
From: Gerry McChesney
To: gabrielle.feldman@islandconservation.org
Subject: Re: gull risk assessment comments
Date: 10/25/2012 06:02 PM
Attachments: SEFI_Risk of Brodifacoum and Diphacinone to Western Gulls_09-26-12_GJM review.docx

Gabrielle,
 
Here are my comments.

Gerry

---------------------------------------------------------------------------------
Gerry McChesney
Manager, Farallon National Wildlife Refuge and
  Common Murre Restoration Project
U.S. Fish and Wildlife Service
San Francisco Bay National Wildlife Refuge Complex
1 Marshlands Road
Fremont, CA 94555
Phone: 510-792-0222, ext. 222, cell: 510-435-9151
Fax: 510-745-9285
Email:  Gerry_McChesney@fws.gov
http://www.fws.gov/sfbayrefuges/murre/murrehome.htm
http://www.fws.gov/sfbayrefuges/Farallon/
---------------------------------------------------------------------------------

-----Gabrielle Feldman <gabrielle.feldman@islandconservation.org> wrote: -----

To: "Gerry_McChesney@fws.gov" <Gerry_McChesney@fws.gov>, Russ Bradley
<rbradley@prbo.org>, "Carolyn_Marn@fws.gov" <Carolyn_Marn@fws.gov>, Nadav Nur
<nnur@prbo.org>
From: Gabrielle Feldman <gabrielle.feldman@islandconservation.org>
Date: 10/22/2012 03:54PM
Subject: gull risk assessment comments

Hi Everyone,

 

As a follow up to your Friday gull risk assessment meeting, I wanted to remind you that
comments on the gull risk assessment model and report are due to me by Friday the
26th.  Please let me know if you can get me your comments by Friday, so that we can
move forward with revising this important report.  Thanks,

 

Gabrielle

 

Gabrielle Feldman, Ph.D.

Environmental Compliance Specialist

Island Conservation

mailto:CN=Gerry McChesney/OU=SFBAY/OU=R1/OU=FWS/O=DOI
mailto:gabrielle.feldman@islandconservation.org
mailto:Gerry_McChesney@fws.gov
http://www.fws.gov/sfbayrefuges/murre/murrehome.htm
http://www.fws.gov/sfbayrefuges/Farallon/
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EXECUTIVE SUMMARY



Disruption of native biological resources on the South Farallon Islands, such as nesting habitat for seabirds and predation of chicks, has occurred as a result of infestation by non-native house mice (Mus musculus). Application of bait pellets containing either the rodenticides brodifacoum or diphacinone is being considered to eradicate non-native house mice (Mus musculus) from the South Farallon Islands, California. The draft Environmental Impact Statement for this proposed project demonstrated that application of rodenticide pellets poses little risk to non-target wildlife except for perhaps gull species, particularly the western gull. One concern is the risk these toxic products have to western gulls (Larus occidentalis) that occur on the islands. Because western gulls are gregarious omnivores, they could be at risk of exposure by ingestion of rodenticide pellets or infected mice should they be present on the island when the rodenticide bait is present. Given this concern, we undertook a probabilistic assessment of the risks posed by application of brodifacoum or diphacinone to western gulls on the South Farallon Islands.	Comment by Gerry McChesney: This report doesn’t need to get into Purpose and Need.  Just report on what they were contracted to investigate.	Comment by Gerry McChesney: There is no draft EIS yet! Why are theyreporting this?! They also should NOT be making any statements about anything except what they were contracted to do!

There are two primary techniques of rodenticide application on islands for eradication of rodents, bait stations and aerial broadcast application of bait pellets. The latter is the approach proposed for SEFI. Aerial bait application would minimize disturbance of the sensitive terrestrial habitat of the South Farallon Islands. This method provides a means to deliver bait to all potential mouse habitats on the islands without causing the foot traffic disturbance required with the use of bait stations. Aerial broadcast is also the only safe way to deliver bait to inaccessible terrain such as steep cliffs. According to the draft Environmental Impact Statement, the timing of the aerial broadcast of rodenticide would occur in the late fall or early winter (i.e., November or December) as it is the the most protective period on the island for 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.	Comment by Gerry McChesney: Spell out or define acronym.  SEFI stands for Southeast Farallon Island, whereas this project addresses all of the South Farallon Islands.	Comment by Gerry McChesney: The purpose of this report is NOT to address these things. Keep it to the purpose of the contract.

Given the diet and behavior of western gulls and the fates of brodifacoum and diphacinone following application, there are two major routes of exposure to gulls: ingestion of rodenticide pellets (primary poisoninguptake), and ingestion of rodenticide-contaminated mice (secondary poisoninguptake). 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 SEFI. 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 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, the combination of weathering and consumption by gulls 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. 	Comment by Gerry McChesney: This is what the report is about. Keep it to this topic.	Comment by Gerry McChesney: Could have uptake without poisoning.	Comment by Gerry McChesney: Depending on product. Be clear.

The western gull risk model determined the fate (i.e., alive or dead) of 11,000 gulls, which is the peak number of gulls expected on SEFI 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 SEFI to forage on pellets and/or mice. The probability of a gull being present is equal to the user selected value for expected hazing success. Gulls that are not responsive to repeated hazing will be present each day to forage on SEFI.	Comment by Gerry McChesney: First, state that a hazing program  is being considered  following proposed implementation to reduce the number of gulls on the  islands.

Most gulls will not be present on SEFI 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 SEFI, 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 SEFI 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, gulls and weathering if a significant rainfall event occurs shortly after application. 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 temporal correlations 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. 

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.	Comment by Gerry McChesney: Define acronyms.

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. (2012in prep.) for western gulls on SEFI 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. 	Comment by Gerry McChesney: Hopefully will be finalized before this, but if not, need to cite as “in prep.”

The likelihoods of brodifacoum and diphacinone applications achieving total eradication of mice on SEFI were not considered in this assessment. There is, however, strong evidence from other eradication projects indicating that brodifacoum is much more likely to be successful at eradicating mice on SEFI than would diphacinone. Although brodifacoum is more likely to be successful at eradicating mice on SEFI, it was clear from the modeling analyses that this rodenticide poses a higher risk to non-target western gulls than does diphacinone. The modeling analyses further 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 1700 or greater gull mortalities. The modeling analyses also demonstrated that the primary route of exposure was, by far, the most important route of exposure for western gulls for both rodenticides. As such, to most effectively reduce gull mortalities, it would be advisable to consider: having 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.	Comment by Gerry McChesney: This is not purpose of report, Please refrain from making opinions about topics other than purpose of report.
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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 nesting habitat forpredation of seabirds and predation of chicks, has occurred as a result of infestation by non-native house mice (Mus musculus). 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 are 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. 

[bookmark: _Toc336445275]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". Much of the refuge is a designated Wilderness Area. Historically, seals and seabird eggs were heavily exploited, devastating their populations on SEFI. Currently, many of these species are recovering as a result of ongoing protection efforts. 

Southeast Farallon Island (SEFI) is the largest island in the Farallones group, having an area of 0.31 km² or 310,406 m². The island is pyramidal in shape and is approximately 109 meters above sea level at its peak. SEFI is the only inhabited island of the group. The public is no longer allowed access to the islands. 

[bookmark: _Toc336445276]Island Fauna: Seabirds	Comment by Gerry McChesney: Not necessary for this report.

The Farallon Islands sustain the largest seabird breeding colony south of Alaska, and include the largest breeding colony of western gulls found anywhere (Pierotti and Annett, 1995). They are located within the highly productive California Current and Eastern Pacific upwelling region. This region provides large nutritional resources capable of supporting abundant wildlife including the seabird colonies. On SEFI, seabird populations number well over 250,000 and contain more than 50 percent of the world's ashy storm-petrel population, a declining "species of management concern" (FWS, 2012). The endangered California brown pelican has also been reported on the Farallones, traveling to these islands from breeding sites further south to roost and feed in the area. 

There are twelve species of seabirds and shorebirds that nest in significant colonies on the islands. These species are part of a large-scale monitoring program and include: 

· Ashy storm-petrel (Oceanodroma homochroa)

· Black oystercatcher (Haematopus bachmani)

· Brandt's cormorant (Phalacrocorax penicillatus)

· Cassin's auklet (Ptychoramphus aleuticus)

· Common murre (Uria aalge)

· Double-crested cormorant (Phalacrocorax auritus)

· Leach's storm-petrel (Oceanodroma leucorhoa)

· Pelagic cormorant (Phalacrocorax pelagicus)

· Pigeon guillemot (Cepphus columba)

· Rhinoceros auklet (Cerorhinca monocerata)

· Tufted puffin (Fratercula cirrhata)

· Western gull (Larus occidentalis)

Common murres once numbered nearly 500,000 pairs but suffered from egg collecting, oil spills, and other disturbances that greatly reduced their numbers. Since the Farallon Islands became protected, numbers of common murres have increased from 6,000 to 160,000 birds. The previously locally extinct rhinoceros auklet has begun to breed on the islands again. 

[bookmark: _Toc336445277]HISTORY OF THE FARALLON ISLANDS

The Farallones have a long history of human use and exploitation dating back to 1579 when Europeans collected seal meat and bird eggs for ship crews. Ships from Boston sailing under the American flag, landed on the Islands in 1810, and by 1818 had taken over 30,000 seal skins for the fur trade. Historically, the Farallon Islands were closely tied to the growth and demands of San Francisco, CA. A lighthouse was constructed on Southeast Farallon Island in 1853, as well as homes to support the families of the lighthouse keepers. During this time, seabird eggs were collected in the millions, which severely threatened the survival of many seabird populations on SEFI. Because of the threats from human encroachment, use, and disturbance of the Farallones, President Theodore Roosevelt signed Executive Order No. 1043 in 1909 that created the Farallon Reservation, thereby protecting the northern islands of the chain. In 1969, the Farallon Reservation became a National Wildlife Refuge, and was expanded to include all the islands in the chain. 

[bookmark: _Toc336445278]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. 

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 SEFI (Sowls et al., 1980; Penniman et al., 1990). Although still common, the abundance of western gulls has declined, possibly from the increased frequency of El Niño events that often reduce nest success.	Comment by Gerry McChesney: Not  sure where this statement came from. Don’t  think its correct.	Comment by Gerry McChesney: Sure 

[bookmark: _Toc336445279]Project Background

Southeast Farallon Island has sustained ecological damage from the presence of the non-native house mice (Mus musculus Linnaeus). House mice are easily transported to islands as a result of human activities, and are the most globally spread mammal. Females 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. 	Comment by Gerry McChesney: This seems like it should be moved to a section describing biology of mice but only needed if it relates to the study. Otherwise, should be deleted.

Mice consume invertebrates, seeds and other plant matter, and may feed on the eggs of nesting seabirds. On SEFI, mice artificially sustain burrowing owls that arrive from the mainland and prey heavily on mice and small seabirds. Removal of mice would result in biodiversity benefits for native fauna on SEFI because of increased availability of food and reduced predation pressure. The purpose of the proposed action to eradicate non-native house mice from SEFI is to protect and restore the ecosystem of the Farallones, particularly seabirds and other native biological resources (FWS, 2012). 

Eradicating house mice from islands worldwide has proven more challenging than removing rats. The failure rate of rat eradications using either brodifacoum or diphacinone is 15-17 percent, whereas the failure rate for mouse eradications is 38 percent (Parkes et al., 2011; see also Howald et al., 2007; MacKay et al., 2007). Compared to rats, mice may be less susceptible to rodenticides, have a smaller home range, a more complex social structure, and feed somewhat sporadically from several locations rather than foraging on a regular, reliable food source (Macdonald and Fenn, 1994). All of these factors make eradication of mice from islands difficult. Nevertheless, mouse eradications have been 100% successful since 2007 with the advent of best practice techniques (FWS, 2012). The use of a rodenticide is the only method known to have been successful at eradicating invasive house mice from islands of a size comparable to SEFI.

Rodenticide application is being considered as the a potential proposed technique(s) for mouse eradication on SEFI. Two available rodenticides are being proposed for the eradication of mice from the Farallones: brodifacoum and diphacinone. There are two primary techniques of application, bait stations and aerial broadcast application of bait pellets. The latter is the approach proposed for SEFI. Aerial bait application would minimize disturbance of the sensitive terrestrial habitat of the South Farallon Islands. This method provides a means to deliver bait to all potential mouse habitats on the islands without causing the foot traffic disturbance required with the use of bait stations. Aerial broadcast is also the only safe way to deliver bait to inaccessible terrain such as steep cliffs. Aerial broadcast application would be 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 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).	Comment by Gerry McChesney: Add a sentence here stating that these are the methods addressed in this report

In the draft environmental impact statement (EIS) for SEFI, the environmental impacts of the proposed action (i.e., application of brodifacoum as a rodenticide) were evaluated (FWS, 2012). Since the release of the draft EIS, interest has been expressed in using an alternative rodenticide, diphacinone. As the proposed method of eradication includes the use of a toxin lethal to mice, 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 marine birds and pinnipeds 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. Therefore, the draft EIS suggested negligible risk for nearly all non-target species (e.g., pinnipeds, intertidal invertebrates, marine fish, etc.) from brodifacoum exposure following the application of bait to SEFI. 

Western gulls were, however, have been identified as potentially being at risk from exposure to rodenticide due to their varied and aggressive foraging habits. The draft EIS suggested that implementation of mouse eradication activities would likely lead to individual mortalities of gulls on SEFI (FWS, 2012). Risks to gulls from exposure to diphacinone are expected to be lower than for brodifacoum because the former is less toxic to birds (Erickson and Urban, 2004). The purpose of this assessment is to assist in estimating the likelihood and magnitude of western gull mortalities arising from aerial application of either brodifacoum or diphacinone pellets on SEFI. This report is organized to follow the standard paradigm for ecological risk assessment: problem formulation, exposure assessment, effects assessment and risk characterization.



[bookmark: _Toc291772789][bookmark: _Toc336445280]PROBLEM FORMULATION

According to the draft Environmental Impact Statement, the timing of the aerial broadcast of rodenticide would occur in the late fall or early winter (i.e., November or December) (FWS, 2012). The primary objective of the application timing and schedule is to provide the most protective period on the island for 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 (FWS, 2012). 	Comment by Gerry McChesney: Revise this to simply state fotr this report, it was assumed that an implemention would occur in the Nov-Dec period when risk to non-targets is likely minimal.	Comment by Gerry McChesney: te	Comment by Gerry McChesney: 



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 the rodent population in a single feeding. 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.

[bookmark: _Toc336445281]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),. sStudies have been conducted to assess the hypothesis that exposure 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). 



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., in press). No detectable concentrations of brodifacoum in water were found in any of the studies.

[bookmark: _Toc336445282]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). 

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 10-10 atm-m3/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). 

[bookmark: _Toc336445283]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 SEFI, gull nests tend to be found in the greatest density on the rocky marine terraces (Pierotti, 1976, 1981). Western gulls can be found on SEFI nearly year round, as well as in adjacent offshore waters. 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. 



In the early 1970s, western gulls on SEFI fed primarily on northern anchovy (Engraulis mordax), but began to feed more on juvenile rockfish (Sebastes spp.) in the late 1970s and 1980s (Pierotti, 1976, 1981; Ainley et al., 1990). Several other fish species are also known to be prey items for the western gull, including: Pacific whiting (Merluccius productus), jack mackerel (Trachurus symmetricus), Pacific saury (Cololabis saira), midshipman (Poricthys spp.), white croaker (Genyonemus lineatus), spotted cusk eel (Chilara taylori), and jacksmelt (Atherinopsis californiensis) (Annett and Pierotti, 1989; Ainley et al., 1990). Prior to the 1980 eradication of rabbits, western gulls also took young rabbits (Oryctolagus cuniculus) (Pierotti, 1976). 	Comment by Gerry McChesney: Nice summary, but don’t see how it applies to this study.



Marine invertebrate prey for western gulls include euphausiids, squid (Loligo opalescens), gooseneck barnacles (Lepas spp.), and pelagic red crab (Pleuroncodes) taken at sea, and sea urchins (Strongylocentrotus purpuratus), crabs (Cancer, Pugettia, Pachygrapsus, Hemigrapsus), clams, cockles, snails, limpets, and mussels (Mytilus) taken along coasts and in kelp beds (Pierotti, 1976, 1981; Ainley et al., 1990). 

[bookmark: _Toc336445284]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.

[bookmark: _Toc336445285]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 SEFI 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 assessment is the survival of juvenile and adult western gulls following application of rodenticide pelletized bait on SEFI.

[bookmark: _Toc336445286]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, 1998b).



A probabilistic model known as the western gull risk model will be used to generate estimates of total intake of rodenticide by western gulls following the applications on SEFI. The model includes 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.



[bookmark: _Toc336445287]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 SEFI. The following sections provide an overview of the model, followed by a detailed description of the model inputs and components. 

[bookmark: _Toc336445288]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, 





where Cgull is the whole body tissue concentration in mg/kg body weight (bw), TDI is total daily intake of rodenticide (mg/kg bw/day), and RME is the daily rate of metabolism and elimination (d-1). The model runs for a total of 90 days to account for the possibility of two or three 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, the combination of weathering and consumption by gulls 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 Cgull, day i estimated 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.



Figure 3-1. Components of western gull risk model for SEFI.



The number of western gulls simulated by the model is selected by the user. In the assessment described herein, the number of western gulls included in each simulation was 11,000 gulls which is the peak number of gulls expected on SEFI during the November to March timeframe. 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 SEFI in the November to March timeframe, assuming an  (i.e., initial application in is tentatively planned for the month of November or December, 2012). 	Comment by Gerry McChesney: Need to cite where this data came from.

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 SEFI to forage on pellets and/or mice. The probability of a gull being present is equal to the user 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 that are not responsive to hazing will be present each day to forage on SEFI.	Comment by Gerry McChesney: Need a brief description above that hazing gulls is a likely technique to reduce the  numbers of gulls present during an implementation.

Most gulls will not be present on SEFI if initial application occurs in early to mid- November, based on…. 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 SEFI by random chance, it remains in the area until at least mid- February though 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 SEFI 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 SEFI 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 for the primary and secondary routes of exposure expire assuming that the gull has appeared on SEFI (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 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 SEFI in 2010 in which the proportion of gulls consuming non-toxic pellets was determined. 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.	Comment by Gerry McChesney: Need reference.

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, gulls and weathering if a significant rainfall event occurs shortly after application. 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.

Once the lag times have expired for consumption of pellets and/or mice, the model assumes temporal correlations 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 temporal correlation 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



		1st application rate (brodifacoum)

		18

		kg bait/ha

		EPA, 2008

		Maximum recommended application rates on label. 



		2nd application rate (brodifacoum)

		9

		

		

		



		Number of applications (brodifacoum)

		2

		

		EPA, 2008

		Label recommends 2 applications to ensure efficacy. 



		Applications interval (brodifacoum)

		12

		days

		Dan Grout, pers. comm.FWS, 2012

		Based on preliminary assessments and previous eradications, Draft EIS states that the interval would likely be 10-14 days.



		Brodifacoum concentration

		25

		mg ai/kg pellet

		EPA, 2008

		Label states 0.0025% active ingredient in pellet formulation. 



		Application rate (diphacinone)1

		32

		kg bait/ha

		Dan Grout, pers. comm.

		Because an uninterrupted supply of rodent bait was required to ensure mortality in rats, more applications and a shorter interval between applications will be required to minimize the risk of bait being unavailable to mice.



		Number of applications (diphacinone)

		3

		

		

		



		Applications interval (diphacinone)

		7

		days

		

		



		Diphacinone concentration

		50

		mg ai/kg pellet

		Ramik Green Label

		Label states 0.005% active ingredient in pellet formulation.



		Pellet weight

		1.1

		g ww

		Island Conservation, unpubl. data (2010 SEFI field study)	Comment by Gerry McChesney: Does IC have another suggestion for this reference?

		Mean pellet weight determined from a sample of 100 placebo 3/8-inch diameter pellets.



		Pellet half life (1st application)

		1

		day

		Island Conservation, unpubl. data (2010 SEFI field study)	Comment by Gerry McChesney: Does IC have another suggestion for this reference?

		Nov 2010 trials showed that pellets from 1st application were nearly gone after 5 days. Assuming a half-life of 1 day leaves 3.13% of pellets after 5 days.    



		Time to significant rainfall event following 2nd application

		4, 28 or 117

		days

		1972-2010 rainfall dataset for SEFI (PRBO)

		Time to median significant rainfall (>2" in 3 d) is 28 days. Best case scenario is 4 days and 95th percentile is 117 days.



		Time to removal of bait following significant rainfall event2

		4.5

		days

		Mosher et al., 2007; Howald et al. 2001, 2004; Gregg Howald, pers. obs.

		Pellets generally degrade within 2-7 days of a significant rainfall event. Model assumes average value.



		Mean brodifacoum concentration in mice

		4.9

		mg/kg ww



		Howald et al., 1999, 2001

		Mean of 2.71 mg/kg cited in Howald et al. (2001). Mice were exposed for 4-9 days to 25 mg ai/kg bait. Howald et al. (1999), found mean concentration of 4.9 mg/kg in mice. Assumed underlying lognormal distribution in model.



		Standard deviation for brodifacoum concentration in mice

		1.26

		

		

		



		Mean diphacinone concentration in mice

		51.5

		mg/kg ww



		Pitt et al., 2011

		Tables 1-3 list bait consumption and weights of mice killed by diphacinone-treated pellets (50 mg/kg). Upper bound residue concentrations were calculated for each mouse and a mean and standard deviation determined. Assumed underlying lognormal distribution in model.



		Standard deviation (SD) for diphacinone concentration in mice

		13.0

		

		

		



		Proportion of gulls removed by hazing

		User choice. In this assessment, model runs were conducted for hazing success rates of 25-98%



		Proportion western gull females

		0.5

		

		Pierotti and Annett, 1995

		In the south California Bight, sex ratios have been near equity since 1970s and 1980s.



		Proportion western gull juveniles

		0.46

		

		Nur et al., 2012

		There are ~32,200 individuals of which 46% are subadults and non-breeding adults.



		Mean western gull adult body weight (BW) - female

		879

		g

		Pierotti, 1981

		Measurements taken on SEFI with sample sizes of 21 and 15 for males and females, respectively. Model assumes underlying normal distribution.



		SD of western gull adult BW - female

		78

		

		

		



		Mean western gull adult BW - male

		1,136

		

		

		



		SD of western gull adult BW - male

		47

		

		

		



		Juvenile western gull BW relative to adult body weight

		0.875

		

		Penniman et al., 1990

		See Table 7.5 in source. Model assumes underlying normal distribution.



		Daily probability of gull consuming mice (unhazed gulls)

		0.125

		

		Proportion of gulls consuming dead/dosed mice is estimated to vary between 0.01-0.25 (model assumes 0.125) assuming 100% mice availability for unhazed gulls.



		Daily probability of gull consuming pellets (unhazed gulls)

		0.25

		

		2010 SEFI field study	Comment by Gerry McChesney: See above.

		Observational and fecal count data indicated 22-25% of unhazed gulls foraged on pellets. 



		Temporal correlation coefficient for consuming mice

		0.9

		

		Once birds learn to consume mice, they will be more likely to consume mice on subsequent days. No data are available, however, to quantify this behavior.



		Temporal correlation coefficient for consuming pellets

		0.9

		

		Once birds learn to consume pellets, they will be more likely to consume pellets on subsequent days. No data are available, however, to quantify this behavior.



		If mice consumed, Poisson rate

		0.2

		

		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 approximately the maximum value suggested by daily energetic requirements. 



		If pellets consumed, Poisson rate

		15

		

		A Poisson rate of 15 suggests an upper limit of 30 pellets/gull, which is approximately the maximum value suggested by daily energetic requirements. Western gulls foraging on pellets are highly unlikely to eat just one. A rate of 15 would make this outcome unlikely. 	Comment by Gerry McChesney: Don’t understand what you mean.



		Lag time for consuming mice

		5

		days

		Fisher, 2009 (Trial 3 data)

		Mice are not normally part of the gull diet on SEFI. However, once toxic symptoms begin (5 days), mice are easier prey.	Comment by Gerry McChesney: Be clear what you mean.



		Lag time for consuming pellets

		1

		day

		2010 SEFI field study

		Trial showed no consumption on day of application but consumption began 1 day later.



		Proportion intoxicated mice below ground - brodifacoum

		0.87

		

		Taylor, 1993; Howald, 1997; Buckalew et al., 2008

		Mice generally retreat to burrows following onset of symptoms stemming from exposure to brodifacoum.



		Proportion intoxicated mice below ground – diphacinone3

		0

		

		

		No information was available for diphacinone. Assumed worst case value.	Comment by Gerry McChesney: Isn’t there at least data for rats? If not,, why not assume similar to brodifacoum?



		Gull LD50 for brodifacoum

		0.588

		mg/kg bw

		Wildlife International, 1979a,b

		Values generated from probit regression conducted on raw data for laughing gulls in the reports. Laughing gull should be a reasonable surrogate for western gulls.



		Probit slope for brodifacoum

		2.32

		

		

		



		Gull LD50 for diphacinone

		97.0

		mg/kg bw

		Rattner et al., 2010

		Values generated from log-probit regression conducted by study authors for most sensitive species tested to date, the American kestrel.



		Probit slope for diphacinone

		6.69

		

		

		



		Half-life for elimination from gull- brodifacoum	Comment by Gerry McChesney: Is this correct?

		217

		days

		Erickson and Urban, 2004

		Calculated mean retention time in the liver from available studies.



		Half-life for elimination from gull - diphacinone	Comment by Gerry McChesney: Is this correct?

		90

		days

		

		





1 48 kg baitai/ha was the value provided in the contractis the current application rate stated in the draft EIS. The application rate for diphacinone was revised upward after the contract was awarded for this project. 	Comment by Gerry McChesney: Is this footnote really necessary? Also, value in table is LOWER than the 48 kg/ha stated in footnote. Value used needs to match values we will be  using in draft EIS. Remove any mention of draft EIS since we do not have one yet.

2 The input value for pellet breakdown time after a rainfall event may be adjusted in future model simulations pending the results of the fall, 2012 weathering trial.	Comment by Gerry McChesney: Delete because we likely won’t have funds to run model later even if we do conduct additional trials.

3 	A different value may could be used for this input parameter in future model simulations. The results of the sensitivity analyses described in Section 5.4 of this report, however, indicate that the value assumed for this input parameter has a negligible influence on predicted mortality of western gulls.



[bookmark: _Toc336445289]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 or variability are treated as deterministic variables (i.e., one value per variable). Those variables that are variable or have high uncertainty are 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).

[bookmark: _Toc336445290]Application of Rodenticide

For brodifacoum, the model assumes two applications on SEFI in November-December, 2012. The first application rate will be 18 kg bait/ha, the maximum rate allowed on the Brodifacoum 25-D label (EPA, 2008). The second application will 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 planned interval between applications was assumed to beis 12 days.	Comment by Gerry McChesney: Make sure its clear that everything is assumed at this point. Anything can change as we continue developing alternatives. Adjust terminology throughout.

For diphacinone, the model assumes three applications on SEFI in November-December,, 2012. with an The application rate for each application will beof 32 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.	Comment by Gerry McChesney: “Will be” sounds to much like we’ve finalized this number.

[bookmark: _Toc336445291]Date of Initial Application

Bird counts in previous years on SEFI 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 SEFI 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.

[bookmark: _Toc336445292]Removal of Pellets

Generally, cereal-based pellets disappear from the environment within 7-10 days due to degradation from rainfall, humidity, etc and from consumption by target organisms, i.e., mice in the case of SEFI (Buckalew et al., 2005). Trials conducted at SEFI in November, 2010 demonstrated that non-toxic pellets (i.e., pellets without rodenticide) disappeared in 3-5 days (Dan Grout, personal communication; FWS, 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.	Comment by Gerry McChesney: I believe this was just from the first application. If so, indicate that.

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 SEFI environment following the final rodenticide applications will be disintegration following a significant rainfall event (Howald et al., 2001; Gregg Howald, pers. comm.). Based on discussions with Dan Grout of Island Conservation, a significant rainfall event is one sufficient to initiate pellet degradation which 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 or greater. Daily rainfall data have been collected at SEFI since 1972. We isolated the rainfall data for the months of November and December for each year that data had been compiled (1972-2010). We then calculated 3-day running averages and determined the probability of a significant rainfall event for any 3-day period at SEFI in November and December. The probability of such an event is 2.58%. Based on information provided from preliminary planningAccording to the draft EIS (FWS, 2012), application of brodifacoum would only occur if little or no precipitation was forecast for at least 4 days. Thus, the best case scenario is for rain to occur 4 days after the final application of rodenticide. Assuming a 2.58% probability of a significant rainfall event for any given 3-day period and an underlying binomial distribution, the resulting median (i.e., most likely) estimate of time to first significant rainfall event is 28 days. The worst case value was assumed to be the corresponding 95th percentile which is 117 days (i.e., rainfall event does not occur within 90-day model simulation). In this assessment, model runs were conducted assuming a first significant rainfall event after the final application of 4, 28 and 117 days[footnoteRef:1].	Comment by Gerry McChesney: Also define in inches to be consistent with other values presented.	Comment by Gerry McChesney: Given that Nov-Dec is only a 60-day period, why wasn’t at least  January included? If initial application not until December, than Feb would be within 90 day period. [1:  Future model simulations may consider January-February rainfall patterns and additional periods of time to the first significant rainfall event.] 


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 SEFI likely would obscure many if not most bait pellets which would further limit rodenticide exposure for gulls. In our analyses, we used the average value of the 2-7 day range observed on SEFI (i.e., 4.5 days) for time to removal of pellets following a significant rainfall event.

[bookmark: _Toc336445293]Number, Sex and Life Stage of Western Gulls on SEFI

The western gull has a total worldwide breeding population of approximately 40,000 pairs of which more than 30% occur on SEFI (Penniman et al., 1990; Pierotti and Annett, 1995). Ainley and Lewis (1974) similarly estimated that there are 25,000 individuals present on SEFI, 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). 	Comment by Gerry McChesney: I need to double check these estimates. Not sure if Pierotti and Annett used most recent estimates for CA and OR, at least.	Comment by Gerry McChesney: “Breeding” is important distinction, since a large % of total population is non-breeders which are not accounted for in this estimate.	Comment by Gerry McChesney: Also, need to cite new estimates from PRBO, including breeding and total population.

The number of western gulls on SEFI is variable, both seasonally and between years. Observational data collected in November to March, 2010-11 and again in 2011-12 were used to estimate numbers of western gulls on SEFI 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 SEFI in November or December, it cannot does not leave until mid- February at the earliest. A bird can be present but not foraging on SEFI, as would be the case with birds that are successfully hazed in the early morning hours 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 SEFI begins to decline in mid- February (Table 3-3).

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



		Month

		Day

		Mean Gull Count

		Two-Year Mean

		Two-Week Average

		Model Assigned Value



		

		

		2010-11

		2011-12

		

		

		



		Nov

		0

		2080.25

		

		2080

		2333

		2300



		

		6

		2584.75

		

		2585

		

		



		

		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

		11,000



		

		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

		

		



		

		69

		10,960

		8546.67

		9753

		10,448

		



		

		76

		12,500.67

		9782.86

		11,142

		

		



		Feb

		83

		12,420

		8182.857

		10,301

		10,391

		



		

		90

		10,070.29

		10,890.5

		10,480

		

		



		

		97

		7405.67

		4770

		6088

		5441

		8500



		

		104

		6818.67

		2770

		4794

		

		



		Mar

		111

		8787.75

		5224

		7006

		7852

		



		

		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 SEFI according to initial application date and simulation day.



		Day

		Initial Application Date



		

		Nov 1

		Nov 8

		Nov 15

		Nov 22

		Nov 29

		Dec 6

		Dec 13

		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



		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 SEFI in November and December. In the Ssouthern 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 SEFI, 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 SEFI in November and December of 50:50.

According to Nur et al. (2012in prep.), the total SEFI population re areof western gulls of all age classes is ~ about 32,200 birdswestern gulls of all age classes on SEFI during the course of a year. Of the 32,200 western gulls, ~about17,400 are breeding individuals and ~about 14,800 are immaturessubadults and non-breeding adults. Assuming the latter to be juvenilesimmatures, 46% of the western gulls are juvenilesimmatures. No information was available to determine how the percentage of juvenile immature gulls varies seasonally. Thus, in the absence of other information, we assumed that 46% of western gulls present on SEFI during November to March are juvenilesimmatures.	Comment by Gerry McChesney: I think this is more accurate wording.	Comment by Gerry McChesney: “Juvenile” refers to young of the year, but the immature population of gulls refers to birds up to about 3-4 years old. “Immature” is more appropriate term for all of these.

[bookmark: _Toc336445294]Size of Western Gulls

Based on measurements taken at SEFI, 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 is 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. Juvenile 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).	Comment by Gerry McChesney: Change throughout.

[bookmark: _Toc336445295]Hazing Success

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 considered as a management technique on SEFI 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, it’s effectiveness as a tool on SEFI is unknown at this time. Thus, in this assessment we conducted model runs for each rodenticide for a range of possible hazing successes, i.e., 25%, 50%, 75%, 90%, 95% and 98%. Trials are planned in fall, 2012 at SEFI to quantify the expected hazing effectiveness rate for western gulls on the island and to determine which techniques are most effective.

[bookmark: _Toc336445296]Primary Exposure Route Variables

Cereal grains such as those found in the rodenticide pellet formulation are not found on SEFI 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 (FWS, 2012Island Conservation, unpubl. data). 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 temporal correlation coefficient for daily probability of consuming pellets to account for this learned behavior. Quantitative data to parameterize the temporal correlation coefficient, however, are lacking. A value of 90% was assigned to this variable based on discussions with Dan Grout from Island Conservation. The temporal correlation coefficient 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%) and vice versa. The higher the temporal correlation coefficient, the more likely that there will be long strings of days with pellet consumption and long strings of days without pellet consumption. 	Comment by Gerry McChesney: What do you mean by this? Be specific.

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 SEFI trials in November demonstrated that pellet consumption did not begin until the day after application.

[bookmark: _Toc336445297]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 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 SEFI because intoxicated or dead mice are easier to capture. Scavenging of trapped mice, perhaps by gulls, was observed during the SEFI trials in November, 2010, with a worst case estimate of 25% of unhazed gulls scavenging mice (Dan Grout, personal communication). 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. 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). These mice would not be available for consumption by unhazed western gulls on SEFI. 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 SEFI 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:





Model fit for the worst case scenario was excellent with a correlation coefficient of 0.99. In the western gull risk model, consumption of mice was assumed to decline in direct relation to the decline in 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%.

The availability of mice following application of diphacinone is not as well understood as is the case with brodifacoum. EPA (1998) noted that mice may experience severe symptoms as early as 3 days after exposure to diphacinone and are generally all dead following 9 days of continuous exposure. For this assessment, we assumed that an equal percentage of mice died on each day from day 3 to day 9. Because there were no data on the percentage of intoxicated and dead mice that remain above ground, we assumed the worst case scenario that all mice remained above ground following exposure to diphacinone.



Figure 3-2. Proportion of mice available for consumption by western gulls following application of brodifacoum on SEFI. Raw data are from Fisher (2009). The fitted model is a 2nd 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 temporal correlation coefficient for daily probability of consuming mice to account for this learned behavior. Quantitative data to parameterize the temporal correlation coefficient, however, are lacking. As with pellets, we assumed a temporal correlation coefficient of 90% for mice based on discussions with Dan Grout from Island Conservation. The temporal correlation coefficient 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 SEFI 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.

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.	Comment by Gerry McChesney: There are  a number of things gulls could eat that would put them up to daily requirements. In order to incorporate this, it might be better to simply assume whether or not they had consumed  the various proportions of daily requirement via other food sources and not just mice. If mouse consumption treated this way, seems like pellet consumption should be treated this way as well.

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 SEFI (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 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 consumed 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).

Although the rates of metabolism and elimination of brodifacoum and diphacinone are slow in birds, we incorporated this variable 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 and 90 days for diphacinone. Assuming first-order kinetics, the resulting fractions of brodifacoum and diphacinone retained in gull tissues on a daily basis are 0.997 and 0.992, respectively.



[bookmark: _Toc336445298]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 because the latter are much more available for rodenticides but are generally considered to be of low relevance in avian risk assessments for pesticides.

[bookmark: _Toc336445299]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 (Anas 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., 2004; Bowie and Ross, 2006).	Comment by Colleen Greer: Should this be 2002?



		Species

		LD50 (mg ai/kg bw)

		Reference



		Mallard

		0.26

		EPA, 1998a



		Canada goose

		<0.75a

		Godfrey, 1986



		Southern black-backed gull

		<0.75a

		



		Purple gallinule

		0.95

		



		Pukeko

		0.95

		Eason et al., 2002



		Blackbird

		>3b

		Godfrey, 1986



		Hedge sparrow

		>3b

		Godfrey, 1985



		California quail

		3.3

		



		Mallard

		4.6

		



		Black-billed gull

		<5a

		



		House sparrow

		>6b

		



		Silvereye

		>6b

		Eason et al. 2002



		Ring-necked pheasant

		10

		Godfrey, 1986



		Australasian harrier

		10

		



		Paradise shelduck

		>20b

		Eason et al., 2002



		a the lowest concentration tested

b 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 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). 

In our assessment, we assumed that sensitivity of western gulls to brodifacoum exposure was 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 ranged from <0.75 mg ai/kg bw for the southern black-backed gull (Larus dominicanus) to <5 mg ai/kg bw for the black-billed gull (Larus bulleri). For both species, however, the lowest dose tested caused greater than 50% 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, an assumption that has been verified elsewhere (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). The LD50 of 0.588 mg ai/kg bw derived for laughing gulls is the lowest bounded LD50 reported for gull species (or indeed any bird species) exposed to brodifacoum. 



Figure 4-1. Dose-response relationship for effects of brodifacoum on laughing gulls.



[bookmark: _Toc336445300]effects metrics for diphacinone

[bookmark: _Toc335836037][bookmark: _Toc336445301]Relatively few avian toxicity studies have been conducted for diphacinone and none have involved gull species (EPA, 1998a; Erickson and Urban, 2004; Rattner et al., 2010). A reliable LD50 for northern bobwhite (Colinus virginianus) could not be estimated by Campbell et al. (1991) because dosages were separated by a factor of 5. EPA (1998a), however, suggested that the LD50 for northern bobwhite fell between 400 and 2000 mg ai/kg bw. A subsequent study by Rattner et al. (2010) estimated an LD50 of 2014 mg ai/kg bw for northern bobwhite which is close to the upper bound estimated by EPA (1998) and reasonably close to the LD50 of 3158 mg ai/kg bw reported for mallards (Anas platyrhynchos) (Erickson and Urban 2004). Based upon data from avian species commonly used in pesticide registration tests (i.e., northern bobwhite, mallards), diphacinone appears to be far less toxic to captive birds than is brodifacoum (see Table 4-1). However, the a recent diphacinone acute toxicity test with American kestrels (Falco sparverius) resulted in an LD50 of 97 mg ai/kg bw, indicating that kestrels are over 20 times more sensitive than northern bobwhite, and over 30 times more sensitive than mallards. In addition, the results of a study in which diphacinone-poisoned mice (Peromyscus maniculatus) were fed to great-horned owls (Buto virginianus) and a saw-whet owl (Aegolius acadicus) suggests that owl species are more sensitive than northern bobwhite (Mendenhall and Pank 1980). Given the lack of diphacinone toxicity data for gull species and the high uncertainty regarding toxicity to untested species, we used the results for American kestrels from Barnett and Rattner (2010) as a surrogate 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. These parameters were used in the western gull model for diphacinone.	Comment by Gerry McChesney: Are the species discussed in this section the only ones with LD50 values? If there are more, a table like Table 4-1 would be useful.

4.1 

4.2 

4.3 [bookmark: _Toc336445302]oral Gavage versus Dietary Exposure studies

Often oral gavage studies such as used to estimate diphacinone toxicity to American kestrels overestimate toxicity when 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). However, 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, respectively (Erickson and Urban, 2004). Diphacinone is also persistent in the liver with a mean retention time of 90 days (Erickson and Urban, 2004). As a result, there may be no significant difference between toxicity results from oral gavage and dietary exposure studies (Erickson and Urban, 2004).

To compare effects metrics from oral gavage and dietary exposure studies, the units have to be the same (i.e., mg ai/kg bw). This requires multiplying the LC50 from the dietary exposure study by the daily food intake rate normalized to body weight multiplied by the number of exposure days (the assumption being that metabolism and excretion are minimal). Long et al. (1992) determined an LC50 of mg ai/kg diet for mallards. The food consumption rate for birds in the treatment group closest to the LC50 (i.e., 1000 mg ai/kg diet) during the treatment period was 0.064 kg diet/bird/day. The average body weight (BW) during the treatment period of birds in the 1000 mg/kg-diet treatment group was 0.236 kg. Thus, the median lethal daily dose is 246 mg ai/kg bw/day. Assuming that diphacinone is not metabolized or excreted to any significant extent over the exposure period, the daily dose is multiplied by the exposure period (5 d) to determine an LD50 of 1231 mg ai/kg bw. For mallards exposed to diphacinone, the dietary exposure LD50 is lower (i.e., more toxic) than the corresponding oral gavage LD50 of 3158 mg ai/kg bw cited by Erickson and Urban (2004). No other species have the required information to determine the relative toxicity of oral gavage and dietary exposure studies for diphacinone. Based on the limited evidence for mallards and the expected persistence of diphacinone in birds, we assume that it is reasonable to use the results of an oral gavage study in deriving the avian effects metric for this pesticide.	Comment by Gerry McChesney: Is there a value missing here?

[bookmark: _Toc336445303]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. (2012in prep.) for western gulls on SEFI 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.

[bookmark: _Toc336445304]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 50%, and the time to the first significant rainfall event after the second and final application of 28 days. 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 dead gulls had a wide range of 0.390 to 0.530 for 100 simulation model runs but a much narrower range of 0.447 to 0.451 for 100,000 simulation model runs. Further, the coefficients of variation for 100 and 100,000 simulation model runs were 9.78 and 0.272, 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 (0.572) 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).	Comment by Gerry McChesney: Clarify what this is a proportion of.





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.





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.

[bookmark: _Toc336445305]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 killed based on various modifications of the input parameters… The text and figures below provide examples from the various possible scenarios.





[bookmark: _Toc336445306]Initial Application Date

Model runs were performed to determine how initial application date of brodifacoum affected the proportion of dead western gulls (Figure 5-3, Appendix A) and number of dead western gulls (Figure 5-4, Appendix A) on SEFI. 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 28 days after the second application. All other input values are listed in Table 3-1. The 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 SEFI. Predicted mortality did not change substantively with initial application date after approximately November 22nd.	Comment by Gerry McChesney: After this sentence, providing a sentence stating the ranges of the proportions and numbers of gulls killed from all scenarios reported in Appendix A would be valuable. Repeat for all tests.



Figure 5-3. Model results for proportion of dead western gulls as a result of varying initial application date for brodifacoum, assuming 90% hazing effectiveness and 28 days until the first significant rainfall.	Comment by Gerry McChesney: Define more clearly what proportion of dead gulls is, either here or in text..





Figure 5-4. Model results for number of dead gulls as a result of varying initial application date for brodifacoum. The dashed line represents 1700 dead gulls, the number considered the maximum possible without affecting long-term population viability.	Comment by Gerry McChesney: The “(#/11,000 Birds)” in X-axis looks like a calculation for a proportion. Not sure what it’s supposed to mean here. 



[bookmark: _Toc336445307]Proportion of Gulls Removed From SEFI by Hazing

The utility of hazing in reducing gull mortality was investigated by varying hazing success from 25 to 98%. For the results in shown in Figures 5-5 and 5-6, the date of initial application was November 29th, and there were 28 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% or less 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.



Figure 5-5. Model results for proportion of dead gulls as a function of hazing success.





Figure 5-6. Model results for number of dead gulls as a function of hazing success. The dashed line represents 1700 dead gulls.

[bookmark: _Toc336445308]Time to Significant Rainfall Event

A significant rainfall event is one in which sufficient rain falls to degrade remaining bait pellets (i.e., at least 2 inches in 1-3 day time span). 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 29th 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 90% hazing success (Appendix A).





Figure 5-7. Model results for proportion of dead gulls as a function of time to significant rainfall after the second application.





Figure 5-8. Model results for number of dead gulls as a function of time to significant rainfall after the second application. The dashed line represents 1700 dead gulls.



The worst case scenario of 117 days elapsing until the first significant rainfall event is likely unrealistic for SEFI. The value was derived using November-December rainfall data from 1972-2010. Most of the Farallones annual rain falls in January and February, however, which would mean that the likelihood of going 117 days (or nearly 4 months) without a significant rainfall event from the time of the final brodifacoum application in November or December would be extremely low. Thus, the model predictions for 4 or 28 days to the first significant rainfall event after the final brodifacoum application are likely to be closer to reality.

[bookmark: _Toc336445309][bookmark: _Toc336445310]Number of Applications

Although not an likely option for SEFI, it is clear that reducing the number of brodifacoum applications to a single application significantly reduces expected gull mortality (Figures 5-9 and 5-10). The results shown in Figure 5-9 and 5-10 assumed an initial application date of November 29th, 50% hazing effectiveness, and 28 days until the first significant rainfall for the scenario involving two applications (see Table 3-1 for other inputs). Over 5 times more gulls died when two applications took place, and the second application resulted in more than 1700 dead gulls, surpassing the threshold above which the population may be adversely affected over the long term. Total eradication of mice is much less likely with one application of brodifacoum than with two applications. Thus, having only one application of brodifacoum is not under consideration for SEFI.	Comment by Gerry McChesney: Also explain that numbers of dead gulls is much lower when hazing success if higher and rainfall is sooner, and refer to Appendix A.



Figure 5-9. Model results for proportion of dead gulls as a function of number of applications of brodifacoum, assuming an initial application date of November 29th, 50% hazing effectiveness, and 28 days until the first significant rainfall.





Figure 5-10. Model results for number of dead gulls as a function of number of applications of brodifacoum, assuming an initial application date of November 29th, 50% hazing effectiveness, and 28 days until the first significant rainfall. The dashed line represents 1700 dead gulls.

[bookmark: _Toc336445311]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 29th, 50% hazing effectiveness, and 28 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. There may be significant benefits, however, with use of mitigation measures that limit exposure of gulls to bait pellets.	Comment by Gerry McChesney: Delete. Separate topic.



Figure 5-11. Model results for proportion of dead gulls as a function of whether dead mice are removed. 





Figure 5-12. Model results for number of dead gulls as a function of whether mice are removed.



[bookmark: _Toc336445312]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 killed based on various modifications of the input parameters…. The text and figures below provide examples from the various possible scenarios.

[bookmark: _Toc336445313]Initial Application Date

Possible application dates for diphacinone were modeled to determine if initial application date impacted the proportion (Figure 5-13) and number (Figure 5-14) of dead gulls. The results presented in Figures 5-13 and 5-14 assumed a hazing effectiveness of 90% and that the first rainfall event after the second application occurred 28 days later (see Table 3-1 for other inputs). Although the proportion of dead gulls was very low, it did increase with later initial application dates until approximately November 22nd (Figure 5-13). Likewise, Figure 3-16 shows that the number of dead gulls increased with later initial application dates, but that the threshold of 1700 dead gulls was never reached.



Figure 5-13. Model results for proportion of dead gulls as a result of varying initial application date for diphacinone.



Figure 5-14. Model results for number of dead gulls as a result of varying initial application date for diphacinone. The dashed line represents 1700 dead gulls.



[bookmark: _Toc336445314]Proportion of Gulls Removed From SEFI by Hazing

The utility of hazing in reducing gull mortality was investigated by varying hazing success from 25 to 98%. The results shown in Figures 5-15 and 5-16 assumed an initial application date of November 29th and that the first significant rainfall event occurred 28 days after the second application of diphacinone (see Table 3-1 for other inputs). As expected, the proportion and number of dead gulls decreased as hazing effectiveness increased. At 75% hazing effectiveness, the number of dead gulls was below the threshold of 1700.



Figure 5-15. Model results for proportion of dead gulls as a function of hazing success.



Figure 5-16. Model results for number of dead gulls as a function of hazing success. The dashed line represents 1700 dead gulls.



[bookmark: _Toc336445315]Time to Significant Rainfall Event

The impact of time to a significant rainfall event after the second application on gull mortality was much more apparent for diphacinone than for brodifacoum. The results shown in Figures 5-17 and 5-18 assumed an initial application date of November 29th and 90% hazing effectiveness (see Table 3-1 for other inputs). The proportion and number of dead gulls increased with increasing time until the rainfall event. However, the quantity of dead gulls was well below the threshold of 1700 for this scenario.

The worst case scenario of 117 days elapsing until the first significant rainfall event is likely unrealistic for SEFI. The value was derived using November-December rainfall data from 1972-2010. Most of the Farallones annual rain falls in January and February, however, which would mean that the likelihood of going 117 days (or nearly 4 months) without a significant rainfall event from the time of the final diphacinone application in November or December would be extremely low. Thus, the model predictions for 4 or 28 days to the first significant rainfall event after the final diphacinone application are likely to be closer to reality.



Figure 5-17. Model results for number of dead gulls as a function of time to significant rainfall after the second application.



Figure 5-18. Model results for number of dead gulls as a function of time to significant rainfall after the second application. The dashed line represents 1700 dead gulls.



[bookmark: _Toc336445316]Number of Applications

The effect on number of applications was modeled for 1, 2 and 3 applications of diphacinone. on tThe results shown in Figures 5-19 and 5-20 assumed an initial application date of November 29th, 50% hazing effectiveness, and 28 days until the first significant rainfall event after the second application (see Table 3-1 for other inputs). The results indicate that gull mortality would be near zero with only 1 or 2 applications of diphacinone but that a 3rd application greatly increases gull mortality. In fact, gull mortality with 3 applications is above the threshold of 1700 dead gulls. Total eradication of mice is much less likely with one or two applications of diphacinone than with three applications. Thus, having only one or two applications of diphacinone is not under consideration for SEFI.	Comment by Gerry McChesney: Also explain that numbers of dead gulls is much lower when hazing success if higher and rainfall is sooner, and refer to Appendix B.	Comment by Gerry McChesney: Not the purpose of this report.



Figure 5-19. Model results for proportion of dead gulls as a function of number of applications.



Figure 5-20. Model results for number of dead gulls as a function of number of applications. The dash line represents 1700 dead gulls.



[bookmark: _Toc336445317]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 29th, 50% hazing effectiveness, and 28 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 for diphacinone. There may be significant benefits, however, with use of mitigation measures that limit exposure of gulls to bait pellets.	Comment by Gerry McChesney: This is another topic and seems like it doesn’t belong here.





Figure 5-21. Model results for proportion of dead gulls as a function of whether mice are removed.



Figure 5-22. Model results for number of dead gulls as a function of whether mice are removed. The dashed line represents 1700 dead gulls.

[bookmark: _Toc336445318]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 in which it can be.	Comment by Gerry McChesney: Seems like incomplete sentence.

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 (nk, where k is the number of input variables, and n 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 listed in Table 5-1. Some of these values could may be adjusted in future model simulations as, for example, new data become available from the fall, 2012 field trials on SEFI.	Comment by Gerry McChesney: No funds for more modellinig at this point.

		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



		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 SEFI.



		Applications interval - brodifacoum

		5, 21 days

		Label does not permit intervals of <5 days. An interval of 21 days or more will increase the likelihood that all individuals are exposed to the technique (Griffiths and Towns, 2008)



		Applications interval - diphacinone

		3, 10  days

		No need for interval of less than <3 days to ensure availability of pellets. Mice could recover if pellets not available for a period of time which suggests upper bound of 10 days.



		Number of applications - brodifacoum

		1, 2

		2 applications is maximum indicated in FWS (2012). 1 application is likely to be ineffective at eradicating mice. 



		Number of applications - diphacinone

		1, 3

		3 applications is maximum indicated by Island Conservation. 1 application is likely to be ineffective at eradicating mice.



		Hazing effectiveness

		0.25, 0.98

		Range suggested by Island Conservation



		Pellet half life (1st application)

		0.5, 2 days

		2010 SEFI field trial and available literature indicate this approximate range.



		Time to significant rainfall event after 2nd application

		4, 117 days

		Time to median significant rainfall at SEFI (2" in 3 days) is 28 days. Best and worst case scenarios are 4 and 117 days, respectively given available rainfall data from 1972-2010.



		Time to pellet removal after rainfall event

		2, 7 days

		Pellets generally degrade within 2-7 days of a significant rainfall event.



		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 consuming mice

		0.01, 0.15

		Lower value reflects fact that mice are not normally part of the western gull diet. Upper value is arbitrary but kept generally low because gulls normally feed on other food items.



		Daily probability of consuming pellets

		0.22, 0.25

		Range suggested by data collected during 2010 SEFI field trial.



		Temporal correlation coefficient for consuming pellets

		0.5, 0.9

		Observational data from 2010 SEFI field trial suggest that once a gull learns that pellets are a food source, they will continue to consume them as long as they are available. No data are available to quantify this variable and thus a wide range was selected. The same rationale was used for consumption of mice.



		Temporal correlation coefficient for consuming mice

		0.5, 0.9

		



		Proportion of intoxicated mice below ground

		0.87, 1 (brodifacoum)

0, 1 (diphacinone)

		Data from literature suggests that at least 87% of brodifacoum-intoxicated mice will go below ground. No comparable information is available for diphacinone.



		LD50 - brodifacoum

		0.588, 5 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).



		LD50 - diphacinone

		97, 3158 mg/kg bw

		No gull toxicity studies are available. Most sensitive value is for American kestrel (Rattner et al., 2010) and most tolerant value is for mallards (Erickson and Urban, 2004).





[bookmark: _Toc335836054][bookmark: _Toc336445319]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. Although hazing has been shown to be highly effective at airports and landfills (Curtis et al., 1995; Slate et al., 2000; Chipman et al., 2004), it is unknown whether it would be similarly effective at SEFI. A fall, 2012 trial is planned to investigate hazing effectiveness at SEFI.

Time to the first significant rainfall event following the second application is also significant because rain removes the pellets from the environment, 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 doses 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 SEFI 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 likelihood that the remaining pellets will be consumed by gulls. It is important that measures be taken to reduce the availability of pellets to birds. 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 pellet half-life after the first application from 0.5 to 2 days had only a modest influence on gull exposure to brodifacoum. The available data suggest that this is a reasonable range for this variable (e.g., Howald et al., 2001; FWS, 2012) and thus further research would not significantly reduce model uncertainty. Varying the daily probability of gulls ingesting pellets from 0.22 to 0.25 also had only a modest influence on gull exposure. Although data from the 2010 SEFI trial were used to define this narrow range, the dataset was clearly limited and thus there is uncertainty regarding this input parameter. The temporal correlation coefficient 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 temporal correlation coefficient for ingesting pellets. The time required for pellets to break down following a significant rainfall event had a modest influence on gull exposure. There are several studies that indicate a fairly rapid breakdown and molding of pellets when moisture levels are high (e.g., following a significant rainfall event) (e.g., Merton, 1987; Howald et al., 2001). As such, no further research is recommended for this variable.

Variables related to the secondary route of exposure (e.g., concentration in mice, probability of consuming mice, temporal correlation coefficient 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 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.



Figure 5-23. Results of sensitivity analysis for brodifacoum for maximum tissue concentration in western gulls.



The results of the sensitivity analysis for proportion and number of dead gulls were similar to the results for gull exposure except that the gull LD50 was also demonstrated to be important (Figures 5-24 and 5-25). The range between the best and worst case gull LD50s is quite wide (5 mg ai/kg bw and 0.588 mg ai/kg bw, respectively). The worst case LD50 is based upon probit analysis of the results of toxicity studies conducted by Wildlife International (1979a,b) on the laughing gull (Larus atricilla). The best case LD50 is from Godfrey (1986) who found that the black-blacked gull (Chroicocephalus bulleri) had an LD50 of <5 mg ai/kg bw. No toxicity data are available for western gulls, thus there is no information available at this time to tighten the bounds on the gull LD50. Conducting a toxicity test specific for western gulls would reduce the uncertainty inherent in the LD50 values currently used for analyses.



Figure 5-24. Results of sensitivity analysis for proportion of dead western gulls.





Figure 5-25. Results of sensitivity analysis for number of dead western gulls.



[bookmark: _Toc336445320]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, number of applications has a profound impact on gull exposure and mortality. In particular, having a third application of diphacinone dramatically increases gull exposure and mortality. The reason that gull impacts are greater with more than 2 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. The second highly influential variable was the 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 97 mg ai/kg bw for American kestrels (Rattner et al., 2010), led to predictions of significant mortality for western gulls (Figures 5-27 and 5-28). However, assuming the LD50s for northern bobwhite (2014 mg ai/kg bw; Rattner et al., 2010) or mallards (3158 mg ai/kg bw; Erickson and Urban, 2004) resulted in predictions of no mortality of diphacinone to western gulls. Conducting a toxicity test specific for western gulls is recommended to reduce the uncertainty of using LD50 values from unrelated bird species.



Figure 5-26. Results of sensitivity analysis for diphacinone for maximum tissue concentration in western gulls.





Figure 5-27. Results of sensitivity analysis for diphacinone for proportion of dead gulls.



Figure 5-28. Results of sensitivity analysis for diphacinone for number of dead gulls.



[bookmark: _Toc336445321]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:

· Hazing effectiveness

· LD50s for western gull for brodifacoum and diphacinone

· Daily probability of western gulls ingesting pellets

In other projects involving application of rodenticides, gulls have not been significantly affected. For example, a western gull colony on Anacapa Island in southern California (approximately 2,500 birds; Sowls et al., 1980) was not significantly affected by a rat eradication project involving application of brodifacoum. In that project, there was a loss of only 2 gulls (FWS, 2012). Eason et al. (2002) reported individual gull mortalities in relation to brodifacoum-based rodent eradication projects, but there were no significant population-level effects. 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:	Comment by Gerry McChesney: Not completely true. Rat Island, AK had hundreds of glaucous-winged gulls killed. Get reference from IC.	Comment by Gerry McChesney: Provide more recent estimate from Carter et al. (1992).	Comment by Gerry McChesney: Provide citation from Anacapa studies.



· Other island eradication projects often relied on use of bait stations instead of aerial broadcast of brodifacoum pellets. Gulls are unable to access pellets in bait stations which would eliminate the most important route of exposure, the primary route of exposure. The SEFI project partners are considering selectively using bait stations in difficult to haze areas as a possible mitigation measure.	Comment by Gerry McChesney: Maybe, but not purpose of this report.

· Because rats are much larger than mice, gulls may have been more reluctant to prey upon rats on other islands even if they were intoxicated.

· 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.

· The western gull population on SEFI is much larger than most gull populations on other islands, which increases the likelihood of gulls learning from each other on SEFI versus other islands. It also increases the likelihood of higher gull mortalities.

· 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 SEFI.



[bookmark: _Toc336445322]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 SEFI. It is somewhat difficult to compare the results presented in Appendices A and B because the diphacinone assessment was more conservative than the brodifacoum assessment. For example, because of limited data, the western gull risk model assumed that intoxicated mice do not go below ground after exposure to diphacinone whereas the brodifacoum model assumed that 87% of intoxicated mice go below ground. The LD50 assumed for diphacinone was based on a species unrelated to western gulls (i.e., American kestrel) and was highly conservative relative to other tested bird species. For brodifacoum, a conservative LD50 was also used but it was based on a gull species (i.e., laughing gull) and was reasonably close to the two other LD50s available for gull species (i.e., black-billed gull, southern black-backed gull).

In spite of the higher conservatism in the diphacinone model, the results from the western gull risk model clearly show that diphacinone poses a lower risk to western gulls on SEFI than does brodifacoum (Appendices A and B). Assuming an early initial application date (November 1) and 75% hazing effectiveness, applications of diphacinone should not cause greater than 1700 gull mortalities (Figure 5-29). This would only be the case with brodifacoum if a significant rainfall event occurs shortly after the second application (Figure 5-29). If hazing success is 90% or higher, neither rodenticide is likely to cause 1700 or greater gull mortalities irrespective of initial application date or time to first significant rainfall event after the final application (Figure 5-30; Appendices A and B).



Figure 5-29. Effects of time to significant rainfall event on Ppredicted gull mortality for brodifacoum and diphacinone assuming an initial application date of November 1 and 75% hazing success. The dashed line represents 1700 dead gulls.	Comment by Gerry McChesney: Need better description of figure.






Figure 5-30. Effects of time to significant rainfall event on Ppredicted gull mortality for brodifacoum and diphacinone assuming an initial application date of November 1 and 90% hazing success. The dashed line represents 1700 dead gulls.
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The likelihoods of brodifacoum and diphacinone applications achieving total eradication of mice on SEFI were not considered in this assessment. There is, however, strong evidence from other eradication projects indicating that brodifacoum is much more likely to be successful at eradicating mice on SEFI than would diphacinone (Parkes et al., 2011; Pitt et al., 2011). Total eradication of mice on SEFI is required for the Farallon Restoration Project to be considered successful (FWS, 2012). Otherwise, the mouse population will quickly rebound and continue to cause adverse effects to wildlife on SEFI (FWS, 2012).

[bookmark: _GoBack]Although brodifacoum is more likely to be successful at eradicating mice on SEFI, it is also clear that this rodenticide poses a higher risk to non-target western gulls than does diphacinone. To most effectively reduce gull mortalities, it would be advisable to consider: having 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.	Comment by Gerry McChesney: Can you list any caveats to modelling that could affect results dramatically. For example, if plant growth is good during time period assessed, it could recuce gulls ability to locate pellets in high growth areas, thus reducing uptake.	Comment by Gerry McChesney: This is a more applicable statement.
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[bookmark: _Toc336445326]APPENDIX A – MODELING RESULTS FOR WESTERN GULLS EXPOSED TO BRODIFACOUM ON THE FARALLON ISLANDS

		Date of Application

		Proportion of Gulls Removed by Hazing

		Time to Significant Rainfall Event (d)

		Number of Applications

		Dead Mice Removed?

		Mean Total Ingested Dose (mg ai/kg bw)

		Proportion of Dead Gulls

		Number of Dead Birds (#/11,000 birds)



		Nov 1

		0.25

		28

		2

		No

		1.82

		0.526

		5789



		Nov 8

		0.25

		28

		2

		No

		2.17

		0.597

		6568



		Nov 15

		0.25

		28

		2

		No

		2.39

		0.638

		7022



		Nov 22

		0.25

		28

		2

		No

		2.48

		0.662

		7276



		Nov 29

		0.25

		28

		2

		No

		2.57

		0.676

		7436



		Dec 6

		0.25

		28

		2

		No

		2.58

		0.679

		7468



		Dec 13

		0.25

		28

		2

		No

		2.60

		0.682

		7503



		Dec 20

		0.25

		28

		2

		No

		2.61

		0.684

		7519



		Nov 1

		0.5

		28

		2

		No

		1.22

		0.350

		3853



		Nov 8

		0.5

		28

		2

		No

		1.44

		0.400

		4402



		Nov 15

		0.5

		28

		2

		No

		1.58

		0.426

		4680



		Nov 22

		0.5

		28

		2

		No

		1.65

		0.439

		4831



		Nov 29

		0.5

		28

		2

		No

		1.71

		0.448

		4929



		Dec 6

		0.5

		28

		2

		No

		1.71

		0.449

		4936



		Dec 13

		0.5

		28

		2

		No

		1.72

		0.452

		4966



		Dec 20

		0.5

		28

		2

		No

		1.73

		0.453

		4986



		Nov 1

		0.75

		28

		2

		No

		0.608

		0.177

		1942



		Nov 8

		0.75

		28

		2

		No

		0.726

		0.203

		2229



		Nov 15

		0.75

		28

		2

		No

		0.787

		0.213

		2345



		Nov 22

		0.75

		28

		2

		No

		0.848

		0.226

		2486



		Nov 29

		0.75

		28

		2

		No

		0.865

		0.226

		2480



		Dec 6

		0.75

		28

		2

		No

		0.877

		0.229

		2523



		Dec 13

		0.75

		28

		2

		No

		0.869

		0.226

		2483



		Dec 20

		0.75

		28

		2

		No

		0.863

		0.226

		2487



		Nov 1

		0.9

		28

		2

		No

		0.241

		0.0695

		764



		Nov 8

		0.9

		28

		2

		No

		0.285

		0.0793

		872



		Nov 15

		0.9

		28

		2

		No

		0.317

		0.0859

		945



		Nov 22

		0.9

		28

		2

		No

		0.330

		0.0882

		970



		Nov 29

		0.9

		28

		2

		No

		0.339

		0.0892

		980



		Dec 6

		0.9

		28

		2

		No

		0.355

		0.0924

		1016



		Dec 13

		0.9

		28

		2

		No

		0.341

		0.0902

		992



		Dec 20

		0.9

		28

		2

		No

		0.345

		0.0905

		995



		Nov 1

		0.95

		28

		2

		No

		0.118

		0.0342

		376



		Nov 8

		0.95

		28

		2

		No

		0.155

		0.0432

		475



		Nov 15

		0.95

		28

		2

		No

		0.159

		0.0429

		472



		Nov 22

		0.95

		28

		2

		No

		0.167

		0.0439

		483



		Nov 29

		0.95

		28

		2

		No

		0.168

		0.0443

		486



		Dec 6

		0.95

		28

		2

		No

		0.170

		0.0439

		483



		Dec 13

		0.95

		28

		2

		No

		0.168

		0.0437

		481



		Dec 20

		0.95

		28

		2

		No

		0.180

		0.0476

		523



		Nov 1

		0.98

		28

		2

		No

		0.048

		0.0138

		151



		Nov 8

		0.98

		28

		2

		No

		0.0556

		0.0152

		167



		Nov 15

		0.98

		28

		2

		No

		0.0622

		0.0166

		182



		Nov 22

		0.98

		28

		2

		No

		0.0656

		0.0173

		190



		Nov 29

		0.98

		28

		2

		No

		0.0663

		0.0177

		194



		Dec 6

		0.98

		28

		2

		No

		0.0656

		0.0174

		191



		Dec 13

		0.98

		28

		2

		No

		0.0730

		0.0190

		209



		Dec 20

		0.98

		28

		2

		No

		0.0666

		0.0178

		195



		Nov 1

		0.25

		4

		2

		No

		0.328

		0.104

		1139



		Nov 8

		0.25

		4

		2

		No

		0.337

		0.107

		1179



		Nov 15

		0.25

		4

		2

		No

		0.997

		0.317

		3482



		Nov 22

		0.25

		4

		2

		No

		1.08

		0.336

		3697



		Nov 29

		0.25

		4

		2

		No

		1.49

		0.474

		5209



		Dec 6

		0.25

		4

		2

		No

		1.55

		0.486

		5343



		Dec 13

		0.25

		4

		2

		No

		1.61

		0.505

		5551



		Dec 20

		0.25

		4

		2

		No

		1.59

		0.503

		5535



		Nov 1

		0.5

		4

		2

		No

		0.224

		0.0707

		777



		Nov 8

		0.5

		4

		2

		No

		0.230

		0.0720

		792



		Nov 15

		0.5

		4

		2

		No

		0.657

		0.208

		2287



		Nov 22

		0.5

		4

		2

		No

		0.720

		0.225

		2471



		Nov 29

		0.5

		4

		2

		No

		1.00

		0.318

		3492



		Dec 6

		0.5

		4

		2

		No

		1.03

		0.323

		3558



		Dec 13

		0.5

		4

		2

		No

		1.06

		0.338

		3713



		Dec 20

		0.5

		4

		2

		No

		1.07

		0.337

		3706



		Nov 1

		0.75

		4

		2

		No

		0.110

		0.0346

		380



		Nov 8

		0.75

		4

		2

		No

		0.112

		0.0353

		388



		Nov 15

		0.75

		4

		2

		No

		0.348

		0.108

		1192



		Nov 22

		0.75

		4

		2

		No

		0.362

		0.113

		1244



		Nov 29

		0.75

		4

		2

		No

		0.492

		0.157

		1729



		Dec 6

		0.75

		4

		2

		No

		0.516

		0.161

		1771



		Dec 13

		0.75

		4

		2

		No

		0.527

		0.167

		1837



		Dec 20

		0.75

		4

		2

		No

		0.540

		0.170

		1871



		Nov 1

		0.9

		4

		2

		No

		0.0489

		0.0153

		167



		Nov 8

		0.9

		4

		2

		No

		0.0475

		0.0152

		166



		Nov 15

		0.9

		4

		2

		No

		0.135

		0.0431

		474



		Nov 22

		0.9

		4

		2

		No

		0.146

		0.0445

		489



		Nov 29

		0.9

		4

		2

		No

		0.204

		0.0641

		704



		Dec 6

		0.9

		4

		2

		No

		0.208

		0.0658

		723



		Dec 13

		0.9

		4

		2

		No

		0.212

		0.0678

		745



		Dec 20

		0.9

		4

		2

		No

		0.212

		0.0672

		739



		Nov 1

		0.95

		4

		2

		No

		0.0254

		0.00770

		84



		Nov 8

		0.95

		4

		2

		No

		0.0246

		0.00740

		81



		Nov 15

		0.95

		4

		2

		No

		0.0677

		0.0213

		234



		Nov 22

		0.95

		4

		2

		No

		0.0716

		0.0220

		242



		Nov 29

		0.95

		4

		2

		No

		0.102

		0.0321

		353



		Dec 6

		0.95

		4

		2

		No

		0.106

		0.0326

		358



		Dec 13

		0.95

		4

		2

		No

		0.106

		0.0327

		360



		Dec 20

		0.95

		4

		2

		No

		0.108

		0.0344

		378



		Nov 1

		0.98

		4

		2

		No

		0.00864

		0.00267

		29



		Nov 8

		0.98

		4

		2

		No

		0.00789

		0.00240

		26



		Nov 15

		0.98

		4

		2

		No

		0.0244

		0.00727

		79



		Nov 22

		0.98

		4

		2

		No

		0.0300

		0.00910

		100



		Nov 29

		0.98

		4

		2

		No

		0.0412

		0.0132

		145



		Dec 6

		0.98

		4

		2

		No

		0.0425

		0.0126

		138



		Dec 13

		0.98

		4

		2

		No

		0.0432

		0.0136

		149



		Dec 20

		0.98

		4

		2

		No

		0.0433

		0.0134

		147



		Nov 1

		0.25

		117

		2

		No

		3.03

		0.719

		7904



		Nov 8

		0.25

		117

		2

		No

		3.09

		0.721

		7926



		Nov 15

		0.25

		117

		2

		No

		3.15

		0.726

		7984



		Nov 22

		0.25

		117

		2

		No

		3.15

		0.724

		7970



		Nov 29

		0.25

		117

		2

		No

		3.15

		0.723

		7952



		Dec 6

		0.25

		117

		2

		No

		3.15

		0.729

		8013



		Dec 13

		0.25

		117

		2

		No

		3.10

		0.720

		7918



		Dec 20

		0.25

		117

		2

		No

		3.09

		0.719

		7908



		Nov 1

		0.5

		117

		2

		No

		2.00

		0.472

		5195



		Nov 8

		0.5

		117

		2

		No

		2.05

		0.478

		5258



		Nov 15

		0.5

		117

		2

		No

		2.08

		0.482

		5299



		Nov 22

		0.5

		117

		2

		No

		2.10

		0.485

		5333



		Nov 29

		0.5

		117

		2

		No

		2.12

		0.488

		5364



		Dec 6

		0.5

		117

		2

		No

		2.10

		0.483

		5314



		Dec 13

		0.5

		117

		2

		No

		2.06

		0.479

		5269



		Dec 20

		0.5

		117

		2

		No

		2.07

		0.480

		5274



		Nov 1

		0.75

		117

		2

		No

		0.997

		0.238

		2612



		Nov 8

		0.75

		117

		2

		No

		1.04

		0.243

		2674



		Nov 15

		0.75

		117

		2

		No

		1.06

		0.245

		2695



		Nov 22

		0.75

		117

		2

		No

		1.07

		0.245

		2690



		Nov 29

		0.75

		117

		2

		No

		1.05

		0.244

		2680



		Dec 6

		0.75

		117

		2

		No

		1.04

		0.240

		2644



		Dec 13

		0.75

		117

		2

		No

		1.03

		0.239

		2626



		Dec 20

		0.75

		117

		2

		No

		1.02

		0.237

		2611



		Nov 1

		0.9

		117

		2

		No

		0.412

		0.0967

		1063



		Nov 8

		0.9

		117

		2

		No

		0.404

		0.0942

		1036



		Nov 15

		0.9

		117

		2

		No

		0.409

		0.0949

		1044



		Nov 22

		0.9

		117

		2

		No

		0.430

		0.0989

		1087



		Nov 29

		0.9

		117

		2

		No

		0.412

		0.0955

		1050



		Dec 6

		0.9

		117

		2

		No

		0.422

		0.0975

		1072



		Dec 13

		0.9

		117

		2

		No

		0.411

		0.0945

		1039



		Dec 20

		0.9

		117

		2

		No

		0.415

		0.0968

		1064



		Nov 1

		0.95

		117

		2

		No

		0.199

		0.0469

		516



		Nov 8

		0.95

		117

		2

		No

		0.205

		0.0476

		523



		Nov 15

		0.95

		117

		2

		No

		0.204

		0.0469

		515



		Nov 22

		0.95

		117

		2

		No

		0.203

		0.0466

		512



		Nov 29

		0.95

		117

		2

		No

		0.202

		0.0465

		511



		Dec 6

		0.95

		117

		2

		No

		0.210

		0.0483

		530



		Dec 13

		0.95

		117

		2

		No

		0.211

		0.0484

		532



		Dec 20

		0.95

		117

		2

		No

		0.203

		0.0474

		521



		Nov 1

		0.98

		117

		2

		No

		0.0823

		0.0194

		213



		Nov 8

		0.98

		117

		2

		No

		0.0799

		0.0188

		206



		Nov 15

		0.98

		117

		2

		No

		0.0858

		0.0200

		220



		Nov 22

		0.98

		117

		2

		No

		0.0829

		0.0192

		210



		Nov 29

		0.98

		117

		2

		No

		0.0815

		0.0193

		212



		Dec 6

		0.98

		117

		2

		No

		0.0821

		0.0192

		210



		Dec 13

		0.98

		117

		2

		No

		0.0762

		0.0177

		194



		Dec 20

		0.98

		117

		2

		No

		0.0854

		0.0200

		220



		Nov 29

		0.5

		28

		1

		No

		0.158

		0.0719

		791



		Nov 29

		0.5

		28

		2

		Yes

		1.70

		0.447

		4921







[bookmark: _Toc336445327]APPENDIX B – MODELING RESULTS FOR WESTERN GULLS EXPOSED TO DIPHACINONE ON THE FARALLON ISLANDS

		Date of Application

		Proportion of Gulls Removed by Hazing

		Time to Significant Rainfall Event (d)

		Number of Applications

		Dead Mice Removed?

		Mean Total Ingested Dose (mg ai/kg bw)

		Proportion of Dead Gulls

		Number of Dead Birds (#/11,000)



		Nov 1

		0.25

		28

		3

		No

		41.5

		0.202

		2222



		Nov 8

		0.25

		28

		3

		No

		57.6

		0.278

		3059



		Nov 15

		0.25

		28

		3

		No

		67.1

		0.332

		3649



		Nov 22

		0.25

		28

		3

		No

		69.2

		0.343

		3775



		Nov 29

		0.25

		28

		3

		No

		72.2

		0.366

		4022



		Dec 6

		0.25

		28

		3

		No

		72.4

		0.363

		3996



		Dec 13

		0.25

		28

		3

		No

		72.2

		0.365

		4012



		Dec 20

		0.25

		28

		3

		No

		72.5

		0.363

		3997



		Nov 1

		0.5

		28

		3

		No

		27.7

		0.133

		1468



		Nov 8

		0.5

		28

		3

		No

		38.2

		0.183

		2011



		Nov 15

		0.5

		28

		3

		No

		44.6

		0.224

		2463



		Nov 22

		0.5

		28

		3

		No

		47.2

		0.234

		2571



		Nov 29

		0.5

		28

		3

		No

		48.1

		0.243

		2674



		Dec 6

		0.5

		28

		3

		No

		48.6

		0.245

		2696



		Dec 13

		0.5

		28

		3

		No

		48.8

		0.245

		2693



		Dec 20

		0.5

		28

		3

		No

		48.4

		0.239

		2627



		Nov 1

		0.75

		28

		3

		No

		13.8

		0.0666

		732



		Nov 8

		0.75

		28

		3

		No

		19.1

		0.0910

		1001



		Nov 15

		0.75

		28

		3

		No

		22.3

		0.110

		1215



		Nov 22

		0.75

		28

		3

		No

		23.6

		0.121

		1332



		Nov 29

		0.75

		28

		3

		No

		24.2

		0.122

		1337



		Dec 6

		0.75

		28

		3

		No

		24.1

		0.122

		1339



		Dec 13

		0.75

		28

		3

		No

		24.6

		0.123

		1355



		Dec 20

		0.75

		28

		3

		No

		24.3

		0.123

		1349



		Nov 1

		0.9

		28

		3

		No

		5.42

		0.0254

		279



		Nov 8

		0.9

		28

		3

		No

		7.52

		0.0371

		407



		Nov 15

		0.9

		28

		3

		No

		8.72

		0.0441

		485



		Nov 22

		0.9

		28

		3

		No

		9.28

		0.0460

		506



		Nov 29

		0.9

		28

		3

		No

		9.88

		0.0500

		549



		Dec 6

		0.9

		28

		3

		No

		9.87

		0.0482

		530



		Dec 13

		0.9

		28

		3

		No

		9.78

		0.0485

		533



		Dec 20

		0.9

		28

		3

		No

		9.74

		0.0494

		543



		Nov 1

		0.95

		28

		3

		No

		2.72

		0.0124

		136



		Nov 8

		0.95

		28

		3

		No

		3.94

		0.0190

		209



		Nov 15

		0.95

		28

		3

		No

		4.46

		0.0226

		248



		Nov 22

		0.95

		28

		3

		No

		4.80

		0.0236

		259



		Nov 29

		0.95

		28

		3

		No

		4.79

		0.0247

		271



		Dec 6

		0.95

		28

		3

		No

		4.55

		0.0221

		243



		Dec 13

		0.95

		28

		3

		No

		4.68

		0.0241

		265



		Dec 20

		0.95

		28

		3

		No

		4.90

		0.0243

		267



		Nov 1

		0.98

		28

		3

		No

		0.99

		0.00477

		52



		Nov 8

		0.98

		28

		3

		No

		1.50

		0.00723

		79



		Nov 15

		0.98

		28

		3

		No

		1.82

		0.00940

		103



		Nov 22

		0.98

		28

		3

		No

		1.90

		0.00957

		105



		Nov 29

		0.98

		28

		3

		No

		1.84

		0.00927

		101



		Dec 6

		0.98

		28

		3

		No

		2.03

		0.0104

		114



		Dec 13

		0.98

		28

		3

		No

		2.02

		0.0101

		111



		Dec 20

		0.98

		28

		3

		No

		1.96

		0.0100

		110



		Nov 1

		0.25

		4

		3

		No

		5.36

		0.0164

		180



		Nov 8

		0.25

		4

		3

		No

		5.40

		0.0145

		159



		Nov 15

		0.25

		4

		3

		No

		17.3

		0.0555

		610



		Nov 22

		0.25

		4

		3

		No

		18.5

		0.0528

		580



		Nov 29

		0.25

		4

		3

		No

		25.0

		0.0777

		855



		Dec 6

		0.25

		4

		3

		No

		26.2

		0.0765

		841



		Dec 13

		0.25

		4

		3

		No

		26.1

		0.0761

		837



		Dec 20

		0.25

		4

		3

		No

		26.4

		0.0800

		880



		Nov 1

		0.5

		4

		3

		No

		3.79

		0.0116

		127



		Nov 8

		0.5

		4

		3

		No

		3.69

		0.0104

		114



		Nov 15

		0.5

		4

		3

		No

		11.3

		0.0348

		382



		Nov 22

		0.5

		4

		3

		No

		12.0

		0.0336

		369



		Nov 29

		0.5

		4

		3

		No

		16.9

		0.0497

		547



		Dec 6

		0.5

		4

		3

		No

		17.5

		0.0504

		554



		Dec 13

		0.5

		4

		3

		No

		17.2

		0.0490

		538



		Dec 20

		0.5

		4

		3

		No

		17.5

		0.0514

		565



		Nov 1

		0.75

		4

		3

		No

		1.80

		0.0052

		56



		Nov 8

		0.75

		4

		3

		No

		1.85

		0.0053

		58



		Nov 15

		0.75

		4

		3

		No

		5.56

		0.0175

		192



		Nov 22

		0.75

		4

		3

		No

		6.16

		0.0184

		202



		Nov 29

		0.75

		4

		3

		No

		8.23

		0.0255

		280



		Dec 6

		0.75

		4

		3

		No

		8.85

		0.0246

		270



		Dec 13

		0.75

		4

		3

		No

		8.61

		0.0241

		265



		Dec 20

		0.75

		4

		3

		No

		8.80

		0.0249

		273



		Nov 1

		0.9

		4

		3

		No

		0.740

		0.00190

		20



		Nov 8

		0.9

		4

		3

		No

		0.745

		0.00237

		26



		Nov 15

		0.9

		4

		3

		No

		2.49

		0.00777

		85



		Nov 22

		0.9

		4

		3

		No

		2.48

		0.00800

		88



		Nov 29

		0.9

		4

		3

		No

		3.46

		0.0101

		111



		Dec 6

		0.9

		4

		3

		No

		3.45

		0.0106

		116



		Dec 13

		0.9

		4

		3

		No

		3.64

		0.0112

		123



		Dec 20

		0.9

		4

		3

		No

		3.53

		0.0104

		114



		Nov 1

		0.95

		4

		3

		No

		0.384

		0.00110

		12



		Nov 8

		0.95

		4

		3

		No

		0.325

		0.000933

		10



		Nov 15

		0.95

		4

		3

		No

		1.07

		0.00343

		37



		Nov 22

		0.95

		4

		3

		No

		1.26

		0.00337

		37



		Nov 29

		0.95

		4

		3

		No

		1.70

		0.00577

		63



		Dec 6

		0.95

		4

		3

		No

		1.82

		0.00513

		56



		Dec 13

		0.95

		4

		3

		No

		1.78

		0.00467

		51



		Dec 20

		0.95

		4

		3

		No

		1.75

		0.00550

		60



		Nov 1

		0.98

		4

		3

		No

		0.149

		0.000367

		4



		Nov 8

		0.98

		4

		3

		No

		0.142

		0.000433

		4



		Nov 15

		0.98

		4

		3

		No

		0.447

		0.00137

		15



		Nov 22

		0.98

		4

		3

		No

		0.482

		0.00117

		12



		Nov 29

		0.98

		4

		3

		No

		0.715

		0.00203

		22



		Dec 6

		0.98

		4

		3

		No

		0.740

		0.00217

		23



		Dec 13

		0.98

		4

		3

		No

		0.664

		0.00170

		18



		Dec 20

		0.98

		4

		3

		No

		0.650

		0.00157

		17



		Nov 1

		0.25

		117

		3

		No

		95.8

		0.528

		5808



		Nov 8

		0.25

		117

		3

		No

		95.2

		0.526

		5780



		Nov 15

		0.25

		117

		3

		No

		95.0

		0.526

		5785



		Nov 22

		0.25

		117

		3

		No

		95.4

		0.526

		5780



		Nov 29

		0.25

		117

		3

		No

		96.4

		0.534

		5870



		Dec 6

		0.25

		117

		3

		No

		95.5

		0.525

		5775



		Dec 13

		0.25

		117

		3

		No

		94.5

		0.517

		5681



		Dec 20

		0.25

		117

		3

		No

		94.3

		0.516

		5680



		Nov 1

		0.5

		117

		3

		No

		62.2

		0.341

		3753



		Nov 8

		0.5

		117

		3

		No

		62.9

		0.345

		3795



		Nov 15

		0.5

		117

		3

		No

		63.3

		0.350

		3851



		Nov 22

		0.5

		117

		3

		No

		64.3

		0.350

		3852



		Nov 29

		0.5

		117

		3

		No

		64.3

		0.353

		3883



		Dec 6

		0.5

		117

		3

		No

		63.2

		0.350

		3848



		Dec 13

		0.5

		117

		3

		No

		63.3

		0.348

		3823



		Dec 20

		0.5

		117

		3

		No

		62.1

		0.342

		3762



		Nov 1

		0.75

		117

		3

		No

		30.6

		0.168

		1852



		Nov 8

		0.75

		117

		3

		No

		32.2

		0.177

		1941



		Nov 15

		0.75

		117

		3

		No

		31.5

		0.173

		1900



		Nov 22

		0.75

		117

		3

		No

		31.8

		0.174

		1913



		Nov 29

		0.75

		117

		3

		No

		31.8

		0.177

		1942



		Dec 6

		0.75

		117

		3

		No

		31.7

		0.175

		1921



		Dec 13

		0.75

		117

		3

		No

		31.5

		0.174

		1911



		Dec 20

		0.75

		117

		3

		No

		31.1

		0.169

		1864



		Nov 1

		0.9

		117

		3

		No

		12.4

		0.0685

		753



		Nov 8

		0.9

		117

		3

		No

		12.9

		0.0707

		778



		Nov 15

		0.9

		117

		3

		No

		13.0

		0.0722

		794



		Nov 22

		0.9

		117

		3

		No

		12.6

		0.0704

		774



		Nov 29

		0.9

		117

		3

		No

		12.6

		0.0696

		765



		Dec 6

		0.9

		117

		3

		No

		12.8

		0.0704

		774



		Dec 13

		0.9

		117

		3

		No

		12.9

		0.0708

		778



		Dec 20

		0.9

		117

		3

		No

		12.5

		0.0688

		757



		Nov 1

		0.95

		117

		3

		No

		6.07

		0.0332

		364



		Nov 8

		0.95

		117

		3

		No

		6.31

		0.0352

		386



		Nov 15

		0.95

		117

		3

		No

		6.27

		0.0346

		380



		Nov 22

		0.95

		117

		3

		No

		6.22

		0.0345

		379



		Nov 29

		0.95

		117

		3

		No

		6.31

		0.0352

		386



		Dec 6

		0.95

		117

		3

		No

		6.27

		0.0350

		385



		Dec 13

		0.95

		117

		3

		No

		6.40

		0.0347

		381



		Dec 20

		0.95

		117

		3

		No

		6.10

		0.0331

		363



		Nov 1

		0.98

		117

		3

		No

		2.28

		0.0130

		142



		Nov 8

		0.98

		117

		3

		No

		2.53

		0.0147

		161



		Nov 15

		0.98

		117

		3

		No

		2.59

		0.0142

		156



		Nov 22

		0.98

		117

		3

		No

		2.35

		0.0131

		143



		Nov 29

		0.98

		117

		3

		No

		2.45

		0.0143

		157



		Dec 6

		0.98

		117

		3

		No

		2.46

		0.0133

		146



		Dec 13

		0.98

		117

		3

		No

		2.43

		0.0131

		143



		Dec 20

		0.98

		117

		3

		No

		2.49

		0.0130

		143



		Nov 29

		0.5

		28

		1

		No

		0.345

		0

		0



		Nov 29

		0.5

		28

		2

		No

		12.7

		0.00103

		11



		Nov 29

		0.5

		28

		3

		Yes

		48.2

		0.242

		2663









[bookmark: _Toc336445328]APPENDIX C – SENSITIVITY ANALYSIS FOR BRODIFACOUM MODEL

		Varied Parameter

		Value

		Units

		Mean Total Ingested Dose (mg ai/kg bw)

		Proportion Dead Gulls

		Number of Dead Birds (#/11,000 birds)



		Application Date

		Nov 1

		

		1.22

		0.350

		3853



		

		Nov 8

		

		1.44

		0.400

		4402



		

		Nov 15

		

		1.58

		0.426

		4680



		

		Nov 22

		

		1.65

		0.439

		4831



		

		Nov 29

		

		1.71

		0.449

		4939



		

		Dec 6

		

		1.71

		0.449

		4936



		

		Dec 13

		

		1.72

		0.452

		4966



		

		Dec 20

		

		1.73

		0.453

		4986



		Applications Interval

		5

		days

		1.65

		0.440

		4834



		

		12

		days

		1.71

		0.449

		4939



		

		21

		days

		1.72

		0.451

		4958



		Number of Applications

		1

		

		0.158

		0.0719

		791



		

		2

		

		1.71

		0.449

		4939



		Hazing Effectiveness

		0.25

		

		2.57

		0.676

		7436



		

		0.5

		

		1.71

		0.449

		4939



		

		0.75

		

		0.865

		0.226

		2480



		

		0.9

		

		0.339

		0.0892

		980



		

		0.95

		

		0.168

		0.0443

		486



		

		0.98

		

		0.0663

		0.0177

		194



		Pellet Half-life

		0.5

		days

		1.82

		0.457

		5027



		

		1

		days

		1.71

		0.449

		4939



		

		2

		days

		1.70

		0.445

		4899



		Time to Significant Rainfall Event After 2nd Application

		4

		days

		1.00

		0.318

		3492



		

		28

		days

		1.71

		0.449

		4939



		

		117

		days

		2.12

		0.488

		5364



		Time to Removal of Bait Following Significant Rainfall Event

		2

		days

		0.888

		0.290

		3188



		

		4.5

		days

		1.71

		0.449

		4939



		

		7

		days

		1.13

		0.344

		3781



		Mean (SD) Concentration in Mice

		2.71 (0.7)

		mg/kg ww

		1.71

		0.453

		4982



		

		4.9 (1.26)

		mg/kg ww

		1.71

		0.449

		4939



		Daily Probability of Consuming Mice Prior to Brodifacoum Application

		0.01

		

		1.70

		0.446

		4908



		

		0.125

		

		1.71

		0.449

		4939



		

		0.15

		

		1.72

		0.452

		4969



		Daily Probability of Consuming Pellets Following Brodifacoum Application

		0.22

		

		1.57

		0.423

		4654



		

		0.25

		

		1.71

		0.449

		4939



		Temporal Correlation Coefficient for Consuming Mice

		0.5

		

		1.69

		0.444

		4885



		

		0.7

		

		1.71

		0.451

		4956



		

		0.9

		

		1.71

		0.449

		4939



		Temporal Correlation Coefficient for Consuming Pellets

		0.5

		

		1.55

		0.460

		5056



		

		0.7

		

		1.54

		0.450

		4948



		

		0.9

		

		1.71

		0.449

		4939



		Proportion of Mouse Population Below Ground Following Onset of Symptoms

		0.87

		

		1.71

		0.449

		4939



		

		0.935

		

		1.69

		0.446

		4901



		

		1

		

		1.71

		0.451

		4965



		LD50

		0.588

		mg/kg bw

		1.71

		0.449

		4939



		

		2.79

		mg/kg bw

		1.73

		0.273

		3002



		

		5

		mg/kg bw

		1.71

		0.168

		1847







[bookmark: _Toc336445329]APPENDIX D – SENSITIVITY ANALYSIS FOR Diphacinone MODEL

		Varied Parameter

		Value

		Units

		Mean Total Ingested Dose (mg ai/kg bw)

		Proportion Dead Gulls

		Number of Dead Birds (#/11,000 birds)



		Application Date

		Nov 1

		

		27.7

		0.133

		1468



		

		Nov 8

		

		38.2

		0.183

		2011



		

		Nov 15

		

		44.6

		0.224

		2463



		

		Nov 22

		

		47.2

		0.234

		2571



		

		Nov 29

		

		48.4

		0.245

		2691



		

		Dec 6

		

		48.6

		0.245

		2696



		

		Dec 13

		

		48.8

		0.245

		2693



		

		Dec 20

		

		48.4

		0.239

		2627



		Applications Interval

		5

		days

		61.5

		0.330

		3632



		

		12

		days

		48.4

		0.245

		2691



		

		21

		days

		46.7

		0.232

		2548



		Number of Applications

		1

		

		0.345

		0

		0



		

		2

		

		12.7

		0.00103

		11



		

		3

		

		48.4

		0.245

		2691



		Hazing Effectiveness

		0.25

		

		72.2

		0.366

		4022



		

		0.5

		

		48.4

		0.245

		2691



		

		0.75

		

		24.2

		0.122

		1337



		

		0.9

		

		9.88

		0.0500

		549



		

		0.95

		

		4.79

		0.0247

		271



		

		0.98

		

		1.84

		0.00927

		101



		Pellet Half-life

		0.5

		days

		57.1

		0.302

		3322



		

		1

		days

		48.4

		0.245

		2691



		

		2

		days

		48.4

		0.244

		2679



		Time to Significant Rainfall Event After 2nd Application

		4

		days

		16.9

		0.0497

		547



		

		28

		days

		48.4

		0.245

		2691



		

		117

		days

		64.3

		0.353

		3883



		Time to Removal of Bait Following Significant Rainfall Event

		2

		days

		46.2

		0.232

		2549



		

		4.5

		days

		48.4

		0.245

		2691



		

		7

		days

		49.7

		0.250

		2747



		Mean (SD) Concentration in Mice

		30 (7.5)

		mg/kg ww

		48.5

		0.244

		2681



		

		51.5 (13)

		mg/kg ww

		48.4

		0.245

		2691



		Daily Probability of Consuming Mice Prior to Diphacinone Application

		0.01

		

		48.8

		0.246

		2709



		

		0.125

		

		48.4

		0.245

		2691



		

		0.15

		

		48.4

		0.244

		2684



		Daily Probability of Consuming Pellets Following Diphacinone Application

		0.22

		

		43.4

		0.214

		2349



		

		0.25

		

		48.4

		0.245

		2691



		Temporal Correlation Coefficient for Consuming Mice

		0.5

		

		48.1

		0.240

		2642



		

		0.7

		

		48.3

		0.243

		2668



		

		0.9

		

		48.4

		0.245

		2691



		Temporal Correlation Coefficient for Consuming Pellets

		0.5

		

		44.6

		0.201

		2205



		

		0.7

		

		44.2

		0.205

		2253



		

		0.9

		

		48.4

		0.245

		2691



		Proportion of Mouse Population Below Ground Following Onset of Symptoms

		0

		

		48.4

		0.245

		2691



		

		0.87

		

		48.2

		0.241

		2655



		

		1

		

		48.5

		0.245

		2693



		LD50

		97

		mg/kg bw

		48.4

		0.245

		2691



		

		2014

		mg/kg bw

		48.3

		0

		0



		

		3158

		mg/kg bw

		48.6

		0

		0









Raw Data	

0	1	2	3	4	5	6	7	8	9	1	0.85500000000000065	0.63750000000000062	0.39833333333333332	0.27166666666666733	0.26083333333333325	0.17750000000000021	3.250000000000005E-2	2.1666666666666608E-2	0	Days Since Onset of Symptoms



Proportion Mice Available





Log-Probit Model	1.4582724988302981E-2	2.2324393269808375E-2	2.724137236727139E-2	4.5420413361774416E-2	5.8200948533437095E-2	7.6310944636619013E-2	9.0622549495326568E-2	0.10313169291980492	0.11456992151406548	0.12529973914434844	0.13553140093849494	0.14539961019385655	0.1549968869910211	0.16439017430428568	0.17362993055508821	0.18275547910428941	0.19179833770043112	0.20078438692558292	0.20973533651111959	0.21866974878710346	0.22760377274557267	0.23655168323175488	0.24552628546975941	0.25453922441964472	0.26360122555482068	0.27272228537461518	0.28191182452955132	0.29117881278445795	0.30053187254140634	0.30997936590000319	0.31952946899521589	0.32919023646544032	0.33896965825649888	0.34887571049229832	0.35891640179027118	0.36909981613590531	0.37943415323328333	0.38992776709941951	0.40058920355943223	0.41142723721672481	0.42245090841240546	0.43366956064665596	0.44509287890779131	0.45673092934048831	0.46859420068162383	0.48069364789915336	0.49304073848580332	0.50564750188527452	0.51852658256401596	0.53169129728712283	0.5451556972132936	0.55893463549262323	0.57304384113308626	0.58749999999999958	0.60232084392971375	0.61752524907638384	0.63313334477537753	0.64916663440066869	0.66564812992473565	0.68260250216426843	0.70005624902320029	0.71803788443739069	0.73657815119762626	0.75571026139701092	0.77547016893861642	0.79589687937823461	0.81703280340222317	0.83892416149926452	0.8616214489385281	0.88517997209469901	0.90966046956715152	0.93512983456191701	0.96166195882488215	0.98933872327468786	1.0182511667130576	1.0485008720367561	1.0802016198548998	1.1134813731806688	1.148484675123586	1.1853755659602649	1.2243411590698259	1.2655960605709158	1.3093878803997383	1.356004171015152	1.4057812561274827	1.4591155948860561	1.516478597153277	1.57843621220805	1.645675238810828	1.719039290280673	1.7995789438962981	1.8886232669557161	1.9878845133241079	2.0996160595408577	2.2268592402117209	2.3738457726249371	2.5466884250435053	2.7546446014733608	3.0126253508659797	3.3467524892506813	3.8087236777398239	4.5230242089595345	5.9304231064499024	7.5991437429427124	12.67029595082705	15.460946500471804	23.66884449077746	1.0000000000000005E-2	0.05	0.1	0.5	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	99.5	99.9	99.95	99.990000000000023	95% Confidence Interval	5.4500000000000434E-3	9.0000000000000028E-3	1.235E-2	1.5699999999999999E-2	1.9050000000000001E-2	2.2450000000000012E-2	2.5900000000000006E-2	2.945E-2	3.3099999999999997E-2	3.6799999999999999E-2	5.7050000000000024E-2	8.0300000000000024E-2	0.10715000000000002	0.13800000000000001	0.17340000000000041	0.21390000000000206	0.2601	0.3125000000000035	0.37190000000000395	0.43920000000000031	0.51569999999999994	0.60350000000000004	0.70639999999999992	0.83119999999999994	0.99169999999999991	1.2203999999999859	1.2807499999999998	1.3488500000000001	1.42685	1.5181	1.62785	1.76505	1.9470499999999999	2.2141500000000001	2.7021499999999987	1	2	3	4	5	6	7.0000000000000009	8	9	10	15	20	25	30	35	40	45	50	55.000000000000007	60	65	70	75	80	85	90	91	92	93	94	95	96	97	98	99	95% Confidence Interval	0.14440000000000044	0.17540000000000044	0.19869999999999999	0.21845000000000206	0.23605000000000001	0.25229999999999997	0.26755000000000001	0.28210000000000002	0.29615000000000002	0.30975000000000008	0.37455000000000038	0.43805000000000038	0.50380000000000003	0.57450000000000001	0.65285000000000892	0.74210000000000065	0.84654999999999991	0.97205000000000064	1.1269500000000001	1.3234999999999844	1.5806	1.9286500000000146	2.42015	3.1557499999999967	4.3566000000000003	6.6328499999999995	7.3552	8.2348000000000017	9.3305500000000023	10.736099999999999	12.610800000000001	15.251950000000001	19.294750000000001	26.424799999999717	43.527150000000013	1	2	3	4	5	6	7.0000000000000009	8	9	10	15	20	25	30	35	40	45	50	55.000000000000007	60	65	70	75	80	85	90	91	92	93	94	95	96	97	98	99	Raw Data	6.3851590106007078E-2	0.24133333333333562	0.28067796610169532	0.4581818181818183	1.1414769230769373	1.3287272727272719	2.8489999999999998	2.9516546762589924	5.4692000000000034	8.4120000000000008	0	20	50	0	100	80	100	80	100	100	Dose (mg/kg bw)



Mortality (%)







100	100	100	100	100	100	100	100	100	100	300	300	300	300	300	300	300	300	300	300	1000	1000	1000	1000	1000	1000	1000	1000	1000	1000	3000	3000	3000	3000	3000	3000	3000	3000	3000	3000	10000	10000	10000	10000	10000	10000	10000	10000	10000	10000	30000	30000	30000	30000	30000	30000	30000	30000	30000	30000	100000	100000	100000	100000	100000	100000	100000	100000	100000	100000	0.42000000000000032	0.43000000000000038	0.47000000000000008	0.53	0.41000000000000031	0.43000000000000038	0.39000000000000101	0.39000000000000101	0.49000000000000032	0.42000000000000032	0.54	0.45	0.45333333333333325	0.42000000000000032	0.49000000000000032	0.46333333333333326	0.48333333333333334	0.49333333333333335	0.43000000000000038	0.41333333333333333	0.45100000000000001	0.45900000000000002	0.44800000000000001	0.45300000000000001	0.48000000000000032	0.43200000000000038	0.45300000000000001	0.45900000000000002	0.49400000000000038	0.43800000000000089	0.45500000000000002	0.44133333333333324	0.43133333333333335	0.45133333333333325	0.45633333333333326	0.44466666666666682	0.45566666666666755	0.43100000000000038	0.45433333333333326	0.44833333333333325	0.44779999999999998	0.45300000000000001	0.44500000000000001	0.4491	0.443	0.44540000000000002	0.4556	0.44740000000000002	0.45840000000000031	0.45029999999999998	0.45179999999999998	0.45236666666666797	0.44683333333333325	0.44970000000000004	0.45503333333333329	0.45113333333333244	0.44620000000000004	0.45153333333333329	0.45333333333333325	0.45103333333333329	0.44800000000000001	0.45051000000000002	0.45105000000000001	0.44691000000000008	0.45022000000000001	0.44831000000000032	0.44915000000000005	0.44803000000000004	0.44862000000000002	0.44878000000000001	Number of Simulations

Proportion of Dead Gulls



CV	100	300	1000	3000	10000	30000	100000	9.7827786692367589	7.9695012323236964	3.8177977975633448	2.0500784369436422	1.034135839541374	0.5719510096885746	0.27237640808971941	Number of Simulations

Coefficient of Variation (%)



Nov 1	Nov 8	Nov 15	Nov 22	Nov 29	Dec 6	Dec 13	Dec 20	6.9500000000000034E-2	7.9300000000000134E-2	8.5900000000000004E-2	8.8200000000000028E-2	8.9200000000000043E-2	9.240000000000001E-2	9.0200000000000002E-2	9.0500000000000067E-2	Application Date

Proportion of Dead Gulls



Nov 1	Nov 8	Nov 15	Nov 22	Nov 29	Dec 6	Dec 13	Dec 20	764	872	945	970	980	1016	992	995	1700	1700	1700	1700	1700	1700	1700	1700	Application Date

Number Dead Birds (#/11,000 Birds)



0.25	0.5	0.75000000000000189	0.9	0.95000000000000062	0.98	0.67600000000000227	0.44800000000000001	0.22600000000000001	8.9200000000000043E-2	4.4299999999999999E-2	1.77E-2	Proportion of Gulls Removed by Hazing

Proportion of Dead Gulls



0.25	0.5	0.75000000000000189	0.9	0.95000000000000062	0.98	7436	4929	2480	980	486	194	1700	1700	1700	1700	1700	1700	Proportion of Gulls Removed by Hazing

Number Dead Gulls (#/11,000 Birds)



4	28	117	6.4100000000000004E-2	8.9200000000000043E-2	9.5500000000000265E-2	Time to Significant Rainfall Event (d)

Proportion of Dead Gulls



4	28	117	704	980	1050	1700	1700	1700	Time to Significant Rainfall Event (d)

Number Dead Gulls (#/11,000 Birds)



7.1900000000000006E-2	0.44800000000000001	Number of Applications

Proportion of Dead Gulls



791	4929	1700	1700	Number of Applications

Number Dead Gulls (#/11,000 Birds)



Yes	No	0.44700000000000001	0.44800000000000001	Dead Mice Removed?

Proportion of Dead Gulls



Yes	No	4921	4929	No	Yes	1700	1700	Dead Mice Removed?

Number Dead Gulls (#/11,000 Birds)



Nov 1	Nov 8	Nov 15	Nov 22	Nov 29	Dec 6	Dec 13	Dec 20	2.5366666666666666E-2	3.7066666666666671E-2	4.4100000000000014E-2	4.6033333333333523E-2	4.9966666666666833E-2	4.82E-2	4.8466666666666713E-2	4.9400000000000034E-2	Application Date

Proportion of Dead Gulls



Nov 1	Nov 8	Nov 15	Nov 22	Nov 29	Dec 6	Dec 13	Dec 20	279	407	485	506	549	530	533	543	1700	1700	1700	1700	1700	1700	1700	1700	Application Date

Number Dead Gulls (#/11,000 Birds)



0.25	0.5	0.75000000000000189	0.9	0.95000000000000062	0.98	0.36566666666666797	0.24310000000000001	0.12156666666666679	4.9966666666666833E-2	2.47E-2	9.2666666666667112E-3	Proportion of Gulls Removed by Hazing

Proportion of Dead Gulls



0.25	0.5	0.75000000000000189	0.9	0.95000000000000062	0.98	4022	2674	1337	549	271	101	1700	1700	1700	1700	1700	1700	Proportion of Gulls Removed by Hazing

Number Dead Gulls (#/11,000 Birds)



4	28	117	1.0133333333333333E-2	4.9966666666666833E-2	6.9633333333333589E-2	Time to Significant Rainfall Event (d)

Proportion of Dead Gulls



4	28	117	111	549	765	1700	1700	1700	Time to Significant Rainfall Event (d)

Number Dead Gulls (#/11,000 Birds)



0	1.033333333333334E-3	0.24310000000000001	Number of Applications

Proportion of Dead Gulls



0	11	2674	1700	1700	1700	Number of Applications

Number Dead Gulls (#/11,000 Birds)



Yes	No	0.24200000000000013	0.24310000000000001	Dead Mice Removed?

Proportion of Dead Gulls



2663 2674	Yes	No	2663	2674	Yes	No	1700	1700	Dead Mice Removed?

Number Dead Gulls (#/11,000 Birds)



Best Case	Application Date	Application Interval	Number of Applications	Hazing Effectiveness	Pellet Half-life	Time to Significant Rainfall Event	Time to Removal After Rainfall	Mean Concentration in Mice	Probability of Consuming Mice	Probability of Consuming Pellets	Temporal Correlation - Consuming Mice	Temporal Correlation - Consuming Pellets	Proportion Intoxicated Mice Below Ground	Gull LD50	1.22	1.72	0.15800000000000047	6.6299999999999998E-2	1.82	1	0.88800000000000001	1.71	1.7	1.57	1.6700000000000021	1.55	1.71	1.71	Worst Case	Application Date	Application Interval	Number of Applications	Hazing Effectiveness	Pellet Half-life	Time to Significant Rainfall Event	Time to Removal After Rainfall	Mean Concentration in Mice	Probability of Consuming Mice	Probability of Consuming Pellets	Temporal Correlation - Consuming Mice	Temporal Correlation - Consuming Pellets	Proportion Intoxicated Mice Below Ground	Gull LD50	1.73	1.6500000000000001	1.71	2.57	1.7	2.12	1.1299999999999959	1.71	1.72	1.71	1.71	1.71	1.71	1.71	

Maximum Tissue Conc. (mg ai/kg bw)





Best Case	Application Date	Application Interval	Number of Applications	Hazing Effectiveness	Pellet Half-life	Time to Significant Rainfall Event	Time to Removal After Rainfall	Mean Concentration in Mice	Probability of Consuming Mice	Probability of Consuming Pellets	Temporal Correlation - Consuming Mice	Temporal Correlation - Consuming Pellets	Proportion Intoxicated Mice Below Ground	Gull LD50	0.35000000000000031	0.45079999999999998	7.1900000000000006E-2	1.77E-2	0.45700000000000002	0.318000000000001	0.28983333333333333	0.45293333333333324	0.44623333333333215	0.42313333333333325	0.44416666666666682	0.45966666666666756	0.45143333333333324	0.16796666666666671	Worst Case	Application Date	Application Interval	Number of Applications	Hazing Effectiveness	Pellet Half-life	Time to Significant Rainfall Event	Time to Removal After Rainfall	Mean Concentration in Mice	Probability of Consuming Mice	Probability of Consuming Pellets	Temporal Correlation - Consuming Mice	Temporal Correlation - Consuming Pellets	Proportion Intoxicated Mice Below Ground	Gull LD50	0.45300000000000001	0.43953333333333333	0.44900000000000001	0.67600000000000227	0.44543333333333329	0.48800000000000032	0.34373333333333245	0.44900000000000001	0.45176666666666682	0.44900000000000001	0.44900000000000001	0.44900000000000001	0.44900000000000001	0.44900000000000001	Proportion of Dead Gulls



Best Case	Application Date	Application Interval	Number of Applications	Hazing Effectiveness	Pellet Half-life	Time to Significant Rainfall Event	Time to Removal After Rainfall	Mean Concentration in Mice	Probability of Consuming Mice	Probability of Consuming Pellets	Temporal Correlation - Consuming Mice	Temporal Correlation - Consuming Pellets	Proportion Intoxicated Mice Below Ground	Gull LD50	3853	4958	791	194	5027	3492	3188	4982	4908	4654	4885	5056	4965	1847	Worst Case	Application Date	Application Interval	Number of Applications	Hazing Effectiveness	Pellet Half-life	Time to Significant Rainfall Event	Time to Removal After Rainfall	Mean Concentration in Mice	Probability of Consuming Mice	Probability of Consuming Pellets	Temporal Correlation - Consuming Mice	Temporal Correlation - Consuming Pellets	Proportion Intoxicated Mice Below Ground	Gull LD50	4986	4834	4939	7436	4899	5364	3781	4939	4969	4939	4939	4939	4939	4939	Number of Dead Gulls



Best Case	Application Date	Application Interval	Number of Applications	Hazing Effectiveness	Pellet Half-life	Time to Significant Rainfall Event	Time to Removal After Rainfall	Mean Concentration in Mice	Probability of Consuming Mice	Probability of Consuming Pellets	Temporal Correlation - Consuming Mice	Temporal Correlation - Consuming Pellets	Proportion Intoxicated Mice Below Ground	Gull LD50	27.676591722118928	46.735287532668295	0.34453270904200872	1.8408159046390877	57.145233517193077	16.863131251844788	46.189133982911038	48.472460156809191	48.847162000347318	43.373061867977775	48.4	44.565331836942462	48.498868073213202	48.578492077899718	Worst Case	Application Date	Application Interval	Number of Applications	Hazing Effectiveness	Pellet Half-life	Time to Significant Rainfall Event	Time to Removal After Rainfall	Mean Concentration in Mice	Probability of Consuming Mice	Probability of Consuming Pellets	Temporal Correlation - Consuming Mice	Temporal Correlation - Consuming Pellets	Proportion Intoxicated Mice Below Ground	Gull LD50	48.435042908806331	61.469402665410499	48.4	72.19476887863587	48.409554177504646	64.301644867560881	49.659201028557035	48.4	48.447735014527389	48.4	48.120208356309021	48.4	48.4	48.4	Maximum Tissue Conc. (mg ai/kg bw)



Best Case	Application Date	Application Interval	Number of Applications	Hazing Effectiveness	Pellet Half-life	Time to Significant Rainfall Event	Time to Removal After Rainfall	Mean Concentration in Mice	Probability of Consuming Mice	Probability of Consuming Pellets	Temporal Correlation - Consuming Mice	Temporal Correlation - Consuming Pellets	Proportion Intoxicated Mice Below Ground	Gull LD50	0.13346666666666671	0.23169999999999999	0	9.2666666666667112E-3	0.30200000000000032	4.9733333333333685E-2	0.23173333333333396	0.24373333333333413	0.24630000000000021	0.21356666666666671	0.24500000000000041	0.20053333333333387	0.24490000000000053	0	Worst Case	Application Date	Application Interval	Number of Applications	Hazing Effectiveness	Pellet Half-life	Time to Significant Rainfall Event	Time to Removal After Rainfall	Mean Concentration in Mice	Probability of Consuming Mice	Probability of Consuming Pellets	Temporal Correlation - Consuming Mice	Temporal Correlation - Consuming Pellets	Proportion Intoxicated Mice Below Ground	Gull LD50	0.2388666666666667	0.33026666666666826	0.24500000000000041	0.36566666666666797	0.24356666666666671	0.35303333333333325	0.24973333333333425	0.24500000000000041	0.24403333333333402	0.24500000000000041	0.24020000000000041	0.24500000000000041	0.24500000000000041	0.24500000000000041	Proportion of Dead Gulls



Best Case	Application Date	Application Interval	Number of Applications	Hazing Effectiveness	Pellet Half-life	Time to Significant Rainfall Event	Time to Removal After Rainfall	Mean Concentration in Mice	Probability of Consuming Mice	Probability of Consuming Pellets	Temporal Correlation - Consuming Mice	Temporal Correlation - Consuming Pellets	Proportion Intoxicated Mice Below Ground	Gull LD50	1468	2548	0	101	3322	547	2549	2681	2709	2349	2691	2205	2693	0	Worst Case	Application Date	Application Interval	Number of Applications	Hazing Effectiveness	Pellet Half-life	Time to Significant Rainfall Event	Time to Removal After Rainfall	Mean Concentration in Mice	Probability of Consuming Mice	Probability of Consuming Pellets	Temporal Correlation - Consuming Mice	Temporal Correlation - Consuming Pellets	Proportion Intoxicated Mice Below Ground	Gull LD50	2627	3632	2691	4022	2679	3883	2747	2691	2684	2691	2642	2691	2691	2691	Number of Dead Gulls



Brodifacoum	4	28	117	380	1942	2612	Diphacinone	4	28	117	56	732	1852	1	2	3	1700	1700	1700	Time to Significant Rainfall Event (d)

Number Dead Gulls (#/11,000 Birds)



Brodifacoum	4	28	117	167	764	1063	Diphacinone	4	28	117	20	279	753	1	2	3	1700	1700	1700	Time to Significant Rainfall Event (d)

Number Dead Gulls (#/11,000 Birds)
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100 Shaffer Rd LML UCSC

Santa Cruz, CA 95060

Phone: 831 359-4787 ext 116

Fax: 831 459-1476

Email: gabrielle.feldman@islandconservation.org

Skype: gabrielle.feldman
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