in these models, they clearly demonstrate the benefits of reducing, or
eliminating, owl predation on the Farallon storm-petrel populations.

Project Goals and Objectives:

The purpose of this project is to meet the Refuge’s management goal of eradicating invasive
house mice from the FINWR in order to eliminate their negative impacts on the native ecosystem
of the South Farallon Islands, including Leach’s storm-petrels. This project will help attain goals
and objectives of the FINWR Comprehensive Conservation Plan (CCP; USFWS 2009) and the
step-down Natural Resource Management Plan (NMRP) for the San Francisco Bay National
Wildlife Refuge Complex (USFWS 2019b). The primary management goals of the CCP
(USFWS 2009) are to protect and restore populations of breeding seabirds, other native wildlife
and native plants. Project goals include increasing the population size of Farallon Leach’s
storm-petrels and to improve the species resilience to climate change (USFWS 2019a).

Project objectives:

e Year 1: Non-native house mouse eradication at the Farallon Islands National Wildlife
Refuge is underway;

e Within 2 years of implementation of mouse eradication at FINWR, non-native mice are
declared eradicated (2 years of monitoring with no mouse detection);

e After the first year of mouse eradication, overwintering burrowing owls are reduced by at
least 50% of pre-eradication 10-year average;

e Within 5 years of implementation of mouse eradication, statistically significant increases
in storm-petrel numbers are detected from baseline measures;

e Following the implementation of eradication efforts, no successful reinvasion by rodents
will occur; and

e Minimize impacts (mortality and disturbance) of project implementation to all non-target
species.





Restoration methodology:

We propose to restore Farallon Leach’s storm-petrels by eradicating the invasive house mice
from the South Farallon Islands. Eradication of this species will reduce annual predation on
storm-petrels and assist population recovery. House mice have been eradicated from over 60
islands worldwide; success rates have been >70% since 1970 and >90% since 2005 (Samaniego
2016, DIISE 2021). Careful planning and implementation of best practices (USFWS 2013a,
Broome et al. 2017) provide for a high likelihood of eradication success. To ensure long-term
success, a biosecurity plan (Appendix B in USFWS 2019a) will be implemented by the Refuge.
At FINWR, the house mouse is only known to occur on the South Farallon Islands where they
were introduced by early inhabitants in the 19th century. The remoteness of these islands, 30
miles offshore of San Francisco and 15 miles from the nearest mainland at Point Reyes, severely
limits the chance for natural house mouse or other terrestrial mammal recolonization.

A Final Environmental Impact Statement (FEIS) for this project has been prepared, where
greater details about the project can be found (USFWS 2019a). This project would be
implemented by U.S. Fish and Wildlife Service (USFWS) in partnership with: the U.S.
Department of Agriculture, Animal and Plant Health Inspection Service, Wildlife Services; the
Department of Interior (DOI) Restoration Support Unit; Point Blue Conservation Science (Point
Blue); and other agencies and NGOs. Implementation will be conducted by a
contractor/cooperator with a successful track record of conducting other similar eradication
projects.

This project will be conducted following FWS policy and the principles of IPM. Eradication of
invasive species from islands is based on certain core principles (Cromarty et al. 2002): 1) all
target animals can be put at risk by the eradication technique(s); 2) target animals must be killed
at a rate exceeding their rate of increase; and 3) immigration must be zero.

With nearly 700 successful island rodent eradications worldwide (Samaniego 2016, DIISE
2021), including several in the United States, a wealth of knowledge is available for project
design. Following the general principles and established best practices for rodent eradication, the
objective is to ensure toxic bait is available for every rodent to consume a lethal dose (Howald et
al. 2007, Broome et al. 2017). For FINWR, the preferred alternative is the aerial broadcast of bait
containing 25 ppm brodifacoum (Brodifacoum-25D; supplemented by bait stations, hand
broadcast and traps for certain areas) with a robust mitigation plan to protect non-target resources
(USFWS 2019a). This method and product were chosen over other possible options because of
the greater efficacy and successful track record in mouse eradication (Broome et al. 2017). Aerial
application is the only feasible method to apply bait to every mouse territory on an island of the
size and topography of the South Farallones. Brodifacoum is effective in only one feeding and is
highly palatable to mice. Other available rodenticides such as the less potent diphacinone require
multiple feedings over several days and are not palatable to mice; use of diphacinone would put
the project at a high risk of failure.

Pre-eradication trials using non-toxic bait determined that application of bait at the established
label rates with minor adjustments should be sufficient to expose the entire mouse population.
Monitoring of bait uptake will help determine rates of mouse exposure to the toxicant. Timing of
the proposed eradication in a November-December time window has been optimized based on
mouse population cycles and minimizing risk to non-target species. During this period, mice are





in decline and not reproducing; birds are not nesting and bird numbers are near annual
minimums.

The eradication would be conducted by USFWS in cooperation with a qualified contractor or
cooperator with demonstrated ability to conduct a house mouse eradication project on the
Farallon Islands. Prior to implementation, precise methods will be described in a detailed
Operational Plan. The operational area would encompass all islands and islets of the South
Farallon Islands. To best ensure eradication success, two bait applications, the first at 16 1b/acre
(18 kg/ha) and the second at 8 Ib/acre (9 kg/ha), will be conducted 10-21 days apart. Aerial bait
broadcast would be conducted in strict accordance with the current EPA-approved label or
Supplemental Bait Label issued to the USDA. Using a helicopter guided by GPS, bait would be
applied from a specialized bait spreading bucket slung beneath the helicopter. The bait spreading
bucket would be composed of a bait storage compartment (the hopper), a remotely-triggered
adjustable gate to regulate bait flow out of the storage compartment, and a motor-driven
broadcast device (the spinner). For shoreline areas, a bait deflector and skirt attached to the bait
bucket would be used to provide a directional (120° rather than 360°) broadcast of bait out to a
predetermined distance to prevent baiting of the marine environment. Aerial broadcast would
comprise a series of low-altitude flights; each flight swath would overlap the previous by
approximately 50 percent to ensure no gaps in bait coverage. GPS tracklines will be used to track
area covered. Certain areas, such as around dwellings, caves, and sensitive shoreline areas,
would be baited either by hand or with bait stations, or with rodent traps.

The eradication will be accompanied by an intensive effort to mitigate and monitor potential
impacts on non-target resources including fish, wildlife, soil and water. Mitigation measures
include but are not limited to: 1) limiting bait application to above the Mean High Water Spring
to minimize bait drift into the marine environment, 2) a gull hazing effort to reduce gull exposure
to bait, 3) capture and hold or translocation of raptors, 4) capture and hold of a sample of
salamanders and crickets (for precautionary measures), and 5) carcass removal to minimize both
primary and secondary exposure and impacts to toxicant by non-target species. Capture and hold
of non-target species has been used successfully in multiple eradication projects, including
Anacapa Island, Palmyra Atoll, and the Galapagos Islands. A gull hazing plan will follow results
of a successful trial conducted during project planning. It is expected that project implementation
will be completed in about 5 weeks from the first bait application. An estimated implementation
timeline is included in Table 1.

Operational Monitoring

Operational monitoring, meaning the monitoring conducted during eradication implementation,
will have several components, including eradication efficacy, success of mitigation measures,
non-target impacts, and rodenticide residues in the environment.

USFWS (2013a) recommended “...monitoring for rodenticide residues in birds, fish,
invertebrates, other project-appropriate organisms, and the abiotic environment (e.g., marine and
fresh waters, soils).” We will work with an experienced contractor or cooperator to develop and
implement a detailed environmental monitoring plan that will help determine both short- and
potential long-term effects of rodenticide use as well as the success of mitigation measures
(objective to minimize exposure to non-target species and the marine environment). Non-target
resources including gulls, raptors, salamanders, crickets, fish, marine invertebrates, marine





waters, and soil will be sampled for rodenticide residues throughout the operational period until
residues decline to below identified threshold values. Residue monitoring will be used, in part, to
help determine when it is safe to discontinue gull hazing, release captured raptors, salamanders
and crickets, and halt mitigation monitoring. Ideally, residue monitoring will continue
periodically until residue levels are below detectability. Details of operational monitoring can be
found in the FEIS (USFWS 2019a).

Post-Eradication Monitoring

Our post-eradication (or, post-operational) monitoring plan will include: 1) Eradication efficacy
monitoring to determine whether or not mice were successfully eradicated; 2) Ecosystem
response monitoring (including Leach’s storm-petrels) to examine both short- and long-term
positive and negative ecosystem response to mouse eradication; and 3) potential rodent re-
invasion monitoring and rapid response plan. Monitoring will be conducted in accordance with
recommended potential best management practices (USFWS 2013a) and adapted from protocols
from other recent eradication projects (Howald et al. 2010, Pitt et al. 2015, Newton et al. 2016,
Broome et al. 2017, Shiels et al. 2017) and existing protocols for Farallon wildlife and plants
(Point Blue, unpublished data; Holzman et al. 2021).

1) Eradication efficacy monitoring for mice

Project monitoring to document eradication success will begin immediately after the eradication
operation is complete. Our strategy will be to detect any surviving mice using traps, tracking
tunnels, chew blocks, cameras, owl pellets, and other methods as appropriate, placed in multiple
locations throughout the islands to ascertain sufficient cover. Monitoring would be conducted at
frequent intervals (e.g., weekly to monthly) on the inhabited Southeast Farallon Island. Periodic
surveys conducted in less accessible wilderness areas would be done in fall and winter after the
seabird breeding season and when mice are currently most abundant and easiest to detect.
Detection of any mouse would be followed by a localized rapid response to remove the
remaining individual(s). Post-eradication monitoring will occur for two consecutive years, the
typical timeline to declare rodent eradication success.

2) Ecosystem response monitoring

Ecosystem response monitoring will entail monitoring a variety of species to detect either
positive or negative population responses to the mouse eradication operation. For this proposal, I
have only included monitoring population change of Leach’s storm-petrels, the subject of this
restoration plan.

Leach’s Storm-Petrel Population Change

Storm-petrels are monitored on the largest and only inhabited island of the Farallon group,
Southeast Farallon Island. On Southeast Farallon, storm-petrels nest only in small, deep rock
crevices as opposed to the soil burrows used by Leach’s storm-petrels at most other colonies. As
described above, together with their nocturnal habits, this makes surveying of nest sites
especially challenging. Because of this issue, monitoring of Farallon storm-petrel populations
has relied more heavily on capture-recapture of mist-netted birds. More recently, audio recording
units have been installed at the Farallones to examine call rates of storm-petrels and other
nocturnal breeding seabirds with the goal of developing another technique to assess population
status and trends. Thus, we plan to utilize a variety of complimentary techniques to detect





changes in Leach’s storm-petrel population size, including capture-recapture of mist-netted birds,
acoustic monitoring, and nest site monitoring. Utilizing multiple relatively inexpensive methods
will provide the most accurate measure of actual storm-petrel population change on the
Farallones. Because of their low annual productivity and delayed maturation, we believe a period
of 5-10 years will be necessary to detect changes in the population following mouse eradication.

Mist-net captures — Capture-recapture mist-netting of Farallon storm-petrels has been
conducted annually since 1992 (Sydeman et al. 1998, Nur et al. 2019; Point Blue Conservation
Science, unpubl. data), with other intensive efforts in the early 1970s (Ainley and Lewis 1974;
Ainley et al. 1990) and 1987 (McChesney 1988). Mist-net captures would be continued for at
least 5 years post-eradication. Capture rates of Leach’s storm-petrels would be modelled
comparing pre-eradication to the five year post-eradication period to estimate the level of change
in the population size, using methods similar to Nur et al. (2019).

Audio Call Rates — Calls of nocturnal seabirds including Leach’s storm-petrels have been
conducted since 2017 by Conservation Metrics at several sites on Southeast Farallon Island using
Audio Recording Units (ARUs). Using ARU data, call rates of vocal species like Leach’s storm-
petrels can be determined using automated algorithms (M. McKown, pers. comm.). Call rates of
Leach’s storm-petrels would be modelled comparing pre-eradication to the five year post-
eradication period to estimate the level of change in the population size. Although ARU data has
not yet been analyzed to examine Leach’s call rates, we believe this may provide a valuable tool
to help assess population status and trends of this species on the Farallones. An added benefit is
that ARU call rate data will not be impacted by the tape playback biases inherent in storm-petrel
mist-net capture data.

Nest site occupancy — Storm-petrel nest sites have been monitored annually on Southeast
Farallon Island using standardized methods since the early 1970s (Ainley et al. 1990, Johns et al.
2020). Numbers of occupied Leach’s storm-petrel nest sites would be compared between the pre-
eradication period to the five year post-eradication period to estimate the level of change in the
population.

3) Reinvasion Detection Monitoring and Rapid Response:
Preventing reinvasion is critical to the success of the Farallon house mouse eradication project.
The risk of introductions is already reduced by the Refuge being closed to the public, the
considerable distance to the mainland (15 miles), infrequent and controlled transport trips to the
islands, difficult landing conditions that help prevent unauthorized landings, and low numbers of
people and supplies coming ashore. No mammal invasions are known to have occurred since the
USFWS assumed management of the South Farallones in 1969. The FINWR Biosecurity Plan
contains protocols for minimizing reinvasion risk and early detection rapid response (EDRR).
Measures to reduce the likelihood of future introductions of rodents and other non-native species
have been implemented for several years, including the control of vessels and aircraft delivering
personnel and supplies to the islands, use of rodent-proof containers, and inspections of suspect
cargo. Following mouse eradication, additional measures would include rodent-free certifications
for vessels and aircraft delivering personnel and supplies, development of quarantine facilities,
inspections of cargo destined for the islands, and implementation of an EDRR protocol in order
to detect any rodents that may come ashore and to eliminate them promptly. All visitors to
FINWR are given instructions on preventing invasive species introductions to the islands,
including the packing of gear and clothing worn. Island personnel are vigilant for signs of new






invasions. Immediately following the mouse eradication operation, the permanent
implementation of the rodent EDRR Protocol will begin so that any potential incursion can be
detected and thwarted quickly. This may include combinations of snap and cage traps, camera
traps, chew blocks, tracking plates, and bait stations deployed and monitored regularly at
strategic locations such as landings and dwellings. The biosecurity program would be funded and
implemented by the Refuge with base funds and dedicated staff.

Boats — Most personnel and supply deliveries arrive about every two weeks by vessels <50 ft
long. Transport vessels then moor 0.25 mi off the island, where personnel and cargo are
transferred to a 17-ft shuttle boat that is kept on island. Improperly packed cargo is re-packed
and cleared before going ashore. Prior to the mouse eradication project, strengthened protocols
will be implemented requiring boats to obtain rodent-free certifications. Cargo will be
quarantined and inspected prior to boat loading and upon arrival.

The waters surrounding the islands are visited occasionally by tour boats and both recreational
and commercial fishermen. A closure surrounding the islands prohibits approaches closer than
300 ft. A marine protected area surrounding the islands that prohibits fishing also limits the
numbers of boats coming near the islands. Shipwrecks are now rare, although one small sailboat
wrecked on the FINWR in 2012. In case of shipwrecks, the EDRR Protocol from the revised
FINWR Biosecurity Plan would be used to prevent reinvasion of mice and other invasive
species.

Helicopters — A small number (<15/year) of helicopter trips deliver personnel and supplies to
the island in the fall and winter months. Most (>75%) are U.S. Coast Guard helicopters. Pilots
are instructed to inspect and clean their helicopters of any living things prior to boarding. Suspect
cargo is inspected upon landing. Prior to the mouse eradication project, strengthened protocols
will be implemented requiring helicopters to obtain rodent-free certifications. Cargo will be
quarantined and inspected prior to loading and upon arrival.

Relationship to Planning Documents:

House mice eradication on FINWR directly supports the goals and objectives of several USFWS
and other regional conservation plans. The FINWR CCP (USFWS 2009) and SFBNWRC NMRP
(USFWS 2019b) provided that the Refuge should develop a plan to reduce the impacts of non-
native species on the islands’ ecosystem, including house mice. The CCP specifically called for
reducing or eliminating “...nonnative wildlife species and “specialist” individual animals (e.g., house
mice, individual burrowing owls, western gulls) that threaten the viability of seabird and marine mammal
species so that less than one percent of native populations are adversely affected by nonnative wildlife on
SEFI”. The Regional Seabird Conservation Plan, Pacific Region (USFWS 2005), listed
eradication of house mice from FINWR as a top priority to benefit seabirds. The Ashy Storm-
Petrel Conservation Action Plan (Parker 2016) listed eradication of house mice from the FINWR
as a top priority to benefit the species. The Luckenbach Oil Spill Restoration Plan (2006)
identified the eradication of house mice from FINWR as a benefit to ashy storm-petrels. To
implement this objective, the USFWS developed an EIS with a detailed plan to eradicate house
mice and prevent future introductions of mice, finalized in early 2019 (USFWS 2019a).

Long-Term Sustainability:
The long-term sustainability of this project will depend on the success of biosecurity efforts to
protect the islands from future invasions of mice and other invasive species. FINWR recently






revised its Biosecurity Plan including EDRR and monitoring (Appendix B in USFWS 2019a)
based on USFWS, NPS and other island models to reduce the likelihood of future species
introductions, to rapidly detect introductions should they occur and to respond quickly to
eliminate any potential threats. The updated plan, to be implemented permanently, will both
broaden and strengthen measures already in place that have prevented introduced vertebrate
invasions since the USFWS assumed management of the South Farallon Islands in 1969.
Periodic reviews of the Biosecurity Plan will be conducted and updates made as necessary. If any
future incursions should occur, an immediate review of the cause, efficacy of detection and
response, and measures needed to prevent another incursion would be conducted.
Implementation and enforcement of the biosecurity plan will be a primary duty of Refuge staff
with dedicated Refuge funds.

Climate change is not expected to reduce the success of biosecurity or the benefits from mouse
eradication. Instead, this project is expected to provide resiliency to the effects of climate change
by reducing impacts of mice on the FINWR ecosystem. Forecasts of increasing air temperatures,
changing rainfall patterns, and changing upwelling patterns in the region (Snyder et al. 2003;
Kao and Yu 2009; Sydeman et al. 2013, 2014; Diffenbaugh et al. 2015) will put additional
stressors on Farallon wildlife and plants. Long-term data are showing that some of these factors
are already happening at the Farallones. For example, increasing air temperatures and unusual
heat events have caused heat stress and nest failures on the islands’ Cassin’s auklets
(Ptychoramphus aleuticus; Kelsey et al. 2015). Changing ocean conditions and prey availability
have caused recent changes in the reproductive patterns of the islands’ Brandt’s cormorants
(Phalacrocorax penicillatus) and Cassin’s auklets (Schmidt et al. 2014, 2015). Changing prey
conditions have resulted in a shift in the Brandt’s cormorant population, once the world’s largest,
away from the Farallones (Ainley et al. 2018). Over the last 10 years, unusually warm ocean
conditions, unusual storms, and lack of prey have caused unprecedented die-off events for
Brandt’s cormorants, Cassin’s auklets and common murres (Uria aalge) (Ainley et al. 2018,
Jones et al. 2018, Piatt et al. 2020). Potential impacts of climate change on Leach’s storm-petrels
are uncertain, but could result in reduced breeding success, reduced survivorship, and decline.
Conversely, reduction or elimination of owl predation, an indirect result of mouse presence, is
expected to result in a minimum 3.7% increase in annual survivorship of Farallon storm-petrels
(Nur et al. 2019) and would reduce the effects of climate change by buffering potential impacts
of reduced breeding success.

Budget and Timeline for Activities:

A detailed budget is outlined in Table 1. The total project cost, including house mouse
eradication implementation, post-eradication monitoring for project success, and Leach’s storm-
petrel monitoring, is $2,809,400. A grant from the U.S. Fish and Wildlife Service’s Large
Invasives Program has already been procured. Thus, our budget request for Leach’s storm-petrel
restoration is $1,809,400.
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Table 1. Detailed project budget.

Task Cost Comment

Acquisition of additional permits $30,000 Includes National Marine Sanctuaries

and authorizations authorization, Marine Mammal
Protection Act Incidental Harassment
Authorization, National Pollution
Discharge (State Water Resources
Control Board), Federal and state
collecting permits for raptor capture and
hold/translocation, USFWS Pesticide
Use Proposal, FIFRA supplemental label
(to be determined if needed)

Eradication contractor staff $600,000 Includes preparation of Operational Plan,

salaries, benefits, overhead logistical planning, project
implementation, report writing

Eradication contractor travel to $54,000

California/Per Diem

Traps, bait stations and associated $30,000

supplies

Bait $36,000

Biosecurity supplies, on-site 6,000

preparation

Boat transport $54,000

Helicopter transport $60,000

Helicopter support $239,400 Baiting, non-target mitigation

Field per diem $18,000

Equipment $60,000

Non-target species mitigation $360,000 Gull hazing, raptor capture and hold,
salamander capture/hold

Rodenticide residue monitoring $180,000

On-island mouse and non-target $60,000 Including bait disappearance/mouse

species monitoring uptake, gull hazing effectiveness, carcass
surveys, salamander and cricket
monitoring, etc.

Project communications, outreach $12,000

(contractor)

Eradication success monitoring $90,000 Conducted for 2 years. Includes supplies,

(mouse detection) staff time, transportation, consultation.

Implementation of biosecurity plan $180,000 Includes staff time, supplies, equipment,
monitoring & enforcement, outreach &
education

Leach’s storm-petrel monitoring: Includes 2 years pre-, 5 years post-
eradication monitoring, analyses, reports

Mist-net captures $100,000
Audio call monitoring $100,000
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Task Cost Comment

Nest site monitoring $100,000
Subtotal contracts  $2,369,400
USFWS Project oversight $100,000
DOI, USFWS indirects $240,000 120% of labor
Project Total $2,809,400
Matching funds:
USFWS Large Invasives grant $1,000,000
Total Request $1,809,400

Project Contact Information:
Gerry McChesney, Manager, Farallon Islands National Wildlife Refuge: 510-435-9151,
gerry_mcchesney@fws.gov
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Figure 1. Map of the Farallon Islands National Wildlife Refuge. The invasive house mouse eradication project would be conducted only on the
South Farallon Islands (Southeast Farallon and adjacent islands and islets), 30 miles west of San Francisco. Mice do not occur on the other islands





Figure 2. The South Farallon Islands, California, viewed from the southeast. USFWS file photo.
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Figure 3. Topographic map of the South Farallon Islands, California. Black polygons represent
buildings and other infrastructure; blue lines represent trails.
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Figure 4. Trends in the ratio of ashy storm-petrels (ASSP) to Leach’s storm-petrels (LHSP)
captured in mist-nets at Southeast Farallon during the periods a) 1967-2020 (top graph) and b)
1992-2020 (lower graph). In the 1960s-1970s, only Leach’s storm-petrel tape lures were used,
whereas in 1992-2020, mainly ashy storm-petrel tape lures were used. In-between these periods,
a mix of ashy and Leach’s tape lures were used. Note that an increasing trend indicates fewer
Leach’s storm-petrels per ashy storm-petrel captured.
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Figure 5. Leach’s storm-petrel (LHSP) catch per unit effort (numbers per hour) at Southeast
Farallon Island, 1999-2020.
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Figure 6. Impacts of invasive house mice on the South Farallon Islands.
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Figure 7. Seasonal cycle of house mouse abundance (2001-2004, 2011-2012), storm-petrel
predation (ASSP), and burrowing owl (BUOW) abundance on Southeast Farallon Island.
Monthly values with standard deviations are shown. From USFWS (2019a).
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Figure 8. Ashy storm-petrel population projections and probability of decline at the South
Farallon Islands. This model likely applies to Farallon Leach’s storm-petrels as well. (A)
Farallon ashy storm-petrel population projections under the three levels of reduction in
burrowing owl abundance: 0% (blue circles), 50% (orange triangles), and 80% reduction (gray
squares). Median results are shown (10,000 simulations each). Depicted are relative population
sizes for a 20-yr period; the population size index has been set to 1.0 for Year 0. Year 0
corresponds to the first breeding season following burrowing owl reduction. (B) Probability of
population decline for the Farallon ashy storm-petrel population under three levels of reduction
in burrowing owl abundance: 0% (blue circles), 50% (orange triangles), and 80% (gray squares).
Depicted is the probability of a net decline, shown as percent, at the end of 5, 10, 15, and 20 yr.
(From Nur et al. 2019).
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