 TROUT UNLIMITED POLICY

ON PISCICIDE USE FOR CONSERVING NATIVE TROUT AND SALMON

I.
SCOPE AND PURPOSE
A “Trout Unlimited Policy on Piscicide Use for Conserving Native Trout and Salmon” provides guidance for Trout Unlimited actions regarding piscicide use for native fish conservation.  Since TU's mission is to conserve, protect, and restore North America’s coldwater fisheries and their watersheds, the conservation of native trout and salmon is a TU priority. This Policy acknowledges that there are a variety of issues that are important in the conservation of native salmonids, but focuses specifically on the control of non-native species using piscicides because of their prevalence and significance in many native fish restoration efforts. Piscicides are substances used to kill fish and have been primarily used to remove undesirable fish species from various waters. Over the past 70 years, the practice of using piscicides in streams, rivers, ponds, lakes, and reservoirs has become an important fishery conservation tool. A number of evolving issues, particularly involving the elimination of non-native fish species that are impacting rare and endangered native trout, have recently challenged the continued use of piscicides in fishery conservation. Trout Unlimited involvement in these issues has prompted the development of this policy.  

As a national policy, this document builds on the philosophy and guidelines in "Trout Unlimited's North American Salmonid Policy" and is based on a scientific review of the impacts of piscicides on fish populations and aquatic ecosystems. The issues involved in non-native species control are complex and many of the problems facing resource managers have not been solved.  As a result, this Policy is not designed to answer all of the questions about the interrelations between native salmonid conservation and piscicide use. Instead, the Policy serves as a foundation for TU actions until new and better ways to manage the negative impacts of non-native species on native aquatic fauna are developed in the future.
II. CONSERVATION ISSUES  

The following statements describe the general status of native trout and salmon and the threat posed by non-native species. 

1.  The introduction of non-native species is one of the primary causes behind the dramatic reduction of native trout and salmon in North America.
Native salmonids are individuals of a species, subspecies, or stock that are indigenous to a water body.  These native fish have evolved and adapted to the watersheds where they are found.  Non-native species, also called non-indigenous species, are species that have moved beyond their natural geographical range of habitat. While the introduction of some non-native species is intended to provide economic benefits for human communities, the impacts on other beneficial native species are often negative (U.S. Congress, Office of Technology Assessment. 1993). Over the past two decades, introductions of nonindigenous fish to North America have increased rapidly (Mills et al. 1993). Aquatic ecosystems may be affected by non-native species through predation, competition, mixing of genetic material, habitat modification and the introduction of diseases and pathogens (Smith 1995).   Non-native species (including intentional introduction of trout and salmon as sport fish) have been a major cause in decline of native trout and salmon and non-native species remain a major threat (Alexander 1977; Behnke 1992, Ling 2002, Taylor et al. 1982; Sharpe 1962).  
2. Removing non-native species is an integral part of conserving native salmonids including many listed under the Endangered Species Act.  

The presence of non-native species has led to the elimination of many native trout populations.  Restoration of the native species can not occur unless the non-native fish are either suppressed or removed from the aquatic ecosystem (Duff 1996; Gresswell 1988). According to an American Fisheries Society review, there are about 800 species of native freshwater fishes in North America (Williams et al. 1989). Of these, 103 fish taxa are considered endangered, 114 threatened, and 147 of special concern (Miller et al. 1989). During the twentieth century, the loss of this freshwater biodiversity has accelerated and 40 taxa (27 species and 13 subspecies) have been reported as extinct. These extinctions have occurred primarily in western North America and the Great Lakes region. The most common cause of extinction has been habitat loss, a contributing factor for at least 73% of the 40 taxa. The second most common causal factor was the effect of introducing non-native species (cited for 68% of the 40 taxa). The decline of native salmonid populations has occurred at a similar accelerated rate and due to similar causes. The most frequently cited examples in North America concern declines in populations of native trouts attributable to non-native trout introductions (Moyle 1976 a, b; Moyle et al. 1986; Nehlsen et al. 1991; Behnke 1992; Young et al. 1995). In addition to other non-native salmonids, non-native aquatic organisms such as the sea lamprey and Myxobolus cerebralis (the myxozoan parasite that is the source of whirling disease) pose major threats to native salmonids.   
III. NON-NATIVE FISH CONTROL 

The following statements describe the current status of the conservation tools currently available to remedy the impacts of non-native fish on native trout and salmon. 
1. The physical, biological, and/or chemical methods that are used to suppress or remove non-native fish have different benefits and limitations.  

A variety of non-native fish control methods have been successfully employed in the restoration of native species.  The suppression of invading sea lamprey in the Great Lakes is probably the most successful large-scale effort of non-native species control.  In addition, the removal of non-native species from smaller stream systems and reintroduction of natives has helped prevent the complete extinction of several inland trout species in western states (U.S. Congress, Office of Technology Assessment. 1993).  Three general control methods are used to suppress or eliminate non-native fish species: physical, biological, and chemical (Shepard in press). 
A review of physical methods of non-native fish control using nets, traps, seines, electrofishing, drawdown, or a combination of physical treatments, found success rates ranging from 33% to 57% where success was defined as a specific fish population attribute or benefit accrued to the fishery (Meronek et al. 1996). In some larger lakes and streams, netting and trapping may be the only tool available for native fish conservation in situations where other methods are impractical or where there are mixed populations of native and non-native species. In smaller ecosystems, electrofishing is the dominant physical control method. Complete removal of non-native trout has been reported in a few cases in very small streams (Thompson and Rahel 1996; Kulp and Moore 2000).  While physical control efforts can suppress non-native fish stocks, these methods are seldom successful in totally eliminating non-native species (Finlayson and Schnick 2001). Even if suppression is successful, an ongoing physical removal program must be instituted to keep non-native fish populations suppressed. Repeated electrofishing to remove non-native species during sympatric eradication or control efforts may lead to increased mortality and/or reduced condition factors for some natives (Hollender and Carline 1994; Dwyer and White 1998). Despite these limitations, electrofishing and other physical removal methods may be the only alternatives in some situations to conserve an existing population of native salmonids.  

Biological control methods have been traditionally based on the introduction of predators on the non-native species. The success rate for biological-control programs is low and typically ranges from 16% to 36% (Meyers et al. 1989). In some cases, improperly screened biological-control agents have themselves become nuisance species (McClelland 1992).  For most trout and salmon recovery efforts, angling (human predation) has been the only biological control method available for reducing non-native fish populations. Suppression of non-natives through angling is rarely effective and can also have negative impacts on co-existing native fish populations or on other non-target species (U.S. Congress, Office of Technology Assessment. 1993).  Another biological control method involves disruption of the reproductive cycle of undesirable species. Specifically, the introduction of sterilized males into the sea lamprey breeding population in certain areas of the Great Lakes has been very effective at reducing lamprey numbers (Bergstedt and Twohey 2005). The use of pheromones or other natural biological attractants has shown promise for controlling non-native pests, but the work is experimental and nothing is currently available for use in aquatic ecosystems (Young 2001).  Similar to physical control methods, the biological approaches appear more useful for suppression rather than complete elimination of non-native species (Shepard in press). 

Chemical control using piscicides is the most reliable method available to completely remove a non-native fish species from larger recovery areas (Finlayson et al. 2002). Beyond native fish recovery, piscicides were first used in North America in the 1930’s for improving or developing sport fisheries. Other important uses of piscicides in fisheries management include: control of undesirable fish; eradication of harmful exotic fish; eradication of fish in rearing facilities and ponds to eliminate competing species; quantification of populations; treatment of drainages prior to impoundment;  eradication of fish to control disease; and restoration of threatened or endangered species (McClay 2000). One of the more important commercial uses is by catfish farmers who are able to remove unwanted scaled fish from their production ponds without harming the existing catfish or their suitability for market.   The use of piscicides as a fisheries management tool is taught in at least 38 of 75 North American colleges and universities that teach fisheries programs and related courses (G. Tichacek, retired, Illinois Department of Conservation, pers. comm.). Proper evaluation and use of selective chemicals can provide effective and safe control of non-native aquatic species, but negative impacts are still possible if projects aren’t well planned and implemented. A small number of poorly planned projects, particularly involving the chemical rotenone, have resulted in mortalities on non-target species down-stream of the application site and persistence of treatment chemicals in water and air longer than the normal treatment cycle. Proper project planning and better training of piscicide applicators could have prevented these outcomes (McClay 2000).  
2. Piscicides are the dominant tool in restoration projects to control or remove non-native species existing in native salmonid habitat.
A review of past efforts shows that piscicides are the most widely used tool to eradicate all or portions of a non-native fish community (Marking 1992). At the present time, four piscicides are registered by the U.S. Environmental Protection Agency (EPA) for use in the United States. Approved compounds include the selective fish toxicants 3-trifluoromethyl-4-nitrophenol (TFM) and niclosamide, and the general fish toxicants Antimycin A (antimycin) and rotenone. 
TFM is a fish toxicant currently used as the primary tool to control sea lamprey in tributaries of the Great Lakes; niclosamide is used in combination with TFM in situations where there might be too much risk to non-target organisms or where TFM alone is ineffective or too expensive. Niclosamide is primarily used to sample lamprey prior to treatment with TFM or in deep or turbid water areas where TFM is less effective. TFM and niclosamide were first used to control invading sea lamprey in the Great Lakes that were decimating native lake trout populations (GLFC 2005).  TFM and niclosamide kill lampreys at the larval stage, when they are burrowed for three or more years in a stream's sand and silt bottom. These piscicides have been highly successful in reducing the population size of lampreys (90% decrease in Great Lakes population levels), but carry a significant price tag of more than $10 million annually (U.S. Congress 1993).

In contrast to the lampricides which are mainly used in the Great Lakes, rotenone and antimycin are used worldwide to facilitate fisheries management. Fisheries managers in North America began to use rotenone as a piscicide in the 1930s on lakes and ponds, and then in the 1960s on streams. In addition to its use as a piscicide, other current uses of rotenone are as a powder for pets, home and garden, and agriculture (Thomson 1985).  Techniques for the use of rotenone to manage fish communities and for reclamation and fish control activities have been reviewed and covered extensively by a number of authors (Bettoli and Maceina 1996; Finlayson et al. 2000). Use of rotenone is widespread among fisheries agencies in the US and Canada. In a survey of 78 agencies, 48 (62%) reported using rotenone in the last 10 years. Rotenone was used in 37 states (77%) and 5 provinces or territories (42%) during the survey period (McClay 2000). 

Antimycin was first used as a piscicide in 1963. It is the most favored piscicide for native salmonid restoration because it is not detected by fish and can be applied in cold alpine waters in parts per billion (ppb), which is one thousand times less than the amount needed for rotenone. A comprehensive survey of antimycin use in North America indicates that agencies use about 5 kg of antimycin annually (one-quarter of total amount used), and catfish farmers use the remainder. Catfish farmers use antimycin to remove scaled fish from production ponds, and agencies now use the limited amount of antimycin in western and midwestern states mainly for restoration of threatened, endangered, or native trout species in streams (Finlayson 2002). 
3.   The future use of piscicides in native trout and salmon restoration efforts is becoming more uncertain.  

Unlike lampricides, which are targeted on a nuisance species in the Great Lakes region, rotenone and antimycin are used in every region of North America and are most commonly used to eliminate non-native trout and other sport fish. These circumstances make these piscicides the subject of much public scrutiny and controversy. A number of evolving issues have recently challenged the continued use of rotenone and antimycin to control non-native species in native fish recovery projects.  The issues include expense of data required for EPA registration, adequate training and guidance for applicators, indiscriminate acceptance of non-chemical alternatives, duplicative and often, counterproductive environmental regulations, public understanding of the purposes of native fish recovery, and concerns about environmental safety.  These issues have delayed and occasionally cancelled projects (Finlayson 2005).   
Despite the importance of rotenone and antimycin, their continued availability and use are uncertain. Most piscicide treatments have occurred without incident; however, putting any chemical into water, especially one that kills fish, can create controversy. The use of piscicides is increasingly a concern to environmental and animal rights groups, and the future use of rotenone, even for small projects, has been threatened in several states, most notably New York and California (McClay 2000). In 2004, the New Mexico State Game Commission banned its Department of Game and Fish from using piscicides in its native fish restoration efforts, although in 2005 it did authorize piscicide use in connection with one such effort.  

IV. PISCICIDE CHARACTERISTICS AND REGULATION
The following statements describe the status of piscicides as substances regulated by government agencies: 

1. Piscicides are regulated by the Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA) and have been intensively evaluated for environmental and human safety.

Piscicides are regulated under the Federal Insecticide, Fungicide, and Rodenticide Act  (FIFRA) because of their toxicity to fish. Each of the four registered piscicides has been subject to different testing regimes. 
TFM and niclosamide are registered with the EPA as low volume, non-food chemicals based on the quantity used, the method of application, and their reactions in the natural environment. The chemicals are marketed as Lamprecid (TFM) and Bayluscide (niclosamide) and are available solely through the Fish and Wildlife Service in liquid and bar forms. The chemicals do not bioaccumulate in the aquatic environment and dissipate in a matter of days. These compounds were recently reregistered as lampricides by the US Environmental Protection Agency and Agriculture Canada and have met or surpassed all criteria for application in Great Lakes streams (EPA 1999). There are ecological concerns with these compounds since some impacts can occur to non-target aquatic organism populations: however, the benefits of controlling the sea lamprey outweigh the risks to other aquatic organisms.  Most non-target organisms are far less sensitive to lampricides than the sea lampreys, and only a few are as sensitive. Black bullhead, channel catfish, northern pike, and logperch are some of the most sensitive fish species. Other species , including some salmonids and lake sturgeon are sensitive to TFM under certain Ph conditions. Hexigenia limbata is one of the most sensitive macroinvertebrates because its nymph life stage occurs in sand and silt much like the life cycle of the sea lamprey. Lampricide treatment schedules are modified to either  avoid or reduce harmful interaction with these species (GLFC 2005). 

Rotenone is a naturally occurring substance found in the roots of tropical plants in the bean family (Leguminosae). Rotenone has been an EPA registered piscicide for 53 years and is marketed in powder (Pro-Noxfish) and liquid forms (Noxfish; Nusyn-Noxfish) . An alternative liquid formulation, CFT Legumine, that does not use the conventional petroleum hydrocarbon solvent system and is believed to be more environmentally friendly, has been recently registered for use in the USA. The persistence of rotenone in the environment is greatly influenced by water temperature, with a half-life ranging from 0.6 to 7.7 days (Finlayson et al. 2001).  The substance kills fish by inhibiting a biochemical process at the cellular level making it impossible for fish to use the oxygen absorbed in the blood during respiration (Oberg 1967). Shad, pike, trout, and salmon are among the most sensitive fish. Sunfish are less sensitive, and catfish are among the most tolerant (Marking and Bills 1976; Chandler and Marking 1982). All animals including fish, insects, birds, and mammals have natural enzymes in the digestive tract that neutralize rotenone, so the gastrointestinal absorption of rotenone is inefficient. However, fish (and some forms of amphibians and aquatic invertebrates) are more susceptible because rotenone is readily absorbed directly into their blood through their gills (non-oral route) where digestive enzymes cannot neutralize it. 
Antimycin A (antimycin) is an antifungal antibiotic produced by molds of the genus Streptomyces that is found naturally in forest soils (Leben and Keitt 1948; Schnick 1974). It has been registered as a piscicide for 35 years.  The only current commercial source of antimycin is marketed as Fintrol Concentrate by Aquabiotics Corporation. Antimycin, similar to rotenone, works by entering the fish gills and blocks the transfer of electrons in the mitochondria during cellular respiration (Finlayson et al. 2002). Antimycin is not just one compound but actually consists of eight separate components (Abidi 1989). The toxicity of antimycin to many species of fish is well documented (Herr et al. 1967; Kawataski 1973; Schultz and Harman 1976). Antimycin is generally more toxic to fish than rotenone, and the difference can vary from little to several orders of magnitude depending on the species (Finlayson et al. 2002; Marking and Bills 1976). Antimycin is usually not avoided by fish (Lennon et al. 1970), making it less likely that fish will survive by seeking groundwater upwelling or spring areas during treatments, which sometimes occurs with rotenone (Hogue 1999). Impacts of antimycin on invertebrates are less than that of rotenone (Hubert and Schmidt 2001). Other studies indicate that the risk of antimycin to most amphibians at piscicidal concentrations and application times is small. Immature tadpole stages are most vulnerable and treatments can be delayed until tadpoles have metamorphosed to reduce this risk (Grisak et al. 2005; Moore 2000 et al.). Antimycin treatment did not result in major invertebrate reductions in the benthos in high elevation streams where native trout restoration projects often occur (Cerreto et al. 2003).  

2. The risks to human health and the environment from piscicide use can be reduced to a level of insignificance when piscicides are applied in appropriate situations according to EPA label directions. 

TFM and niclosamide have been used to control lamprey populations in 166 tributaries of the total of 5,339 tributaries feeding the Great Lakes (<3% of total tributaries). In an average year, 30-40 streams are treated with lampricides (Great Lakes Fishery Commission 2000). More than 40 years of use and testing show that the dose needed to eliminate sea lamprey is non-toxic to most aquatic plants, fish, and other wildlife. Impacts on non-target fish species can be entirely avoided by scheduling treatments when the fish are not present or by eliminating certain areas from the treatment schedule. The temporary impacts on some non-target macroinvertebrate species can be reduced by closely controlling the concentration of applied TFM and niclosamide and by 3-10 year time intervals between treatments which allows invertebrates to recover from partial population losses (Hubert et. al 2004). Studies also have shown TFM and niclosamide to be nontoxic to humans and other mammals (EPA 1999).

Rotenone toxicity is selective to fish and other gill-breathing organisms at the concentrations used by fish biologists. In general, most common aquatic invertebrates are less sensitive than fish to rotenone. Some of the zooplankton (cladocerans and copepods) are equally sensitive; however, these do have life history stages that can survive the treatment. Snails and clams are quite tolerant. Rotenone is toxic to most gill breathing larval amphibians, but is not harmful to adults, except those adult forms that retain gills (e.g., tiger salamanders). Conducting treatments after larval forms have metamorphosed to adults and avoiding areas with gill breathing adult species can reduce impacts on amphibians (Shepard in press). Most macroinvertebrate species are not affected by the concentrations of antimycin or rotenone used to eradicate salmonids (Trumbo et al. 2000 a, b; Whelan 2002); however some taxa can be killed or adversely affected at higher concentrations of either chemical.  The Environmental Protection Agency (1981, 1989) has concluded that the use of rotenone for fish control does not present a risk of unreasonable adverse effects to humans and the environment.  As part of its reregistration program, EPA is updating and reviewing a full complement of current scientific studies examining the potential human health and environmental effects of rotenone use. The agency indicates that rotenone, when used according to label directions, poses little, if any, hazard to public health (American Fisheries Society 2005). The reregistration of rotenone is on track for May, 2006.
Antimycin is applied in very small concentrations in the environment (<10 parts per billion) to effectively kill fish (Finlayson et al. 2002). The rate of breakdown of antimycin by hydrolysis is rapid in natural waters and is accelerated by high pH, temperature, and light intensity, but is unaffected by water hardness and alkalinity (Lee et al. 1971). Complete breakdown occurs within 1 to 14 days, but it usually degrades between 4 to 7 days (Lennon 1966). A summary of field and laboratory studies exploring the properties of antimycin indicated that it degrades rapidly and had little or no impacts on most other aquatic animals.  Temporary impacts on certain macroinvertebrate populations may occur, but the populations rebound quickly. Existing data on antimycin do not suggest any human health concerns (Finlayson et al. 2002). EPA officials have indicated that the schedule for re-registration is on track for 2007.  Although there are a number of remaining data gaps, EPA believes that the data are adequate for registration under a limited use scenario defined as lack of human exposure in dietary drinking water or recreational activities and the lack of hazard to the environment (AFS 2005).

In many fish restoration projects, chemical neutralization of rotenone and antimycin with potassium permanganate is desirable to ensure that the piscicide treatments are confined to the planned treatment area. Potassium permanganate, KMnO 4, is a chemical oxidizing agent that will react with rotenone and antimycin and neutralize their toxic properties. It has been used in fish ponds to treat common fish pathogens such as gill parasites and external bacterial and fungal infections. Potassium permanganate is used as an oxidizing agent in many other different kinds of chemical reactions in a laboratory and in industry. It is also used as a disinfectant and in deodorizers and dyes. It is used to treat some parasitic diseases of fish, and used in treatment of drinking water, as well as an antidote in phosphorus poisoning. In a diluted solution, it can be used as a mouthwash, or to disinfect the hands (Cotton et al. 1999).  
3.  The use of piscicides for individual native trout conservation projects is subject to a broad array of state and federal directives, regulations, and permitting requirements to ensure safe and effective application.
Beyond the piscicide approval and use restrictions established by EPA, proposed piscicide treatment projects may face a wide array of additional requirements before a project can proceed.  In most states, use of piscicides requires: 1) public notification; 2) consultation with federal land management agencies, other land owners, and interested state and local agencies; 3) an environmental analysis; 4) review by the state fish and wildlife agency; and 5) review and possibly approval by a state agricultural or environmental agency. When federal lands are involved, a memorandum of understanding between the federal agencies and the states of the International Association of Fish and Wildlife Agencies also is used to guide the review of projects. A National Environmental Policy Act (NEPA) environmental analysis can also be required (Finlayson et al. 2005).  
4. The use of piscicides by state, tribal, and federal fish and wildlife agencies to recover native trout and salmon populations has sometimes become overly encumbered by redundant processes, uneven and irregular application of policies, and overlapping authorities. 
Use of piscicides requires complying with many state and federal directives that are intended to ensure safe and effective treatment projects. The US Forest Service  administers the greatest portion of native inland trout habitat on public lands. A recent review of piscicide use on FS lands shows that overlapping authorities with various state government agencies has led to redundant reviews. Irregular and uneven application of USFS and state policies has caused further confusion. As a consequence, native trout restoration projects have been unnecessarily delayed or cancelled, placing these species at continuing, if not heightened, extinction risks (Finlayson et al. 2005).  

V.  POLICY STATEMENTS ON SAFE PISCICIDE USE AND NATIVE SALMONID RESTORATION
1. Trout Unlimited supports active intervention to recover native trout and salmon species and to prevent, where possible, the invasion of harmful non-native species. 
The USGS reports that it is critical to act on the non-native species problem now to help minimize further economic or ecological problems. The effects of nonindigenous fishes on endangered species and aquatic biodiversity will probably grow during the next 25 years because of the drastic increase in the number of introduced fishes. During the past 45 years, more than 458 nonindigenous fish species were introduced into the nation (USGS 1998). 

Except for Alaska, the native trout species of the United States exist primarily as isolated, remnant populations in tiny headwater areas where non-native species are excluded by natural barriers.  The headwaters and populations are so small that unless their range is expanded by habitat improvement and removal or suppression on non-native fish, there is little likelihood that the populations will continue to exist over time (Behnke 1992).   

2. Trout Unlimited does not advocate the removal of wild, non-native salmonid populations from all ecosystems in which they are presently established. 

While it is desirable to remove non-native fish that are impacting native trout and salmon  species, it is not technically feasible in some ecosystems.  In some cases, aquatic habitats have been so fundamentally changed that they can no longer support the native fish that they formally supported. In others, it may not be possible or ecologically practical to remove an established non-native except locally (Stanford et al. 1996 b; Townsend 1996).  Given these circumstances, it is not possible or desirable to remove all wild, non-native salmonid populations from their current watersheds. Instead, removal of non-natives should be guided by formal native salmonid management, conservation, or recovery plans.  

3. Trout Unlimited recommends a comprehensive approach to non-native species control programs including a consideration of all physical, biological, and chemical alternatives.
All methods that can be used to suppress or remove non-native fish have different risks and benefits.  Since no single method of non-native species control is without some sort of limitation or risk, a comprehensive, integrated control strategy combining different techniques should be considered (GLFC, 2000).  A comprehensive approach should be evaluated for each potential recovery project and the best single method or combination of methods can be selected for each project. 

4.  Trout Unlimited supports the use of piscicides as a conservation tool to remove non-native fish species that are harming native trout and salmon populations. 
Piscicide use has become an integral part of restoring native salmonids, particularly inland native trout (Finlayson et al. 2005). History has shown that the benefits of non-native species control using piscicides greatly outweigh the potential risks. The control of sea lamprey in the Great Lakes (GLFC 2005) and the restoration of individual western inland native trout populations (Rinne and Turner 1991) are just two examples of the benefits of piscicides in restoring native fish populations. The potential risks of piscicide use depend on the kind of piscicide used, treatment rate, project size, and site specific variables. Piscicide treatment strategies that account for these factors can avoid impacts on non-target species (e.g., macroinvertebrates, amphibians) and provide long term benefits resulting from the recovery of a rare or ESA listed fish species (CDFG 1994; AFS 2000).    

5.  Trout Unlimited endorses the use of risk assessment to evaluate the appropriateness of using piscicides and other non-native species removal methods for individual native salmonid restoration projects. 
Risk assessment is the process of assigning probabilities to the adverse effects of human activities or natural events.  This process involves identifying potential problems and using scientific measurement, testing, mathematical or statistical models, and expert judgment to systematically describe the proposed action or event and its potential effects. In addition to supporting risk assessment as an evaluation tool, Trout Unlimited supports continued research on ecosystem effects of piscicide use and other non-native species control methods. This research  will help improve the scientific database that underlies the risk assessment process. 

There are potential risks involved with every non-native fish removal method that might be used in a native salmonid restoration effort.  There also are risks associated with not taking any action and allowing the unchecked impacts of non-native species to eliminate rare native trout and salmon. Risk assessment provides an orderly and systematic framework to evaluate the risks and benefits associated with potential piscicide use and other non-native species removal methods (Rosenbaum 1991; Vig and Kraft 1990).  

6. Trout Unlimited supports better project planning, improved personnel training, and the development of more consistent government policies for piscicide application and treatment projects. 

Proper planning and training is essential for effective and safe use of piscicides to control or remove non-native aquatic species. Those applying the piscicides should be fully trained to ensure safe use. Training should include both proper handling and dosing so that the safety of the applicator and the treated waters are ensured. A small number of treatment projects have resulted in negative outcomes and generated public controversy, particularly involving the chemical rotenone. Such incidents might have been avoided by: (a) garnering more public input and support prior to treatment and avoiding adversarial relationships with local communities; (b) doing a sound job of implementing the treatment with appropriate procedures and qualified personnel; or (c) providing the best  technical, administrative, legal, and political support (McClay 2000). 

Beyond the need for better planning and training, public confusion has been generated by inconsistent and overlapping government policies on piscicide use (Finalyson et al. 2005). Trout Unlimited supports proposed efforts by the USFS to revise the Code of Federal Regulations and create a more clearly defined process for application of piscicides on national forests by responsible government agencies (36 CFR 251.50; 36 CFR 261.9 f). Similarly, other federal and state agencies need to establish a more clearly defined process and appropriate roles for various agencies involved in piscicide treatment projects. A recent recommendation to create an overarching Memorandum of Understanding (MOU) between federal agencies and the states for piscicide use with tiered individual state MOUs to more clearly articulate roles and responsibilities would be a good start to developing more consistent government policies (Finlayson et al. 2005).  
7.  Trout Unlimited recommends expanded public education programs that examine the ecological and economic costs of non-native species invasions and the role of piscicide use for native trout and salmon conservation.  

Native trout and salmon conservation projects have been unnecessarily delayed or cancelled due to public misconceptions regarding the use of piscicides. Part of the problem has been a lack of public awareness about the negative impacts of non-native species and the consequences of not taking action to remove them (U.S. Congress, Office of Technology Assessment 1993). In a recent national survey of state fishery agencies on the use of the piscicide rotenone, public acceptance and understanding of rotenone use was the most frequently mentioned challenge (McClay 2000). Issues surrounding the use of the other three types of piscicides are similar to those found in the national rotenone survey.   Additionally, there has been a great deal of confusion and misinformation about public health impacts regarding the use of all of the piscicides (Bjergo et al. 1995).To overcome these problems, agencies must do a better job of communicating project objectives to the public.
In response to the need for more public information and guidance on the impacts of non-native fish and the use of piscicides, a number of public education programs are being initiated. Trout Unlimited supports these expanded public education efforts such as those sponsored by the Aquatic Nuisance Species Task Force, an intergovernmental organization dedicated to preventing and controlling the spread of aquatic nuisance species. There also are expanded efforts focusing specifically on the role of piscicide use for controlling invasive non-natives.  The American Fisheries Society sponsors the Rotenone Stewardship Program, which includes a website posting the latest information on rotenone use, manuals and brochures on rotenone risks and benefits, and list of expert contacts (www.fisheries.org/html/rotenone/). The Great Lakes Fishery Commission has developed a similar program for the lampricides TFM and niclosamide (www.glfc.org/pubs/FACT_4.pdf).  Plans for similar public education programs on antimycin use also are being developed (Finlayson et al. 2002).  
REFERENCES

Abidi, S.L. 1989. Reverse-phase liquid chromatography of homologues of antimycin A and related derivatives. Journal of Chromatography 464:453-458.

Alexander, G. R. 1977. Consumption of small trout by large predatory brown trout in the North Branch of the Au Sable River, Michigan. Michigan Department of Natural Resources, Fisheries Research Report 1855:1-26. 

American Fisheries Society 2005. Update on reregistration of piscicides.  Fisheries 30 (3) p 6, 29. 

Behnke, R.J. 1992. Native trout of western North America. American Fisheries Society. Monograph 6

Behnke, R.J. 2002.  Trout and salmon of North America. The Free Press, New York. 
Bergstedt, Roger A. and Michael B. Twohey. 2005. The Sterile-Male-Release Technique in Great Lakes Sea Lamprey Management (http://www.glfc.org/research/theme/Sterilemale.pdf)

Bettoli, P. W., and M. J. Maceina. 1996. Sampling with toxicants. Pages 303–333 in B. R. Murphy and D. W. Willis, eds. Fisheries techniques, second edition. American Fisheries Society, Bethesda, MD.

Bjergo, C., C. Boydstun, M. Crosby, S. Kokkanakis and R. Sayers Jr. Non-native Aquatic Species in United States and Coastal Waters. 1995. http://biology.usgs.gov/. U.S. Fish and Wildlife Service 1849 C Street, NW, Washington, DC 20240 

CDFG (California Department of Fish and Game). 1994. Rotenone use for fisheries management - final programmatic environmental impact report (SCH 92073015). CDFG, Environmental Services Division, Sacramento.

Cerreto, K.M., R.O. Hall, Jr., and H. Sexauer. 2003. Short-term effects of antimycin and rotenone on invertebrates in first order, high elevation streams. Disturbance Ecology at North American Benthological Society Annual Meeting, Athens, GA. 

Chandler, J., and L. Marking. 1982. Toxicity of rotenone to selected aquatic invertebrates and frog larvae. Progressive Fish-Culturist 44:78-80.

Cotton, F.A., G. Wilkinson, C. A. Murillo, and M. Bochmann 1999. Advanced Inorganic Chemistry, 6th Edition. Wiley-VCH. ISBN 0-471-19957-5 
Duff, D. tech. ed. 1996. Conservation assessment of inland cutthroat trout. US Dept. of Agriculture, Forest Service, Intermountain region, Ogden, Utah. 

Dwyer, W.P., and R.G. White. 1995. Influence of electroshock on short-term growth of adult rainbow trout and juvenile Arctic grayling and cutthroat trout. North American Journal of Fisheries Management 15:148-151.

Environmental Protection Agency. 1981. Completion of pre-RPAR review of rotenone. USEPA, Office of Toxic Substances (June 22, 1981), Washington D.C.

Environmental Protection Agency. 1989. Guidance for the reregistration of pesticide products containing rotenone and associated resins as the active ingredient. USEPA Report 540/RS-89-039, Washington, D.C.

Finlayson, B., W Somer, D. Duffield, D. Probst, C. Mellison, T. Pettengill, H. Sexauer, T. Nesler, S. Gurtin, J. Elliot, F. Partridge, and D. Skaar 2005. Native Inland Trout Restoration on National Forests in the Western United States: Time for Improvement? Fisheries. Vol. 30 (5): 10-19.

Finlayson and Schnick 2001. Piscicides can help control nonnative fishes. Fisheries 26 (2): 37. 

Finlayson, B. J., R. A. Schnick, R. Cailteux, L. Demong, W. Horton, W. McClay, and C. W. Thompson. 2002. Assessment of Antimycin A Use in Fisheries and its Potential for Reregistration. Fisheries. Vol. 27 (6): 10-18.

Finlayson, B. J., R. A. Schnick, R. Cailteux, L. Demong, W. Horton, W. McClay, G. J. Tichacek, and C. Thompson. 2000. Rotenone use in fisheries management: administrative and technical guidelines manual. American Fisheries Society, Bethesda, MD.

Finlayson, B.J., J. Trumbo, and S. Siepmann. 2001. Chemical residues in surface and ground waters following rotenone applications to California lakes and streams. Pages 37-54 in R.L. Cailteux, L. Demong, B.J. Finlayson, W. Horton, W. McClay, R.A. Schnick, and C. Thompson, editors. Rotenone in fisheries: are the rewards worth the risks? American Fisheries Society, September 13, 2002, 7 pp. 

Great Lakes Fishery Commission. 2000. TFM and Sea Lamprey Control. Fact Sheet 4 http://www.glfc.org/pubs/FACT_4.pdf

Great Lakes Fishery Commission. 2005. Website (www.glfc.org)

Gresswell, R.E. 1988. ed. Status and management of interior stocks of cutthroat trout. American Fisheries Society Symposium 4. 140 pp. 

Grisak, G.G., G.L. Michael, D.R, Skaar, M.E. Schnee. B.L. Marotz, and M.Maskill. 2005. Laboratory investigations on the toxicity of antimycin and rotenone to the Westslope cutthroat trout, Columbia Spotted Frog, Long Toed Salamander, and Tailed Frog. Preprint May 2005. Montana Fish, Wildlife, and Parks.

Herr, F., E. Greselin, and C. Chappel. 1967. Toxicology studies of antimycin, a fish eradicant. Transactions of the American Fisheries Society 96:320-326

Hollender, B.A., and R.F. Carline. 1994. Injury to wild brook trout by backpack electrofishing. North American Journal of Fisheries Management 14(3): 643-649.

Hubert T., C Kolar, J. Rivera, and Mike Boogaard. 2004 Controlling the Noxious Sea Lamprey on the Great Lakes. http://www.usgs.gov/125/articles/sea_lamprey.html.
Hogue, C.C.  1999. Avoidance responses of rainbow trout and Utah chub to rotenone. 
North American Journal of Fisheries Management 1999;19:171–179

Hubert, T.D. and L.J. Schmidt. 2001. Antimycin A use in fisheries: issues concerning EPA reregistration. U.S. Geological Survey, Upper Midwest Environmental Sciences Center, La Crosee Wisconsin. 

Kawatski, J.A. 1973. Acute toxicities antimycin A, Bayer 73, and TFM to the ostracod Cypretti kawatai. Transactions of the American Fisheries Society 102:829-831. 
Kulp, M.A., and S.E. Moore. 2000. Multiple electrofishing removals for eliminating rainbow trout in a small Southern Appalachian stream. North American Journal of Fisheries Management 20: 259-266. 

Leben and Keitt 1948. An antibiotic substance active against certain phytopathogens. Phytopathology 38:899-906.

Lennon, E., J. B. Hunn, R. A. Schnick, and R. M. Burress. 1971.Reclamation of ponds, lakes and streams with fish toxicants: a review. FAO Fish. Tech. Pap. 100.

Ling, N. 2002. Rotenone – a review of its toxicity and use for fisheries management. Science for Conservation (211) 40p. 

Marking, L. L. 1992. Evaluation of toxicants for the control of carp and other nuisance fishes. Fisheries 17(6):6-8.

Marking, L., and T. Bills. 1976. Toxicity of rotenone to fish on standardized laboratory tests. U.S. Fish and Wildlife Service, Investigations in Fish Control, Bulletin 72.

McClay, W. 2000. Rotenone Use in North America (1988-1997)  Fisheries. Vol. 25 (5): 15-21.
McClay, W. 2005. Rotenone Use in North America (1988-2002)  Fisheries. Vol. 30 (4): 29-31.

McClelland, M. 1992. Invasion of the bio-snatchers. Florida Environments 6(2):5,13.

Meronek, T.G., P.M. Bouchard, E.R. Buckner, T.M. Burri, K.K. Demmerly, D.C. Hatleli, R.A. Klumb, S.H. Schmidt, and D.W. Coble. 1996. A review of fish control projects. North American Journal of Fisheries Management 16:63-74. 

Meyers, J.H., C. Higgins, and E. Kovacs. 1989. How many insect species are necessary for the biological control of insects? Environmental Entomology 18:541-547.

Miller, R.R., Williams, J.D. and J.E. Williams, 1989. Extinctions of North American fishes during the past century.  Fisheries. Vol. 14(6): 22-38.

Mills, E. L., J. H. Leach, C. L. Secor, and J. T. Carlton. 1993. What’s next? The prediction and management of non-native species in the Great Lakes (report of the 1991 workshop). Great Lakes Fishery Commission, Ann Arbor, Michigan.

Moore, S.E., M.A. Kulp, J. M. Hammonds, and C. J. Schell. 2000. An Environmental Assessment for Using a Piscicide for Brook Trout Restoration. Great Smoky Mountains National Park (March 2000).  USDOI, National Park Service. 
Moyle, P. B., H. W. Li, and B. A. Burton. 1986. The Frankenstein effect: impact of introduced fishes on native fishes in North America. Pages 415-426 IN R.H. Stroud, editor. Fish culture in fisheries management. American Fisheries Society, Bethesda, Maryland.

Moyle, P. B. 1976a. Inland fishes of California. University of California Press, Berkeley, CA. 405 pp. 

Moyle, P. B. 1976b. Fish introductions in California: history and impact on native fishes. Biol. Conserv. 9:101-118. 

Nehlsen,W., J. A. Lichatowich;  J. E. Williams. 1991. Pacific salmon at the crossroads: stocks at risk from California, Oregon, Idaho, and Washington. Fisheries: Vol. 16, No. 2, pp. 4–21.

Oberg, K. 1967. On the principal way of attack of rotenone in fish. Archives for Zoology 18:217-220.

Schnick, R. 1974. A review of the literature on the use of antimycin in fisheries
Fish Control Laboratory, April, 1974. La Crosse, Wisc.:
Schultz, D.P., and P.D. Harman. 1976. Antimycin: uptake, distribution, and elimination in brown bullheads Ictalurus nebulosus Journal of the Fisheries Research Board of Canada 33:1121-1129.

Sharpe, F. P. 1962. Some observations of the feeding habits of brown trout. Prog. Fish-Cult. 24(2):60-61. 

Shephard B.B. in press. Removal of nonnative fish stocks to conserve or restore native fish stocks. In P. Ferreri, L. Nielsen, and B Gresswell, eds. Conservation of native aquatic fauna: strategies and cases. American Fisheries Society, Bethesda, Maryland. 

Smith, R.H. 1995. Native Trout of North America. Am. Publications. Portland, OR. 128pp.   

Taylor, J. N., W. R. Courtenay, Jr., and J. A. McCann. 1984. Known impacts of exotic fishes in the continental United States. Pages 322-373 in W. R. Courtenay, Jr. and J. R. Stauffer, Jr., eds. Distribution, biology, and management of exotic fishes. The Johns Hopkins Univ. Press, Baltimore, MD. 

Thompson, P.D., and F.J. Rahel.1996. Evaluation of depletion-removal electrofishing of brook trout in small Rocky Mountain streams. North American Journal of Fisheries Management 16: 332-339. 

Thomson, W. T. 1985. Agricultural chemicals, book 1: insecticides, acaracides and ovicides. Thomson Publications, Fresno, California. ROTCH5.p65

Trumbo, J., S. Siepmann, and B. Finlayson. 2000a. Impacts of rotenone use on benthic macroinvertebrate populations in Silver King Creek, 1990-1996. Office of Spill Prevention and Response Administrative Report 00-5. California Department of Fish and Game, Rancho Cordova, California.  

Trumbo, J., S. Siepmann, and B. Finlayson. 2000b. Impacts of rotenone use on benthic macroinvertebrate populations in Silver King Creek, 1994-1998. Office of Spill Prevention and Response Administrative Report 00-7. California Department of Fish and Game, Rancho Cordova, California.  

U.S. Congress, Office of Technology Assessment. 1993. Harmful non-indigenous species in the United States. OTA-F-565. U.S. Government Printing Office, Washington, DC. 391 pp.

Whelan, J.E. 2002. Aquatic Macroinvertebrate Monitoring Results of the 1995 and 1996 Rotenone Treatments of Manning Creek, Utah. Publication Number 02-04. Division of Wildlife Resources, Utah Department of Natural Resources, Salt Lake City, Utah. 

Williams, J.E., and seven coauthors. 1989. Fishes of North America endangered, threatened, or of special concern: 1989. Fisheries 14(6):2-20.

Young, M.K. 2001. Pheromonal attraction: the potential for selective removal of nonnative species. Page 28 in B.B. Shepard, editor. Practical approaches for Conserving Native Inland Fishes of the West (http://www.fisheries.org/AFSmontana). 
PAGE  
1

