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[bookmark: _Toc333222122]Analysis framework for impacts from toxicant use



[bookmark: _Toc322688038]The risk to non-target animals from any rodenticide is generally determined by two factors: the toxicity of the compound and the extent of exposure (Erickson and Urban 2004a). The compounds in the two action alternatives differ in toxicity and the likelihood of exposure for each of the species present on the Farallones.	Comment by Marn, Carolyn: need to define



[bookmark: _Toc333222123]Toxicity	Comment by Marn, Carolyn: This first section is a bit confusing to me as the approach is not completely transparent.  This section contains topics related to exposure.  If toxicity is defined strictly related to the rodenticide’s properties rather than hazard (i.e., LD and quantifying amount a species is likely to ingest through primary and secondary exposures), then the only factors to consider are species susceptibility and factors and uncertainty associated with estimated LD for Farallon species.  The discussion of the likelihood that an animal will acquire a lethal dose presumably would be discussed under exposure because there is no quantitatively assessment of hazard for reasons identified at the end of the section. Discuss on Friday.



[bookmark: _Toc333222124]Toxicity to birds and mammals 



The toxicity of a particular compound to an individual animal is often expressed in a value known as the “LD50” – the acute lethal dosage (LD) of a toxicant  to 50 percent of animals in a laboratory test, expressed as parts per million (ppm) or mg of toxicant per kg body weight. The EPA has compiled laboratory LD50 values and data for both diphacinone and brodifacoum for a number of species. However, due to the difficulty and expense of obtaining extensive laboratory data, the LD50 values for many species, including many of the species present on the Farallones, remain unknown for both toxicants. For the purposes of this assessment, the risk to these species was inferred from the most analogous species. Besides lethality, there are other physiological effects from ingestion of anticoagulants.	Comment by Marn, Carolyn: Are these presented in a table or appendix? Citation?	Comment by Marn, Carolyn: Please state relevance to this assessment.



The EPA has determined the toxicity of brodifacoum to birds and mammals to be high, with a single feeding of rodenticide bait or prey items that have consumed bait often sufficient to be lethal. In contrast, diphacinone, which typically requires consumption multiple times over many days to be lethal, is generally considered to have low to moderate toxicity to birds and high toxicity to mammals (Erickson and Urban 2004a).	Comment by Marn, Carolyn: Two listings in citations: a and b?



There is considerable variation between species, and sometimes between individuals, in regards to the number of bait pellets an individual animal needs to consume  for a lethal dose, and the lethal dose may not always be predictable. In general, animals with a larger body mass must ingest more of the toxicant to pass the LD50 threshold and die; for example a 2,000 lb animal would need to consume approximately 100 kg of brodifacoum 25D bait in order to reach an LD50 value (G. Howald pers. comm.). However, other factors also affect toxicity including age, gender, history of previous exposure, behavior, and the presence of anticoagulant resistance.	Comment by Marn, Carolyn: This paragraph is addressing primary exposure.	Comment by Marn, Carolyn: Not clear—between different species?



Predators and scavengers can also be exposed to the toxicant through secondary or tertiary pathways by consuming individuals previously exposed to the toxicant. As prey may ingest differing amounts of bait over time and metabolize/retain different amounts of rodenticide, it is difficult to predict the level of toxicant that could be present in prey animals, and subsequently difficult to predict how much a particular predator or scavenger would need to consume to reach a toxic dose. 



Because of the difficulties in accurately predicting risk to birds or mammals based on toxicity data alone, risks from a toxicant are better estimated using the risk of exposure. However, the body mass of animals is also taken into account.   	Comment by Marn, Carolyn: Quantifying?	Comment by Marn, Carolyn: Need to clarify

 Potential impacts to Western gulls present at the Farallones during the operational window

	

Biology and Status



Western gulls are expected to be present in variable numbers on the Farallones during the eradication operational window, scheduled for October through January.  Gull numbers vary day to day and between years.  Over the years western gull populations during the operational window ranged from a low of 1,800 to a high of 14,000. During the operational window, daily counts of gulls have been a slow as 15 individuals (PRBO unpublished data).  The population of western gulls on the Farallones would likely be lower in October during the non-breeding season and gradually increase during the operational window.	Comment by Marn, Carolyn: on the Farallones?



Western gulls are generally opportunistic omnivores that eat anything of interest both at sea and on land.  Western gulls at the Farallones primarily feed on marine invertebrates and fish. They have also been known to eat eggs and chicks of seabirds, scavenge carrion and refuse on land, forage and scavenge at sea, in intertidal areas, along beaches, and at dumps.  



Potential Rodenticide Exposure Pathways for Farallon Gulls



Western gulls are likely to be present during the operational window at the Farallon Islands and could potentially be exposed to the rodenticide through several pathways including:

1. Feeding directly on bait pellets (primary exposure)

2. Feeding on prey items that have consumed bait (e.g. mice) (secondary exposure)



This quantitative risk assessment evaluates the degree of the toxicological risk to western gulls via primary and secondary exposure pathways.  Tertiary and further pathways of exposure are possible, and multiple, repeated exposures via the exposure pathways are possible, but would not be evaluated in this analysis as the likelihood of mortality from a single feeding exposure event could lead to measurable impacts due to the toxicity of the rodenticide, as well as the quantity of toxic pellets consumed.  The toxicological risk is impossible to precisely quantify because of the lack of species-specific toxicity data for western gulls.  However, it is possible to estimate risk using data from surrogate bird species such as laughing gulls (Larus atricilla) and black-backed gulls (Chroicocephalus bulleri). Statistical probability models can be used to assist in predicting the approximate toxicological risk to western gulls from exposure to rodenticide from the Farallon Islands during and after the mouse eradication (Appendix XX).  	Comment by Marn, Carolyn: Either primary or secondary?	Comment by dgrout: Cite the Draft gull risk model



Gull Risk Assessment	Comment by gfeldman: Add Gull Risk Assessment here



Gull Population Viability Analysis (PVA)



House mouse eradication planning efforts on the Farallon National Wildlife Refuge have identified western gulls as a species at risk of non-target mortality from rodenticide ingestion.  Analyses of potential population level-impacts to the world’s largest colony of this species are crucial for evaluating the feasibility of the proposed project. PRBO conducted a population viability analysis using their long-term Farallon gull data sets to model future trends for this population. 



Future scenarios were assessed with and without gull mortality associated with a mouse eradication effort, under varying environmental conditions, and accounting for strong statistical variability over multiple decades.  Three background environmental scenarios were modeled: “optimistic” with high gull productivity; “realistic”, with average gull productivity; and “pessimistic”, with greater incidence of low productivity, as was observed from 2009 to 2011. 



Future population trends for Farallon western gulls, in the absence of any eradication-related mortality, would depend on the likelihood of reoccurrence of years with especially low reproductive success, as was observed from 2009 to 2011, and which was likely driven by environmental conditions. Under “optimistic” environmental conditions, the model predicts that this western gull population would grow by 10.6 percent after 20 years (median result; quartile range +41 percent to -14 percent).  Alternatively, under “pessimistic” conditions, the model predicts that the population would decline by 27 percent after 20 years (median result; quartile range -4 percent to -45 percent).  Under “realistic” environmental conditions, the model predicts that the population would decline by 8.7 percent after 20 years (median result; quartile range +18 percent to -29 percent).  



Under the “realistic” environmental scenario, the model with eradication-related gull mortality  of 1,700 or fewer  resulted in 20- year population trends that were ecologically indistinguishable from the no-project trend, with over 95 percent overlap in expected outcomes between the two scenarios. Under “realistic” conditions, the mortality of 1,700 gulls would cause the population decline to change only slightly from 8.7 percent to 12.7 percent after 20 years, relative to initial conditions (median result, quartile range +4 percent to -47 percent). 	Comment by Marn, Carolyn: What were model results for optimistic and pessimistic conditions?



The report concludes that a mortality of up to 1,700 western gulls, given an overall population of 32,200 birds, would be unlikely to cause long-term population impacts for this population. While this number represents the ecological threshold of possible mortality impacts from this proposed project, it does not reflect the threshold for significance of gull impacts for the United States Fish and Wildlife Service and its project partners.   	Comment by bkeitt: Important that Barabara Goodyear review and understand this statement, and approve of the language.



[bookmark: _Toc333222125]Toxicity to reptiles and amphibians 



There are no published studies on the toxicity of brodifacoum or diphacinone to reptiles or amphibians. Widely used references listing the LD50 values for anticoagulants (Timm 1994, Tasheva 1995) typically do not list any values for reptiles or amphibians. Anticoagulants like brodifacoum and diphacinone inhibit Vitamin K-dependent pathways in mammals and birds. Because reptiles are poikilothermic (cold-blooded), their blood chemistry and physiology is different from that of mammals and birds (warm-blooded animals) (Merton 1987), and blood coagulation mechanisms in reptiles are slower than those of mammals (Frost et al. 1999, Kubalek et al. 2002). Reptiles appear less at risk from brodifacoum and diphacinone than other vertebrate species based on data and observation from many invasive species eradication or control projects that have used these compounds. In many cases, the removal of non-native rodents from the ecosystem has led to a large increase in native reptile and amphibian populations (Towns 1991, Newman 1994, North et al. 1994, Towns and Dougherty 1994, Eason and Spurr 1995, Towns et al. 2001, NMFS 2005, Parrish 2005, Daltry 2006)



Table XX – Bait consumption and impacts to reptile species from anticoagulants.	Comment by Marn, Carolyn: Need to format table

		Island or Region

		Species

		Impact

		Results

		Reference



		Seychelles

		Wright’s skink (Mabuya wrightii)

		No observed consumption

		No evidence of impact to island population

		(Thorsen et al. 2000)



		Seychelles

		Seychelles skink

(Trachylepis seychellensis)

		No observed consumption

		No evidence of impact to island population

		(Merton et al. 2002)



		South Pacific

		Duvaucel’s gecko

(Hoplodactylus duvaucelii)

		Evidence of consumption

		No evidence of impact to island population

		(Christmas 1995)



		South Pacific

		Common gecko

(Hoplodactylus maculates)

		Evidence of consumption

		No evidence of impact to island population

		(Hoare and Hare 2006)



		Tawharanui, NZ

		Shore skinks

(Oligosoma smithi)

		One individual found consuming bait

		No evidence of impact to island population

		(Wedding 2007)



		Shakespeare National Park, NZ

		More skink (Oligosoma moco)

		Two individual found dead near bait stations

		One had residue in its tissue the other in its stomach

		(Tocher 2008)



		Boundary Stream, NZ

		Northand green gecko (Naultinus grayii)

		One individual found dead

		Residue found in tissue

		(Tocher 2008)



		Round Island, Mauritius

		Telfair’s skink (Leiolopisma telfairii)

		Several individuals found dead within 5 weeks of baiting

		Residue was found in tissue, lethal effects ceased after 5 weeks post baiting

		(Tocher 2008)



		Montebello Island Conservation Park, Australia

		Bungarras (Varanus gouldii)

		Observed scavenging dead or dying rats

		No dead individuals found

		(Burbridge 2004)





		Seymour Island, Ecuador

		Galapagos land iguanas (Conolophus subcristatus)

		6 individuals found dead after bait application

		Only one could directly be attributed to bait consumption

		(Hapers pers. comm.)



		Isabel Island, Mexico

		Brown iguanas (Ctenosaura pectinata)

		Several individuals found consuming bait

		19 individuals found dead after bait application

		(Rodriguez Malagon pers. comm.)



		Anacapa Island, USA

		Slender salamanders (Batrachoseps sp.)

		No consumption noted

		No recorded or observed mortality

		(Island Conservation unpubl. data)







[bookmark: _Toc333222126]Toxicity to invertebrates 



It has been suggested that invertebrates are not susceptible to anticoagulants because they do not have the same blood clotting systems as vertebrates (Shirer 1992 in Ogilvie et al. 1997). Primary exposure to toxic bait has been reported in several invertebrate taxa (including Coleoptera, Blattodea, Orthoptera, Scorpiones, and Haplotaxida) however, consumption of diphacinone or brodifacoum baits did not result in mortality (Morgan and Wright 1996, Ogilvie et al. 1997, Booth et al. 2001, Booth et al. 2003, Gerlach 2005). Rodenticide residues have been found in the tissues of various invertebrate species. The National Wildlife Residue database reported 38 out of 76 samples (including beetles, cockroaches, weta, and others) contained brodifacoum residue; the highest concentration (7.47 µg/g) was found in a 4.3 g weta (reported in Booth et al. 2001). Toxicity in land crabs (Gecarcinus lagostoma) was investigated by Pain et al. (2000) who found that crabs readily consumed brodifacoum bait with no lethal effects. 



Marine invertebrates tested negative for brodifacoum residue in post-eradication sampling at Anacapa Island   while 17 percent of terrestrial insect samples tested positive (Howald et al. 2010). Several other studies have demonstrated that land crabs are not negatively affected by anticoagulant rodenticides, although  crabs could be sources of secondary exposure (Buckelew et al. 2005, Island Conservation 2010). 	Comment by Marn, Carolyn: Did ALL marine samples test negative?



Gastropods, on the other hand, have experienced lethal effects from anticoagulant toxicants in at least 3 incidences. Mortality due to brodifacoum poisoning has been detected in three species of snail (Achatina fulica, Pachnodus silhouettanus, Pachystyla bicolor) where there were population level impacts (Gerlach and Florens 2000, Booth et al. 2001, Gerlach 2005). More recent field studies suggest that at least some species of terrestrial mollusks are not affected by brodifacoum (Brooke et al. 2010, Brooke et al. 2011). 



[bookmark: _Toc322688039][bookmark: _Toc333222127]Toxicant Exposure



[bookmark: _Toc322688040]Exposures to toxicants are primarily dependent on two factors:

· Behavior, such as food habits and other specific characteristics that increase or decrease an animal’s exposure to the toxicant; and	Comment by Marn, Carolyn: Circular definition

· The availability of the toxicant in the local environment.



The toxicants used for rodent eradications can only effectively be delivered through a bait that must be orally ingested; animals can be exposed to the  toxicant either by consuming bait pellets (known as “primary exposure”), or by preying or scavenging on rodents or other animals that previously ingested bait pellets (known as “secondary exposure”). Brodifacoum and diphacinone molecules adhere strongly to the bait pellet grains and are unlikely to be leached away in moisture or precipitation. Once the pellets disintegrate into particles that are too small for most foraging animals to consume, the toxicant is essentially unavailable within the environment. Eventually, even the sub-measurable concentrations of the toxicant remaining from a fully disintegrated pellet would break down into non-toxic compounds including carbon dioxide and water with no toxic intermediate compounds (NPS 2000).	Comment by Marn, Carolyn: Might want to include tertiary pathway	Comment by Marn, Carolyn: Less likely to consume as food item although still available if soil ingested. Should discuss half-lives in soil if known.



Primary exposure – Granivorous and omnivorous species, particularly omnivorous scavengers, are more likely to directly consume bait (primary exposure) than carnivorous, herbivorous, or insectivorous species because the bait matrix is composed primarily of grain. It is unlikely that carnivorous and insectivorous species on the Farallones would consume bait pellets intentionally as food.	Comment by Marn, Carolyn: Add discussion of availability for both rodenticides re: estimated time until breakdown.  Any differences due to application rates?



Secondary exposure – Mice and other animals that directly consume bait can also transfer some of the toxicant in their systems to predators or scavengers through secondary or tertiary exposure pathways. Different organisms show considerable variation in the amount of time that they retain toxicants in their bodies. For vertebrates that are exposed sub-lethally, brodifacoum can be retained in the liver for many months. Rats dosed sub-lethally had brodifacoum concentrations in their liver that took 350 days to be reduced by 50 percent (Erickson and Urban 2004a). Brodifacoum retention times for most bird species have not yet been determined. For invertebrates, the exact mechanisms of brodifacoum retention are unclear but the general understanding is that most invertebrates only retain brodifacoum briefly in their digestive system and not in body tissues (Booth et al. 2001).  	Comment by Marn, Carolyn: What about availability for diphacinone?



At the Farallones, several species are at risk of exposure to the applied rodenticide through a secondary pathway.  Mice may be at risk of secondary exposure by consuming invertebrates like crickets, dead birds, and other mice that had previously consumed bait.  Shorebirds may be at risk of secondary exposure to rodenticide through the consumption of invertebrates that had previously consumed bait.  Salamanders on the Farallones may be at risk of secondary exposure to rodenticide through the consumption of invertebrates that had previously consumed bait. Many species of gull and common ravens present on the Farallones would also be at risk to secondary exposure due to their opportunistic omnivorous diets. Additionally, birds of prey such as burrowing owls, peregrine falcons, and other raptors would also be at risk by potentially consuming poisoned mice and/or non-target species that are exposed to the rodenticide.	Comment by Marn, Carolyn: All animals, not just mice	Comment by Marn, Carolyn: Suggest moving this paragraph after first sentence in above paragraph.  Then discuss implications of different rodenticides on bait availability relative to the pathways.	Comment by Marn, Carolyn: Suggest moving this paragraph after first sentence in above paragraph.  Then discuss implications of different rodenticides on bait availability relative to the pathways.



[bookmark: _Toc333222128]Analysis framework for impacts from disturbance



[bookmark: _Toc322688041][bookmark: _Toc333222129]Helicopter operations



Low-flying aircraft operations at the South Farallones would likely result in short-term disturbance to wildlife from sound, the visual appearance of an aircraft, or a combination of both (Efroymson et al. 2001). Wildlife would be exposed to noises that exceed background levels.  Pinnipeds and seabirds on the Farallones are most at risk to impacts from helicopter operations. Due to the relatively low altitude at which helicopters would fly to apply the bait, the majority of the helicopter noise would be focused in a narrow cone directly underneath them, reducing the area of disturbance for each helicopter pass (Richardson et al. 1995). Animals on shore would likely be exposed to higher-decibel noise than animals in the water. Impacts to seabirds typically include flushing adult birds off of nests often resulting in subsequent predation or nest abandonment (Harris 2005).  Giese and Gale found that adult and chick king penguins (Aptenodytes patagonicus) responded to helicopters at a decibel level associated with flying below 900 feet (Giese and Gales 2008). 



During each aerial bait application, all points on the Farallones would most likely be subject to at least two overlapping helicopter passes. Over the course of bait application operations, which may entail two to three applications, there would likely be fewer than three to five days during which the helicopter would operate. The responses of animals to aircraft disturbance and the adverse effects of this disturbance vary considerably between species and different seasons.



[bookmark: _Toc322688042][bookmark: _Toc333222130]Personnel activities



Additional wildlife disturbance could result from personnel traveling by foot across the island (e.g., when hand-broadcasting bait, tending bait stations, and monitoring activities and non-target hazing operations), or traveling in small boats in the nearshore waters. Personnel dedicated to mouse eradication would be based at the Farallones for around four months under Alternatives B and C, with a small crew for approximately two months preparing for the operation , a larger crew for one month during and immediately after the baiting operation, and a small crew for a month after that. Following eradication, there would be several monitoring visits to the island each year for at least 2-years post-eradication. There are personnel on the Farallones conducting ongoing research, monitoring, and other management activities year-round, but mouse eradication would increase the number of personnel and the extent of effects to species on the island. Most current monitoring activities take place in discrete and limited areas of the island, whereas mouse eradication operations would require personnel to travel throughout the island. Personnel would be briefed on techniques to reduce wildlife disturbance, although some temporary and unavoidable disturbance events would likely still occur.



[bookmark: _Toc322688043][bookmark: _Toc333222131]Affect Indices	Comment by Marn, Carolyn: Need to tie these back to the framework to increase transparency.  Also state assumptions involved in quantifying/qualifying each of the indices.



The following affect indices were utilized to determine the level of risk to individual species from the perspective of:



1. Bait availability - the amount of time bait would be available through either primary or secondary exposure pathways,	Comment by Marn, Carolyn: Since bait is not a factor in secondary exposure, do you mean rodenticide or toxicant availability? Presume this accounts for rodenticide metabolism/retention in estimation of secondary pathways? How does this factor into exposure risk or overall toxicant risk?  Is this redundant with duration of toxicant risk column? Is it also accounted for in #3 toxicant fate? Duration of exposure?

1. Toxicant sensitivity - the toxicity of the rodenticide to each individual species based on toxicological properties (i.e., LD50)	Comment by Marn, Carolyn: Toxicity?	Comment by Marn, Carolyn: Suggest listing Toxicity first so exposure indices aren’t separated.  

1. Toxicant exposure risk level - the number of exposure pathways available to individual species based on feeding ecology and toxicant fate, 	Comment by Marn, Carolyn: Agree that exposure risk is a function of the type and number of potential pathway(s) and also the length of time the rodenticide is available/pathway. This also incorporates the difference between rodenticides in metabolism/retention for secondary pathways. If so, the description should be amended to include various factors.

1. Disturbance risk - the sensitivity to disturbance and the amount of disturbance risk that individuals may be exposed to during operations, 	Comment by Marn, Carolyn: Need to define Overall toxicant risk summarized in tables

1. Extent of the risk within the population - the number of individuals that may be affected from toxicant or disturbance and the affect that they would have to the global or regional breeding population, and 	Comment by Marn, Carolyn: Suggest putting risk characterization last

1. Duration of the risk - the period of time that individuals would be exposed to toxicant or disturbance risks.  	Comment by Marn, Carolyn: Is this essentially a repeat for toxicant risk of bait availability?



The species that were analyzed for impacts from eradication operations were chosen based on the following: a clear primary or secondary exposure pathway existed, Farallon resident or breeding species,  ESA-listed species , or  a record of more than 10 individual sightings per year at the Farallones within the operational window. The following indices illustrate the methodology employed to analyze the impacts to each of the identified species for the two action alternatives:



· Rodenticide availability	Comment by Marn, Carolyn: How were durations determined?

· Short: Bait or animal tissue with rodenticide available for 1- to 36 days

· Medium:  Rodenticide in animal tissue available for 37 – 90 days

· Long: Toxicant available in the environment for more than 90 days

· Toxicant Sensitivity	Comment by Marn, Carolyn: Define how minor, moderate and severe were determined

· None: No toxicological sensitivity

· Low: Minor toxicological sensitivity

· Medium: Moderate toxicological sensitivity

· High: Severe toxicological sensitivity

· Toxicant exposure risk level	Comment by Marn, Carolyn: By this definition, there are the following categories:
 None: no exposure pathway; Overall toxicant risk is None.
 Low: possible exposure pathway—not sure what meets this definition. Generally, potential pathway is treated as complete pathway to be conservative unless there is additional justification not to include. Perhaps not likely/expected or incidental might apply?
 Primary pathway. Exposure pathway medium by definition but text indicates high. Overall risk depends on toxicant sensitivity (toxicity).  Will differentiate based on rodenticide as the characterization is to dose (i.e., # pellets).  Bait availability (land vs. water) is factor to reduce overall risk for aquatic species with only a primary pathway. 
Secondary pathway: e.g., prey only on mice. Medium exposure risk by definition but text describes high exposure risk. Overall risk determined by toxicity.
Multiple secondary pathways: High exposure risk based on definition but often given medium. 
Primary pathway and Secondary pathway(s): High exposure risk by definition.

· None: No exposure pathway

· Low: Possible exposure pathway

· Medium: One exposure pathway

· High: Multiple exposure pathways

· Disturbance sensitivity

· None: No disturbance pathway

· Low: Low sensitivity to disturbance

· Medium: Moderate sensitivity to disturbance

· High: Severe sensitivity to disturbance

· Relative population risk

· Low: Few individuals affected

· Medium: Many individuals within island population affected with no affect to the global or regional breeding population

· High: Many individuals affected with impacts to the global or regional breeding population

· Duration of the risk of the toxicant or from disturbance

· Short: Impacts for up to 2 months

· Medium: Impacts for more than 2 months and up to 6 months

· Long: Impacts for more than 6 months



[bookmark: _Toc322688044][bookmark: _Toc333222132]Impacts of Alternative B on Biological Resources:  Aerial Brodifacoum 



[bookmark: _Toc322688045][bookmark: _Toc333222133]Impacts on Birds



Generally, birds that primarily eat plant matter such as seeds and grains would initially be at high risk for primary exposure to brodifacoum. Predators and scavengers would in some cases be at high risk of secondary exposure to brodifacoum. Animals that feed on mice, mouse carcasses, or large ground-dwelling invertebrates such as slugs, crickets or beetles would initially be at high risk of secondary exposure to brodifacoum. Birds that have a broad, omnivorous diet would initially be at high risk for both primary and secondary exposure.



The risk of exposure (either primary or secondary) in initially high-risk birds (terrestrial herbivores, many predators and scavengers, and omnivores) would begin to decline rapidly within 30 days of the final bait application session as the mouse  population declines, bait pellets are consumed or disintegrated, and bait becomes less available to invertebrate consumers. The risk of exposure in these initially high-risk birds would generally be low within 30 days of the final bait application and negligible within a few months thereafter.  Also, birds that feed primarily on flying insects and “micro-invertebrates” would be at an initially low risk of secondary exposure due to the low likelihood that these classes of invertebrates would be carrying brodifacoum in their systems; this risk would steadily decline to negligible within a few months.	Comment by Lillie Langlois: GMC: reference?	Comment by Marn, Carolyn: Assume terrestrial?



On the other hand, birds foraging in the intertidal zone would be at lower risk for primary exposure because pellets that drift into the water would disintegrate and become unavailable within a few hours (Empson and Miskelly 1999, Howald et al. 2010). Similarly, birds that forage primarily in the intertidal zone and specialize in intertidal invertebrates would initially be at a low risk of secondary exposure. The likelihood of exposure in intertidal specialists would decline even more rapidly, becoming negligible within 30 days of the final bait application.



The following is a breakdown of the direct and indirect toxicant and disturbance impacts to each of the identified bird species that are likely to be exposed to brodifacoum during the implementation of Alternative B on the South Farallon Islands.  Additionally, we have quantified the number of individuals per bird species that are likely to be adversely affected by Alternative B by assuming the worst case scenario and considering any individuals that may be present on the island during the eradication operations to be vulnerable to adverse impacts from this action alternative.

Raptors:  



Ferruginous Hawk 

Toxicant risk

Ferruginous hawks could be exposed to brodifacoum through secondary exposure pathways by consuming other species that have been exposed to the toxicant. Generally, ferruginous hawks primarily consume small- to medium-sized mammals (Bechard and Schmutz 1995). Based on their feeding habits the bait availability for these hawks would be for the medium-term, the toxicant sensitivity would be high, and the toxicant exposure risk is medium due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the medium-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to hawks. The scale of impact would be to the few individuals that are present at this time on the island.

Disturbance risk

Ferruginous hawks could be exposed to disturbances from both ground and air operations, which would likely cause them to leave the area to an alternate site on the island.  The impacts associated with disturbance sensitivity for this alternative is low, the duration of the disturbance would be for the short-term, and the scale of impact would be to the few individuals that are present at this time on the island. 

· XXX individuals are likely to be exposed to impacts from Alternative B.	Comment by dgrout: PRBO: how many land each fall-winter and stay to feed?



Rough-legged hawk and Cooper’s hawk

Toxicant risk

Rough-legged and Cooper’s hawks could be exposed to brodifacoum through secondary exposure pathways by consuming other species that have been exposed to the toxicant. Generally, rough-legged hawks consume small- to medium-sized mammals and a variety of birds (Bechard and Swem 2002). Cooper’s hawks consume primarily medium-sized birds and some small mammals (Curtis et al. 2006).  Based on their feeding habits the bait availability for these hawks would be for the medium-term, the toxicant sensitivity would be high, and the toxicant exposure risk is medium due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the medium-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to hawks. The scale of impact would be to the few individuals that are present at this time on the island.

Disturbance risk

Rough-legged and Cooper’s hawks could be exposed to disturbances from both ground and air operations, which would likely cause them to flush the area to an alternate site on the island.  The impacts associated with disturbance sensitivity for this alternative is low, the duration of the disturbance would be for the short-term, and the scale of impact would be to the few individuals that are present at this time on the island. 

· XXX individuals are likely to be exposed to impacts from Alternative B.	Comment by dgrout: # landing on SEFI/WE?



Northern Harrier and Red-tailed Hawk

Toxicant risk

Northern harriers and red-tailed hawks could be exposed to brodifacoum through secondary exposure pathways by consuming other species that have been exposed to the toxicant. Generally, Northern harriers and red-tailed hawks consume small- to medium-sized mammals, small birds, reptiles, and amphibians (Macwhirter and Bildstein 1996, Preston and Beane 2009). Based on their feeding habits the bait availability for these hawks would be for the medium-term, the toxicant sensitivity would be high, and the toxicant exposure risk is medium due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the medium-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to hawks. The scale of impact would be to the few individuals that are present at this time on the island.

Disturbance risk

Northern harriers and red-tailed hawks would be exposed to disturbances from both ground and air operations, which would likely cause them to flush the area to an alternate site on the island.  The impacts associated with disturbance sensitivity for this alternative is low, the duration of the disturbance would be for the short-term, and the scale of impact would be to the few individuals that are present at this time on the island. 

· XXX individuals are likely to be exposed to impacts from Alternative B.	Comment by dgrout: #?



Sharp-shinned Hawk and American Kestrel

Toxicant risk

Sharp-shinned hawks and American kestrels could be exposed to brodifacoum through secondary exposure pathways by consuming other species that have been exposed to the toxicant. Generally, sharp-shinned hawks consume small mammals, small birds, and occasionally large insects (Bildstein and Meyer 2000); American kestrels primarily consume small vertebrates and terrestrial arthropods (Smallwood and Bird 2002). Based on their feeding habits the bait availability for these hawks would be for the medium-term, the toxicant sensitivity would be high, and the toxicant exposure risk is medium due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the medium-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to hawks. The scale of impact would be to the few individuals that are present at this time on the island.

Disturbance risk

Sharp-shinned hawks and American kestrels could be exposed to disturbances from both ground and air operations, which would likely cause them to flush the area to an alternate site on the island.  The impacts associated with disturbance sensitivity for this alternative is low, the duration of the disturbance would be for the short-term, and the scale of impact would be to the few individuals that are present at this time on the island. 

· XXX individuals are likely to be exposed to impacts from Alternative B.	Comment by dgrout: #



Merlin

Toxicant risk

Merlins could be exposed to brodifacoum through secondary exposure pathways by consuming other species that have been exposed to the toxicant. Generally, merlins primarily consume small- to medium-sized birds (Warkentin et al. 2005). Based on their feeding habits the bait availability for these species would be for the medium-term, the toxicant sensitivity would be high, and the toxicant exposure risk is medium due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the medium-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to these raptors. The scale of impact would be to the few individuals that are present at this time on the island.

Disturbance risk

Merlins could be exposed to disturbances from both ground and air operations, which would likely cause them to flush the area to an alternate site on the island. The impacts associated with disturbance sensitivity for this alternative is low, the duration of the disturbance would be for the short-term, and the scale of impact would be to the few individuals that are present at this time on the island. 

· XXX individuals are likely to be exposed to impacts from Alternative B.	Comment by dgrout: #



Short-eared Owl and Long-eared Owl

Toxicant risk

Short-eared and long-eared owls could be exposed to brodifacoum through secondary exposure pathways by consuming other species that have been exposed to the toxicant. Generally, both short-eared and long-eared owls consume small mammals and small birds (Marks et al. 1994, Wiggins et al. 2006). Based on their feeding habits the bait availability for these species would be for the medium-term, the toxicant sensitivity would be high, and the toxicant exposure risk is medium due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the medium-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to these raptors. The scale of impact would be to the few individuals that are present at this time on the island.

Disturbance risk

Short-eared and long-eared owls could be exposed to disturbances from both ground and air operations, which would likely cause them to flush the area to an alternate site on the island.  The impacts associated with disturbance sensitivity for this alternative is low, the duration of the disturbance would be for the short-term, and the scale of impact would be to the few individuals that are present at this time on the island. 

· XXX individuals are likely to be exposed to impacts from Alternative B.	Comment by dgrout: #



Barn Owl

Toxicant risk

Barn owls could be exposed to brodifacoum through secondary exposure pathways by consuming other species that have been exposed to the toxicant. Generally, barn owls consume primarily small mammals, and to a lesser extent small birds, reptiles, and arthropods (Marti et al. 2005). Based on their feeding habits the bait availability for barn owls would be for the medium-term, the toxicant sensitivity would be high, and the toxicant exposure risk is medium due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the medium-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to these raptors. The scale of impact would be to the few individuals that are present at this time on the island.

Disturbance risk

Barn owls could be exposed to disturbances from both ground and air operations, which would likely cause them to flush the area to an alternate site on the island.  The impacts associated with disturbance sensitivity for this alternative is low, the duration of the disturbance would be for the short-term, and the scale of impact would be to the few individuals that are present at this time on the island. 

· XXX individuals are likely to be exposed to impacts from Alternative B.	Comment by dgrout: #



Northern Saw-whet Owl and White-tailed Kite

Toxicant risk

Northern saw-whet owls and white-tailed kites could be exposed to brodifacoum through secondary exposure pathways by consuming other species that have been exposed to the toxicant. Generally, Northern saw-whet owls and white-tailed kites consume primarily small mammals (Dunk 1995, Rasmussen et al. 2008). Based on their feeding habits the bait availability for these owls would be for the medium-term, the toxicant sensitivity would be high, and the toxicant exposure risk is medium due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the medium-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to owls. The scale of impact would be to the few individuals that are present at this time on the island.

Disturbance risk

Northern saw-whet owls and white-tailed kites could be exposed to disturbances from both ground and air operations, which would likely cause them to flush the area to an alternate site on the island.  The impacts associated with disturbance sensitivity for this alternative is low, the duration of the disturbance would be for the short-term, and the scale of impact would be to the few individuals that are present at this time on the island. 

· XXX individuals are likely to be exposed to impacts from Alternative B.	Comment by dgrout: #



Burrowing Owls

Toxicant risk

Burrowing owls that remain on the island or are unable to be captured and removed during the eradication operations could be exposed to brodifacoum through secondary exposure pathways by consuming other species that have been exposed to the toxicant. Generally, burrowing owls are opportunistic feeders and consume small mammals, small birds, and arthropods (Haug et al. 1993). Based on their feeding habits the bait availability for the remaining owls would be for the medium-term, the toxicant sensitivity would be high, and the toxicant exposure risk is high due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the medium-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to owls. The scale of impact would be to those few individuals that may remain on the island after the eradication team captures and removes as many individuals as possible.

Disturbance risk

Burrowing owls that remain on the island during eradication operations could be exposed to disturbances from both ground and air operations, which would likely cause them to flush the area to an alternate site on the island. The impacts associated with disturbance sensitivity for this alternative is low, the duration of the disturbance would be for the short-term, and the extent of the affect would be to the few individuals that are seen at this time on the island.  However, owls that are captured and taken into captivity would experience a high disturbance sensitivity, the scale of impact would be to the individuals taken into captivity, and the duration would be for the medium term to ensure that they are not released back to the Farallones while the toxicant exposure risk is still high.

1. XXX individuals are likely to be exposed to impacts from Alternative B.	Comment by dgrout: Base this max # on how many owls Sara Chandler could not catch (3?)



Peregrine Falcon

Toxicant risk

Peregrine falcons that remain on the island or are unable to be captured and removed during the eradication operations could be exposed to brodifacoum through secondary exposure pathways by consuming other species that have been exposed to the toxicant. Generally, peregrine falcons consume mostly small- to medium-sized birds and occasionally mammals (White et al. 2002). Based on their feeding habits the bait availability for the falcons would be for the medium-term, the toxicant sensitivity would be high, and the toxicant exposure risk is high due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the medium-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to falcons. The scale of impact would be to the few individuals that are present at this time on the island. 

Disturbance risk

Peregrine falcons that remain on the island during eradication operations could be exposed to disturbances from both ground and air operations, which would likely cause them to flush the area to an alternate site on the island.  The impacts associated with disturbance sensitivity for this alternative is low, the duration of the disturbance would be for the short-term, and the extent of the affect would be to the few individuals that are seen at this time on the island. However, falcons that are captured and taken into captivity would experience high disturbance sensitivity, the scale of impact would be to the individuals taken into captivity, and the duration would be for the medium term to ensure that they are not released back to the Farallones while the toxicant exposure risk is still high. 

1. XXX individuals are likely to be exposed to impacts from Alternative B.	Comment by dgrout: #



Common Raven

Toxicant risk

Common ravens that remain on the island or are unable to be captured and removed during the eradication operations could be exposed to brodifacoum through secondary exposure pathways by consuming other species that have been exposed to the toxicant. Ravens are generalist omnivores and eat birds, mammals, eggs, insects, grains, fruit, garbage, and carrion (Boarman and Heinrich 1999). Based on their feeding habits the bait availability for ravens would be for the medium-term, the toxicant sensitivity would be high, and the toxicant exposure risk is high due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the medium-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to ravens. The scale of impact would be to the few individuals that are present at this time on the island.

Disturbance risk

Common ravens that remain on the island during eradication operations could be exposed to disturbances from both ground and air operations, which would likely cause them to flush the area to an alternate site on the island.  The impacts associated with disturbance sensitivity for this alternative is low, the duration of the disturbance would be for the short-term, and the extent of the affect would be to the few individuals that are seen at this time on the island.  However, ravens that are captured and taken into captivity would experience high disturbance sensitivity, the scale of impact would be to the individuals taken into captivity, and the duration would be for the medium term to ensure that they are not released back to the Farallones while the toxicant exposure risk is still high. 

· XXX individuals are likely to be exposed to impacts from Alternative B.	Comment by dgrout: # = 2?



Passerines Omnivores:



Hermit Thrush, Varied Thrush, Cedar Waxwing, and American Robin

Toxicant risk

Hermit thrushes, varied thrushes, cedar waxwings, and American robins could be exposed to brodifacoum through secondary exposure pathways. Hermit thrushes, varied thrushes, cedar waxwings, and American robins consume fruit, insects, and other invertebrates. Based on their feeding habits the bait availability for these birds would be for the medium-term, the toxicant sensitivity would be high, and the toxicant exposure risk is high due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the medium-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to birds. The scale of impact would be to the few individuals that are present at this time on the island.

Disturbance risk

Hermit thrushes, varied thrushes, cedar waxwings, and American robins could be exposed to disturbances from both ground and air operations, which would likely cause them to flush the area to an alternate site on the island. The impacts associated with disturbance sensitivity for this alternative is low, the duration of the disturbance would be for the short-term, and the scale of impact would be to the few individuals that are present at this time on the island. 

· XXX individuals are likely to be exposed to impacts from Alternative B.



European Starling

Toxicant risk

European starlings could be exposed to brodifacoum through primary and secondary exposure pathways. Starlings have an extremely diverse diet that varies seasonally, including invertebrates, fruits and berries, grains, seeds and insects (Cabe 1993). Based on their feeding habits the bait availability for starlings would be for the medium-term, the toxicant sensitivity would be high, and the toxicant exposure risk is high due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the medium-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to starlings. The scale of impact would be to the few individuals that are present at this time on the island.

Disturbance risk

European starlings could be exposed to disturbances from both ground and air operations, which would likely cause them to flush the area to an alternate site on the island.  The impacts associated with disturbance sensitivity for this alternative are low, the duration of the disturbance would be for the short-term, and the scale of impact would be to the few individuals that are present at this time on the island. 

· XXX individuals are likely to be exposed to impacts from Alternative B.



American Pipit

Toxicant risk

American pipits could be exposed to brodifacoum through primary and secondary exposure pathways. Pipits consume primarily terrestrial and freshwater invertebrates and seeds (Verbeek and Hendricks 1994). Based on their feeding habits the bait availability for these songbirds would be for the medium-term, the toxicant sensitivity would be high, and the toxicant exposure risk is high due to the range of toxicant exposure pathways. The duration of the risk would likely be for the medium-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to pipits. The scale of impact would be to the few individuals that are present at this time on the island.

Disturbance risk

American pipits could be exposed to disturbances from both ground and air operations, which would likely cause them to flush the area to an alternate site on the island.  The impacts associated with disturbance sensitivity for this alternative are low, the duration of the disturbance would be for the short-term, and the scale of impact would be to the few individuals that are present at this time on the island. 

· XXX individuals are likely to be exposed to impacts from Alternative B.



Passerine Insectivores:



Black Phoebe and Townsend’s Warbler

Toxicant risk

Black phoebes and Townsend’s warblers could be exposed to brodifacoum through secondary exposure pathways. Both species are primarily insectivorous, catching flying insects and other arthropods (Wolf 1997, Wright et al. 1998). Based on their feeding habits the bait availability for these songbirds would be for the medium-term, the toxicant sensitivity would be high, and the toxicant exposure risk is low due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the medium-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to phoebes. The scale of impact would be to the few individuals that are present at this time on the island.

Disturbance risk

Black phoebe and Townsend’s warbler could be exposed to disturbances from both ground and air operations, which would likely cause them to flush the area to an alternate site on the island.  The impacts associated with disturbance sensitivity for this alternative are medium, the duration of the disturbance would be for the short-term, and the scale of impact would be to the few individuals that are present at this time on the island. 

· XXX individuals are likely to be exposed to impacts from Alternative B.

Golden-crowned Kinglet, Ruby-crowned Kinglet, Yellow-rumped Warbler and Palm Warbler

Toxicant risk

Golden-crowned kinglets, ruby-crowned kinglets, yellow-rumped warblers and palm warblers could be exposed to brodifacoum through primary and secondary exposure pathways. These insectivores primarily consume insects and other arthropods, yet seasonally consume some fruit and seeds. Based on their feeding habits the bait availability for these insectivores would be for the medium-term, the toxicant sensitivity would be high, and the toxicant exposure risk is low due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the medium-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to these insectivores. The scale of impact would be to the few individuals that are present at this time on the island.

Disturbance risk

Golden-crowned kinglets, ruby-crowned kinglets, yellow-rumped warblers and palm warblers could be exposed to disturbances from both ground and air operations, which would likely cause them to flush the area to an alternate site on the island.  The impacts associated with disturbance sensitivity for this alternative are low, the duration of the disturbance would be for the short-term, and the scale of impact would be to the few individuals that are present at this time on the island. 

· XXX individuals are likely to be exposed to impacts from Alternative B.



Violet-green Swallow

Toxicant risk

Violet-green swallows could be exposed to brodifacoum through secondary exposure pathways by consuming insects that have been exposed to the toxicant. Violet-green swallows feed exclusively on flying insects (Brown et al. 1992). Based on their feeding habits the bait availability for these swallows would be for the medium-term, the toxicant sensitivity would be high, and the toxicant exposure risk is low due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the medium-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to swallows. The scale of impact would be to the few individuals that are present at this time on the island.

Disturbance risk

Violet-green swallows could be exposed to disturbances from both ground and air operations, which would likely cause them to flush the area to an alternate site on the island.  The impacts associated with disturbance sensitivity for this alternative is low, the duration of the disturbance would be for the short-term, and the scale of impact would be to the few individuals that are present at this time on the island. 

· XXX individuals are likely to be exposed to impacts from Alternative B.



Passerine Nectivores:



Anna’s Hummingbird

Toxicant risk

Anna’s hummingbirds could be exposed to brodifacoum through secondary exposure pathways by consuming insects that have been exposed to the toxicant. Anna’s hummingbirds primarily consume nectar and some small insects (Russell 1996). Therefore, based on their feeding habits the bait availability for these hummingbirds would be for the medium-term, the toxicant sensitivity would be high, and the toxicant exposure risk is low due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the medium-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to hummingbirds. The scale of impact would be to the few individuals that are present at this time on the island.

Disturbance risk

Anna’s hummingbirds could be exposed to disturbances from both ground and air operations, which would likely cause them to flush the area to an alternate site on the island.  The impacts associated with disturbance sensitivity for this alternative is low, the duration of the disturbance would be for the short-term, and the scale of impact would be to the few individuals that are present at this time on the island. 

· XXX individuals are likely to be exposed to impacts from Alternative B.



Passerine Granivores:



Fox Sparrow, White-crowned Sparrow, Golden-crowned Sparrow, Dark-eyed Junco, Western Meadowlark, Chipping Sparrow, Spotted Towhee, Savannah Sparrow, White-throated Sparrow, Red-winged Blackbird, Brewer’s Blackbird, Purple Finch, Pine Siskin, Lesser Goldfinch

Toxicant risk

Fox sparrows, white-crowned sparrows, golden-crowned sparrows, dark-eyed juncos, Western meadowlarks, chipping sparrows, spotted towhees, savannah sparrows, white-throated sparrows, red-winged blackbird, brewer’s blackbirds, purple finches, pine siskins, and lesser goldfinches could be exposed to brodifacoum through primary and secondary exposure pathways. These species consume mostly plant matter including seeds, buds, fruits, and arthropods, primarily insects. Based on their feeding habits the bait availability for these birds would be for the medium-term, the toxicant sensitivity would be high, and the toxicant exposure risk is high due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the medium-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to these birds. The scale of impact would be to the island population.

Disturbance risk

Fox sparrows, white-crowned sparrows, golden-crowned sparrows, dark-eyed juncos, Western meadowlarks, chipping sparrows, spotted towhees, savannah sparrows, white-throated sparrows, red-winged blackbird, brewer’s blackbirds, purple finches, pine siskins, and lesser goldfinches could be exposed to disturbances from both ground and air operations, which would likely cause them to flush the area to an alternate site on the island.  The impacts associated with disturbance sensitivity for this alternative are medium, the duration of the disturbance would be for the short-term, and the scale of impact would be to the island population. 

· XXX individuals are likely to be exposed to impacts from Alternative B.



Shorebirds:



Wandering Tattler and Black Turnstone

Toxicant risk

Wandering tattlers and black turnstones could be exposed to brodifacoum through secondary exposure pathways by consuming other species that have been exposed to the toxicant. Tattlers and turnstones consume intertidal invertebrates and aquatic insects and on the Farallones occur almost entirely along the immediate shoreline. Based on their feeding habits the bait availability for these shorebirds would be for the medium-term, the toxicant sensitivity would be high, and the toxicant exposure risk is high due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the medium-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to shorebirds. The scale of impact would be to the few individuals that are present at this time on the island.

Disturbance risk

Wandering tattlers and black turnstones could be exposed to disturbances from both ground and air operations, which would likely cause them to flush the area to an alternate site on the island.  The impacts associated with disturbance sensitivity for this alternative are medium, the duration of the disturbance would be for the short-term, and the scale of impact would be to the few individuals that are present at this time on the island. 

· XXX individuals are likely to be exposed to impacts from Alternative B.

Black Oystercatcher and Whimbrel

Toxicant risk

Black oystercatchers and whimbrels could be exposed to brodifacoum through secondary exposure pathways. Oystercatchers consume marine invertebrates, primarily bivalves and other molluscs (Andres and Falxa 1995). Whimbrels consume marine invertebrates, including crabs, crustaceans, mollusks, and insects (Skeel and Mallory 1996). On the Farallones, they occur mainly along the immediate shoreline but occasionally forage in upland habitats. Based on their feeding habits the bait availability for these shorebirds would be for the medium-term, the toxicant sensitivity would be high, and the toxicant exposure risk is high due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the medium-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to these shorebirds. The scale of impact would be to the few individuals that are present at this time on the island.

Disturbance risk

Black oystercatchers and whimbrels could be exposed to disturbances from both ground and air operations, which would likely cause them to flush the area to an alternate site on the island. The impacts associated with disturbance sensitivity for this alternative are medium, the duration of the disturbance would be for the short-term, and the scale of impact would be to the few individuals that are present at this time on the island. 

· XXX individuals are likely to be exposed to impacts from Alternative B.

Seabirds:



Western Gull

Toxicant risk

Western gulls could be exposed to brodifacoum through primary and secondary exposure pathways. Western gulls are generalist predators and opportunistic feeders consuming fish, aquatic invertebrates, adult birds, chicks, eggs, carrion, and human refuse (Pierotti and Annett 1995). On the Farallones, this species is numerous in all habitats. Additionally, Western gulls and the closely related glaucous-winged gull have been documented eating non-toxic placebo bait pellets on the Farallones and on other islands on the Pacific Coast. Based on their feeding habits the bait availability for these gulls would be for the medium-term, the toxicant sensitivity would be high, and the toxicant exposure risk is high due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the medium-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to these gulls. The scale of impact would be to the entire Farallones Island population.

Disturbance risk

Western gulls could be exposed to disturbances from ground, air, and gull hazing operations.  Gull hazing would be used as a mitigation measure during aerial baiting operations to help minimize the number of gulls that are likely to consume bait.  The impacts associated with disturbance sensitivity for this alternative are high because gulls may be very sensitive to hazing causing them to alter their feeding and roosting habits, disrupting their normal behavior. The duration of the disturbance would be for the medium-term, and the scale of impact would be to the entire Farallon Island population. 

· XXX individuals are likely to be exposed to impacts from Alternative B.	Comment by dgrout: Which #? Max?



Ring-Billed Gull

Toxicant risk

Ring-billed gulls could be exposed to brodifacoum through primary and secondary exposure pathways. Ring-billed gulls are omnivorous and opportunistic feeders consuming fish, insects, earthworms, rodents, eggs, and human refuse (Ryder 1993). On the Farallones, this species occurs almost entirely along the immediate shoreline. Additionally, omnivorous gulls have been known to eat rodenticide bait on islands in the region and around the world. Based on their feeding habits the bait availability for these gulls would be for the medium-term, the toxicant sensitivity would be high, and the toxicant exposure risk is medium due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the medium-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to these gulls. The scale of impact would be to the entire Farallones Island population.

Disturbance risk

Ring-billed Gulls could be exposed to disturbances from ground, air, and gull hazing operations.  Gull hazing would be used as a mitigation measure during aerial baiting operations to help minimize the number of gulls that are likely to consume bait.  The impacts associated with disturbance sensitivity for this alternative are high because gulls may be very sensitive to hazing causing them to alter their feeding and roosting habits, disrupting their normal behavior.   The duration of the disturbance would be for the medium-term, and the scale of impact would be to the entire Farallon Island population. 

· XXX individuals are likely to be exposed to impacts from Alternative B.



California Gull

Toxicant risk

California gulls could be exposed to brodifacoum through primary and secondary exposure pathways. California gulls are omnivorous and opportunistic feeders consuming small mammals, fish, birds, eggs, marine invertebrates, insects, and human refuse (Winkler 1996). Additionally, other omnivorous gulls have been known to eat rodenticide bait on islands in the region and around the world. On the Farallones in the fall and winter, this species occurs almost entirely along the immediate shoreline. Based on their feeding habits the bait availability for these gulls would be for the medium-term, the toxicant sensitivity would be high, and the toxicant exposure risk is medium due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the medium-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to these gulls. The scale of impact would be to the entire Farallon Island population.

Disturbance risk

California gulls could be exposed to disturbances from ground, air, and gull hazing operations.  Gull hazing would be used as a mitigation measure during aerial baiting operations to help minimize the number of gulls that are likely to consume bait.  The impacts associated with disturbance sensitivity for this alternative are high because gulls may be very sensitive to hazing causing them to alter their feeding and roosting habits, disrupting their normal behavior.   The duration of the disturbance would be for the medium-term, and the scale of impact would be to the entire Farallones Island population. 

· XXX individuals are likely to be exposed to impacts from Alternative B.



Glaucous-winged Gull

Toxicant risk

Glaucous-winged gulls could be exposed to brodifacoum through primary and secondary exposure pathways. Glaucous-winged gulls are omnivorous and opportunistic feeders consuming a variety of fish, marine invertebrates, carrion, eggs, mice, and human refuse (Hayward and Verbeek 2008). Additionally, other omnivorous gulls have been known to eat rodenticide bait on islands in the region and around the world. On the Farallones, this species occurs almost entirely along the immediate shoreline. Based on their feeding habits the bait availability for these gulls would be for the medium-term, the toxicant sensitivity would be high, and the toxicant exposure risk is medium due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the medium-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to these gulls. The scale of impact would be to the entire Farallones Island population.

Disturbance risk

Glaucous-wing gulls could be exposed to disturbances from ground, air, and gull hazing operations. Gull hazing would be used as a mitigation measure during aerial baiting operations to help minimize the number of gulls that are likely to consume bait. The impacts associated with disturbance sensitivity for this alternative are high because gulls may be very sensitive to hazing causing them to alter their feeding and roosting habits, disrupting their normal behavior. The duration of the disturbance would be for the medium-term, and the extent of the affect would be to the entire Farallones Island population. 

· XXX individuals are likely to be exposed to impacts from Alternative B.



Mew Gull

Toxicant risk

Mew gulls could be exposed to brodifacoum through primary and secondary exposure pathways. Mew gulls are omnivorous feeders consuming marine and terrestrial invertebrates, insects, fish, grain, and human refuse (Moskoff and Bevier 2002). Additionally, omnivorous gulls have been known to eat rodenticide bait on islands in the region and around the world. On the Farallones, this species occurs almost entirely along the immediate shoreline. Based on their feeding habits the bait availability for these gulls would be for the medium-term, the toxicant sensitivity would be high, and the toxicant exposure risk is medium due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the medium-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to these gulls. The scale of impact would be to the entire Farallones Island population.

Disturbance risk

Mew gulls could be exposed to disturbances from ground, air, and gull hazing operations.  Gull hazing would be used as a mitigation measure during aerial baiting operations to help minimize the number of gulls that are likely to consume bait.  The impacts associated with disturbance sensitivity for this alternative are high because gulls may be very sensitive to hazing causing them to alter their feeding and roosting habits, disrupting their normal behavior. The duration of the disturbance would be for the medium-term, and the scale of impact would be to the entire Farallones Island population. 

· XXX individuals are likely to be exposed to impacts from Alternative B.



Herring Gull

Toxicant risk

Herring gulls could be exposed to brodifacoum through primary and secondary exposure pathways. Herring gulls are omnivorous and opportunistic feeders consuming fish, invertebrates, birds, eggs, carrion, and human refuse (Pierotti and Good 1994). Additionally, omnivorous gulls have been known to eat rodenticide bait islands in the region and around the world. On the Farallones, this species occurs almost entirely along the immediate shoreline. Based on their feeding habits the bait availability for these gulls would be for the medium-term, the toxicant sensitivity would be high, and the toxicant exposure risk is medium due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the medium-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to these gulls. The scale of impact would be to the entire Farallones Island population.

Disturbance risk

Herring gulls could be exposed to disturbances from ground, air, and gull hazing operations.  Gull hazing would be used as a mitigation measure during aerial baiting operations to help minimize the number of gulls that are likely to consume bait.  The impacts associated with disturbance sensitivity for this alternative are high because gulls may be very sensitive to hazing causing them to alter their feeding and roosting habits, disrupting their normal behavior.   The duration of the disturbance would be for the medium-term, and the scale of impact would be to the entire Farallones Island population. 

· XXX individuals are likely to be exposed to impacts from Alternative B.

Heermann’s Gull and Thayer’s Gull

Toxicant risk

Heermann’s gulls and Thayer’s gulls could be exposed to brodifacoum through primary and secondary exposure pathways. Both species are omnivorous and opportunistic feeders consuming mostly a variety of fish, marine invertebrates, crustaceans, insects, and carrion.  Additionally, omnivorous gulls have been known to eat rodenticide bait on islands in the region and around the world. On the Farallones, this species occurs almost entirely along the immediate shoreline. Based on their feeding habits the bait availability for these gulls would be for the medium-term, the toxicant sensitivity would be high, and the toxicant exposure risk is medium due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the medium-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to these gulls. The scale of impact would be to the entire Farallones Island population.

Disturbance risk

Heermann’s gulls and Thayer’s gulls could be exposed to disturbances from ground, air, and gull hazing operations. Gull hazing would be used as a mitigation measure during aerial baiting operations to help minimize the number of gulls that are likely to consume bait. The impacts associated with disturbance sensitivity for this alternative are high because gulls may be very sensitive to hazing causing them to alter their feeding and roosting habits, disrupting their normal behavior.   The duration of the disturbance would be for the medium-term, and the scale of impact would be to the entire Farallones Island population. 

· XXX individuals are likely to be exposed to impacts from Alternative B.

Pigeon Guillemot, Tufted Puffin, Rhinocerous Auklet, Cassin’s Auklet, Common Murre, Brandt’s Cormorant, Double-crested Cormorant, Pelagic Cormorant, Black Oystercatcher, Ashy Storm-petrel, Leach’s Strom-petrel

Toxicant risk

Pigeon Guillemot, Tufted Puffin, Rhinocerous Auklet, Cassin’s Auklet, Common Murre, Brandt’s Cormorant, Double-crested Cormorant, Pelagic Cormorant, Black Oystercatcher, Ashy Storm-petrel, and Leach’s Strom-petrel on the South Farallones are not likely to be exposed to brodifacoum through either primary or secondary exposure pathways; however, there is a small chance that they could be secondarily exposed if the toxicant is consumed by pelagic fish, which is highly unlikely to occur. These seabirds breed on the Farallon Islands and are piscivorous species that only consume pelagic fish. Based on their feeding habits the bait availability for these seabirds would be for the short-term, the toxicant sensitivity would be high, and the toxicant exposure risk is low due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the medium-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to these seabirds. The scale of the impact would be to the few individuals that are on the island during the operational window, since the majority of these species would not be present on the island until as early as late January or as late as April.

Disturbance risk

Pigeon Guillemot, Tufted Puffin, Rhinocerous Auklet, Cassin’s Auklet, Common Murre, Brandt’s Cormorant, Double-crested Cormorant, Pelagic Cormorant, Black Oystercatcher, Ashy Storm-petrel, and Leach’s Strom-petrel could be exposed to disturbances from ground and air operations.  The impacts associated with disturbance sensitivity for this alternative are low because the majority of seabirds would not be present during operations. The duration of the disturbance would be for the short-term, and the scale of impact would be to a few individuals. 

· XXX individuals are likely to be exposed to impacts from Alternative B.



Brown Pelican

Toxicant risk

Brown pelicans could be exposed to brodifacoum through secondary exposure pathways. Brown pelicans are primarily piscivorous and their diet consists of fish and some marine invertebrates (Shields 2002). Based on their feeding habits the bait availability for these birds would be for the short-term, the toxicant sensitivity would be high, and the toxicant exposure risk is low since there is only one exposure pathway. The duration of the risk would likely be for the medium-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to pelicans. The scale of impact would be to the few individuals that are present at this time on the island.

Disturbance risk

Brown pelicans could be exposed to disturbances from both ground and air operations, which would likely cause them to flush the area to an alternate site on the island.  The impacts associated with disturbance sensitivity for this alternative are medium, the duration of the disturbance would be for the short-term, and the scale of impact would be to the few individuals that are seen at this time on the island. 

· XXX individuals are likely to be exposed to impacts from Alternative B.

Waterfowl:



Cackling Goose

Toxicant risk

Cackling geese could be exposed to brodifacoum through primary and secondary exposure pathways. Cackling geese are primarily herbivorous and consume grass, grain, aquatic invertebrates, and insects (Mowbray et al. 2002). On the Farallones, cackling geese occur both along the shoreline and upland habitats. Based on their feeding habits the bait availability for these geese would be for the medium-term, the toxicant sensitivity would be high, and the toxicant exposure risk is high due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the medium-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to these geese. The scale of impact would be to the few individuals that are present at this time on the island.

Disturbance risk

Cackling geese could be exposed to disturbances from both ground and air operations, which would likely cause them to flush the area to an alternate site on the island.  The impacts associated with disturbance sensitivity for this alternative are low, the duration of the disturbance would be for the short-term, and the scale of impact would be to the few individuals that are present at this time on the island. 

· XXX individuals are likely to be exposed to impacts from Alternative B.



Brant

Toxicant risk

Brant could be exposed to brodifacoum through primary and secondary exposure pathways. Brant are primarily herbivorous and consume eelgrass, green algae, salt marsh plants, and graze on upland grassland (Reed et al. 1998). On the Farallones, one individual has resided on and off the island for the past several years. Based on their feeding habits the bait availability for these waterfowl would be for the medium-term, the toxicant sensitivity would be high, and the toxicant exposure risk is high due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the medium-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to these birds. The scale of impact would be to the few individuals that are present at this time on the island.

Disturbance risk

Brant could be exposed to disturbances from both ground and air operations, which would likely cause them to flush the area to an alternate site on the island.  The impacts associated with disturbance sensitivity for this alternative are medium, the duration of the disturbance would be for the short-term, and the scale of impact would be to the few individuals that are present at this time on the island. 

· XXX individuals are likely to be exposed to impacts from Alternative B.
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Non-breeding Pinnipeds:



Steller Sea Lion, California Sea Lion, Northern Fur Seal, and Pacific Harbor Seal  

Toxicant risk

Steller sea lions, California sea lions, Northern fur seals, and Pacific harbor seals are at no risk of toxicant exposure because they rarely if ever feed on anything other than marine fish and invertebrates. We would mitigate impacts to fish by hand baiting near the shoreline where possible and utilizing a deflector to prevent bait from entering the waterways; therefore, the extent of the affect is insignificant and does not require further scrutiny.  

Disturbance risk

Pinnipeds could be exposed to disturbances from ground, air, and gull hazing operations, which would likely cause them to flee the area potentially injuring themselves or others.  The impacts associated with disturbance sensitivity for this alternative are high, the duration of the disturbance would be for the short-term, and the scale of impact would be to the island population. 



Breeding Pinnipeds:



Northern Elephant Seal

Toxicant risk

Northern elephant seals are at no risk of toxicant exposure because they rarely if ever feed on anything other than marine fish and invertebrates. We would mitigate impacts to fish by hand baiting near the shoreline and utilizing a deflector to prevent bait from entering the waterways; therefore, the extent of the affect is insignificant and does not require further scrutiny.  

Disturbance risk

Northern elephant seals could be exposed to disturbances from ground, air, and hazing operations, which would likely cause them to flee the area potentially injuring themselves or others.  The impacts associated with disturbance sensitivity for this alternative are high, the duration of the disturbance would be for the short-term, and the scale of impact would be to the island population. 
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Insectivorous Bats

Toxicant risk

Bats could be exposed to brodifacoum through secondary exposure pathways by consuming flying insects that have been exposed to the toxicant. Based on  their feeding habits the bait availability for these bats would be for the medium-term, the toxicant sensitivity would be high, and the toxicant exposure risk is low due to the limited range of secondary toxicant exposure pathways. The duration of the risk would likely be for the medium-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to bats. The scale of impact would be to the few individuals that are present at this time on the island.

Disturbance risk

Bats would not be disturbed by eradication operations on the South Farallon Island; therefore no further analysis is required.
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Arboreal Salamanders

Toxicant risk

Arboreal salamanders could be exposed to brodifacoum through secondary exposure pathways by consuming insects that have consumed the toxicant. Based on their feeding habits the bait availability for these salamanders would be for the medium-term, the toxicant sensitivity would be medium, and the toxicant exposure risk is medium, due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the medium-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to salamanders. The scale of impact would be to the global population of this subspecies of Arboreal Salamander as they are endemic to the South Farallon Islands.

Disturbance risk

Arboreal salamanders could be exposed to disturbances from ground operations, which would likely cause them to flee the immediate area or potentially be preyed upon or injured.  Additionally, they may be crushed by personnel moving around the island since they burrow underground. The impacts associated with disturbance sensitivity for this alternative are low, the duration of the disturbance would be for the short-term, and the scale of impact would be to the global population of this subspecies of arboreal salamanders since they are endemic to the South Farallon Islands. 
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Marine Fish:



Marine Fish

Toxicant risk

Marine fish could be exposed to brodifacoum through secondary exposure pathways by consuming invertebrates that have been exposed to the toxicant. Based on their feeding habits the bait availability for these fish would be for the short-term since bait pellets would dissolve within a few hours, the toxicant sensitivity would be high, and the toxicant exposure risk is low due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the medium-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to fish. The scale of impact would be to a few individuals.	Comment by Marn, Carolyn: If this is true, then include primary exposure pathway, albeit, short-lived

Disturbance risk

Marine fish could be exposed to disturbances from boating operations, which would likely cause them to flee.  The impacts associated with disturbance risks for this alternative are low, the duration of the disturbance would be for the short-term, and the scale of impact would be to a few individuals. 
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Invertebrates:



Camel crickets

Toxicant risk

Camel crickets could be exposed to brodifacoum through primary exposure by consuming bait directly. Arthropods have been known consume rodenticide bait as residues of brodifacoum have been detected in their tissues (Morgan and Wright 1996, Ogilvie et al. 1997, Pain et al. 2000, Booth et al. 2001). However, brodifacoum consumption by invertebrates generally does not cause mortality. The toxicant sensitivity would be negligible, and the toxicant exposure risk is low due to the primary exposure pathway. The duration of the risk would likely be for the short-term and the scale of impact would be to the island population.

Disturbance risk

Camel crickets could be exposed to disturbances from ground operations, which may cause a few individuals to flee the immediate area of the cave they inhabit and may impact their feeding habits. The impacts associated with disturbance risks for this alternative are low, the duration of the disturbance would be for the short-term, and the scale of impact would be to the global population since these crickets are endemic to the South Farallon Islands.



Black Abalone

Toxicant risk

Black abalone could be exposed to brodifacoum through primary and secondary exposure by consuming bait directly or prey that has previously consumed bait. Arthropods have been known consume rodenticide bait as residues of brodifacoum have been detected in their tissues (Morgan and Wright 1996, Ogilvie et al. 1997, Pain et al. 2000, Booth et al. 2001). However, brodifacoum consumption by invertebrates generally does not cause mortality. The toxicant sensitivity would be negligible, and the toxicant exposure risk is low due to the primary exposure pathway. The duration of the risk would likely be for the short-term and the scale of impact would be to the few individuals found at the South Farallon Islands.

Disturbance risk

Black abalone are not likely to be exposed to disturbance impacts from eradication operations; and therefore, no further analysis is warranted for this species.



Other Invertebrates

Toxicant risk

Invertebrates could be exposed to brodifacoum through primary exposure by consuming bait directly. Invertebrates have been known to consume rodenticide bait as residues of brodifacoum have been detected in arthropods (Morgan and Wright 1996, Ogilvie et al. 1997, Pain et al. 2000, Booth et al. 2001) and other invertebrates. However, brodifacoum consumption by invertebrates generally does not cause mortality. The toxicant sensitivity would be negligible, and the toxicant exposure risk is low due to the primary exposure pathway. The duration of the risk would likely be for the short-term and the scale of impact would be to individuals.

Disturbance risk

Invertebrates could be exposed to disturbances from ground operations, which could likely crush individuals. The impacts associated with disturbance risks for this alternative are low, the duration of the disturbance would be for the short-term, and the scale of impact would be to a few individuals.
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Vegetation

Toxicant risk

Due to the very low solubility of brodifacoum in water, plant uptake is unlikely to occur (Weldon et al. 2011). Post-application monitoring for the Anacapa Island rat eradication tested negative for brodifacoum residue in all plant samples (Howald et al. 2010). Vegetation is not known to be negatively impacted by rodenticides, and therefore, does not require further analysis of the toxicological impacts.

Disturbance risk

Vegetation could be exposed to disturbances from ground operations, which would likely crush individuals and possibly damage plants. The impacts associated with disturbance risks for this alternative are low, the duration of the disturbance would be for the short-term, and the scale of impact would be to a few plants.
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		Table X. Impacts of Alternative B on Biological Resources 



		Species

		Length of Bait avail-ability1

		Toxicant Sensitivity2

		Toxicant exposure risk level3

		Overall Toxicant Risk (Sensitivity+ Exposure)4

		Disturbance Sensitivity5

		Scale of Impact6

		Duration of risk7



		

		

		

		

		

		

		toxicant

		disturbance

		toxicant

		disturbance



		Raptors (general)8

		Medium

		High

		Medium

		Medium

		Low

		Individ.

		Individ.

		Medium

		Short



		White-tailed Kite

		Medium

		High

		Medium

		Medium

		Low

		Individ.

		Individ.

		Medium

		Short



		Peregrine Falcon9

		Medium/
None

		High/
None

		High/
None

		High

		High/
High

		Individ.

		Individ.

		Medium/None

		Short/
Medium



		Burrowing Owl9

		Medium/
None

		High/
None

		High/
None

		High/None

		High/
High

		Individ.

		
Individ.

		Medium/None

		Short/
Medium



		Common Raven9

		Medium/
None

		High/
None	Comment by Marn, Carolyn: Seems the toxicity should be same, just no exposure pathway?

		High/
None

		High/None

		Low/
High

		Individ.

		Individ.

		Medium/ None

		Short/
Medium



		Western Gull

		Medium

		High

		High

		High/None

		High

		Island

		Island

		Medium

		Medium



		Other Gulls10

		Medium

		High

		Medium

		Medium

		High

		Island

		Island

		Medium

		Medium



		Other Breeding Seabirds

		Short

		High

		Low

		Low

		Low

		Individ.

		Individ.

		Medium

		Short



		Brown Pelican

		Short

		High

		Low

		Low

		Low

		Individ.

		Individ.

		Medium

		Short



		Cackling Goose and Brant11

		Medium

		High

		High

		High

		Low

		Individ.

		Individ.

		Medium

		Short



		Shorebirds12

		Medium

		High

		High

		High

		Medium

		Individ.

		Individ.

		Medium

		Short



		Songbirds13

		Medium

		High

		High

		High

		Low

		Individ.

		Individ.

		Medium

		Short



		Insectivores14

		Medium

		High

		Low

		Medium

		Low

		Individ.

		Individ.

		Medium

		Short



		Resident Sparrows15

		Medium

		High

		High

		High

		Medium

		Individ.

		Individ.

		Medium

		Short



		Non-resident Sparrows16

		Medium

		High

		High

		High

		Low

		Individ.

		Individ.

		Short

		Short



		Violet-green Swallow & Anna’s Hummingbird

		Medium

		High

		Low

		Medium

		Low

		Individ.

		Individ.

		Short

		Short



		Northern Elephant Seal

		Medium

		None

		None

		None

		Medium

		None

		Island

		None

		Short



		Pinnipeds17

		Medium

		None

		None

		None

		High

		None

		Island

		None

		Short



		Bats

		Medium

		High

		Low

		Low

		Low

		Individ.

		Individ.

		Medium

		Short



		Fish

		Short

		High

		Low

		Low

		Low

		Individ.

		Individ.

		Medium

		Short



		Invertebrates

		Short

		None

		Low

		None

		Low

		Individ.

		Individ.

		Short

		Short



		Salamanders

		Medium

		Medium

		Medium

		Medium

		Low

		Global

		Global

		Medium

		Short



		Camel Cricket

		Medium

		None

		Low

		None

		Low

		Global

		Global

		Medium

		Short



		Vegetation

		None

		None

		None

		None

		Low

		None

		Individ.

		None

		Short



		1 None: No bait availability; Short: Bait or mice with toxicant residue available for up to 36 days; Medium: Bait in mouse excrement or animal tissue available for 37-90 days; Long: Toxicant persistent anywhere in the environment for more than 90 days. 

2 None: No toxicological sensitivity; Low: Minor toxicological sensitivity; Medium: Moderate toxicological sensitivity; High: Severe toxicological sensitivity. 

3 None: No exposure pathway; Low: Possible exposure pathway; Medium: One exposure pathway; High: Multiple exposure pathways. 

4 None: No impact from toxicant; Low: Low impact from toxicant; Medium: Medium impact from toxicant; High: High impact from toxicant.

5 None: No disturbance pathway; Low: Low sensitivity to disturbance; Medium: Moderate sensitivity to disturbance; High: Severe sensitivity to disturbance. 

6 Individual (Individ.): Few individuals affected; Island population (Island): Many individuals affected with no affect to the global or regional breeding population; Global or regional population (Global): Many individuals affected with impacts on the global or regional breeding population.

 7 Short: Impacts for up to 2 months; Medium: Impacts for more than 2 months and up to 6 months; Long: Impacts for more than 6 months.

 8 Ferruginous hawk, rough-legged hawk, red-tailed hawk, sharp-shinned hawk, northern harrier, Cooper’s hawk, American kestrel, merlin, barn owl, long-eared owl, short-eared owl, northern saw-whet owl. 

9 Two outcomes listed: First – individuals remaining on island / Second – individuals captured and held in captivity. 

10 Ring-billed gull, California gull, herring gull, Thayer’s gull, glaucous-winged gull, Heermann’s gull, mew gull. 

11 Pigeon guillemot, tufted puffin, rhinoceros Auklet, Cassin’s Auklet, common Murre, Brandt’s cormorant, double-crested cormorant, pelagic cormorant, black oystercatcher, ashy storm-petrel, Leach’s storm petrel. 

12 Wandering tattler, black turnstone, black oystercatcher, whimbrel. 

13 Hermit thrush, American robin, varied thrush, cedar waxwing, European starling, American pipit, black phoebe. 

14 Yellow-rumped warblers, Townsend’s warbler, palm warbler, golden-crowned kinglet, ruby-crowned kinglet. 

15 and 16 Spotted towhee, chipping sparrow, savannah sparrow, fox sparrow, white-throated sparrow, white-crowned sparrow, golden-crowned sparrow, dark-eyed junco, red-winged blackbird, western meadowlark, Brewer’s blackbird, purple finch, pine siskin, lesser goldfinch. 

17 California sea lions, northern fur seal, Steller sea lion, Pacific harbor seal.
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The impacts to birds are expected to be the same for Alternatives C as they are for Alternative B.  For a full description of the potential impacts to birds can be found in Section 4.4.5.5.1.



The following is a breakdown of the direct and indirect toxicant and disturbance impacts to each of the identified bird species that are likely to be exposed to brodifacoum during the implementation of Alternative C on the South Farallon Islands.  Additionally, we have quantified the number of individuals per bird species that are likely to be adversely affected by Alternative C by assuming the worst case scenario and considering any individuals that may be present on the island during the eradication operations to be vulnerable to adverse impacts from this action alternative.

Raptors:  



Ferruginous Hawk 

Toxicant risk

Ferruginous hawks could be exposed to diphacinone through secondary exposure pathways by consuming other species that have been exposed to the toxicant. Generally, ferruginous hawks primarily consume small- to medium-sized mammals (Bechard and Schmutz 1995). Based on their feeding habits the bait availability for these hawks would be for the medium-term, the toxicant sensitivity would be medium, and the toxicant exposure risk is medium due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the short-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to hawks. The scale of impact would be to the few individuals that are present at this time on the island.

Disturbance risk

Ferruginous hawks could be exposed to disturbances from both ground and air operations, which would likely cause them to flush the area to an alternate site on the island.  The impacts associated with disturbance sensitivity for this alternative is low, the duration of the disturbance would be for the short-term, and the scale of impact would be to the few individuals that are present  at this time on the island. 

· XXX individuals are likely to be exposed to impacts from Alternative C.



Rough-legged hawk and Cooper’s hawk

Toxicant risk

Rough-legged and Cooper’s hawks could be exposed to diphacinone through secondary exposure pathways by consuming other species that have been exposed to the toxicant. Generally, rough-legged hawks consume small- to medium-sized mammals and a variety of birds (Bechard and Swem 2002). Cooper’s hawks consume primarily medium-sized birds and some small mammals (Curtis et al. 2006).  Based on their feeding habits the bait availability for these hawks would be for the medium-term, the toxicant sensitivity would be medium, and the toxicant exposure risk is medium due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the short-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to hawks. The scale of impact would be to the few individuals that are seen at this time on the island.

Disturbance risk

Rough-legged and Cooper’s hawks could be exposed to disturbances from both ground and air operations, which would likely cause them to flush the area to an alternate site on the island.  The impacts associated with disturbance sensitivity for this alternative is low, the duration of the disturbance would be for the short-term, and the scale of impact would be to the few individuals that are seen at this time on the island. 

· XXX individuals are likely to be exposed to impacts from Alternative B.



Northern Harrier and Red-tailed Hawk

Toxicant risk

Northern harriers and red-tailed hawks could be exposed to diphacinone through secondary exposure pathways by consuming other species that have been exposed to the toxicant. Generally, Northern harriers and red-tailed hawks consume small- to medium-sized mammals, small birds, reptiles, and amphibians (Macwhirter and Bildstein 1996, Preston and Beane 2009). Based on their feeding habits the bait availability for these hawks would be for the medium-term, the toxicant sensitivity would be medium, and the toxicant exposure risk is medium due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the short-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to hawks. The scale of impact would be to the few individuals that are seen at this time on the island.

Disturbance risk

Northern harriers and red-tailed hawks could be exposed to disturbances from both ground and air operations, which would likely cause them to flush the area to an alternate site on the island.  The impacts associated with disturbance sensitivity for this alternative is low, the duration of the disturbance would be for the short-term, and the scale of impact would be to the few individuals that are seen at this time on the island. 

· XXX individuals are likely to be exposed to impacts from Alternative C.



Sharp-shinned Hawk and American Kestrel

Toxicant risk

Sharp-shinned hawks and American kestrels could be exposed to diphacinone through secondary exposure pathways by consuming other species that have been exposed to the toxicant. Generally, sharp-shinned hawks consume small mammals, small birds, and occasionally large insects (Bildstein and Meyer 2000); American kestrels primarily consume small vertebrates and terrestrial arthropods (Smallwood and Bird 2002). Based on their feeding habits the bait availability for these hawks would be for the medium-term, the toxicant sensitivity would be medium, and the toxicant exposure risk is medium due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the short-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to hawks. The scale of impact would be to the few individuals that are seen at this time on the island.

Disturbance risk

Sharp-shinned hawks and American kestrels could be exposed to disturbances from both ground and air operations, which would likely cause them to flush the area to an alternate site on the island.  The impacts associated with disturbance sensitivity for this alternative is low, the duration of the disturbance would be for the short-term, and the scale of impact would be to the few individuals that are seen at this time on the island. 

· XXX individuals are likely to be exposed to impacts from Alternative C.



Merlin

Toxicant risk

Merlins could be exposed to diphacinone through secondary exposure pathways by consuming other species that have been exposed to the toxicant. Generally, merlins primarily consume small- to medium-sized birds (Warkentin et al. 2005). Based on their feeding habits the bait availability for these species would be for the medium-term, the toxicant sensitivity would be medium, and the toxicant exposure risk is medium due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the short-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to these raptors. The scale of impact would be to the few individuals that are seen at this time on the island.

Disturbance risk

Merlins could be exposed to disturbances from both ground and air operations, which would likely cause them to flush the area to an alternate site on the island. The impacts associated with disturbance sensitivity for this alternative is low, the duration of the disturbance would be for the short-term, and the scale of impact would be to the few individuals that are seen at this time on the island. 

· XXX individuals are likely to be exposed to impacts from Alternative C.



Short-eared Owl and Long-eared Owl

Toxicant risk

Short-eared and long-eared owls could be exposed to diphacinone through secondary exposure pathways by consuming other species that have been exposed to the toxicant. Generally, both short-eared and long-eared owls consume small mammals and small birds (Marks et al. 1994, Wiggins et al. 2006). Based on their feeding habits the bait availability for these species would be for the medium-term, the toxicant sensitivity would be medium, and the toxicant exposure risk is medium due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the short-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to these raptors. The scale of impact would be to the few individuals that are seen at this time on the island.

Disturbance risk

Short-eared and long-eared owls could be exposed to disturbances from both ground and air operations, which would likely cause them to flush the area to an alternate site on the island.  The impacts associated with disturbance sensitivity for this alternative is low, the duration of the disturbance would be for the short-term, and the scale of impact would be to the few individuals that are seen at this time on the island. 

· XXX individuals are likely to be exposed to impacts from Alternative C.



Barn Owl

Toxicant risk

Barn owls could be exposed to diphacinone through secondary exposure pathways by consuming other species that have been exposed to the toxicant. Generally, barn owls consume primarily small mammals, and to a lesser extent small birds, reptiles, and arthropods (Marti et al. 2005). Based on their feeding habits the bait availability for barn owls would be for the medium-term, the toxicant sensitivity would be medium, and the toxicant exposure risk is medium due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the short-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to these raptors. The scale of impact would be to the few individuals that are seen at this time on the island.

Disturbance risk

Barn owls could be exposed to disturbances from both ground and air operations, which would likely cause them to flush the area to an alternate site on the island.  The impacts associated with disturbance sensitivity for this alternative is low, the duration of the disturbance would be for the short-term, and the scale of impact would be to the few individuals that are seen at this time on the island. 

· XXX individuals are likely to be exposed to impacts from Alternative C.



Northern Saw-whet Owl and White-tailed Kite

Toxicant risk

Northern saw-whet owls and white-tailed kites could be exposed to diphacinone through secondary exposure pathways by consuming other species that have been exposed to the toxicant. Generally, Northern saw-whet owls and white-tailed kites consume primarily small mammals (Dunk 1995, Rasmussen et al. 2008). Based on their feeding habits the bait availability for these owls would be for the medium-term, the toxicant sensitivity would be medium, and the toxicant exposure risk is medium due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the short-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to owls. The scale of impact would be to the few individuals that are seen at this time on the island.

Disturbance risk

Northern saw-whet owls and white-tailed kites could be exposed to disturbances from both ground and air operations, which would likely cause them to flush the area to an alternate site on the island.  The impacts associated with disturbance sensitivity for this alternative is low, the duration of the disturbance would be for the short-term, and the scale of impact would be to the few individuals that are seen at this time on the island. 

· XXX individuals are likely to be exposed to impacts from Alternative C.



Burrowing Owls

Toxicant risk

Burrowing owls that remain on the island or are unable to be captured and removed during the eradication operations could be exposed to diphacinone through secondary exposure pathways by consuming other species that have been exposed to the toxicant. Generally, burrowing owls are opportunistic feeders and consume small mammals, small birds, and arthropods (Haug et al. 1993). Based on their feeding habits the bait availability for these owls would be for the medium-term, the toxicant sensitivity would be medium, and the toxicant exposure risk is high due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the short-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to owls. The scale of impact would be to the individuals that remain on the island after the eradication team captures and removes as many individuals as possible.

Disturbance risk

Burrowing owls that remain on the island during eradication operations could be exposed to disturbances from both ground and air operations, which would likely cause them to flush the area to an alternate site on the island. The impacts associated with disturbance sensitivity for this alternative is low, the duration of the disturbance would be for the short-term, and the extent of the affect would be to the few individuals that are seen at this time on the island.  However, owls that are captured and taken into captivity would experience a high disturbance sensitivity, the scale of impact would be to the individuals taken into captivity, and the duration would be for the medium term to ensure that they are not released back to the Farallones while the toxicant exposure risk is still high.

1. XXX individuals are likely to be exposed to impacts from Alternative C.



Peregrine Falcon

Toxicant risk

Peregrine falcons that remain on the island or are unable to be captured and removed during the eradication operations could be exposed to diphacinone through secondary exposure pathways by consuming other species that have been exposed to the toxicant. Generally, peregrine falcons consume mostly small- to medium-sized birds and occasionally mammals (White et al. 2002). Based on their feeding habits the bait availability for these falcons would be for the medium-term, the toxicant sensitivity would be medium, and the toxicant exposure risk is high due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the short-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to falcons. The scale of impact would be to the few individuals that are seen at this time on the island.

Disturbance risk

Peregrine falcons that remain on the island during eradication operations could be exposed to disturbances from both ground and air operations, which would likely cause them to flush the area to an alternate site on the island.  The impacts associated with disturbance sensitivity for this alternative is low, the duration of the disturbance would be for the short-term, and the extent of the affect would be to the few individuals that are seen at this time on the island. However, falcons that are captured and taken into captivity would experience a high disturbance sensitivity, the scale of impact would be to the individuals taken into captivity, and the duration would be for the medium term to ensure that they are not released back to the Farallones while the toxicant exposure risk is still high. 

1. XXX individuals are likely to be exposed to impacts from Alternative C.



Common Raven

Toxicant risk

Common ravens that remain on the island or are unable to be captured and removed during the eradication operations could be exposed to diphacinone through secondary exposure pathways by consuming other species that have been exposed to the toxicant. Ravens are generalist omnivores and eat birds, mammals, eggs, insects, grains, fruit, garbage, and carrion (Boarman and Heinrich 1999). Based on their feeding habits the bait availability for ravens would be for the medium-term, the toxicant sensitivity would be medium, and the toxicant exposure risk is high due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the short-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to ravens. The scale of impact would be to the few individuals that are seen at this time on the island.

Disturbance risk

Common ravens that remain on the island during eradication operations could be exposed to disturbances from both ground and air operations, which would likely cause them to flush the area to an alternate site on the island.  The impacts associated with disturbance sensitivity for this alternative is low, the duration of the disturbance would be for the short-term, and the extent of the affect would be to the few individuals that are seen at this time on the island.  However, ravens that are captured and taken into captivity would experience a high disturbance sensitivity, the scale of impact would be to the individuals taken into captivity, and the duration would be for the medium term to ensure that they are not released back to the Farallones while the toxicant exposure risk is still high. 

· XXX individuals are likely to be exposed to impacts from Alternative C.



Passerine Omnivores:



Hermit Thrush, Varied Thrush, Cedar Waxwing, and American Robin

Toxicant risk

Hermit thrushes, varied thrushes, cedar waxwings, and American robins could be exposed to diphacinone through secondary exposure pathways. Hermit thrushes, varied thrushes, cedar waxwings, and American robins consume fruit, insects, and other invertebrates. Based on their feeding habits the bait availability for these birds would be for the medium-term, the toxicant sensitivity would be low, and the toxicant exposure risk is high due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the short-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to birds. The scale of impact would be to the few individuals that are seen at this time on the island.

Disturbance risk

Hermit thrushes, varied thrushes, cedar waxwings, and American robins could be exposed to disturbances from both ground and air operations, which would likely cause them to flush the area to an alternate site on the island. The impacts associated with disturbance sensitivity for this alternative is low, the duration of the disturbance would be for the short-term, and the scale of impact would be to the few individuals that are seen at this time on the island. 

· XXX individuals are likely to be exposed to impacts from Alternative C.



European Starling

Toxicant risk

European starlings could be exposed to diphacinone through primary and secondary exposure pathways. Starlings have an extremely diverse diet that varies seasonally, including invertebrates, fruits and berries, grains, seeds and insects (Cabe 1993). Based on their feeding habits the bait availability for starlings would be for the short-term, the toxicant sensitivity would be low, and the toxicant exposure risk is high due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the medium-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to starlings. The scale of impact would be to the few individuals that are seen at this time on the island.

Disturbance risk

European starlings could be exposed to disturbances from both ground and air operations, which would likely cause them to flush the area to an alternate site on the island.  The impacts associated with disturbance sensitivity for this alternative are medium, the duration of the disturbance would be for the short-term, and the scale of impact would be to the few individuals that are seen at this time on the island. 

· XXX individuals are likely to be exposed to impacts from Alternative C.



American Pipit

Toxicant risk

American pipits could be exposed to diphacinone through primary and secondary exposure pathways. Pipits consume primarily terrestrial and freshwater invertebrates and seeds (Verbeek and Hendricks 1994). Based on their feeding habits the bait availability for these songbirds would be for the medium-term, the toxicant sensitivity would be low, and the toxicant exposure risk is high due to the range of toxicant exposure pathways. The duration of the risk would likely be for the short-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to pipits. The scale of impact would be to the few individuals that are seen at this time on the island.

Disturbance risk

American pipits could be exposed to disturbances from both ground and air operations, which would likely cause them to flush the area to an alternate site on the island.  The impacts associated with disturbance sensitivity for this alternative are low, the duration of the disturbance would be for the short-term, and the scale of impact would be to the few individuals that are seen at this time on the island. 

· XXX individuals are likely to be exposed to impacts from Alternative C.



Passerine Insectivores:



Black Phoebe and Townsend’s Warbler

Toxicant risk

Black phoebes and Townsend’s warblers could be exposed to diphacinone through secondary exposure pathways. Both species are primarily insectivorous, catching flying insects and other arthropods (Wolf 1997, Wright et al. 1998). Based on their feeding habits the bait availability for these songbirds would be for the medium-term, the toxicant sensitivity would be low, and the toxicant exposure risk is low due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the short-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to phoebes. The scale of impact would be to the few individuals that are seen at this time on the island.

Disturbance risk

Black phoebe and Townsend’s warbler could be exposed to disturbances from both ground and air operations, which would likely cause them to flush the area to an alternate site on the island.  The impacts associated with disturbance sensitivity for this alternative are low, the duration of the disturbance would be for the short-term, and the scale of impact would be to the few individuals that are seen at this time on the island. 

· XXX individuals are likely to be exposed to impacts from Alternative C.

Golden-crowned Kinglet, Ruby-crowned Kinglet, Yellow-rumped Warbler and Palm Warbler

Toxicant risk

Golden-crowned kinglets, ruby-crowned kinglets, yellow-rumped warblers and palm warblers could be exposed to diphacinone through primary and secondary exposure pathways. These insectivores primarily consume insects and other arthropods, yet seasonally consume some fruit and seeds. Based on their feeding habits the bait availability for these insectivores would be for the medium-term, the toxicant sensitivity would be low, and the toxicant exposure risk is low due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the short-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to these insectivores. The scale of impact would be to the few individuals that are seen at this time on the island.

Disturbance risk

Golden-crowned kinglets, ruby-crowned kinglets, yellow-rumped warblers and palm warblers could be exposed to disturbances from both ground and air operations, which would likely cause them to flush the area to an alternate site on the island.  The impacts associated with disturbance sensitivity for this alternative are low, the duration of the disturbance would be for the short-term, and the scale of impact would be to the few individuals that are seen at this time on the island. 

· XXX individuals are likely to be exposed to impacts from Alternative C.



Violet-green Swallow

Toxicant risk

Violet-green swallows could be exposed to diphacinone through secondary exposure pathways by consuming insects that have been exposed to the toxicant. Violet-green swallows feed exclusively on flying insects (Brown et al. 1992). Based on their feeding habits the bait availability for these swallows would be for the medium-term, the toxicant sensitivity would be low, and the toxicant exposure risk is low due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the short-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to swallows. The scale of impact would be to the few individuals that are seen at this time on the island.

Disturbance risk

Violet-green swallows would be exposed to disturbances from both ground and air operations, which would likely cause them to flush the area to an alternate site on the island.  The impacts associated with disturbance sensitivity for this alternative is low, the duration of the disturbance would be for the short-term, and the scale of impact would be to the few individuals that are seen at this time on the island. 

· XXX individuals are likely to be exposed to impacts from Alternative C.



Passerine Nectivores:



Anna’s Hummingbird

Toxicant risk

Anna’s hummingbirds could be exposed to diphacinone through secondary exposure pathways by consuming insects that have been exposed to the toxicant. Anna’s hummingbirds primarily consume nectar and some small insects (Russell 1996). Therefore, based on their feeding habits the bait availability for these hummingbirds would be for the medium-term, the toxicant sensitivity would be low, and the toxicant exposure risk is low due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the short-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to hummingbirds. The scale of impact would be to the few individuals that are seen at this time on the island.

Disturbance risk

Anna’s hummingbirds could be exposed to disturbances from both ground and air operations, which would likely cause them to flush the area to an alternate site on the island.  The impacts associated with disturbance sensitivity for this alternative is low, the duration of the disturbance would be for the short-term, and the scale of impact would be to the few individuals that are seen at this time on the island. 

· XXX individuals are likely to be exposed to impacts from Alternative C.



Passerine Granivores:



Fox Sparrow, White-crowned Sparrow, Golden-crowned Sparrow, Dark-eyed Junco, Western Meadowlark, Chipping Sparrow, Spotted Towhee, Savannah Sparrow, White-throated Sparrow, Red-winged Blackbird, Brewer’s Blackbird, Purple Finch, Pine Siskin, Lesser Goldfinch

Toxicant risk

Fox sparrows, white-crowned sparrows, golden-crowned sparrows, dark-eyed juncos, western meadowlarks, chipping sparrows, spotted towhees, savannah sparrows, white-throated sparrows, red-winged blackbird, brewer’s blackbirds, purple finches, pine siskins, and lesser goldfinches could be exposed to diphacinone through primary and secondary exposure pathways. These species consume mostly plant matter including seeds, buds, fruits, and arthropods, primarily insects. Based on their feeding habits the bait availability for these birds would be for the medium-term, the toxicant sensitivity would be low, and the toxicant exposure risk is high due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the short-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to these birds. The scale of impact would be to the island population.

Disturbance risk

Fox sparrows, white-crowned sparrows, golden-crowned sparrows, dark-eyed juncos, western meadowlarks, chipping sparrows, spotted towhees, savannah sparrows, white-throated sparrows, red-winged blackbird, brewer’s blackbirds, purple finches, pine siskins, and lesser goldfinches could be exposed to disturbances from both ground and air operations, which would likely cause them to flush the area to an alternate site on the island.  The impacts associated with disturbance sensitivity for this alternative are medium, the duration of the disturbance would be for the short-term, and the scale of impact would be to the island population. 

· XXX individuals are likely to be exposed to impacts from Alternative C.



Shorebirds:



Wandering Tattler and Black Turnstone

Toxicant risk

Wandering tattlers and black turnstones could be exposed to diphacinone through secondary exposure pathways by consuming other species that have been exposed to the toxicant. Tattlers and turnstones consume intertidal invertebrates and aquatic insects and on the Farallones occur almost entirely along the immediate shoreline. Based on their feeding habits the bait availability for these shorebirds would be for the medium-term, the toxicant sensitivity would be low, and the toxicant exposure risk is high due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the short-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to shorebirds. The scale of impact would be to the few individuals that are seen at this time on the island.

Disturbance risk

Wandering tattlers and black turnstones could be exposed to disturbances from both ground and air operations, which would likely cause them to flush the area to an alternate site on the island.  The impacts associated with disturbance sensitivity for this alternative are medium, the duration of the disturbance would be for the short-term, and the scale of impact would be to the few individuals that are seen at this time on the island. 

· XXX individuals are likely to be exposed to impacts from Alternative C.

Black Oystercatcher and Whimbrel

Toxicant risk

Black oystercatchers and whimbrels could be exposed to diphacinone through secondary exposure pathways. Oystercatchers consume marine invertebrates, primarily bivalves and other molluscs (Andres and Falxa 1995). Whimbrels consume marine invertebrates, including crabs, crustaceans, mollusks, and insects (Skeel and Mallory 1996). On the Farallones, they occur mainly along the immediate shoreline but occasionally forage in upland habitats. Based on their feeding habits the bait availability for these shorebirds would be for the medium-term, the toxicant sensitivity would be low, and the toxicant exposure risk is high due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the short-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to these shorebirds. The scale of impact would be to the few individuals that are seen at this time on the island.

Disturbance risk

Black oystercatchers and whimbrels could be exposed to disturbances from both ground and air operations, which would likely cause them to flush the area to an alternate site on the island. The impacts associated with disturbance sensitivity for this alternative are medium, the duration of the disturbance would be for the short-term, and the scale of impact would be to the few individuals that are seen at this time on the island. 

· XXX individuals are likely to be exposed to impacts from Alternative C.

Seabirds:



Western Gull

Toxicant risk

Western gulls could be exposed to diphacinone through primary and secondary exposure pathways. Western gulls are generalist predators and opportunistic feeders consuming fish, aquatic invertebrates, adult birds, chicks, eggs, carrion, and human refuse (Pierotti and Annett 1995). On the Farallones, this species is numerous in all habitats. Additionally, Western gulls and the closely related glaucous-winged gull have been documented eating non-toxic rodenticide bait pellets on the Farallones and other islands on the Pacific Coast. Based on their feeding habits the bait availability for these gulls would be for the medium-term, the toxicant sensitivity would be medium, and the toxicant exposure risk is high due to the range of primary and secondary toxicant exposure pathways. The duration of the risk would likely be for the short-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to these gulls. The scale of impact would be to the entire Farallones Island population.

Disturbance risk

Western gulls could be exposed to disturbances from ground, air, and gull hazing operations.  Gull hazing would be used as a mitigation measure immediately before, during and after aerial baiting operations to help minimize the number of gulls that are likely to consume bait.  The impacts associated with disturbance sensitivity for this alternative are high because gulls may be very sensitive to hazing causing them to alter their feeding and roosting habits, disrupting their normal behavior. The duration of the disturbance would be for the medium-term, and the scale of impact would be to the entire Farallon Island population. 

· XXX individuals are likely to be exposed to impacts from Alternative C.



Ring-Billed Gull

Toxicant risk

Ring-billed gulls could be exposed to brodifacoum through primary and secondary exposure pathways. Ring-billed gulls are omnivorous and opportunistic feeders consuming fish, insects, earthworms, rodents, eggs, and human refuse (Ryder 1993). On the Farallones, this species occurs almost entirely along the immediate shoreline. Additionally, omnivorous gulls have been known to eat rodenticide bait on islands in the region and around the world. Based on their feeding habits the bait availability for these gulls would be for the medium-term, the toxicant sensitivity would be medium, and the toxicant exposure risk is medium due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the short-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to these gulls. The scale of impact would be to the entire Farallones Island population.

Disturbance risk

Ring-billed Gulls could be exposed to disturbances from ground, air, and gull hazing operations.  Gull hazing would be used as a mitigation measure during aerial baiting operations to help minimize the number of gulls that are likely to consume bait.  The impacts associated with disturbance sensitivity for this alternative are high because gulls may be very sensitive to hazing causing them to alter their feeding and roosting habits, disrupting their normal behavior.   The duration of the disturbance would be for the medium-term, and the scale of impact would be to the entire Farallon Island population. 

· XXX individuals are likely to be exposed to impacts from Alternative C.



California Gull

Toxicant risk

California gulls could be exposed to diphacinone through primary and secondary exposure pathways. California gulls are omnivorous and opportunistic feeders consuming small mammals, fish, birds, eggs, marine invertebrates, insects, and human refuse (Winkler 1996). Additionally, other omnivorous gulls have been known to eat rodenticide bait on islands in the region and around the world. On the Farallones in the fall and winter, this species occurs almost entirely along the immediate shoreline. Based on their feeding habits the bait availability for these gulls would be for the medium-term, the toxicant sensitivity would be medium, and the toxicant exposure risk is medium due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the short-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to these gulls. The scale of impact would be to the entire Farallon Island population.

Disturbance risk

California gulls could be exposed to disturbances from ground, air, and gull hazing operations.  Gull hazing would be used as a mitigation measure during aerial baiting operations to help minimize the number of gulls that are likely to consume bait.  The impacts associated with disturbance sensitivity for this alternative are high because gulls may be very sensitive to hazing causing them to alter their feeding and roosting habits, disrupting their normal behavior.   The duration of the disturbance would be for the medium-term, and the scale of impact would be to the entire Farallones Island population. 

· XXX individuals are likely to be exposed to impacts from Alternative C.



Glaucous-winged Gull

Toxicant risk

Glaucous-winged gulls could be exposed to diphacinone through primary and secondary exposure pathways. Glaucous-winged gulls are omnivorous and opportunistic feeders consuming a variety of fish, marine invertebrates, carrion, eggs, mice, and human refuse (Hayward and Verbeek 2008). Additionally, other omnivorous gulls have been known to eat rodenticide bait on islands in the region and around the world. On the Farallones, this species occurs almost entirely along the immediate shoreline. Based on their feeding habits the bait availability for these gulls would be for the medium-term, the toxicant sensitivity would be medium, and the toxicant exposure risk is medium due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the short-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to these gulls. The scale of impact would be to the entire Farallones Island population.

Disturbance risk

Glaucous-wing gulls could be exposed to disturbances from ground, air, and gull hazing operations. Gull hazing would be used as a mitigation measure during aerial baiting operations to help minimize the number of gulls that are likely to consume bait. The impacts associated with disturbance sensitivity for this alternative are high because gulls may be very sensitive to hazing causing them to alter their feeding and roosting habits, disrupting their normal behavior. The duration of the disturbance would be for the medium-term, and the extent of the affect would be to the entire Farallones Island population. 

· XXX individuals are likely to be exposed to impacts from Alternative C.



Mew Gull

Toxicant risk

Mew gulls could be exposed to diphacinone through primary and secondary exposure pathways. Mew gulls are omnivorous feeders consuming marine and terrestrial invertebrates, insects, fish, grain, and human refuse (Moskoff and Bevier 2002). Additionally, omnivorous gulls have been known to eat rodenticide bait on islands in the region and around the world. On the Farallones, this species occurs almost entirely along the immediate shoreline. Based on their feeding habits the bait availability for these gulls would be for the medium-term, the toxicant sensitivity would be medium, and the toxicant exposure risk is medium due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the short-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to these gulls. The scale of impact would be to the entire Farallones Island population.

Disturbance risk

Mew gulls could be exposed to disturbances from ground, air, and gull hazing operations.  Gull hazing would be used as a mitigation measure during aerial baiting operations to help minimize the number of gulls that are likely to consume bait.  The impacts associated with disturbance sensitivity for this alternative are high because gulls may be very sensitive to hazing causing them to alter their feeding and roosting habits, disrupting their normal behavior. The duration of the disturbance would be for the medium-term, and the scale of impact would be to the entire Farallones Island population. 

· XXX individuals are likely to be exposed to impacts from Alternative C.



Herring Gull

Toxicant risk

Herring gulls could be exposed to diphacinone through primary and secondary exposure pathways. Herring gulls are omnivorous and opportunistic feeders consuming fish, invertebrates, birds, eggs, carrion, and human refuse (Pierotti and Good 1994). Additionally, omnivorous gulls have been known to eat rodenticide bait islands in the region and around the world. On the Farallones, this species occurs almost entirely along the immediate shoreline. Based on their feeding habits the bait availability for these gulls would be for the medium-term, the toxicant sensitivity would be medium, and the toxicant exposure risk is medium due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the short-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to these gulls. The scale of impact would be to the entire Farallones Island population.

Disturbance risk

Herring gulls could be exposed to disturbances from ground, air, and gull hazing operations.  Gull hazing would be used as a mitigation measure during aerial baiting operations to help minimize the number of gulls that are likely to consume bait.  The impacts associated with disturbance sensitivity for this alternative are high because gulls may be very sensitive to hazing causing them to alter their feeding and roosting habits, disrupting their normal behavior.   The duration of the disturbance would be for the medium-term, and the scale of impact would be to the entire Farallones Island population. 

· XXX individuals are likely to be exposed to impacts from Alternative C.

Heermann’s Gull and Thayer’s Gull

Toxicant risk

Heermann’s gulls and Thayer’s gulls could be exposed to diphacinone through primary and secondary exposure pathways. Both species are omnivorous and opportunistic feeders consuming mostly a variety of fish, marine invertebrates, crustaceans, insects, and carrion.  Additionally, omnivorous gulls have been known to eat rodenticide bait on islands in the region and around the world. On the Farallones, this species occurs almost entirely along the immediate shoreline. Based on their feeding habits the bait availability for these gulls would be for the medium-term, the toxicant sensitivity would be medium, and the toxicant exposure risk is medium due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the short-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to these gulls. The scale of impact would be to the entire Farallones Island population.

Disturbance risk

Heermann’s gulls and Thayer’s gulls could be exposed to disturbances from ground, air, and gull hazing operations. Gull hazing would be used as a mitigation measure during aerial baiting operations to help minimize the number of gulls that are likely to consume bait. The impacts associated with disturbance sensitivity for this alternative are high because gulls may be very sensitive to hazing causing them to alter their feeding and roosting habits, disrupting their normal behavior.   The duration of the disturbance would be for the medium-term, and the scale of impact would be to the entire Farallones Island population. 

· XXX individuals are likely to be exposed to impacts from Alternative C.

Pigeon Guillemot, Tufted Puffin, Rhinocerous Auklet, Cassin’s Auklet, Common Murre, Brandt’s Cormorant, Double-crested Cormorant, Pelagic Cormorant, Black Oystercatcher, Ashy Storm-petrel, Leach’s Storm-petrel

Toxicant risk

Pigeon Guillemot, Tufted Puffin, Rhinocerous Auklet, Cassin’s Auklet, Common Murre, Brandt’s Cormorant, Double-crested Cormorant, Pelagic Cormorant, Black Oystercatcher, Ashy Storm-petrel, and Leach’s Storm-petrel on the South Farallones are not likely to be exposed to diphacinone through either primary or secondary exposure pathways; however, there is a small chance that they could be secondarily exposed if the toxicant is consumed by pelagic fish, which is highly unlikely to occur. These seabirds breed on the Farallon Islands and are piscivorous species that only consume pelagic fish. Based on their feeding habits the bait availability for these seabirds would be for the short-term, the toxicant sensitivity would be low, and the toxicant exposure risk is low due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the short-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to these seabirds. The scale of the impact would be to the few individuals that are on the island during the operational window, since the majority of these species would not be present on the island until as early as late January or as late as April.

Disturbance risk

Pigeon Guillemot, Tufted Puffin, Rhinocerous Auklet, Cassin’s Auklet, Common Murre, Brandt’s Cormorant, Double-crested Cormorant, Pelagic Cormorant, Black Oystercatcher, Ashy Storm-petrel, and Leach’s Storm-petrel could be exposed to disturbances from ground and air operations.  The impacts associated with disturbance sensitivity for this alternative are low because the majority of seabirds would not be present during operations. The duration of the disturbance would be for the short-term, and the scale of impact would be to a few individuals. 

· XXX individuals are likely to be exposed to impacts from Alternative C.



Brown Pelican

Toxicant risk

Brown pelicans could be exposed to diphacinone through secondary exposure pathways. Brown pelicans are primarily piscivorous and their diet consists of fish and some marine invertebrates (Shields 2002). Based on their feeding habits the bait availability for these birds would be for the short-term, the toxicant sensitivity would be low, and the toxicant exposure risk is low since there is only one exposure pathway. The duration of the risk would likely be for the short-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to pelicans. The scale of impact would be to the few individuals that are seen at this time on the island.

Disturbance risk

Brown pelicans could be exposed to disturbances from both ground and air operations, which would likely cause them to flush the area to an alternate site on the island.  The impacts associated with disturbance sensitivity for this alternative are medium, the duration of the disturbance would be for the short-term, and the scale of impact would be to the few individuals that are seen at this time on the island. 

· XXX individuals are likely to be exposed to impacts from Alternative C.

Waterfowl:



Cackling Goose

Toxicant risk

Cackling geese could be exposed to brodifacoum through primary and secondary exposure pathways. Cackling geese are primarily herbivorous and consume grass, grain, aquatic invertebrates, and insects (Mowbray et al. 2002). On the Farallones, cackling geese occur both along the shoreline and upland habitats. Based on their feeding habits the bait availability for these geese would be for the medium-term, the toxicant sensitivity would be low, and the toxicant exposure risk is high due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the short-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to these geese. The scale of impact would be to the few individuals that are seen at this time on the island.

Disturbance risk

Cackling geese could be exposed to disturbances from both ground and air operations, which would likely cause them to flush the area to an alternate site on the island.  The impacts associated with disturbance sensitivity for this alternative are low, the duration of the disturbance would be for the short-term, and the scale of impact would be to the few individuals that are seen at this time on the island. 

· XXX individuals are likely to be exposed to impacts from Alternative C.



Brant

Toxicant risk

Brant could be exposed to diphacinone through primary and secondary exposure pathways. Brant are primarily herbivorous and consume eelgrass, green algae, salt marsh plants, and graze on upland grassland (Reed et al. 1998). On the Farallones, one individual has resided on and off the island for the past several years. Based on their feeding habits the bait availability for these waterfowl would be for the medium-term, the toxicant sensitivity would be low, and the toxicant exposure risk is high due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the short-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to these birds. The scale of impact would be to the few individuals that are seen at this time on the island.

Disturbance risk

Brant could be exposed to disturbances from both ground and air operations, which would likely cause them to flush the area to an alternate site on the island.  The impacts associated with disturbance sensitivity for this alternative are medium, the duration of the disturbance would be for the short-term, and the scale of impact would be to the few individuals that are seen at this time on the island. 

· XXX individuals are likely to be exposed to impacts from Alternative C.
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Non-breeding Pinnipeds:



Steller Sea Lion, California Sea Lion, Northern Fur Seal, and Pacific Harbor Seal  

Toxicant risk

Steller sea lions, California sea lions, Northern fur seals, and Pacific harbor seals are at no risk of toxicant exposure because they rarely if ever feed on anything other than marine fish and invertebrates. We would mitigate impacts to fish by attempting to hand baiting near the shoreline where feasible and utilizing a deflector to prevent bait from entering the waterways; therefore, the extent of the affect is insignificant and does not require further scrutiny.  

Disturbance risk

Pinnipeds could be exposed to disturbances from ground, air, and gull hazing operations, which would likely cause them to flee the area potentially injuring themselves or others.  The impacts associated with disturbance sensitivity for this alternative are high, the duration of the disturbance would be for the short-term, and the scale of impact would be to the island population. 



Breeding Pinnipeds:



Northern Elephant Seal

Toxicant risk

Northern elephant seals are at no risk of toxicant exposure because they rarely if ever feed on anything other than marine fish and invertebrates. We would mitigate impacts to fish by hand baiting near the shoreline where feasible and utilizing a deflector to prevent bait from entering the waterways; therefore, the extent of the affect is insignificant and does not require further scrutiny.  

Disturbance risk

Northern elephant seals could be exposed to disturbances from ground, air, and hazing operations, which would likely cause them to flee the area potentially injuring themselves or others.  The impacts associated with disturbance sensitivity for this alternative are high, the duration of the disturbance would be for the short-term, and the scale of impact would be to the island population. 



Impacts on Bats:



Insectivorous Bats

Toxicant risk

Bats could be exposed to diphacinone through secondary exposure pathways by consuming flying insects that have been exposed to the toxicant. Based off of the their feeding habits the bait availability for these bats would be for the medium-term, the toxicant sensitivity would be high, and the toxicant exposure risk is low due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the short-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to bats. The scale of impact would be to the few individuals that are seen at this time on the island.

Disturbance risk

Bats would not be disturbed by eradication operations on the South Farallon Island; therefore no further analysis is required.
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Arboreal Salamanders

Toxicant risk

Arboreal salamanders could be exposed to diphacinone through secondary exposure pathways by consuming insects that have been exposed to the toxicant. Based on their feeding habits the bait availability for these salamanders would be for the medium-term, the toxicant sensitivity would be low, and the toxicant exposure risk is medium due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the short-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to salamanders. The scale of impact would be to the global population of this subspecies of Arboreal Salamanders since they are endemic to the South Farallon Islands.

Disturbance risk

Arboreal salamanders could be exposed to disturbances from ground operations, which would likely cause them to flee the immediate area potentially injuring themselves or others.  Additionally, they may be crushed by personnel moving around the island since they burrow underground. The impacts associated with disturbance sensitivity for this alternative are low, the duration of the disturbance would be for the short-term, and the scale of impact would be to the global population of this subspecies of arboreal salamanders since they are endemic to the South Farallon Islands. 
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Marine Fish

Toxicant risk

Marine fish could be exposed to diphacinone through secondary exposure pathways by consuming invertebrates that have been exposed to the toxicant. Based on their feeding habits the bait availability for these fish would be for the short-term since bait pellets would dissolve within a few hours, the toxicant sensitivity would be low, and the toxicant exposure risk is low due to the range of secondary toxicant exposure pathways. The duration of the risk would likely be for the short-term due to the retention time of the toxicant in the tissue of species that provide a secondary exposure pathway to fish. The scale of impact would be to the a few individuals.

Disturbance risk

Marine fish could be exposed to disturbances from boating operations, which would likely cause them to flee.  The impacts associated with disturbance risks for this alternative are low, the duration of the disturbance would be for the short-term, and the scale of impact would be to individuals. 
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Invertebrates:



Other Marine and Terrestrial Invertebrates

Toxicant risk

Invertebrates could be exposed to diphacinone through primary exposure by consuming bait directly. Invertebrates have been known to consume rodenticide bait as residues of similar toxicants, which have been detected in arthropods (Morgan and Wright 1996, Ogilvie et al. 1997, Pain et al. 2000, Booth et al. 2001) and other invertebrates. However, diphacinone consumption by invertebrates generally does not cause mortality. The toxicant sensitivity would be negligible, and the toxicant exposure risk is low due to the primary exposure pathway. The duration of the risk would likely be for the short-term and the scale of impact would be to individuals.

Disturbance risk

Invertebrates could be exposed to disturbances from ground operations, which could likely crush individuals. The impacts associated with disturbance risks for this alternative are low, the duration of the disturbance would be for the short-term, and the scale of impact would be to a few individuals.



Camel crickets

Toxicant risk

Camel crickets could be exposed to diphacinone through primary exposure by consuming bait directly. Arthropods have been known consume rodenticide bait as residues of anticoagulant have been detected in their tissues (Morgan and Wright 1996, Ogilvie et al. 1997, Pain et al. 2000, Booth et al. 2001). However, diphacinone consumption by invertebrates generally does not cause mortality. The toxicant sensitivity would be negligible, and the toxicant exposure risk is low due to the primary exposure pathway. The duration of the risk would likely be for the short-term and the scale of impact would be to the island population

Disturbance risk

Camel crickets could be exposed to disturbances from ground operations, which would likely cause them to flee the area and may impact their feeding habits. The impacts associated with disturbance risks for this alternative are low, the duration of the disturbance would be for the short-term, and the scale of impact would be to the global population since these crickets are endemic to the South Farallon Islands.



Black Abalone

Toxicant risk

Black abalone could be exposed to diphacinone through primary and secondary exposure by consuming bait directly or prey that has previously consumed bait. Arthropods have been known consume rodenticide bait as residues of anticoagulants have been detected in their tissues (Morgan and Wright 1996, Ogilvie et al. 1997, Pain et al. 2000, Booth et al. 2001). However, diphacinone consumption by invertebrates generally does not cause mortality. The toxicant sensitivity would be negligible, and the toxicant exposure risk is low due to the primary exposure pathway. The duration of the risk would likely be for the short-term and the scale of impact would be to the few individuals found at the South Farallon Islands.

Disturbance risk

Black abalone are not likely to be exposed to disturbance impacts from eradication operations; and therefore, no further analysis is warranted for this species.
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Vegetation

Toxicant risk

Due to the very low solubility of diphacinone in water, plant uptake is unlikely to occur (Weldon et al. 2011). Post-application monitoring for the Anacapa Island rat eradication tested negative for anticoagulant residue in all plant samples (Howald et al. 2010). Vegetation is not known to be negatively impacted by rodenticides, and therefore, does not require further analysis of the toxicological impacts.

Disturbance risk

Vegetation would be exposed to disturbances from ground operations, which would likely crush individuals and possibly damage plants. The impacts associated with disturbance risks for this alternative are low, the duration of the disturbance would be for the short-term, and the scale of impact would be to a few plants.



[bookmark: _Toc333222148]Impacts Table for Alternative C on Biological Resources: Aerial Broadcast of Brodifacoum

		

		Table X. Impacts of Alternative C on Biological Resources 



		Species

		Length of Bait avail-ability1

		Toxicant Sensitivity2

		Toxicant exposure risk level3

		Overall Toxicant Mortality Risk (Sensitivity+ Exposure)4

		Disturbance Sensitivity5

		Scale of Impact6

		Duration of risk7



		

		

		

		

		

		

		toxicant

		disturbance

		toxicant

		disturbance



		Raptors (general)8

		Medium

		Medium

		Medium

		Medium

		Low

		Individ.

		Individ.

		Short

		Short



		White-tailed Kite

		Medium

		Medium 

		Medium

		Medium

		Low

		Individ.

		Individ.

		Short

		Short



		Peregrine Falcon9

		Medium/
None

		Medium/
None

		High/
None

		Medium

		High/
High

		Individ.

		Individ.

		Short/ None

		Short/
Medium



		Burrowing Owl9

		Medium/
None

		Medium/
None

		High/
None

		High/None

		High/
High

		Individ.

		Individ.

		Short/ None

		Short/
Medium



		Common Raven9

		Medium/
None

		Medium/
None

		High/
None

		High/None

		Low/
High

		Individ.

		Individ.

		Short/ None

		Short/
Medium



		Western Gull

		Medium

		Medium

		High

		High/None

		High

		Island

		Island

		Short

		Medium



		Other Gulls10

		Medium

		Medium

		Medium

		Medium

		High

		Island

		Island

		Short

		Medium



		Other Breeding Seabirds11

		Short

		Low

		Low

		Low

		Low

		Individ.

		Individ.

		Short

		Short



		Brown Pelican

		Short

		Low

		Low

		Low

		Low

		Individ.

		Individ.

		Short

		Short



		Cackling Goose and Brant

		Medium

		Low

		High

		Medium

		Low

		Individ.

		Individ.

		Short

		Short



		Shorebirds12

		Medium

		Low

		High

		Medium

		Medium

		Individ.

		Individ.

		Short

		Short



		Songbirds13

		Medium

		Low

		High

		Medium

		Low

		Individ.

		Individ.

		Short

		Short



		Insectivores14

		Medium

		Low

		Low

		Low

		Low

		Individ.

		Individ.

		Short

		Short



		Resident Sparrows15

		Medium

		Low

		High

		Medium

		Medium

		Individ.

		Individ.

		Short

		Short



		Non-resident Sparrows16

		Medium

		Low

		High

		Medium

		Low

		Individ.

		Individ.

		Short

		Short



		Violet-green Swallow & Anna’s Hummingbird

		Medium

		Low

		Low

		Low

		Low

		Individ.

		Individ.

		Short

		Short



		Northern Elephant Seal

		Medium

		None

		None

		None

		Medium

		None

		Island

		None

		Short



		Pinnipeds17

		Medium

		None

		None

		None

		High

		None

		Island

		None

		Short



		Bats

		Medium

		Medium

		Low

		Low

		Low

		Individ.

		Individ.

		Short

		Short



		Fish

		Short

		Low

		Low

		Low

		Low

		Individ.

		Individ.

		Short

		Short



		Invertebrates

		Short

		None

		Low

		None

		Low

		Individ.

		Individ.

		Short

		Short



		Salamanders

		Medium

		Low

		Medium

		Low

		Low

		Global

		Global

		Short

		Short



		Camel Cricket

		Medium

		None

		Low

		None

		Low

		Global

		Global

		Short

		Short



		Vegetation

		None

		None

		None

		None

		Low

		None

		Individ.

		None

		Short



		1 None: No bait availability; Short: Bait or mice with toxicant residue available for up to 36 days; Medium: Bait in mouse excrement or animal tissue available for 37-90 days; Long: Toxicant persistent anywhere in the environment for more than 90 days. 

2 None: No toxicological sensitivity; Low: Minor toxicological sensitivity; Medium: Moderate toxicological sensitivity; High: Severe toxicological sensitivity. 

3 None: No exposure pathway; Low: Possible exposure pathway; Medium: One exposure pathway; High: Multiple exposure pathways. 

4 None: No impact from toxicant; Low: Low impact from toxicant; Medium: Medium impact from toxicant; High: High impact from toxicant.

5 None: No disturbance pathway; Low: Low sensitivity to disturbance; Medium: Moderate sensitivity to disturbance; High: Severe sensitivity to disturbance. 

6 Individual (Individ.): Few individuals affected; Island population (Island): Many individuals affected with no affect to the global or regional breeding population; Global or regional population (Global): Many individuals affected with impacts on the global or regional breeding population.

 7 Short: Impacts for up to 2 months; Medium: Impacts for more than 2 months and up to 6 months; Long: Impacts for more than 6 months.

 8 Ferruginous hawk, rough-legged hawk, red-tailed hawk, sharp-shinned hawk, northern harrier, Cooper’s hawk, American kestrel, merlin, barn owl, long-eared owl, short-eared owl, northern saw-whet owl. 

9 Two outcomes listed: First – individuals remaining on island / Second – individuals captured and held in captivity. 

10 Ring-billed gull, California gull, herring gull, Thayer’s gull, glaucous-winged gull, Heermann’s gull, mew gull. 

11 Pigeon guillemot, tufted puffin, rhinoceros Auklet, Cassin’s Auklet, common Murre, Brandt’s cormorant, double-crested cormorant, pelagic cormorant, black oystercatcher, ashy storm-petrel, Leach’s storm petrel. 

12 Wandering tattler, black turnstone, black oystercatcher, whimbrel. 

13 Hermit thrush, American robin, varied thrush, cedar waxwing, European starling, American pipit, black phoebe. 

14 Yellow-rumped warblers, Townsend’s warbler, palm warbler, golden-crowned kinglet, ruby-crowned kinglet. 

15 and 16 Spotted towhee, chipping sparrow, savannah sparrow, fox sparrow, white-throated sparrow, white-crowned sparrow, golden-crowned sparrow, dark-eyed junco, red-winged blackbird, western meadowlark, Brewer’s blackbird, purple finch, pine siskin, lesser goldfinch. 

17 California sea lions, northern fur seal, Steller sea lion, Pacific harbor seal.
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