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A.1 Abstract  
Suppression of lake trout populations and their impacts on both native and non-native fish 
species is an increasingly important issue to fisheries managers in the western United States. In 
Yellowstone Lake, suppression of the non-native lake trout population is considered vital to the 
restoration of a healthy Yellowstone cutthroat trout population and central to the park’s Native 
Fish Conservation Plan. This appendix reviews pertinent lake trout biology, research 
concerning lake trout suppression efforts, and recent suppression actions in Yellowstone Lake 
and other western lakes. Based on past experience and recent population modeling, the annual 
effort needed to attain mortality rates of 0.30, 0.45, and 0.56 is anticipated to be 3,900, 5,600, and 
7,000 km of fishing effort. (Fishing effort is defined as the total amount of net that is used to 
capture fish during one night.) If a fishing mortality rate of 0.30 could be maintained indefinitely, 
it is predicted that lake trout abundance within Yellowstone Lake would be held constant. If a 
mortality rate of 0.45 could be maintained for at least 10 years, lake trout abundance is predicted 
to be reduced to approximately 25% of the current level. Similarly, with a mortality rate of 0.56 
maintained for at least 10 years, lake trout abundance is predicted to be reduced to 
approximately 5% of the current level. 
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A.2 Introduction 
Control of non-native species has become a serious concern for fisheries managers across the 
country. Although many non-native species have been introduced to new habitat to promote 
more diverse fishing opportunities, the long-range consequences were often not recognized or 
given adequate attention. The unintended spread of many non-native species by immigration or 
illegal activity has also led to the homogenization of species, hybridization between closely 
related species, and significant decreases in or even extirpation of native species (Fredenberg 
2002; Rahel 2002; Jelks et al. 2008). One such instance was the illegal introduction of lake trout 
(LKT) in Yellowstone Lake, which was thought to be one of the most secure habitats for 
Yellowstone cutthroat trout (YCT) (Behnke 1992; Behnke 2002). Predation by and possibly 
competition with LKT, along with other stressors, including prolonged drought and the 
presence of whirling disease, has led to record-level decreases in the lake’s YCT population 
(Koel et al. 2005). Beginning almost immediately after the presence of LKT was verified in the 
lake in 1994, the National Park Service undertook a course of action to reduce LKT impacts on 
the YCT population (Bigelow et al. 2003). However, the LKT population has continued to 
increase (Gresswell 2009; Syslo 2010). (For a more detailed description of the history of the LKT 
suppression program in Yellowstone Lake, see chapter 1). 

The purpose of this appendix is to review the science related to species suppression, particularly 
LKT, including: 

1. LKT biology which may be relevant to suppression efforts 
2. research and theory relevant to LKT suppression efforts 
3. LKT suppression in other western lakes  
4. recent LKT suppression efforts in Yellowstone Lake by the NPS and a private contractor 
5. plans for future LKT suppression in Yellowstone Lake 

A.3 Lake Trout Characteristics Pertinent to Suppression Efforts 
Traditionally regarded as an economically important and highly-desired sport fish species 
throughout much of North America, the LKT has been widely introduced into lakes outside of 
its native range (Martin and Olver 1980; Crossman 1995; Behnke 2002). Martin and Olver (1980) 
described this species as one of the most important commercial and sports fishes of Canada and 
the northeastern United States, and historically the second most important food fish after lake 
whitefish (Coregonus clupeaformis). According to Behnke (2002), this fish has developed an 
“almost fanatical following among anglers across North America.” However, many of the 
attributes that have made it an important commercial and desirable sport fish (their food habits, 
longevity, ability to attain large sizes, and reproductive characteristics) also make it a formidable 
dilemma where they have become established outside their native range and are impacting 
native species or other desired non-native sport fisheries (Martinez et al. 2009). 

A.4 Food Habits 
Lake trout will consume a large variety of foods, including plant material, plankton, insects, 
worms, leeches, amphipods, and mammals (Martin and Olver 1980). They are considered a 
voracious piscivore (subsisting primarily on fish) when fish are available as prey, and they likely 
require these energy-rich sources of protein to attain the large sizes for which they are 
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renowned (Martin and Olver 1980; Luecke et al. 1994; Behnke 2002). Cannibalism reportedly 
occurs within LKT populations, but it is apparently important only when other prey species of 
fish do not occur or are not readily available (Martin and Olver 1980).  

As LKT grow in size, they typically switch from a prey base dominated by invertebrates and 
other small items (omnivory) to one dominated by fish (piscivory). As LKT grow, their energy 
demand increases and they tend to eat larger fish rather than a greater number of fish (Martin 
and Olver 1980). The size of the prey an LKT can ingest is limited by how wide it can open its 
mouth. Several reports document LKT consuming fish larger than 50% of their own body length 
(Martin and Olver 1980; Ruzycki et al. 2003; Beauchamp et al. 2007). In Yellowstone Lake, LKT 
have been reported to consume YCT up to 55% of their body length, although 30% is more 
typical (Ruzycki and Beauchamp 1997; Ruzycki et al. 2003).  

Lake trout are also very efficient predators, able to maintain high predation rates, perhaps 
because of their ability to search large volumes of water, even when prey species are at low 
densities (Eby et al. 1995; Martinez et al. 2009). In Priest and Flathead lakes, kokanee 
(Oncorhynchus nerka) remained an important component in the LKT diet well after kokanee 
were no longer caught in routine sampling or by sport anglers (Spencer et al. 1991; Stafford et al. 
2002; Martinez et al. 2009).  

The combination of these predatory capabilities could be deadly to native prey species such as 
YCT. Predation by an abundant LKT population could lead to a population crash of the native 
species on which it preys (Beauchamp et al. 2007; Martinez et al. 2009). As LKT abundance 
increases, competition for food sources common to both young LKT and their prey species 
could accelerate negative effects on the prey population.  

A.4.1 Longevity 

LKT are long-lived and have been reported to live up to 62 years, but 20 to 25 years is more 
typical (Behnke 2002). LKT switch from being primarily omnivorous to primarily piscivorous in 
Yellowstone Lake somewhere between five and eight years of age (Ruzycki et al. 2003). 
Assuming YCT persist, an LKT in Yellowstone Lake could be consuming primarily YCT for 
over 20 years during its lifetime.  

Unlike the classic mammalian predator-prey relationship, in which predator numbers cycle with 
prey abundance, LKT predation that suppresses or eliminates its primary prey does not 
necessarily result in an LKT decline. LKT are cold-blooded species and do not require a 
constant food source to survive. In fact, although they require a high-energy food source for 
growth, LKT can persist for years on a diminished prey base (Martinez et al. 2009). Kokanee, the 
primary prey of LKT in Granby Reservoir, Colorado, were virtually extinct by the late 1990s 
(Martinez 2005; Martinez 2006). However, large (>50 cm) LKT that were tagged and recaptured 
at a later date showed little or no individual growth even 10 years after the kokanee collapse 
(Martinez 2005; Martinez 2006).  

The persistence of a predator population despite the availability of scarce or lower quality prey 
in consecutive years is referred to as “predatory inertia” (Stewart et al. 1981). This situation is 
particularly insidious because an abundant predator whose population is maintained because of 
the longevity of the species and/or its ability to survive on alternate prey sources, dooms the 
chances that the suppressed prey can rebound.. If the YCT in Yellowstone Lake were to decline 
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to the point of no longer being an important food item for LKT, the LKT could readily persist 
on alternate food resources, maintaining their abundance, although at slower growth rates. This 
could lead to increased competition for food resources with YCT, likely making it difficult to 
increase YCT survival, and any increase in YCT survival would be readily consumed by an 
abundant yet underfed LKT population. 

A.4.2 Ability to Attain Large Sizes 

The LKT’s longevity, and its ample prey base in Yellowstone Lake allow it to attain large sizes, 
second only to chinook salmon (Oncorhynchus tshawystcha) in North America (Donald and 
Alger 1986). The potential for these fish to reach large sizes gives them the potential to consume 
significant amounts of native prey. Unlike mammals, fish can continue to grow as they age, 
which increases their mouth gape and therefore the size of prey consumed, their reproductive 
potential. Larger LKT produce greater numbers and a higher quality of eggs and sperm 
(Venturelli et al. 2010). 

The largest reported LKT in North America, which weighed over 45 kg, was captured in a gillnet 
in Lake Athabasca, Saskatchewan (Scott and Crossman 1973). Weights over 18 kg are common 
in waters with favorable food resources (Donald and Alger 1986). A LKT over 19 kg was caught 
in Heart Lake, just south of Yellowstone Lake, in 1931 (Varley and Schullery 1998). A 22.7 kg 
fish, caught in Jackson Lake just south of Yellowstone, is tied for the Wyoming state LKT record 
(Martinez et al. 2009). These fish, caught in smaller lakes than Yellowstone Lake suggest that 
Yellowstone Lake could eventually produce a new record LKT if suppression efforts were not in 
place.  

A.4.3 Reproductive Characteristics 

The LKT’s tendency to spawn in the fall, often during cold and stormy weather, could affect 
suppression efforts. They are group spawners, with many males and females congregating 
together over the spawning area, and apparently they are often near the spawning areas for 
extended periods of time prior to spawning. Specific spawning time has been correlated with 
latitude, weather, and the size and topography of the lake (Scott and Crossman 1973). However, 
a decline in water temperature to approximately 10oC (Martin and Olver 1980; MacLean et al. 
1990), shortening photoperiods and accumulated sunlight (Royce 1951; McCrimmon 1958), and 
the intensity and duration of wind activity (Martin 1957), all appear to be important in triggering 
LKT spawning activities, including migration to spawning areas. Strong, prolonged winds can 
trigger spawning and hasten its completion, while prolonged bright, calm days have been 
associated with more prolonged spawning activity (Martin and Olver 1980). These responses to 
weather conditions could affect suppression efforts negatively, resulting in the need to work in 
inclement weather or positively (if fair weather prolonged the spawning period). 

Some LKT exhibit homing activities (Martin and Olver 1980; Ihssen et al. 1988; Hansen et al. 
1995; Marsden et al. 1995). Males are thought to remain in the vicinity of spawning areas for up 
to several weeks, likely spawning multiple times. Females are believed to move in and out of 
spawning areas repeatedly during the spawning season. However, it is not known if the females 
leave after spawning once or if they return to emit eggs on multiple occasions (Martin and Olver 
1980). More efficient targeting of adults, especially adult males, should be possible when their 
primary spawning areas are located and these behaviors are understood.  
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Mature lake trout have been reported to congregate in staging areas before the actual onset of 
spawning. However, this behavior is not well documented (Martin and Olver 1980). Several 
characteristics of lake trout spawning, such as group and broadcast spawning, make it 
reasonable to expect that they would congregate in preparation for spawning. Traditional 
thought suggests that LKT gather in deeper water near spawning areas. After dark, the LKT 
move onto the spawning area and remain there for several hours (Martin and Olver 1980). 
Perhaps pheromones from mature fish attract others to the area (Johnson et al. 2005). Gillnet 
catches in Yellowstone Lake lend support to the theory that LKT use staging areas. Nets set in 
proximity to known spawning sites typically produce high numbers of ripe LKT prior to the 
onset of spawning, with increased movement of mature LKT in the vicinity as peak spawning 
approaches (Bigelow 2009). 

Lake trout can be very effective at pioneering new waters. Research into the genetic 
composition of LKT in Swan Lake, Montana, indicates that an effective population of only two 
or three LKT comprised the founding members of what is now considered an established 
population which threatens native bull trout (Salvelinus confluentus) (Kalinowski et al. 2010)  

Despite these many obstacles, fisheries managers and scientists remain optimistic that LKT 
populations can be suppressed sufficiently to allow recovery of prey or competing native fish 
species (see Dux 2005; Hansen et al. 2008; Gresswell 2009; Martinez et al. 2009; Rosenthal and 
Fredenberg 2010; Wahl et al. 2010). 

A.4.4 Management Challenges of Lake Trout Introductions 

A consequence of LKT introductions in the West in many cases has been the establishment of 
desirable sport fisheries (Martinez et al. 2009). However in other instances, such as Yellowstone 
Lake, LKT trout are an unwelcome addition to the ecosystem and considered an invasive 
species (McIntyre 1995; Koel et al. 2005). Invasive species have been defined as non-native 
species having demonstrable economic or ecological impacts on the receiving habitat 
(Lockwood et al. 2007). LKT in Yellowstone Lake meet these criteria, and disastrous impacts to 
the native fish and wildlife have been documented (Koel et al. 2005). 

Invasions by non-native species such as LKT are a leading cause of species extinctions and pose 
a significant problem for native species conservation, including many native stocks of cutthroat 
trout (Mack et al. 2000; Mooney and Cleland 2001; Quist and Hubert 2004; Jelks et al. 2008). 
Impacts from these invasions have led to wide-ranging ecological and economic impacts 
(Schullery and Varley 1995; Simberloff et al. 2005). Throughout western North America, 
management agencies are in the difficult predicament of managing LKT while attempting to 
minimize its negative impact on native species (Deleray et al. 1999; Ruzycki et al. 2001; 
Fredenberg 2002; Maiolie et al. 2005; Rosenthal and Fredenberg 2010). In many cases, LKT have 
decimated native or desired prey fish, compete with native counterparts, and are changing the 
ecological balance of the systems (Yule and Luecke 1993; Johnson and Martinez 2000; Ruzycki 
et al. 2001; Tronstad 2008). 

Ecosystem disruptions are not limited to negative interactions with native species. In Flathead 
Lake, Montana, LKT increases became a driving factor in the collapse of kokanee in four to five 
years (Spencer et al. 1991; Martinez et al. 2009). Although competition with the invasive 
opossum shrimp (Mysis relicta) for zooplankton had previously been implicated as the major 
cause, the availability of opossum shrimp increased the food and survival for juvenile lake trout, 
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which resulted in increased predation on the already stressed kokanee population and 
accelerated its collapse (Spencer et al. 1991; Stafford et al. 2002; Martinez et al. 2009). That also 
led to a severe reduction in the wintering bald eagles that relied on autumn spawning 
congregations of kokanee (Spencer et al. 1991).  

Cutthroat trout populations have often declined, exhibited reduced growth, or disappeared 
entirely in the presence of non-native LKT. Establishment of LKT is believed to have led to 
declines of native cutthroat trout populations in several western North American lakes, 
including Bear Lake, Idaho-Utah (Ruzycki et al. 2001); Lake Tahoe, California-Nevada 
(Cordone and Frantz 1966); Jackson Lake, Grand Teton National Park, Wyoming (Behnke 
1992); Priest Lake and Lake Pend Oreille, Idaho; and Heart and Yellowstone lakes, Yellowstone 
National Park, Wyoming (Dean and Varley 1974; Koel et al. 2005). In Yellowstone Lake, 
predation appears to be the primary mechanism by which LKT are currently exerting pressure 
on YCT. However, if the LKT population continues to expand, it could reach a point where 
competition for food resources would also become a serious impact. 

If feasible, the preferred option for managing invasive species, would be complete eradication. 
Examples exist of successful invasive species eradication of many taxa in many habitat types, 
including many species of insects and other invertebrates, plants, as well as fish, rabbits, and 
goats (Myers et al. 2000; Zavaleta et al. 2001). The use of antimycin eliminated the non-native 
brook trout (Salvelinus fontinalis) from Arnica Creek, a tributary to Yellowstone Lake, within 
two years in the mid-1980s (Gresswell 1991). However, eradication is not always realistic or 
feasible, and management agencies must implement control strategies and undertake long-term 
suppression of the invader to reduce its numbers and spread within the ecosystem. These 
options may require indefinite investments of time and money to keep the invader and its 
impacts at bay (Zavaleta et al. 2001). 

A.5 Research and Theory Relevant to Lake Trout Suppression  
Avoiding depletion of desirable fishery stocks has been a primary concern of fishery managers 
for generations. Over-exploitation of fishery populations has been demonstrated repeatedly in 
many types of waters and for many different species of fish. Examples range from the once 
prolific cod fishery of the Grand Banks in the Atlantic Ocean to small populations of a desired 
sport fish in a local stream or small lake that have collapsed despite efforts to prevent over-
harvest (Selgeby 1982; Hutchings and Reynolds 2004; Pilkey and Pilkey-Jarvis 2007). There is 
growing evidence that many global fisheries are driving natural populations of fish well below 
sustainable harvest levels (Myers et al. 1997; Pauly et al. 1998; Myers and Worm 2003; Froese 
2004; Worm et al. 2009). Even in Yellowstone Lake, over-exploitation contributed to greatly 
depressed stocks of YCT because of angler harvest and egg-taking operations in which adult fish 
were intercepted and stripped of their eggs and sperm (Gresswell and Varley 1988). Fortunately, 
ceasing the hatchery operation and restricting harvest allowed the YCT population to recover 
(Gresswell and Varley 1988). 

The persistence of a population is a function of mortality, growth, and reproduction. A 
fundamental concept in fisheries management is that if harvest exceeds the ability of the 
population to replace itself, the population will collapse (Van den Avyle and Hayward 1999). 
Fisheries management often focuses on regulating harvest by limitations on either gear or the 
number of fish that can be removed. These same concepts can be used to predict the levels of 
harvest required to intentionally collapse a fish population. A basic assumption behind LKT 
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suppression is that if fish populations in more vast and complex ecosystems can inadvertently be 
collapsed by over-exploitation, the same could be deliberately accomplished in simpler and 
smaller systems such as Yellowstone Lake. 

In order for any population to persist, each individual must produce, on average, one viable 
offspring before it dies. This would result in a population growth rate of 1.0 (replacement value). 
If individuals produce more than one viable offspring on average prior to their death, the 
population growth rate will be greater than 1.0. The goal of suppression is to average fewer than 
one offspring produced per individual, resulting in a population growth rate less than 1.0 and a 
declining population. When individuals are removed from the population prior to reproducing 
replacements, unsustainably high levels of harvest occur and the population collapses. Fishery 
managers frequently refer to this as “recruit overfishing.” A mortality rate of 0.5 (50%) or a yield 
of 0.5 kg/ha have been considered unsustainable in native LKT fisheries (Healey 1978). 
Population modeling demonstrates that more intensive fishing pressure would hasten the 
collapse of a LKT population (Eby and Syslo 2007; Syslo 2010).  

Lake trout populations in relatively unproductive lakes exhibit slow growth rates and reach 
sexual maturity as late as 12 or 15 years (Martin and Olver 1980; Dux 2005). Population 
modeling suggests such populations would be highly vulnerable to recruit overfishing that led to 
relatively rapid a population collapse (Dux 2005). However, recruit overfishing has often 
occurred on more productive and larger bodies of water with species that mature at younger 
ages. For example, Selgeby (1982) described the collapse of the lake herring (Coregonus artedii) 
population in the Wisconsin waters of Lake Superior as a result of recruit overfishing of 
spawning adults.  

Hansen (1999) attributed the collapse of several stocks of LKT in Lake Michigan, Lake Superior, 
and Lake Huron to commercial overharvest. As fishing effort increased in each of these lakes, a 
collapse of the lake’s LKT population followed. Despite the large size of these lakes and the 
complexity of their fish communities, LKT were eventually eliminated from all of the 
Laurentian Great Lakes except Lake Superior, where LKT numbers were greatly reduced 
(Hansen 1999). 

By targeting the older, more reproductive individuals in a population, it may be feasible to both 
reduce population abundance and significantly alter the population’s reproductive potential. 
Recent studies of maternal influence on population dynamics concluded that populations with 
higher proportions of older females have higher growth rates than do populations with more, 
younger females (Birkeland and Dayton 2005; Venturelli et al. 2010). Venturelli et al. (2010) 
modeled population dynamics in which harvest targeted juvenile, adult, or both juvenile and 
adult walleye in Lake Erie. Juvenile survival increased with increased egg size, egg quality, and 
other factors related to the increasing age of the females. However, if harvest reduced the 
females’ mean age, the population’s reproductive potential was also be reduced. Birkeland and 
Dayton (2005) reported similar results in black rockfish (Sebastes melanops)s. Both examples 
recommended protecting older fish in order to preserve the resiliency and reproductive 
potential of the population. Suppression of a non-native species should therefore focus removal 
on the oldest individuals in the population in order to reduce the mean age of mature females, 
the population’s intrinsic growth rate, and ultimately the size of the population.  

Recent research also suggests that decreasing egg and larvae survival would be a valuable 
addition to efforts to reduce LKT abundance. Eby and Syslo (2007) demonstrated that, although 
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reducing adult numbers would produce a relatively large reduction in a LKT population, the 
combination of both egg and adult removals would substantially increase the rate of population 
decline. 

A.6 Lake Trout Suppression in Other Western Lakes 
Martinez et al. (2009) summarized fishery management issues involving LKT in 15 lakes and 3 
reservoirs throughout the western United States, including lakes in California, Idaho, Montana, 
Utah, Washington, and Wyoming, and reservoirs in Colorado and Wyoming/Utah. The 
vulnerability of native species to predation from or competition with LKT has caused several 
management agencies to investigate or implement methods to control LKT populations. Even in 
lakes and reservoirs where they are not considered an invasive species and are managed as a 
trophy sport fish, LKT can become over-abundant, warranting some level of suppression to 
keep them from depleting their prey (Deleray et al. 1999; Johnson and Martinez 2000; Martinez 
et al. 2009).  

The invasive impacts of LKT can be divided into three main categories: declines in native bull 
trout (Salvelinus confluentus) because of competition with LKT (Donald and Alger 1993; 
Fredenberg 2002); declines in native cutthroat trout subspecies primarily because of LKT 
predation; and declines in other desirable non-native species, primarily because of LKT 
predation (Martinez et al. 2009). Active LKT suppression is currently being carried out in Idaho 
on Lake Pend Oreille and Upper Priest Lake, in Montana on Swan and Quartz lakes, in 
Wyoming on Yellowstone Lake, and in Colorado at Blue Mesa Reservoir (Martinez et al. 2009). 
At present, LKT suppression in Lake Pend Oreille appears to be the most successful (Wahl et al. 
2010), although the results in Swan Lake and preliminarily information from Quartz Lake are 
encouraging (Rosenthal and Fredenberg 2010; Muhfield and Fredenberg 2009).  

LKT have been in Lake Pend Oreille since the 1920s (Vidergar 2000), but only recently showed 
population growth that caused concern (Hansen 2007; Hansen et al. 2010). The establishment of 
opossum shrimp, a prey item believed to have increased the survival of juvenile LKT, apparently 
gave that population the added boost to expand (Stafford et al. 2002; Hansen et al. 2010; 
Martinez et al. 2009). To restore the lake’s valued kokanee sport fishery, as well as reduce 
competition with native bull trout (protected under the Endangered Species Act) and 
introduced Gerrard rainbow trout (i.e., Kamloops), Idaho Fish and Game has undertaken an 
aggressive LKT suppression program. Using a combination of commercial-scale gillnetting and 
trapnetting along with angler incentive programs, recent data suggest that LKT size and 
numbers are both declining. The kokanee population has shown signs of recovery, with the 
percentage of juvenile fish surviving from age 1 to age 2 increasing from 10% in 2007 to 75% in 
2009, and adult numbers showing a 10-fold increase from 2008 to 2009 (Idaho Department of 
Fish and Game 2010).  

Swan Lake has only recently been invaded by LKT (detected in 1998), but population expansion 
is considered a threat to native bull trout in that lake and lakes upstream in the watershed (Cox 
2010; Rosenthal and Fredenberg 2010). The first two years of a three-year experimental LKT 
suppression program initiated at Swan Lake in 2009 are encouraging (Rosenthal and Fredenberg 
2010). An estimated 4,850 LKT had to be removed in 2009 in order to achieve a 50% mortality 
rate; 5,213 LKT were actually removed via contracted netting (Healey 1978; Rosenthal and 
Fredenberg 2010). In 2010, over 10,000 additional LKT, primarily juveniles, were removed 
(Fredenberg, US Fish and Wildlife Service, personal communication). 
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A.7 Lake Trout Suppression in Yellowstone Lake 

A.7.1 Suppression Effort Required 

A total mortality rate of 0.5 is widely accepted as sufficient to collapse a LKT population (Healey 
1978). Netting to suppress LKT in Yellowstone Lake in 2007 caused an estimated fishing 
mortality rate of 0.22 (Syslo 2010). Fishing mortality is are not entirely intuitive because natural 
mortality and juvenile recruitment also influence population abundance. Population growth rate 
(with replacement value, or stability = 1.0) provides an additional, perhaps simpler metric to 
help understand fishing mortality. Despite the 2007 fishing mortality rate of 0.22, the LKT 
population was projected to increase at an estimated rate of 1.08, which would result in a 
doubling of abundance every nine years (Syslo 2010). To reduce the population by 50% within 
10 years, the suppression effort would need to be increased 2.7-fold over that exerted in 2007 
(Syslo 2010).  

Using the 2007 LKT catch data and population metrics, Syslo (2010) compared the current 
suppression effort and expected population growth rates with fishing mortality rates ranging 
from 0.0 to 0.7 in 0.05 increments. When juvenile survival was assumed to be equal to values 
reported for LKT across its native range and the fishing mortality rate was sustained for 10 
years, Syslo (2010) predicted decreases in the LKT population using the following equation: 

 y = -0.9884m + 1.3004, 

where y = population growth rate and m = fishing mortality for LKT in Yellowstone 
Lake. 
  

Using the 2007 estimates for fishing mortality and estimated population growth, Syslo (2010) 
estimated the fishing mortality required to achieve reductions in the Yellowstone Lake LKT 
population (fig. A-1). 

Projected lake trout abundance in Yellowstone Lake with varying levels of suppression effort 
based on levels of conditional interval fishing mortality obtained from recent Yellowstone Lake 
lake trout population modeling, 
assuming suppression lasts for 10 years 
and juvenile lake trout survival is equal 
to published values (Syslo 2010) 

Based on NPS 2007 lake trout 
suppression data,Syslo’s (2010) work, 
and an assumption that suppression 
would continue for 20 years, changes in 
LKT abundance with given changes in 
suppression effort were projected (table 
A-1, fig. A-2). Preliminary results from a 
pilot study initiated in 2009 suggested 
that contract netters would have success 
with suppression similar to that of the 
NPS crew. Contract netters and the 
NPS crew had essentially the same LKT 

Figure A-1. Predicted reduction in numbers, using a population 
matrix model based on lake trout data from Yellowstone Lake, 
Wyoming, 2007 (Syslo 2010). Estimates assumed suppression effort 
would be sustained for a 10-year period and juvenile survival was 
equal to values in the published literature (Syslo 2010). 
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catch rate during a three-week period in June 2009. It was therefore assumed that a contracted 
crew would be able to achieve a fishing mortality rate of 0.11 for 10 weeks and 0.225 for 20 
weeks. Assumed that the NPS fishing mortality rate stayed at 0.225 for the season (the calculated 
rate for NPS effort in 2007; Syslo 2010), the combined fishing mortality would be 0.33 with 10 
weeks of contract netting, and increase to 0.45 with an additional 10 weeks of contract netting. 

Table A-1. Projected amount of Suppresion Effort 

 

Fishing mortality of LKT has increased linearly with increased effort over the past several years 
(Syslo 2010), but at some point additional effort will begin to yield diminishing returns as LKT 
numbers are thinned. Although that point cannot be determined from these projections, it is 
assumed that it would be somewhere between a doubling and tripling of the suppression effort. 
Syslo (2010) suggested that, with a population growth rate of 1.0, a LKT mortality rate of 0.30 
was required to hold the population at its current level. Based on previous experience, this level 
of mortality could be achieved by adding 10 weeks of contract netting to the 2007 NPS level of 

 Total Gillnet 
Effort for Season 

Predicted Fishing 
Mortality Rate 

Predicted Resultant 
Population Growth Rate 

NPS crew only 2,800 km effort 0.225 1.08 

NPS crew and contract crew for 10 weeks 3,900 km effort 0.300 1.00 

NPS crew and full-season contract crew 5,600 km effort 0.450 0.86 

NPS crew and 2 full-season contract crews 7,000 km effort 0.560 0.75 

Figure A-2. Projected lake trout abundance in Yellowstone Lake with varying levels of suppression effort using gillnetting. 
Projections are based on levels of m (where m=conditional interval fishing mortality) obtained from recent Yellowstone 
Lake lake trout population modeling, assuming suppression lasts for 10 years and juvenile lake trout survival is equal to 
published values (Syslo 2010). Values for population growth rate are estimates of levels achievable with NPS crew 
(estimated total of 2,800 km of gillnet fished for the season). NPS crew augmented by 10 weeks of contracted 
suppression (estimated total of 3,900 km of gillnet fished for the season). NPS crew augmented by a full season of 
contracted suppression (NPS, contract crew full season; estimated total of 5,600 km of gillnet fished for the season), and 
NPS crew augmented by two contract crews working the full season (NPS, multiple contract crews; estimated total of 
7,000 km gillnet fished for the season). The dashed line represents estimated target of 75% reduction in abundance level.  
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effort. Similarly, it was assumed that doubling the contract netting effort to 20 weeks would 
double the mortality rate to 0.45 with a predicted population growth rate of 0.86;tripling the 
effort would increase the mortality rate by 0.56 with a predicted population growth rate of 0.75 
(fig. A-2). This modeling illustrates that increasing the mortality rate reduces the population size 
in a shorter timeframe. 

A.7.2 Most Recent NPS Removal Efforts 

Recent removal efforts have relied on the use of gillnets and intensified through 2007 (Koel et al. 
2005; Koel et al. 2010), when more than 74,000 LKT were removed from Yellowstone Lake. 
However, removal efforts have decreased along with available resources  in recent years (fig. A-
3) as LKT numbers have continued to  increase. As LKT catch rates in gillnets increase, the time 
to process the nets increases, necessitating an overall reduction in effort. Nonetheless, 10-20 km 
of gillnet were in place fishing for LKT on a typical day from June to September during removal 
operations on Yellowstone Lake from June to September, 2002–2009. Catch has improved as 
NPS staff gain knowledge about seasonal LKT distribution patterns, enhancing the ability to 
target LKT while avoiding by-catch of native YCT (Koel et al. 2010). Unfortunately, not all of 
the increased catch can be attributed to increased efficiency. Population modeling suggests that 
the LKT population had a growth rate of 1.08 in 2007 (Syslo 2010) despite NPS increased 
efficiency. 

Most of the effort has been directed at LKT that are 200-450 mm total length. These fish reside 
in deeper water than do most YCT, making them an easy target for gillnets while minimizing the 
YCT by-catch. Larger LKT tend to be less vulnerable to gillnets and are often found in shallower 
depths where the YCT by-catch is unacceptably high. However, mature LKT become more 
vulnerable to gillnetting from late August until early October, when they exhibit increased 
movements and congregate in preparation for spawning. This time of year is a prime time to 
target mature LKT without netting unacceptable numbers of YCT.  

Figure A-3. NPS Lake Trout Suppression Efforts. Yellowstone National Park lake trout suppression 
numbers for lake trout removed, effort expended, and catch per unit of effort, where effort is equal to 
100 m of gillnet fishing for one night, 1998 through 2009. 
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Approximate locations of five areas suspected as spawning sites or travel corridors to spawning 
sites in Yellowstone Lake have been identified (fig. A-4):  

1. adjacent to Carrington Island  
2. northeast of West Thumb geyser basin 
3. south-central portion of Breeze Channel 
4. west of the mouth of Solution Creek  
5. mouth of Flat Mountain Arm.  

These areas have been targeted during spawning seasons to exploit the increased movement and 
aggregations of LKT preparing to spawn. In 2009, approximately 15% of the total number of 
LKT removed was captured by focusing on these areas during the spawning season 
(Yellowstone National Park, unpublished data). Despite control efforts, however, large numbers 
of LKT remain in Yellowstone Lake, and the population continues to expand (Gresswell 2009), 
as indicated by the increasing catch and catch per unit effort of LKT (fig. A-3) and by recent 
modeling of this population (Syslo 2010). 

 

Figure A-4. Yellowstone Lake with prime areas targeted during spawner netting, mid August through 
early October:  Carrington Island, West Thumb geyser basin, Solution Creek, Breeze Channel, and Flat 
Mountain Arm. 
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A.7.3 Contracted Lake Trout Suppression 

Preliminary results from the 2009 contract netting suggested contractors could accomplish  at 
least as much  as NPS netters. In the three-week 2009 netting period, they netting 14,429 LKT 
from the population. They fished a combination of small (25, 32, and 38 mm bar) and large (44, 
51, 57, and 64 mm bar) mesh gillnets. The largest t catches were of the smaller fish entangled in 
the small mesh (11,469 LKT; fig. A-5); however, catches were also high for the large mesh (2,960 
LKT). productive 

Although catch rates are consistently higher in the smaller mesh sizes, it is the larger fish that 
actively prey on YCT and reproduce, necessitating their removal. It appears possible to lower 
overall population reproductive potential and predation by targeting the older, faster growing 
fish (Birkeland and Dayton 2005; Walsh et al. 2005; Venturelli et al. 2010). Based on the 2009 
results, it appears that the commercial techniques used were more efficient at capturing the 
larger fish than were NPS methods. The contractors’ boat configuration and operator 
experience allowed the gillnets to be placed in a much more intricate and advantageous pattern 
than is feasible in NPS operations. This did not appear to be important when targeting the 
smaller fish, but preliminary results suggest it was more effective at entangling the larger LKT. 

Large, deep-water trapnets have proven successful at targeting LKT in commercial fisheries in 
the Laurentian Great Lakes (Hansen et al. 2007). It is live-entrapment gear, meaning that nearly 

all fish captured are captured 
alive and non-target species 
can be released unharmed 
(Copes and McComb 1992). 
The Idaho Department of Fish 
and Game has had success 
targeting larger LKT (>520 mm 
total length) on Lake Pend 
Oreille in northern Idaho with 
this type of gear (Peterson and 
Maiolie 2005; Hansen et al. 
2007). Although trapnetting 
alone is not likely to 
significantly suppress a LKT 
population, it could 
substantially contribute to the 
success of removal efforts in 
combination with gillnetting 
and angler harvest (Hansen et 
al. 2007).  

A.7.4 New and Experimental Techniques 

New suppression methods are being researched and, if proven effective and feasible, could be 
incorporated into Yellowstone’s suppression program. A detailed literature review examining 
methods to suppress fish populations in lake systems (Gross 2009) led to  investigations into the 
use of carbon dioxide, electricity, seismic technology, light radiation, and suction to destroy eggs 

Figure A-5. Catch per unit effort (CPUE) of lake trout in contract netters 
gillnets, spring 2009. Mean length for each mesh size is reported in 
parentheses above the related bar. 
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and embryos at spawning sites (http://www.nrmsc.usgs.gov/staff/jgross/research) that may be 
used in future LKT suppression efforts. 

Other potential technologies to combat invasive LKT include the use of piscicides to destroy 
eggs and embryos at the spawning sites (see Appendix B), trapping and removing young-of-the-
year LKT as they leave the spawning sites, use of attractants to concentrate LKT for more 
efficient removal, and use of remote sensing equipment, such as telemetry (Dux 2005; Wahl et al. 
2010), hydroacoustics (Warner et al. 2009), or LiDAR (Shaw et al. 2008), to monitor LKT 
distribution and more efficiently target adults. 

A boat-mounted electrofisher has been used on a limited scale to remove congregations of 
adults at spawning areas. This has proven highly effective at the Carrington Island spawning site 
in the West Thumb basin of Yellowstone Lake because of its shallow depth (fig. A-4). However, 
this technique as presently applied is not effective in spawning areas deeper than 2 m. Another 
drawback of this technique is that LKT come into the shallow areas after dark to spawn, 
increasing the safety risks to staff operating the boat and electrofishing gear. Future research 
and adequate safety precautions could overcome both of these difficulties. 

A.8 Conclusions 
LKT eradication or at least significant suppression is key to native species restoration in 
Yellowstone Lake. Without the suppression program, the native YCT are likely to be reduced to 
even lower abundance levels than the record lows currently being documented. However, 
Yellowstone Lake is a relatively simple ecosystem, with only three fish species larger than 
minnows: LKT, YCT, and longnose suckers (Catostomus catostomus). Suppression efforts are 
not complicated by incidental catch of abundant prey species or species listed under the 
Endangered Species Act, both of which would require special handling and increased work 
load. Given the demonstrated human ability to over-fish stocks and unintentionally cause them 
to collapse, a panel of 15 fishery biologists and scientists convened to examine LKT suppression 
on Yellowstone Lake concluded that with the appropriate amount of effort, it should be feasible 
to collapse the LKT population in Yellowstone Lake. (See chapter 1 for more details on the 
panel's conclusions and recommendations; Gresswell 2009). Similar work at Lake Pend Oreille 
in Idaho has shown progress in suppressing the LKT population, and a concurrent rebound in 
the kokanee population has been verified (Wahl et al. 2010). Early results from an experimental 
LKT removal program in Swan Lake are also encouraging (Rosenthal and Fredenberg 2010). 

Future plans for LKT suppression in Yellowstone Lake will be based on the outcome of this 
environmental assessment. Chapter 2 presents four alternatives for a suppression program. 
Monitoring and evaluation are a part of each alternative so that future decisions will be 
informed and based on information gained from previous actions and from investigations 
conducted by colleagues in other ecosystems where LKT suppression is a management 
objective. 

http://www.nrmsc.usgs.gov/staff/jgross/research�
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B.1 Abstract 
Creating secure habitats for the conservation of native inland salmonids has become a common 
fisheries management practice in recent years. Most commonly, the goals of these efforts are to 
restore and preserve native fish biodiversity through the exclusion and removal of non-native 
fish and reintroduction of genetically unaltered native species. The need for projects of this 
nature is largely driven by competition, predation, and/or hybridization by non-native fish; 
however, other factors including habitat alteration, disease, and global climate change may also 
contribute to the need for action. A common project model that has evolved and become widely 
used follows three basic steps: (1) ensure isolation of the project area, (2) completely remove all 
non-native species, and (3) re-introduce genetically unaltered native species. The body of 
scientific information that has accrued around this model, conventional wisdom, and on-the-
ground experience are used to carry out the project. The purpose of this document is to review 
the history and science of non-native fish removal for native inland salmonid restoration as it 
pertains to Yellowstone’s Native Fish Conservation Plan/Environmental Assessment.  
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B.2 Introduction 
The National Park Service proposes to implement a Native Fish Conservation Plan that uses 
conventional approaches to remove non-native fish in order to restore genetically unaltered 
native inland salmonid populations and increase their likelihood of long-term persistence in the 
face of non-native species invasions, global climate change, and new pathogens. As part of the 
process for implementing this plan, the NPS has prepared an Environmental Assessment (EA) in 
compliance with the National Environmental Policy Act. The EA is designed to gather public 
input, incorporate it into the decision-making process, and define the proposed actions and 
their environmental consequences. This appendix is designed to provide a thorough review of 
the scientific literature on non-native fish removal for actions proposed in rivers, streams, and 
lakes other than Yellowstone Lake. However, some of this information is pertinent to proposed 
actions on Yellowstone Lake as well. Peer-reviewed scientific literature, state and federal 
government technical reports, and ecological and human health risk analyses were among the 
many sources used in compiling this document; the references cited and other sources of 
pertinent information are listed in the EA section on “Literature Cited.” 

B.3 Non-native Fish Removal 
Eliminating the competition, predation, and hybridization pressure of non-native fish on native 
populations is often the most difficult and controversial aspect of native inland salmonid 
conservation. It usually requires the complete eradication of all existing fish fauna from the 
project area prior to reintroduction of the native species. Complete removal is necessary to 
ensure that viable populations of non-native fish or individual fish harboring non-native genetic 
material do not persist. However, in instances where complete removal is not technically 
feasible, such as in Yellowstone Lake, or where a low level of non-native fish or genetic material 
is acceptable, near-complete removal may suffice. Three types of removal techniques are most 
commonly used (Wydoski and Wiley 1999): 

1. Mechanical removal uses physical techniques such as electrofishing, gill or trap netting, 
weirs, or angling 

2. Chemical removal uses piscicides (fish pesticides/toxicants) approved by the Environmental 
Protection Agency 

3. Biological control introduces other organisms that are predatory, pathogenic, or otherwise 
detrimental to the non-native fish 

Of the above methods, only mechanical and chemical removal are being considered in 
Yellowstone’s Native Fish Conservation Plan EA. The NPS has used both methods to conduct 
removals for salmonid management in the past, and both can be effective given the right 
conditions. As described below, each method has significant advantages and drawbacks. 

B.3.1. Mechanical Removal of Non-native Fish 
Wydoski and Wiley (1999) include barrier placement, manipulation of water level, netting and 
trapping, electrofishing, and installation of weirs as mechanical methods of controlling 
undesirable fish species. For our purposes, undesirable fish are non-native species that impede 
or pose a risk of impeding the ecosystem function of native fish or other aquatic organisms in a 
proposed conservation area. This portion of the document will discuss the use of weirs and 
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electrofishing as a means of mechanical fish removal; netting and trapping as a means of non-
native fish removal is discussed extensively in Appendix A. (While Appendix A focuses on the 
removal of lake trout in Yellowstone Lake, comparable methods may be used to remove other 
fish species from smaller lakes.) Other methods of mechanical removal are not being considered 
by the EA unless discussed elsewhere. 

The greatest advantage of mechanical removal over chemical removal is the ability to be 
selective in the fish being removed. Mechanical methods, be they gillnets or trap nets, 
electrofishing, or fish weirs can take advantage of behavioral differences (spatial and temporal) 
among fish species to target non-native fish. Also, fish are often alive after capture with 
mechanical gears and can be sorted so that native fish are returned to the system and non-
natives are removed. Another significant advantage of mechanical removal is the reduced 
impacts on non-target species such as the native fish, amphibians, or macroinvertebrates. While 
impacts to non-target species do occur from mechanical removal, they are generally more 
localized and less severe than with chemical removal techniques. 

Mechanical removal is generally not useful for complete eradication of non-native fish from a 
large or complex system (lakes >10 acres, streams >2 miles). For example, Moore et al. (2005) 
reported that electrofishing is ineffective in streams greater than 6 m mean width and with more 
than four pools per km that are over 1 m in depth. Mechanical techniques, therefore, would not 
be useful for restoration of a cutthroat trout stream invaded by hybridizing RBT, because a 
single RBT missed and remaining in the system could be highly detrimental to the restored 
cutthroat trout population. Mechanical techniques can, however, be used to manage (suppress, 
control) non-hybridizing non-native species by limiting their abundance, distribution, and 
ability to reproduce. They have been successfully used for this purpose several times in small 
systems (Moore et al. 2005; Peterson et al. 2008; Shepard 2010) and have been used on 
Yellowstone Lake and other lakes in the Intermountain West to suppress LKT (Koel et al. 2005; 
Martinez et al. 2009). Overall, mechanical removal holds great value for limiting the influence 
and expansion of non-native fish (Peterson et al. 2008), especially in water bodies (such as 
Yellowstone Lake -see Appendix A) where the objective is to suppress/control a non-
hybridizing non-native fish species (e.g. lake trout). 

B.3.1.1. Electrofishing 
The EPA defines electrofishing as the use of electric currents and electric fields to control fish 
movement and/or immobilize fish, allowing capture (EPA 2009). Electrofishing uses a gasoline 
generator or battery to produce electrical current that is applied to water in a metered fashion 
using an electrical control box. Fish caught within the electrical field are stunned and can then 
be netted. Electrofishing gear varies by habitat type, with back-pack units used on small streams, 
tow-barges on large streams and small rivers, rafts or boats on large rivers, and boats on lakes. 
Electrofishing is most effective in shallow waters and confined areas, and ineffective in open, 
large, or deep waters (Wydoski and Wiley 1999; Kulp and Moore 2000; Moore et al. 2005). In 
almost all cases the goal of electrofishing is the same: apply enough electricity to temporarily 
stun and capture as many fish as possible without causing injury or death to the fish. The 
captured fish are allowed to revive in a holding tank, after which they can be sorted by species 
and data collected from them.  

Although injury to fish may occur, most fish survive properly conducted electrofishing 
(Hollender and Carline 1994; Kocovsky et al. 1997; Dwyer et al. 2001; Peterson et al. 2008). This 
method can be used to selectively remove non-native fish and return native fish to the wild. This 
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is often done when a native fish population and non-native and non-hybridizing fish coexist in 
the same stream. At Great Smoky Mountains National Park, the method has been used to 
remove rainbow trout (Oncorhnchus mykiss) from native brook trout (Salvelinus fontinalis) 
habitat (Kulp and Moore 2000; Moore et al. 2005), and various agencies have used it to remove 
brook trout from native cutthroat trout habitat in the West (Thompson and Rahel 1996; Koel et 
al. 2008; Shepard 2010). While complete eradication of the non-native species is often the goal, 
success has only been achieved a few times and at a great cost. Failures in these efforts are often 
attributed to project areas being too large or complex (Kulp and Moore 2000; Moore et al. 2005; 
Shepard 2010). The method is often used with substantial success to suppress the abundance 
and distribution of non-native fish (Peterson et al. 2008). In Yellowstone, brook trout have been 
successfully suppressed in Upper Soda Butte Creek since 2003 using electrofishing (Koel et al. 
2008). 

Electrofishing for non-native fish removal has several disadvantages. Multiple electrofishing 
treatments over several years have been required in cases where electrofishing has been 
successful at complete removal of non-native fish (Thompson and Rahel 1996; Shepard 2010). 
These electrofishing events are very labor intensive and come at considerable fiscal cost (Larson 
et al. 1986; Peterson et al. 2008; Shepard 2010). A 1997 review of removal techniques at Great 
Smoky Mountain National Park found that electrofishing was less cost-effective than other 
removal techniques (Kulp and Moore 2000). Electrofishing also causes some direct and indirect 
mortality to non-target fish; injuries to fish from electrofishing are not uncommon. In the 
repeated application of electrofishing for non-native fish removal, spinal injuries have been 
found to accumulate in non-target fish at significant levels (Kulp and Moore 2000; Peterson et 
al. 2008). There is evidence that longnose sucker population abundance has declined 
significantly as a result of repeated electrofishing (Kocovsky et al. 1997), but salmonid 
population level effects have not been demonstrated (Hollender and Carline 1994; Dwyer et al. 
2001). Mortality and injuries can be reduced by lowering the electrical dosage applied during 
capture, but doing so reduces the efficiency of capture of non-native fish, potentially 
necessitating additional electrofishing treatments.  

Electrofishing is also a size-biased sampling technique; larger fish are captured more efficiently 
and more likely to be injured severely (Kulp and Moore 2000; Peterson et al. 2008). Wydoski 
and Wiley (1999) noted that “a voltage gradient sufficient to control small fishes would 
narcotize, injure, or even kill larger fishes.” This implies that using sufficient power to capture 
small non-native fish may jeopardize larger native species. Amphibians are also susceptible to 
electrofishing and presumably electrofishing injury, although no literature could be found 
detailing the degree of impact. Similarly, aquatic invertebrates are susceptible to electrofishing 
but the impacts are not well known. Much as with fish, it is suspected that while individual 
amphibians and invertebrates may be injured or killed by electrofishing, population level effects, 
even from repeated exposure, are unlikely. 

B.3.1.2. Weirs 
For the purposes of this discussion, a fish weir is a fence-like structure that transects a stream 
channel at or near a perpendicular angle to flow. The purpose of a fish weir is to block the 
movement of fish up and/or down a stream while allowing the water to flow through the 
structure without significantly altering the character of the stream. The weir can be used to stop 
migration or to funnel fish into a trap where they can be collected. Weirs are temporary 
structures designed to operate at specific times of the year, usually during the spawning period. 
They can be designed so that they are impediments to upstream fish movement but not 
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downstream movement. For the purpose of this EA, the primary use for weirs would be to 
inhibit the access of non-native fish to spawning habitats and to collect fish so that non-natives 
could be sorted and removed. In this manner, weirs are a selective technique for managing non-
native fish. 

Weirs are most effective where fish inhabit a large river or lake and migrate to tributaries to 
spawn. The weirs are placed near the mouth of the spawning tributary and are thus encountered 
by fish making their way to spawning locations. In situations where non-native fish spawn at 
different times than do the native species of concern, weirs can be placed between foraging and 
spawning habitat to impede the access of non-native fish to places where they can reproduce. In 
situations where native and non-native fish have similar spawning timing, a weir can be placed 
that directs fish into a trap where fish can be collected and then sorted by species. Native species 
can then be manually passed over the weir to spawn and non-native fish can be removed. Either 
situation results in “selective passage” of native fish and exclusion of non-native fish. 

While the goal of a weir is to impede fish passage to the greatest extent possible, a weir is usually 
not a complete barrier to fish movement. While small fish are often able to pass unimpeded, 
large fish may also sometimes pass the weir. This unintentional passage is usually due to 
constraints in weir construction and operation. For example, a weir may be designed to operate 
at normal water flows for a given stream, but not at flood water flows because construction of a 
structure large enough to function under flood conditions would significantly impact other 
resources. A weir may also be designed to “fail” if it becomes clogged with debris. This 
programmed failure is meant to prevent catastrophic damage to the weir and the stream banks. 
Regardless of the reason for failure, it is important that the use of weirs not be confused with the 
use of fish barriers. Weirs may be useful for reducing the abundance and limiting the expansion 
of non-native fish, but they are not reliable for complete exclusion of non-native fish. 

The use of weirs does have some disadvantages. Weirs require a high degree of maintenance, i.e., 
removing obstructions, cleaning pickets of sediment and debris, and repairing minor damage. 
They also require installation of infrastructure and disassembly. They can cause alteration to the 
stream bank, either through the installation of the weir itself or by alteration of stream flow 
patterns. The degree to which a weir requires installation of infrastructure and maintenance is 
usually based on its intended longevity and efficiency (i.e., the degree to which the weir impedes 
fish migration). Generally, weirs that will be in place for many years, operate for long periods 
during the year, and aim for near total efficiency require considerable resources for installation, 
maintenance, and eventual disassembly. Shorter-term and/or less efficient weirs may be installed 
and maintained more easily.  

Weirs that direct fish into a fish trap for later sorting and selective passage pose the same 
problem as other selective removal techniques: fish identification. Although identification of 
fish between separate species can be reliably performed by staff with a small amount of training, 
the identification of hybridized fish (rainbow trout × cutthroat trout hybrids) is much more 
difficult. Several studies have demonstrated that while accurate visual identification of 
hybridization at the population level is possible (Baumsteiger et al. 2005), identification of 
individual hybrid fish is much less reliable (Weigel et al. 2002; Kennedy et al. 2009; Seiler et al. 
2009). Even modern genetic analysis, which is extremely reliable for detecting population level 
hybridization, is not a completely reliable means for detecting low levels of hybridization in 
individual fish (Campbell et al. 2002). Highly hybridized fish, those with many non-native 
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alleles, are easier to distinguish from genetically unaltered fish than are those with low levels of 
hybridization.  

The species of fish may also affect the difficulty identifying hybridization. For example, 
westslope cutthroat trout (Oncorhynchus clarki lewisi) that are hybridized with rainbow trout 
may be easier to identify than westslope cutthroat trout that are hybridized with Yellowstone 
cutthroat trout (Oncorhynchus clarki bouvieri) In any case, selective removal of fish, particularly 
hybrids, comes with the risk of both releasing some non-native or hybridized fish and removing 
some native fish. For this reason, selective removal is not considered a viable tool for complete 
restoration of genetically unaltered native fish populations where hybridization is present. It 
may, however, be a powerful tool in mitigating recent invasions where hybridized fish contain a 
high number of non-native genes. 

B.3.2. Chemical Removal of Non-native Fish 
Piscicides are chemical fish toxins that are applied to water with the intent of killing fish. As 
many as 30 chemicals have been used as piscicides in fisheries management since the 1930s 
(Finlayson et al. 2000). At present, only four chemicals are registered for use as piscicides by the 
EPA (table B-1), two of which are lampricides, designed specifically to control sea lampreys; the 
other two are general fish toxins (Wydoski and Wiley 1999), rotenone and antimycin A 
(hereafter antimycin), which are discussed below. 

Table B-1. Chemicals Registered by the U.S. Environmental Protection Agency for 
Use as Piscicides 

 

Denotes chemical (not product) 

B.3.2.1. Piscicide Action 
The two EPA-approved piscicides proposed for use in this EA both function in the same 
manner. The piscicide enters the fish’s body through the gills where it is transferred directly into 
the blood stream (Wydoski and Wiley 1999; Ling 2003). This mode of exposure contributes 

Trade Name Cas No. EPA Reg. No. Active Ingredient Formulation Type Manufacturer
Antimycin A 1397-94-0 Antimycin A
Fintrol (Concentrate) 39096-2 Antimycin A Liquid Aquabiotics Corp.
Rotenone 83-79-4 Rotenone
CFT Legumine 75338-2 Rotenone Liquid Prentiss Inc.
Synpren-Fish 655-421 Rotenone Liquid Prentiss Inc.
Prenfish 655-422 Rotenone Liquid Prentiss Inc.
Prentox Fish Toxicant Powder 655-691 Rotenone Powder Prentiss Inc.
Niclosamide 1420-04-8 Niclosamide
Clonitralid 774-01 Niclosamide
Bayer 73 217800 Niclosamide Powder
Bay 70% wettable powder--mup 6704-89 Niclosamide Powder USFWS
Bay 73 technical 6704-88 Niclosamide Chemical Concentrate USFWS
Bayluscide 20% 6704-92 Niclosamide Powder USFWS
Bayluscide 3.2% 6704-91 Niclosamide Solid USFWS
Bayluscide 70% 75394-1 Niclosamide Powder B.I. Mitchell, Inc.
Bayluscide 70%-- sea lamprey larvicide 6704-87 Niclosamide Powder USFWS
3-trifluoromethyl-4-nitrophenol (TFM) 88-30-2 TFM
TFM bar 6704-86 TFM Solid USFWS
TFM-hp sea lamprey larvicide (lamprecid) 6704-45 TFM Liquid Concentrate USFWS
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greatly to the toxicity of the chemicals. Antimycin and rotenone interfere with cellular 
respiration during the electron transport chain, inhibiting the cells’ ability to make energy 
(Fukami et al. 1969; Quintanilha and Packer 1977; Finlayson et al. 2000; Durkin 2008). After 
prolonged exposure, this interruption of cellular respiration kills fish in treated waters. While 
the specific action of each chemical is slightly different, the result is the same. Rotenone, also 
known as Tubotoxine or Derris Powder (C23H22O6; NIOSH 2000; Rayner and Creese 2006), 
uncouples oxidative phosphoralation at complex I of the electron transport chain. Antimycin 
(C28H40N2O9), a much more recently discovered piscicide, interferes at complex III, as shown in 
Figure B-1 (Quintanilha and Packer 1977; EPA 2007a; EPA 2007b;Vinson et al. 2010). Because of 
its greater availability, rotenone is now the most widely used piscicide (Finlayson et al. 2000; 
Rowe 2003). 

All fish species are susceptible to the proposed piscides (EPA 2007b). However, the resistance of 
fish to piscicide does vary widely by species (table B-2), and in some situations the degree of 
resistance can be exploited to produce species-selective removals (Leonard 1939). This is most 
commonly done in catfish culture where antimycin doses that are sub-lethal to catfish are 
applied to culture ponds to remove more susceptible “rough fish” species (Moore et al. 2008). 
Given the current fish assemblage in Yellowstone, and the fact that trout are among the most 
sensitive fish species to EPA-approved piscicides (Grisak et al. 2007), selective removal using 
piscicide would not be practical. That means that if piscicide were applied in accordance with 
this EA the result would be complete eradication of all fish present in the project area. 

Figure B-1. Locations of piscicidal interference in cellular respiration in the electron transport chain; 
Complex I for rotenone and II for antimycin. (Adapted from Quintanilha, A.T. and L. Packer,1977, Surface 
localization of sites of reduction of nitrox.) 
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Table B-2. Fish Response to Piscicide 
 

 Species  
(common name) 

LC50 at 96h 

Rotenone Antimycin KMnO4 

Lake trout 1.345 0.05  

Rainbow trout 2.3 0.012 1,220–1,800 

Longnose sucker 2.85 0.03 — 

Coho salmon 3.1 0.01 — 

Yellow perch 3.5 0.04 — 

Fathead minnow 7.1 0.025 — 

Bluegill 7.05 0.03 2,300–3,600 

Green sunfish 7.05 0.22 — 

Largemouth bass 7.1 0.24 — 

Channel catfish 8.2 1.36 750 

Black bullhead 19.45 4.8 — 

Goldfish 341.0 0.18 — 

Striped bass — — 960–4920 

Common carp — — 3,050–3,450 

Table B-2. LC50 of rotenone, antimycin, and potassium permanganate (ppb) at 96h as tested in a variety of fishes. 
(Adapted from Finlayson et al. 2000, Turner et al. 2007a, and Phillips et al. 2005.). 

Origin of Piscicide  
Antimycin and rotenone are both naturally occurring chemicals. Antimycin is a product of 
Streptomyces bacteria with fungicidal properties (Lennon 1970; Vinson et al. 2010), while 
rotenone is derived from the roots of numerous tropical plants from the bean (Leguminosae) 
family, (NIOSH 2000; Rayner and Creese 2006). Both are used in fisheries management to 
eradicate undesirable fish species, but have different origins.  

Literary reference to the use of plant-derived piscicides dates back to Aristotle’s Historia 
Animalium, in which he explains that the mullein plant placed in water will kill fish and noted 
that it was used as a fishing technique (Thompson 1910). By the early part of the 13j century, the 
use of many plant-derived chemicals on fish was outlawed in Europe (Wilhelm 1974). The 
earliest record of traditional fishing with rotenone were from Brazil in 1649 and North America 
in 1775 (Krumholz 1948). In both cases aboriginal peoples used rotenone- bearing plant 
materials to capture fish for consumption. Aboriginal societies have used rotenone for 
centuries, harvesting the chemical from the roots of legumes and applying it to localized areas as 
a form of subsistence fishing (Ball 1948; Ling 2003; Pellerin 2008). Rotenone was an effective 
way for traditional peoples to harvest fish as it poses little threat to human health through 
consumption (Betarbet et al. 2000; Robertson and Smith-Vaniz 2008).  

Rotenone was first isolated as a chemical compound in 1929. Its name comes from the plant that 
it was originally identified in, the Peruvian plant rotenone (Lonchocarpus sp.), locally known as 
barbasco or cube (St. Onge 2002). In addition to its piscicidal use, rotenone has been used 
world-wide as a pesticide on crops and livestock for over 150 years. It was first registered by the 
EPA in 1947 (Ling 2003). Rotenone-based products have been available as a general use 
pesticide for residential pest control throughout the United States for decades; however, re-
registration for this use is not being pursued (EPA 2007b). Fisheries managers began to value 
rotenone as a tool for eradication of undesirable fish species in the 1930s. In 1934, Michigan 
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became the first state where rotenone was applied to treat lakes and ponds (Lennon 1970). It 
wasn’t until the 1960s that fisheries managers began to use it for reclamation projects on rivers 
and streams, but every state except Hawaii had used rotenone by 1974 (Finlayson et al. 2000; 
McClay 2000). Beyond today’s modern fisheries management uses, herbal fish toxins, including 
rotenone, are still used as a traditional fishing method by aboriginal peoples (Van Andel 2000; 
Kamalkishor and Kulkarni 2009). 

Antimycin was discovered in 1945 (EPA 2007a). Produced by many species of Streptomyces 
bacteria, antimycin forms naturally and also has fungicidal properties. It was registered as a 
Restricted Use Pesticide by the EPA (2007a) in 1960 and since then has been used solely as a 
piscicide. Of the three products with antimycin as the active ingredient that were originally 
registered by the EPA, only one, Fintrol, is currently on the market (Aquabiotics Inc., 
Vancouver, Washington) (Lennon 1970; EPA 2007a; Vinson et al. 2010). 

Piscicide Use 
In almost all cases, the application of piscicide is designed to kill fish. However, the specific 
objectives of piscicide applications vary widely and have changed over time. As mentioned 
above, aboriginal peoples have applied rotenone for hundreds of years to collect fish for 
consumption (Ball 1948, Krumholz 1948). The first application of rotenone in the U.S. fisheries 
management occurred in 1934 (McClay 2000), and the NPS used it for the first time in 1938, to 
remove yellow perch from Goose Lake in Yellowstone. In 1946, the NPS used rotenone to 
remove non-native suckers from Bear Lake in Rocky Mountain National Park (Barrows 1939; 
Field 1946). Since then, piscicides have been used extensively in national parks to meet inland 
salmonid management goals (table B-3). In conventional fisheries management, piscicides are 
commonly used for reduction or elimination of undesirable fish and for quantifying fish 
populations (table B-4; McClay 2000; Robertson and Smith-Vaniz 2008; Vinson et al. 2010). 
While improvement of sportfish populations is sometimes the goal of piscicide use, it is not the 
proposed use in Yellowstone under this EA, which proposes to use piscicide only to restore 
imperiled native fish species through the eradication of non-native fish. 

This EA proposes to use piscicide to completely remove non-native fish from isolated habitats 
and potentially reduce juvenile lake trout shortly after emergence from their spawning 
locations. Other than complete dewatering, piscicide application is the only way to completely 
eradicate fish populations, particularly in large or complex habitats (AFS 1985; Finlayson et al. 
2000; Peterson et al. 2008). Several efforts to completely remove non-native fish populations 
from small streams via electrofishing have been effective (Moore et al. 2005; Peterson et al. 
2008), as have gillnetting efforts in high mountain lakes (Vredenburg 2004), but the use of 
mechanical means to completely eradicate non-native fish from large or complex streams and 
lakes has not been successful (Moore and Larson 1989; Kulp and Moore 2000; Meyer et al. 
2006). Piscicide applications, while not without their failures, have repeatedly been 
demonstrated to successfully remove entire non-native fish (see table B-3). One objective of this 
EA is to restore native fish populations to habitats large enough to resist extinction from 
stochastic events like wildfire and the long-term effects of global climate change, necessitating 
the use of piscicides as management tools. In situations where habitats are small and simple 
enough to make complete removal via mechanical means possible or where complete removal 
of all non-native fish is not required to meet the project objective, methods other than piscicides 
are being considered (table 8).
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Table B-3. Piscicide Applications for Inland Salmonid Management in National Parks. 
 

Year National Park Location 

Piscicide 
(A=Antimycin 
R=Rotenone) 

Species 
Removed Goal Barrier* Success** 

1938 Yellowstone Goose Lake  R Yellow perch Enhance sportfishing (RBT) N Y 
1946 Rocky Mountain Bear Lake R Suckers Restore native species Y ? 
1957 Great Smoky Mountains Abrams Creek R Native fish Enhance sportfishing  Y N 
1957 Great Smoky Mountains Indian Creek R Native fish Enhance sportfishing  Y N 
1958 Rocky Mountain Caddis Lake R Non-native 

cutthroat 
Restore native species (GBC) N Y 

1965 Mt. Rainer Tipsoo Lake R Non-native 
cutthroat 

Restore native species N N 

1965 Yosemite Delaney Creek R BKT Non-native introduction  (PCT) N N 
1966 Yosemite Upper and Lower Skeleton 

Lakes 
R BKT Non- native introduction (PCT) N N 

1966 Glacier Two Medicine Creek R Suckers Enhance sportfishing  (RBT) N Y 
1973 Rocky Mountain Hidden Valley Creek A BKT Restore native species (GBC) N N 
1975 Rocky Mountain Bear Lake A BKT Restore native species (GBC) N Y 
1975 Yellowstone Canyon Creek A BRN Restore native species (GRY) Y N 
1977 Yellowstone Pocket Lake A BKT Restore native species (YCT) N N 
1978 Rocky Mountain West Creek A BKT Restore native species (GBC) N Y 
1979 Rocky Mountain Timber Lake and Creek A Non-native 

cutthroat 
Restore native species (CRC) N Y 

1979 Sequoia & Kings Canyon Hidden Lake and Soda 
Springs Creek 

A BKT Restore native species (GLT) N Y 

1980 Rocky Mountain Ouzel Lake and Creek A BKT Restore native species (GBC) N N 
1982 Rocky Mountain Fern Lake and Creek A BKT Restore native species (GBC) N Y 
1983 Rocky Mountain Lawn Lake and Roaring River A BKT Restore native species (GBC) N Y 
1985 Yellowstone Arnica Creek A BKT Restore native species (YCT) N Y 
1985 Rocky Mountain Bench Lake and Ptarmigan 

Creek 
A Non-native 

cutthroat 
Restore native species (CRC) N Y 

1986 Rocky Mountain North Fork Big Thompson 
River, Lake Husted and Lost 
Lake 

A BKT Restore native species (GBC) N O 

1986 Mt. Rainer Tipsoo Lake A RBT Restore native species N N 
1987 Pictured Rocks Spray Creek R BKT Restore native species (GRY) N Y 
1987 Pictured Rocks Section 34 Creek R BKT Restore native species (GRY) N Y 
1987 Rocky Mountain Lower Hutcheson Lake and A CTX Restore native species (GBC) N Y 

*Y indicates a barrier was constructed as part of the restoration project, *O indicates restoration work is ongoing. 
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Year National Park Location 

Piscicide 
(A=Antimycin 
R=Rotenone) 

Species 
Removed Goal Barrier* Success** 

Cony Creek 
1988 Rocky Mountain Pear Lake and Cony Creek A CTX Restore native species (GBC) N Y 
1988 Rocky Mountain Sandbeach Lake A RBT Restore native species (GBC) N Y 
1990 Rocky Mountain Spruce and Loomis Lake A RBT Restore native species (GBC) N Y 
1996 Rocky Mountain Dream Lake A CTX Restore native species (GBC) N Y 
2000 Great Basin Strawberry Creek R RBT, BKT Restore native species (BCT) N Y 
2000 Crater Lake Sun Creek A BKT Restore native species (BLT) Y Y 
2000 Great Smoky Mountains Sams Creek A RBT Restore native species (BKT) Y Y 
2002 Great Basin Snake Creek A BKT Restore native species (BCT) N Y 
2003 Great Smoky Mountains Bear Creek A RBT Restore native species (BKT) Y Y 
2004 Great Basin Johnson Lake A BKT Restore native species (BCT) N Y 
2005 Great Smoky Mountains Indian Flats Prong A Hatchery BKT Restore native species (BKT) Y Y 
2006 Yellowstone High Lake R CTX Restore native species (WCT) N Y 
2008 Great Smoky Mountains Lynn Camp Prong A RBT Restore native species (BKT) Y O 
2008 Yellowstone Specimen Creek R CTX Restore native species (WCT) Y Y 
2009 North Cascades Middle and Lower Blum Lake  A BKT Restore native species (BLT) N O 

Table B-3. Piscicide applications for inland salmonid management in national parks. Sources of information: Barrows 1939, BSFW 1966, USFWS 1977, Gresswell 1991, 
Buktenica 2000, Vredenburg 2004, Moore et al. 2005, Koel et al. 2007, Baker et al. 2008, Glesne and Rawnhouser 2009, Koel et al. 2010, M. Kulp pers. comm. 2010, D. 
Boiano pers. comm. 2010, C. Downs pers. comm. 2010. Arctic grayling (GRY), Bonneville cutthroat trout (BCT), Brook trout (BKT), Brown trout (BRN) 
Colorado River cutthroat trout (CRC), Cutthroat hybrids (CTX), Golden trout (GLT ), Greenback cutthroat trout (GBC), Piute cutthroat trout (PCT), Rainbow trout (RBT), 
Westslope cutthroat trout (WCT), Yellowstone cutthroat trout (YCT). 

Table B-4. Common Uses of Piscicide in Conventional 
Fisheries Management 

 
Piscicide Use 

Proposed use in 
Yellowstone 

Control of undesirable fish (improve sport fishing) No 
Eradication of fish in rearing facilities No 
Quantification of fish population (sampling) No 
Treatment of drainages prior to impoundment No 
Eradication of fish to control disease No 
Restoration of threatened or endangered species Yes 
Eradication of harmful exotic fish Yes 

Table B-4. Common uses of piscicide in conventional fisheries management 
(modified from McClay 2000) and proposed uses of piscicides under the Native Fish 
Conservation Plan. 
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Piscicide Application 
Piscicides are applied through a wide variety of methods depending on the type of water body, 
piscicide formulation, location, and applicator discretion. Because the spectrum of application 
methods is extremely broad and methods have changed as technologies have improved, the 
discussion here is limited to those methods relevant to this EA. Methods not discussed here, 
such as application from aircraft (Bonneville Power Administration 2005), are not being 
considered. All proposed methods would be carried out in a manner that strictly adheres to 
practices permitted by the product labeling, including use of personal protective equipment 
(PPE) for applicators, controlling public access, determining the maximum necessary 
application concentrations, and all other applicable guidelines (Appendix D). Both antimycin 
and rotenone have undergone re-registration by the EPA and when new labels are published 
following completion of that process, the NPS will immediately adopt all new standards and 
procedures set forth by the EPA. 

Application to lakes is most often accomplished via motorized boat, from which the piscicide is 
applied as a diluted liquid formulation or a powdered piscicide (rotenone only) is mixed with 
water to form a slurry and pumped into the lake. The product labels provide guidance on the 
degree to which piscicides must be diluted prior to application (Appendix D). When applied via 
motor boat, piscicides are applied below the surface of the water using a pump system. Specially 
designed Venturri pumps are often placed behind the propeller on the boat motor and generate 
sufficient vacuum to apply diluted piscicide from a holding tank. This system, which requires no 
moving parts or power system beyond the boat’s motor, was used successfully to apply liquid 
rotenone to High Lake in Yellowstone in 2006 (Koel et al. 2007) and is the system most likely to 
be used if piscicides were applied to other small, shallow lakes in the park as proposed in this 
EA. In deeper lakes or lakes where the possibility of incomplete mixing due to a strong 
thermocline is a concern, diluted piscicide may be actively pumped to depth using electric 
pumps. In any case, the goal of piscicide application in lakes is to achieve even distribution of 
the chemical throughout the entire water column and littoral zone. Applying the piscicide sub-
surface eliminates the possibility that the chemical may drift to adjacent terrestrial 
environments and greatly reduces the potential for unanticipated human or environmental 
exposure to the chemical. Concentrations of piscicides applied to lakes in the park would follow 
the products’ “Normal Pond Use” guidelines. 

Application to streams is most often accomplished through a series of metered dispensing 
stations placed at specified intervals along the stream’s course. While designs for dispensation 
stations vary widely (USFWS 2005), they all work by either gravity or the use of a small electric 
pump, and they are all designed to discharge a constant, specified volume of piscicide into the 
stream. Most dispensation stations use an 18.9-l (5-gallon) reservoir to hold diluted piscicide 
and discharge at a rate of 40 ml/min for an 8-hour treatment or 80 ml/min for a 4-hour 
treatment. The dispensation rate can be altered to adjust treatment time. The amount of 
piscicide placed in the dispensation stations is determined by the desired application 
concentration and the volume of flow in the stream. So, while the volume of liquid in the 
reservoir usually does not vary, the concentration of piscicide in the reservoir is adjusted for 
each station. Stations are placed in secure and stable locations either on the stream bank or on a 
stand in the stream channel, and are actively monitored by project staff for the duration of the 
treatment. The drip nozzles of the stations are placed very close to the water’s surface to reduce 
the potential for piscicide drift to terrestrial environments.  
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Because piscicide breaks down and loses its toxicity quickly in flowing water (Robertson and 
Smith-Vaniz 2008), drip stations must be placed at intervals along the stream to maintain 
concentrations lethal to target fish. Among the most significant of the many factors that degrade 
piscicide are sunlight (photolysis), water (hydrolysis), and physical disturbance (EPA 2007b, 
Robertson and Smith-Vaniz 2008, Brown 2010). The maximum possible interval between 
dispensation stations depends on the combined effect of these factors. Bioassays in which live 
fish in sentinel cages are observed during piscicide application would be used to determine the 
stream length that could be treated by one drip station. The NPS used this method, which is 
commonly employed for this purpose, for the piscicide treatment of East Fork Specimen Creek 
(EFSC). Water samples collected during that treatment demonstrated the rapid breakdown of 
rotenone in the natural environment (fig. B-2).The distance a drip station treats is measured in 
travel time, the distance water travels down a stream in a given amount of time. Application of 
non-toxic dye is used to determine travel time prior to treatment. 

Most lake and stream systems 
contain springs and seeps that 
are constant sources of fresh 
ground water and can provide 
fish refuge from piscicide 
application, resulting in 
project failure if not treated 
properly. Application of 
liquid or powdered piscicide 
to the surface of springs has 
been demonstrated to be 
largely ineffective because 
only the surface of the spring 
is treated and not the source 
of the water. In 1990 the Utah 
Division of Wildlife 
Resources developed a 
mixture of rotenone, sand, 

and gelatin that carries piscicide to the bottom of springs and effectively treats them for 
approximately 12 hours at concentrations lethal to fish (Spateholts and Lentsch 2001). This 
method was used in the treatment of High Lake and EFSC (Koel et al. 2007; Koel et al. 2008; 
Koel et al. 2010) and would be used in proposed piscicide projects to effectively treat springs 
and seeps. 

Backpack sprayers with hand-held wands can also be used to apply highly diluted liquid 
piscicide. This method is used in backwater areas along streams and the littoral zones of lakes 
where mixing may be incomplete due to minimal water movement. It helps ensure that 
untreated refuges do not occur and minimizes the likelihood of project failure due to 
incomplete eradication. When applied from backpack sprayers, small amounts of piscicide are 
applied directly to the water surface by trained staff in a manner that minimizes drift onto 
terrestrial environments. 

Piscicide Regulation 
The EPA is the primary agency responsible for regulation of pesticides in the United States. 
Under the Federal Insecticide, Fungicide, and Rodenticide Act, the EPA is responsible for 

Figure B-2. Water samples collected during rotenone treatment on Specimen 
Creek demonstrated the rapid breakdown of rotenone in the natural 
environment. (Data collected by D. Skaar, Montana Fish, Wildlife and Parks.) 
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ensuring that application of a pesticide does not present an unreasonable risk to human health 
or the environment (EPA 2010). It registers pesticides for specific uses and produces a label that 
specifies the requirements for application. These labels are legal documents and failure to 
follow the requirements constitutes a violation of federal law. While the states bear the primary 
authority for enforcement of pesticide use laws, the EPA shares the ability to prosecute 
violations (EPA 2010). The EPA also designates chemicals as general (for use by the general 
public without license) or restricted use (for use only by certified applicators).  

Each state is responsible for registering pesticides for use within its boundaries, certifying 
applicators for application of restricted-use pesticides, and enforcing pesticide application laws. 
In Montana, Idaho, and Wyoming, this responsibility falls to the states’ departments of 
agriculture, which have specific application certification exams for aquatic pest control and 
require continuing education courses to maintain aquatic pest control licenses. That means that 
an aquatic pesticide applicator must be specifically certified by the state in which the activity is 
to occur. The department of environmental quality in each of the three states requires that every 
piscicide application be specifically permitted prior to application. Additionally, all proposed 
applications of pesticides in national parks are reviewed through the NPS Pesticide Use 
Proposal process to ensure that they adhere to the NPS Integrated Pest Management policy.  

The EPA also regulates the application of piscicide under the Clean Water Act (CWA), which 
requires a National Pollution Discharge Elimination System (NPDES) permit for the intentional 
point source discharge of a pollutant in water. In Fairhurst v. Hagener, the Ninth Federal Circuit 
Court held that pesticides applied directly to a lake in order to eliminate non-native fish, where 
there are no residues or unintended effects, are not “pollutants'' under the CWA because they 
are not chemical wastes and therefore do not require an NPDES permit (9th Cir. 2005). 
However, more recent rulings have led the EPA to reconsider the intentional application of 
pesticides to water and a final rule released in 2010 will require these activities to be NPDES 
permitted beginning in April 2011. As such, all actions proposed in this EA would be NPDES 
permitted in addition to any other state or federally mandated permitting. 

The NPS has multiple staff at Yellowstone who are certified by the state of Montana to apply 
piscicides and act as project coordinators. In addition to meeting the minimum requirements for 
piscicide application, they have attended the U.S. Fish and Wildlife Service’s “Rotenone and 
Antimycin Use in Fisheries Management” training course. All piscicide applications in the park 
are also reviewed by the park’s Integrated Pest Management coordinator prior to initiation. All 
staff involved in piscicide projects are given thorough training about piscicide use and safety and 
are provided with label and material safety data sheet (MSDS) information as well as all required 
PPE. 

Limiting Human Exposure to Piscicides 
The means of exposure is a significant factor in the risk posed by any chemical to humans or 
other organisms. In general, the more direct the route into the bloodstream, the greater the risk. 
Thus, intravenous, respiratory, and subcutaneous pathways of exposure are very dangerous. 
Ingestion can also be dangerous but may be mitigated by the body’s ability to degrade the toxin 
in the digestive tract. Dermal exposure can result in toxic effects but is a much less direct 
pathway into the body and therefore generally presents a lower risk. Other pathways of 
exposure are possible, but those listed above represent the pathways of piscicide exposure most 
significant to humans and other organisms. 
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A second important factor in assessing the risk of a chemical to humans or the environment is 
the concentration at which the chemical is used. In the piscicides proposed for use in this EA, 
concentrations are 5–7.5% active ingredient for rotenone and 20% for antimycin in the 
undiluted products; application rates would range from 8 to 50 parts per billion (ppb). For 
example, CFT Legumine, the product used to treat High Lake and EFSC in Yellowstone is 5% 
rotenone. The target concentration for CFT Legumine when used for trout eradication is 
normally a 1-ppm formulation or 50-ppb active ingredient (see Label). That means that 1 gallon 
of CFT Legumine effectively treats more than 300,000 gallons of water. This extremely low 
concentration can be used because fish are very sensitive to rotenone and they are exposed to 
the chemical through a respiratory pathway. 

Duration of exposure is also important in assessing the risk a chemical poses to humans and the 
environment. Exposure that lasts no more than 96 hours (Newman and Unger 2003) generally 
requires higher chemical concentrations to cause toxic effects than does chronic exposures 
(WHO 2001). The application of piscicides as proposed in this EA is very unlikely to result in 
chronic exposure to humans or the environment because flowing water treatment duration is 
short (8 hours maximum) and treatment of small lakes takes only hours. In streams, the piscicide 
is present during the application and for the short time it takes to be flushed out of the system, 
neutralized, or naturally broken down. Piscicide can persist for longer periods in lakes, usually a 
few days to a few weeks. depending on the temperature of the lake, with longer persistence in 
colder water. The longest reported persistence of rotenone in a lake was 160 days (EPA 2007b), 
but that was a cold-water lake treated to 250-ppb rotenone, five times higher concentrations 
than proposed in this EA.  

For the purposes of this discussion, the two groups of people for whom piscicide exposure is a 
concern are the piscicide applicators and the general public, who would most often encounter 
piscicides unintentionally. Because piscicides are restricted use pesticides, the general public has 
almost no risk of coming into contact with undiluted piscicide products. Piscicide applicators, 
however, are routinely exposed to undiluted products. Both groups may encounter water 
treated with piscicide but their level of awareness and ability to mitigate that risk would vary. 

Of the piscicides considered for use in this EA, powdered rotenone is widely considered the 
most dangerous to humans (Finlayson et al. 2000; Ling 2003) because dust from the powdered 
product containing 7.4% rotenone can be inhaled, providing a nearly direct pathway to the 
blood. Applicators handling rotenone powder are required to wear a respirator to prevent 
inhalation and other PPE. In the proposed actions under this EA, rotenone powder would only 
be used to treat springs and seeps after being mixed with sand, gelatin, and water, at which point 
dust particles no longer exist and the inhalation risk is virtually eliminated. That means that 
rotenone powder is only an inhalation risk for the brief period it takes to mix it into the sand 
matrix. This would likely occur only two to four times per project treatment year and the mixing 
would always be done by a certified piscicide applicator. Under this EA, there is almost no risk 
of the general public coming into contact with unmixed rotenone powder unless there were a 
violation of the law or an accident occurred during transportation (see Appendix C). After the 
rotenone powder has been mixed with the sand matrix, it would still pose a risk for dermal and 
ingestion exposure, similar to the liquid products discussed below. 

Liquid piscicides would be the most widely used piscicide formulations under the proposed 
actions in this EA. Risks posed by liquid piscicides are largely from dermal and ingestion 
pathways. Undiluted products have high piscicide concentration and are the most dangerous 



270 Native Fish Conservation Plan for Yellowstone National Park 

form of liquid piscicide. All piscicide MSDS and labels recommend or require the use of 
respirator, goggles, gloves and Tyvek suit or apron. When handling undiluted liquid piscicides 
under this EA, NPS staff would always wear respirators and meet or exceed the other PPE 
requirements set forth in the product labels (see Appendix D). Undiluted product would always 
be measured and dispensed by certified applicators, as these steps pose the greatest risk of 
human contact. Trained project staff other than certified applicators would only come into 
contact with undiluted liquid piscicide when mixing a pre-measured amount of product into a 
dispensing station, reservoir, or backpack sprayer during a treatment. After it has been diluted to 
the level used during application, the liquid piscicide would still only be handled by certified 
applicators and trained project staff wearing the required PPE. Following application to project 
waters, the piscicide would become extremely dilute (≤1 ppm formulation; ≤50 ppb active 
ingredient), drastically lowering but not eliminating the dermal and ingestion risk. The proposed 
EA would create almost no risk of the general public coming into contact with undiluted liquid 
rotenone unless there were a violation of the law or an accident during transportation. (See 
Appendix C for information on the emergency and spill plan.) 

After application to project waters piscicides pose a significantly reduced risk because of their 
extremely low concentrations (AFS 1985; Finlayson et al. 2000), but it is also the time with the 
highest risk of exposure to the public as well as applicators. Product labeling provides guidance 
and restrictions for use near drinking water supplies and for public re-entry following piscicide 
application. The new labeling materials, to be released as part of the re-registration process, are 
likely to be much more restrictive on public access to project areas (D. Skaar, MFWP. Personal 
communication, 2010). Regardless of label guidance, public awareness is the most important 
means of limiting piscicide risk to human health. Under this EA, park staff would use press 
releases, signage, and neutralization following treatment of project waters (see “Piscicide 
Neutralization” below) to reduce the risk of public contact with the chemicals. 

B.3.2.2. Effect of Piscicides on Humans 
Even with the most careful practices and detailed planning, complete elimination of the 
potential for human exposure to piscicides is not possible. Therefore, it is important to 
understand the risks posed by piscicides in the case of human exposure. Because very little 
direct evidence concerning the effects of piscicides on humans exists, animal models are often 
substituted for toxicological trials and the results are extrapolated to apply to humans. 
Information from risk analyses conducted by the World Health Organization (WHO 2004), AFS 
(Finlayson et al. 2000), EPA (2007a and 2007b), State of Washington (Turner et al. 2007a and 
2007b), USFS (Durkin 2008), Federal Government of New Zealand (Ling 2003), and the NPS 
(Moore et al. 2008) is summarized below, along with information from federal and state 
environmental compliance documents, peer reviewed literature, and other scientific 
publications. 

In a review of incidents of human exposure to rotenone for all previously registered uses 
(piscicidal, agricultural, and residential), the EPA (2007b) found that eye irritation was by far the 
most commonly reported symptom. Also common were dermal irritation, throat irritation, 
nausea, and coughing. Less common but more severe symptoms, including headache, dizziness, 
peripheral neuropathy, numbness, and tremor, have occasionally been reported (EPA 2007b). 
The EPA (2007b) also noted that “No fatalities or systemic poisonings were reported in relation 
to ordinary use.” Estimates of the acute oral lethal concentration of rotenone range from 300 to 
500 mg/kg (Gleason et al. 1969; USFWS 2005; EPA 2007b; Durkin 2008; USFWS and CDFG 
2009). The World Health Organization (WHO 2004), which ranks pesticides as slightly, 
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moderately, highly, and extremely hazardous based on their oral and dermal toxicity, ranked 
rotenone as moderately toxic to humans (oral LD50 200–2000 mg/kg). 

Our literature review found two cases of human fatality from exposure to rotenone-based 
pesticide. One fatality occurred when a child accidentally ingested Galicide, a 6% rotenone 
product that was registered in Europe for external use on animals (not a fisheries management 
product) and is no longer available (Hisata 2002). The dose was estimated to be 40 mg/kg, 
significantly less than the expected lethal dose. Other constituents (etheral oils) in Galicide 
allegedly promoted abnormal rotenone absorption from the gastrointestinal tract and caused 
kidney failure that reduced the body’s ability to clear the toxicant (De Wilde et al. 1986; EPA 
1999). The second occurred when an adult woman with type 2 diabetes intentionally ingested 
200 ml of a 0.8% rotenone product commercially available in the United Kingdom (Wood et al. 
2005); the estimated rotenone dose was 25 mg/kg. 

No human fatalities have been associated with rotenone used for fishery management projects 
(Gleason et al. 1969; CDFG 1994; Ling 2003), nor could any evidence be found of human 
fatalities related to antimycin. Even if 25 mg/kg of rotenone were lethal for humans, a person 
would have to consume 500 times their body weight in treated water (50 ppb) to achieve that 
dose. If ingestion or inhalation of rotenone occurs, the National Institute for Occupational 
Safety and Health (NIOSH 2000) indicates that the symptoms of both are easily treatable.  

Rotenone is not considered carcinogenic, teratogenic, or an endocrine disruptor. Some 
evidence suggests that rotenone may be useful in treating certain kinds of cancers (Fang and 
Casida 1998, from Ling 2003). Chronic effects of rotenone exposure are not well documented, 
but one study that administered oral doses of up to 75mg/kg to mice found no observed changes 
in their brains after two years (Marking 1988). This study and others indicate that chronic 
exposure to treatment concentrations of rotenone, unlikely as it would be, would pose little 
threat to human health (Siegler and Pillsbury 1946; Hansen et al. 1965; Durkin 2008). 

A potential connection between rotenone and Parkinson’s disease has emerged as a significant 
human health concern in the last 10 years. Parkinson’s disease (PD) is a degenerative 
neurological disorder associated with a decrease in the production of the neurotransmitter 
dopamine. The cause of the disease is poorly understood, but genetic predisposition, exposure 
to environmental toxins, drug use, and severe head trauma may contribute to the risk of 
developing PD. In a study published by Emory University (Betarbet et al. 2000), several weeks of 
exposure to rotenone administered intravenously to the jugular veins of rats produced physical 
and neurological symptoms similar to PD. Another article, published simultaneously, used the 
findings of that study to infer that additional questions were likely to be raised about the safety 
of rotenone, but the role of rotenone in causing PD remained to be determined (Giasson and 
Lee 2000). In fact, the authors of the original study noted that “rotenone seems to have little 
toxicity when administered orally,” indicating that oral exposure did not produce PD-like 
symptoms. A more recent study concluded that a 30-day inhalation of rotenone does not cause 
PD symptoms in mice and rats (Rojo et al. 2007). This demonstrates the differential risk posed 
by varied exposure pathways.  

Since the original study, many others have used the rotenone-PD model to advance scientific 
research on the disease (Betarbet et al. 2000; Giasson et al. 2000; Gao et al. 2003; Sherer et al. 
2003; Panov et al. 2005; Höglinger et al. 2006; Rojo et al. 2007). The intravenous and 
subcutaneous exposure of rats to rotenone provides a valuable model for studying PD-like 
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symptoms; however, some researchers have questioned its use because although PD-like 
symptoms are observed, the model does not completely replicate the disease (Höglinger et al. 
2006; Hirsch et al. 2003). Because of the exposure pathway and the doses used to produce the 
rotenone-PD model, the American Fisheries Society (AFS) and other sources maintain that the 
Betarbet et al. 2000 study is not relevant to the risks associated with fisheries management use of 
rotenone (AFS 2001; Durkin 2008; Robertson and Smith-Vaniz 2008). This literature review also 
found no evidence of piscicidal or pesticidal exposure of rotenone directly linked to PD in 
humans. Huntington’s disease (HD) is another neurodegenerative disorder that is sometimes 
mentioned as having a possible connection to rotenone. HD is caused by a well-known genetic 
mutation, however, it is suspected that onset may be affected by environmental factors 
(Coppede 2009). Regardless, no evidence has been found to suggest a connection between the 
piscicidal application of rotenone and either PD or HD. 

B.3.2.3. Effect of Piscicides on Other Non-target Organisms 
Piscicides affect organisms other than fish in varying degrees. These organisms, commonly 
referred to as non-target organisms, can be grouped into two major categories, aquatic and 
terrestrial. The aquatic organisms, primarily invertebrates and amphibians, share the same 
habitat as the fish that are being treated and therefore often come directly into contact with the 
piscicide. The terrestrial organisms, primarily mammals, birds, and reptiles, come into contact 
with the piscicide from drinking treated water, eating treated fish or other aquatic organisms, or 
standing in treated water. Beavers and otters straddle the line between aquatic and terrestrial 
life, but for the purposes of this discussion are considered to be terrestrial because they breathe 
air and share similar physiology with other terrestrial organisms.  

From the standpoint of risk from piscicide treatment, the most important distinction between 
aquatic and terrestrial non-target organisms is how they respire. Many aquatic organisms 
breathe via gills and therefore provide a respiratory pathway for piscicide to enter the 
bloodstream, much like fish. These animals are often very sensitive to piscicide and are likely to 
be affected by treatments. Important groups of gill breathing organisms known to be affected by 
piscicide include aquatic macro invertebrates (AMI) and larval amphibians. Evidence suggests 
that adult amphibians, those that breathe air, have a susceptibility to piscicide similar to that of 
terrestrial organisms.  

The degree to which piscicides affect susceptible organisms varies widely by species, likely due 
in part to physiological resistance to the chemicals. A recent study (Finlayson et al. 2010b) that 
compared the effects of piscicide on rainbow trout and six species of invertebrates from 
sensitive groups (mayflies, stoneflies, and caddisflies) found that in every case the invertebrates 
were more resistant to rotenone than was the trout. Some of the invertebrates tested had 8-hour 
LC50 values greater than that of the highest proposed treatment concentration in this EA (50 
ppb rotenone), indicating that treatments would be unlikely to eradicate those populations. 
Other studies (many summarized in Vinson et al. 2010) indicate that some invertebrate species 
are more sensitive to piscicides than trout are while others are far more resistant. Sensitivity of 
aquatic invertebrates appears to be strongly tied to (1) life history—benthic invertebrates appear 
less sensitive than planktonic invertebrates; (2) size—larger invertebrates appear less sensitive 
than smaller ones; and (3) respiratory means—gill breathing invertebrates appear more sensitive 
than those that use other means to acquire oxygen (Vinson et al. 2010).  

Given the range of sensitivity of AMI to piscicides, any piscicide treatment would very likely 
affect some organisms in the AMI community. To what degree and for how long invertebrate 
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communities are impacted by piscicide treatments is difficult to determine because invertebrate 
communities are both diverse and dynamic. The number of genera identified in AMI samples 
collected monthly in the Logan River (Utah) for almost 10 years remained relatively constant at 
27.5 genera per sample, but 84 genera had been identified by the end of the study. That means 
that an average sample represented only 33% of the total genera identified over the course of 
the study (Vinson et al. 2010). It should also be noted that invertebrates in this study were 
identified only to the genus level, and that identification to the species level would likely have 
increased the disparity (Vinson et al. 2010). This suggests that the natural variation of AMI 
communities in a stream reach is so high that, when assessing the impacts of piscicide treatment, 
using abundance and diversity of common genera or species is a better indicator than raw 
measures of diversity. This is also logical because common species are more likely to serve 
ecosystem roles (e.g., providing prey for amphibians, birds, fish, and other invertebrates) than 
are rare species. This is not meant to suggest that invertebrate biodiversity is unimportant, only 
that raw measures of diversity which include rare taxa must be considered in a broader context 
given the complexity of invertebrate communities even in undisturbed waters.  

It should also be noted that the goal of the proposed piscicide applications in Yellowstone is to 
replace existing non-native fish with native fish assemblages, and the presence of non-native 
fish very likely has an impact on natural invertebrate communities. It follows that the very act of 
restoring native fish communities may shift the existing invertebrate community structure to 
more closely resemble that which existed before the introduction of non-native fish. This 
process has been demonstrated in historically fishless lakes where trout were introduced and 
then later removed, although a return to exact pre-disturbance conditions is not guaranteed 
(Drake and Naiman 2000). In almost all cases, information regarding macro invertebrate 
community structure prior to non-native fish invasion is non-existent. So, while some shift may 
be expected, the exact nature of that shift is unknown. 

The effects of piscicide treatments on endemic AMIs are an important concern with any 
piscicide application (USFWS and CDFG 2009). From the 285 AMI samples collected by 
Yellowstone biologists across the park over the past 10 years, 818 species have been identified, 
none of them endemic to the park, the likelihood of discovering an AMI endemic to a single 
drainage in the park is therefore extremely low, and the likelihood of discovering one in the 
portion of a single drainage being proposed for piscicide treatment is lower still. The relatively 
small size of project areas buffers against the potential loss of endemic species. Grayling Creek, 
which would be a relatively large piscicide project with a drainage area of over 16,000 acres, 
covers only 0.74% of the park and 0.08% of the Greater Yellowstone Ecosystem (BSI 2010). 
One of the rarest AMI species discovered in the park in the last 10 years was Alexander’s 
rhyacophilian caddisfly (Rhyacophila alexanderi), which was found in an inlet spring to High 
Lake in 2007, a year after the lake and spring had been treated with rotenone.  

Regardless of the extremely low risk, potential impacts to undiscovered endemic AMI species 
are being considered. Any drainage proposed for piscicide treatment would be sampled for AMI 
for at least three years prior to treatment. If an endemic species were discovered, further 
sampling would be conducted to delineate its range. Treatments would only be carried out if 
sources of recolonization in untreated waters were found or if a large number (>500) of the 
organisms could be collected and removed from the project area for restocking after the 
treatments were finished. The mitigation measures described below would also help ensure the 
persistence of any endemic species. 
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The aim of the proposed piscicide applications in Yellowstone is complete eradication of non-
native fish with minimal impacts to non-target organisms and other resources. Measures to 
mitigate the impacts of piscicide treatment on aquatic invertebrates have been suggested 
(Finlayson et al. 2010b; Vinson et al. 2010): (1) reduce the piscicide concentration, (2) reduce 
the treatment duration, (3) treat large drainages in stages, 4) do not treat fishless reaches, and 5) 
neutralize piscicides downstream of the project area. All of these recommendations would be 
considered for implementation on proposed projects. Recommendations 1 and 2 are both 
designed to reduce the dose (concentration x duration) of piscicides to which organisms are 
exposed; our goal is to apply the lowest possible dose that is effective in eradicating fish. The 
maximum permissible treatment would be 50 ppb rotenone for 8 hours in streams, but our goal 
would be to achieve complete fish removal with 25 ppb rotenone for 4 hours, which is the 
recommended minimum dose in Finlayson et al. (2010b). Under this treatment strategy, first 
duration and then concentration would be increased if the minimum dose proved ineffective. 
Recommendations 3, 4, and 5 are designed to leave intact the potential recolonization sources 
of invertebrates and other organisms. However, the construction of intermediate barriers, 
which would be required to treat large projects in stages, may sometimes not be possible or 
prudent. 

In almost all cases where piscicide application is used to completely remove a population of 
non-native salmonids, multiple identical treatments are conducted (USFWS 2005). The purpose 
of replicate treatments is to ensure complete removal; treatments are conducted until fish are no 
longer detected in project waters. These repeated treatments may occur in the same year and/or 
across multiple years. Because repeated treatments are commonly used in native fish restoration 
projects, the impacts of the treatments on AMI and other organisms are considered 
cumulatively. Recent studies of rotenone and antimycin (Hamilton et al. 2009; Finlayson et al. 
2010b). concluded that AMI communities recovered quickly following repeated treatments at 
“normal” piscicide doses (≤10 ppb antimycin, ≤50 ppb rotenone). When normal piscicide doses 
are exceeded, recovery times for AMI are prolonged (Dinger and Marks 2007; Hamilton et al. 
2009) and gross exceedance can lead to long-term impacts (Mangum and Madrigal 1999). Many 
other studies have demonstrated a similar pattern of impact to AMI (summarized in Vinson et 
al. 2010). This highlights the importance of developing and strictly adhering to a sound 
treatment plan that uses a low piscicide dose and other mitigation measures to both effectively 
remove fish and minimize impacts to AMI. Under the actions proposed in this EA, short-term 
impacts to AMI would occur, but rapid AMI recovery would be expected and long-term 
impacts would almost certainly not occur. 

The impact of piscicide on amphibians follows a pattern very similar to that of aquatic 
invertebrates with only a few key differences. Both short-term (<5 years) and long-term (>5 
years) impacts are much more easily measured for amphibians because only four species are 
present in the park. Impacts to amphibians are mitigated using the same measures as for AMI 
and through timing of the piscicide treatments. Piscicide treatments are very likely to affect 
larval (gill-breathing) amphibians but unlikely to directly impact adult amphibians (Ling 2003, 
DOI 2007, Grisak et al. 2007). Because adult amphibians are not killed by treatment doses of 
piscicide (Grisak et al. 2007), large-scale mortality can be avoided by conducting treatments 
after amphibians metamorphose to air-breathing stages. While stream flow and water 
temperature are also considered in the timing of piscicide applications, delaying treatments to 
mitigate their effects on amphibians would be done to the greatest extent possible. In areas 
where mortality to amphibians would occur, recovery is expected within the short term. Adult 
amphibians remained abundant following the 2006 rotenone treatment of High Lake and larval 
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amphibians were more widely distributed and abundant in 2007 than they were preceding the 
treatment (Koel et al. 2008). Rapid recovery of amphibian populations has also been noted 
following other piscicide treatments (DOI 2007; Turner et al. 2007a). Rotenone application in 
the Adirondack Mountains of New York appeared to have minor, short-term negative impacts 
on non-target organisms, with all amphibian species recovering post-treatment (DeMong 2001). 
No evidence of long-term negative impacts to amphibian populations due to piscicide treatment 
was found during our literature review. 

The terrestrial fauna in Yellowstone National Park include several species of federal, state, and 
agency management concern (see Chapter 3, Affected Environment) that may be exposed to 
piscicides through ingestion or dermal contact during treatments. Several of these organisms are 
directly dependent on fish for food, like ospreys and otters, while others only use aquatic 
resources for drinking water. Extensive laboratory toxicology studies have been done 
concerning the effects of piscicides on terrestrial organisms, particularly birds and mammals, 
and have been summarized in several recent risk assessments (Ling 2003; Turner et al. 2007a 
and 2007b; Durkin 2008). The lowest LD50 value we found for any birds, mammals, or reptiles 
was an oral LD50 of 39.5 mg/kg in a study of female rats. Toxicity values for other terrestrial 
animals ranged much higher and were found by other studies to be considerably higher for rats. 
Using the LD50 value of 39.5 mg/kg, a 10-kg (22-lb) animal would have to drink 7,900 liters (2090 
gallons) of water treated with 50 ppb rotenone or eat 7,900 kg (17,380 lbs) of rotenone-treated 
fish to reach an LD50 value of 39.5 mg/kg. Adult amphibians may be more sensitive; one study 
reported on adult frogs with an LC50 of 2 mg/kg (Ling 2003), but they would need to consume 
rotenone-treated prey or water that far exceeded their body weight to obtain a lethal dose. 
Effects from piscicides may occur at lower concentrations during chronic exposures, but since 
normal piscicide treatments last only from a few hours to a few days, the risk of chronic 
exposure is essentially non-existent. 

Rotenone was traditionally applied to plants as an insecticide for gardening and agricultural 
applications (Ling 2003) with no reported impacts to the target plants. No evidence of rotenone 
toxicity to terrestrial plants could be found (Turner et al. 2007b). The effects of antimycin on 
terrestrial plants has not been documented, but as it is a derivative of the streptomyces mold, a 
natural soil component, it is expected not to have adverse effects on plants (Turner et al. 2007a). 
Gilderhus (1982) found that piscicides were not significantly taken up by aquatic plants; 
however, the effects of both rotenone and antimycin on aquatic plants are unknown (Turner et 
al. 2007a and 2007b). 

B.3.2.4. Development of Tolerance for Piscicides by Fish 
The EPA registration eligibility decisions for both rotenone and antimycin indicate that no 
tolerance for these chemicals exist among fish species (EPA 2007a,b). Our literature review 
revealed one study where golden shiners (Notemigonus crysoleucas) developed tolerance (see 
glossary) following repeated rotenone treatment (Fabacher and Chambers 1972), and another 
study where mosquito fish (Gambusia affinis) developed resistance to rotenone (Orciari 1979). 
However, in both cases the fish were exposed to sub-lethal concentrations of rotenone because 
of incomplete mixing of piscicide in the target waters. This demonstrates the importance of 
careful planning and execution of treatments to ensure that project waters are treated with 
target concentrations. No evidence of tolerance or resistance to piscicide in trout could be 
found, likely because trout are highly susceptible to piscicide treatment (table B-4). 
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B.3.2.5. Piscicide Neutralization 
Both of the piscicides considered in this EA can be readily neutralized with an oxidizing agent, 
most commonly potassium permanganate (KMnO4), or with other agents such as chlorine 
bleach and sodium permanganate. For a typical piscicide application, 1 ppm of KMnO4 for 
every 1 ppm of rotenone formulation used would be applied at the most downstream point 
where fish removal is desired. In addition to the 1 ppm KMnO4 used to neutralize the rotenone, 
another 1 ppm is applied to satisfy the background oxidation demand and another 1 ppm as 
residual or buffer. In cases where the background demand is more than 1 ppm KMnO4, more 
neutralizing agent must be used. The typical target concentration for neutralizing a piscicide 
treatment in a stream is therefore 3 ppm, but in cases where background demand is high it could 
range up to 5 ppm. Neutralization occurs within 30 minutes of contact between the treated 
water and the KMnO4, so fish and other aquatic organisms may still be affected by piscicide the 
distance water moves downstream in 30 minutes. This water would be considered part of the 
project area. 

Monitoring the efficacy of piscicide neutralization using KMnO4 is done in two ways: (1) 
placing sentinel fish at 30 and 60 minutes of travel time downstream from the neutralization 
station and monitoring them for signs of rotenone stress, and (2) measuring the KMnO4 in the 
water with a pocket colorimeter. Both monitoring methods must be done to ensure that KMnO4 
concentrations are not too high or low. Given the 30 minutes of contact time to neutralization 
and the background demand of water, concentrations of KMnO4 should be measured at the 30-
minute sentinel cage. At that point the rotenone should be neutralized and the background 
demand satisfied, so only the 1 ppm residual KMnO4 should be present in the water. If 
concentrations are less than 1 ppm KMnO4 and fish show signs of stress, it is most likely due to 
un-neutralized rotenone and the KMnO4 concentration should be increased. If the KMnO4 
concentration is significantly higher than 1 ppm and fish show signs of stress it is most likely a 
toxic effect from the KMnO4 and the treatment concentration should be reduced. 

Potassium permanganate is toxic to aquatic and terrestrial organisms. Much like with rotenone, 
aquatic organisms display a wide range of tolerance to KMnO4 (table B-4). The 96-hour LC50 for 
trout is 1.22–1.8 ppm (Phillips et al. 2005), which is why neutralization concentrations at 30 
minutes of contact time may cause stress to sentinel fish. The EPA (USFWS and CDFG 2009) 
cites 1–2 ppm as the concentration at which KMnO4 is toxic to aquatic organisms. This means 
that normal stream treatments, such as those proposed in this EA, will likely have an adverse 
impact on aquatic organisms from the neutralization station to 30 minutes of travel time 
downstream of the station due to KMnO4. This area would be considered part of the affected 
treatment area for the project, and fish as well as non-target organisms would be monitored in 
this area. Potassium permanganate does not travel long distances downstream and is not 
persistent in the environment because it is quickly reduced through natural processes (USFWS 
and CDFG 2009).  

While KMnO4 could be toxic to terrestrial organisms at high concentrations, the chemical is 
routinely used to treat potable water supplies for organic contaminants, iron, manganese, 
sulfides, and undesirable colors and odors (USFWS and CDFG 2009). 

Application of KMnO4 to piscicide-treated waters is accomplished through metered 
dispensation stations that apply either a concentrated liquid or pure crystals directly to 
piscicide-treated waters. The preferred method in Yellowstone uses a volumetric feeder 
(Acrison Inc., Moonachie, New Jersey) powered by a small electric generator to dispense pure 
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KMnO4 crystals directly to the stream. This method reduces applicator contact with the 
chemical to the greatest extent possible and allows for extremely accurate and precise 
application. Safety guidelines for handling KMnO4 are provided by the MSDS and include the 
use of gloves, goggles, and a particulate filtering respirator. All guidance set forth by the MSDS 
would be followed for transportation, storage, and handling of KMnO4 during proposed 
treatments in the park. 

B.3.2.6. Piscicide Bioaccumulation 
Bioconcentration is defined by the EPA as the tendency of a chemical to accumulate in an 
organism in excess of the concentration in the organism’s environment (WHO 2001). In 
general, chemicals that have the potential to bioconcentrate also have the potential to 
bioaccumulate, which occurs through the ingestion of contaminated food or water (WHO 2001; 
EPA 2007a). The potential for a chemical to bioaccumulate in a species is measured as its 
Bioconcentration Factor (BCF). Since the BCF in fish can readily be measured in the laboratory 
and bioaccumulation is more difficult to determine, the BCF is frequently used to predict the 
likelihood of bioaccumulation. A compound is considered likely to bioconcentrate, and thus 
bioaccumulate, if its BCF is >1000 (EPA 2007a). 

Based on a BCF of 350X, the EPA reports that antimycin does not bioconcentrate (2007a). 
Because of antimycin’s relatively low BCF, the chemical is not considered likely to 
bioaccumulate in aquatic food chains (EPA 2007a). The BCF for rotenone is significantly less 
(<30X) and has a relatively low potential for bioaccumulating in aquatic organisms. Using 
conservative bioaccumulation values (maximum residue), the EPA determined that 
consumption risks were below the agency’s level of concern, because there is low propensity for 
bioaccumulation of rotenone in fish (EPA 2007b). Repeat applications or long-term exposure 
could potentially result in increased likelihood of bioconcentration; however, the opportunity 
for these types of exposures are unlikely in typical fisheries management (EPA 2007a).  

B.3.2.7. Long-term Environmental Persistence 
The EPA reports that long-term piscicide persistence is not a concern. Adequate data are not 
available to quantitatively estimate the chronic risk of antimycin; however, models and available 
data indicate that antimycin will not persist in the environment (EPA 2007a). Applied using 
typical fisheries management practices, rotenone is not persistent in the environment over the 
long-term. The effects of rotenone on sensitive species may last up to two months in warm-
water ecosystems, and rotenone can be quite persistent in cold environments, where rotenone 
might remain at levels high enough to cause toxicity for approximately 160 days at maximum 
label treatment concentrations (250 ppb, EPA 2007b). However, given the low BCF for both 
antimycin and rotenone and that organisms are rarely exposed and exposure is typically short-
term, detrimental effects to local ecosystems from long-term persistence of piscicides are not a 
concern (EPA 2007a). 

B.3.2.8. Selection of the Appropriate Piscicide 
According to Wydoski and Wiley (1999), the ideal piscicide would have the following 
properties: reliable for meeting the management objective, specific to the species of fish 
targeted, easy and safe to apply, harmless to non-target organisms, effective over a broad range 
of water conditions, registered for use in the aquatic environment, and limited to the treatment 
area without the use of a detoxicant. As the authors noted, however, no product that meets all 
these criteria is currently available, so fisheries managers must carefully evaluate the benefits 
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versus environmental consequences of using piscicide (Wydoski and Wiley 1999). Insofar as the 
choice is between piscicides, we would evaluate the specific formulations based on the degree to 
which they meet the above criteria. The discussion below is intended to elucidate the decision 
making process that would be used to choose specific piscicides for proposed projects. 

There are several criteria that would preclude a product from consideration for use in 
Yellowstone. Most importantly, use of products not registered for piscicidal use with the EPA is 
illegal and they would not considered for piscicidal use in the park. Secondly, products clearly 
demonstrated to have increased impacts to natural or societal resources but no clear benefit in 
meeting the management objective would not be considered for use. One such product type has 
recently been identified. Rotenone formulations that are synergized with piperonyl butoxide 
have been shown to have increased toxicity to aquatic invertebrates comparable to those found 
in Yellowstone but are not significantly more toxic to rainbow trout (Finlayson et al. 2010b). 
This suggests that application of this formulation would have no management benefit and would 
increase impacts to non-target organisms. Rotenone formulations synergized with piperonyl 
butoxide would therefore not be considered for use in the park. 

The remaining products registered and available for use as piscicides can be evaluated based on 
the type of formulation. Dry or powdered piscicides and liquid piscicides overlap in their 
potential uses in some areas, but they are also sometimes uniquely suited to certain situations. 
Powdered piscicide is suited for treating springs and seeps (see “Piscicide Application” above) 
because it can be mixed with sand, gelatin, and water. Only rotenone (Prentox Fish Toxicant 
Powder or comparable) is available in dry form and so would be used for the proposed actions 
in the park. However, large-scale use of powdered rotenone to treat lakes or streams is not being 
considered because of the risk of inhaling the powder. Our choice here reflects the need to use 
the appropriate tool to meet management objectives while limiting risks to health and human 
safety to the greatest extent possible. 

More choice exists in the selection of liquid piscicides. Both rotenone and antimycin are 
registered for use in liquid form. Rotenone is available in three liquid formulations, including 
the synergized form described above which we have chosen to preclude from use in the park. 
The remaining formulations (Prentiss Inc., Floral, New York) are both 5% rotenone but have 
different solvent packages. Prenfish is a traditional liquid formulation with a hydrocarbon-based 
solvents package. CFT Legumine is a newer formulation with a solvent package that is much 
lower in hydrocarbon-based solvents. Because of the desire to keep hydrocarbons from entering 
the environment, CFT Legumine would be preferred for use in the park. However, if CFT 
Legumine were no longer available or could not be obtained, Prenfish would be considered for 
use. The decision to use CFT Legumine preferentially over Prenfish reflects our understanding 
that it may have fewer environmental impacts; however, no scientific evidence is available to 
support this assumption. If clear evidence becomes available that supports or contradicts our 
assumption, it would be used in our selection process.  

Antimycin, commercially known as Fintrol, is only registered for use in liquid form. However, as 
of July 2010, Fintrol is not commercially available and has not been for several years. It is unclear 
if or when Fintrol or another antimycin product will be commercially available. If antimycin 
became available in a formulation comparable to Fintrol, it would be considered for use in the 
proposed activities. The choice between rotenone and antimycin for use in inland salmonid 
conservation is a topic of ongoing debate, most of which focuses on comparing the effects of the 
two piscicides on AMI (Hamilton et al. 2009; Finlayson et al. 2010a; Hamilton et al. 2010). 



 

Appendix B: Methods for Removal of Non-native Fish  279 

Conventional wisdom has held that antimycin has less impact on AMI than rotenone. However, 
published studies have often differed over the actual impacts of both chemicals and the reasons 
for them (Vinson et al. 2010). What has become clearer is that treatment concentration and 
duration (dose) affect the impacts to non-target organisms, with higher doses resulting in more 
impact. Recent studies have demonstrated that AMI communities can recover following normal 
treatments of rotenone (50 ppb; Finlayson et al. 2010b) and antimycin (8 ppb; Hamilton et al. 
2009), but high concentrations of the chemicals have more severe impacts (Dinger and Marks 
2007; Hamilton et al. 2009). Our judgment is that when applied within the label guidelines for 
normal use, the two chemicals have comparable environmental effects and therefore are equally 
appropriate for consideration. 

The history of the application of rotenone and antimycin in lakes indicates that rotenone is a 
more reliable choice for achieving complete removal of non-native fish. It appears that rotenone 
penetrates the thermocline in stratified lakes more reliably (Ling 2003) and it is known that 
rotenone works over a broader range of pH than does antimycin (Finlayson et al. 2000; USFWS 
2005). Rotenone was successfully used to remove non-native trout from High Lake in 
Yellowstone at a surface water pH of over 9, whereas antimycin was almost completely 
ineffective in a comparable treatment of very similar water, Johnson Lake, in Great Basin 
National Park in 2005 (Baker et al. 2008). Later treatments at lower pH using antimycin were 
successful at removing the brook trout from Johnson Lake. Liquid rotenone would most likely 
be used to treat lakes under the proposed EA. 

Both antimycin and rotenone have been used extensively and successfully to remove non-native 
fish from streams (table B-2). Both chemicals are considered to have similar environmental 
effects, although the effect of antimycin, especially on humans, is not as well known (EPA 
2007a). Rotenone is less expensive than antimycin. So, while both chemicals would be 
considered for use in the park, given the similar environmental impacts, higher cost, and 
unknown availability of antimycin, it is most likely that rotenone would be used on stream 
treatments in the park. New evidence concerning the suitability of either chemical will be taken 
into consideration as it becomes available. Given the products and information currently 
available, CFT Legumine and Prentox Fish Toxicant Powder (or comparable products) are the 
most likely piscicides to be used in the proposed native trout conservation activities. 

B.4 Conclusions 
Given the information provided in this document, we believe that the methods proposed within 
the Native Fish Conservation Plan EA are scientifically sound and do not pose an unreasonable 
threat to the environment or human health and safety. 
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Appendix C: Piscicide and Potassium Permanganate 
Emergency and Spill Plan 

C.1 Description of Rotenone and Permanganate Products and 
Packaging 

Two commercial formulations of rotenone, one commercial formula of antimycin A 
(collectively known as piscicides), and potassium permanganate (KMnO4; collective with 
piscicides known as chemicals) are proposed for use by the Native Fish Conservation Plan EA. 
CFT Legumine would most likely be purchased in 18.9-liter (5-gallon) drums, Prentox Fish 
Toxicant Powder would be purchased in 50-kg (110-lb) drums, Fintrol would be purchased in 
0.95-liter (0.25-gallon) units, and KMnO4 would be purchased in 25-kg drums. All products 
would remain in their original packaging with product labels attached during normal pre-
treatment storage. All products except Prentox Fish Toxicant Powder would be transported in 
their original packaging with product labels attached. Prentox Fish Toxicant Powder, which 
only comes from the manufacturer in large quantities and is only required for each treatment in 
small quantities, would be transferred to double bag lined screw-top buckets and sealed for 
transport to project areas. A complete product label and Material Safety Data Sheet (MSDS) 
would be physically attached to the buckets. 

C.2 List of Chemicals 
4. 1. Fintrol (antimycin A), EPA Reg. No. 655-422. 0.95-liter units of liquid in metal cans 
5. 2. CFT Legumine (rotenone), EPA Reg. No. 75338-2. 18.9-liter metal drums of liquid 
6. 3. Prentox Fish Toxicant Powder (rotenone), EPA Reg. No. 655-691. 50-kg lined cardboard 

drums of powder 
7. 4. Potassium permanganate (KMnO4), 25-kg plastic drums of crystals 

C.3 Description of Storage Areas 
The primary storage area for piscicides during periods of inactivity would be the NPS pesticide 
storage container in Mammoth Hot Springs, Yellowstone National Park, Wyoming. This storage 
container is specifically designed to house pesticides and as such is lockable, climate controlled, 
and includes a spill containment system. Potassium permanganate cannot be stored with 
piscicide and therefore would be stored in a secure cool, dry, area in accordance with the 
product’s MSDS.  

During active treatment periods, chemicals would need to be stored in remote field locations. 
Field storage locations would be away from water and near but not in campsite locations where 
they could be closely monitored. Storage locations would be clearly marked to avoid accidents 
and would be covered to protect chemicals from the weather. Piscicide and KMnO4 would be 
stored in separate areas. 

All chemical storage areas would have copies of the product labels and MSDSs for all 
constituent chemicals posted in an accessible location. Entry to chemical storage areas would be 
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restricted to certified pesticide applicators and trained employees under their immediate 
control. 

C.4 Transportation of Chemicals 
All transportation of chemicals would occur in the presence or under the direct supervision of a 
certified pesticide applicator and in accordance with the product labeling and MSDS 
requirements. Label and MSDS information would be readily available at all times during 
transport.  

During transport in a motor vehicle, chemicals would be placed outside the occupied driving 
cabin, such as in the back of a truck or in a trailer, but restrained so that they would be unable to 
move under normal driving conditions. Piscicide and KMnO4 would not be transported in the 
same vehicle. For transport to remote field locations, the chemicals would either be flown via 
helicopter or packed on pack stock. Using livestock for transportation would most often be the 
first choice, and use of helicopters would be as limited as possible.  

For helicopter transport, the chemicals would be stowed outside the flight cabin but secured in 
the aircraft’s exterior baskets or internal storage compartments. Chemicals would not be flown 
via long-line below the helicopter. If transported via pack stock, chemicals would be double 
bagged before being placed into panniers. All packing would be conducted under the 
supervision of professional packers. Only unopened chemicals would be transported to the site, 
except powdered rotenone as described above, and only those containers which are in use 
would be opened at the application site. However, empty but un-rinsed containers and partially 
used contents would sometimes need to be transported after treatment. In that case, chemical 
containers would be double bagged and transported as described above. 

C.5 Precautions 
All personnel involved with the application will be knowledgeable of the chemicals’ toxicity, 
potential modes of exposure, the Site Safety Plan, the rotenone and permanganate product 
labels, the MSDSs, and this emergency and spill plan. All personnel would wear proper clothing, 
eye protection, and respirators as specified by the product labels and MSDSs. In case of an 
emergency or spill, all personnel would have the knowledge and ability to contact the project 
manager, emergency services, and safety coordinator by telephone or NPS radio.  

C.6 Communication and Chain of Command 
In case of an emergency, the flow of information and responsibility during application of 
chemicals would follow the chain of command listed below.  

 Yellowstone Office of the Supervisory Fisheries Biologist: 307-344-2281 
 Yellowstone Safety Office: 307-344-2029 
 Yellowstone Structural Fire Office: 307-344-2190 
 Yellowstone Emergency Services (Communications Center): 911 or 307-344-2640 

Communication would occur in person, by telephone, or by NPS radio, and a viable means of 
communication would be required on-site. The project coordinator, who would be a certified 
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pesticide applicator, would be the first contact in the event of an emergency. The project 
coordinator would be responsible for initial efforts to stop and contain the emergency and 
initiate the appropriate emergency response.  

In the case of a small spill (<18.9 liters) that can be stopped and contained, and no human 
contact with chemical has occurred, the project coordinator must record the incident and 
report it to the Supervisory Fisheries Biologist and NPS Safety Officer within 24 hours. In the 
case of a large (>18.9 liters) or uncontained spill, fire, or human exposure to chemicals, the 
project coordinator would immediately contact NPS emergency services, the Supervisory 
Fisheries Biologist, and the NPS Safety Officer. The NPS emergency services in coordination 
with the NPS Safety Officer would then contact the appropriate emergency response (fire 
management, medical services, poison control center, etc.). In the case of large spills or other 
emergencies that had potential human health effects, the NPS public relations office would 
immediately inform the public of potential risks. 

C.7 Containment of Spills 
In the event a spill occurs, it would be of paramount importance that the spilled material be 
contained. Shovels and other hand tools would be used for immediate containment or 
channelization of the spilled material into a containment area. The following actions would be 
taken as necessary to contain a spill on ground: 

1. Stopping the spillage at its source 
2. Diking in pools as appropriate 
3. Using materials such as clay, soil, sawdust, or straw to absorb standing material or collection 

of standing rotenone by pump or sponge and deposition into target area 
4. Neutralizing the spill site as necessary 

C.8 Spill Treatment 
In the event that chemical is spilled and absorbed into the soil, the contaminated soil would be 
treated as if it where the undiluted chemical, and all required pesticide application safety gear 
would be worn. The contaminated soil would be removed from the area, then disposed of as 
required by the product label and MSDS. All contaminated materials and equipment used to 
handle the spill would also be cleaned and disposed of in a manner consistent with the product 
label and MSDS. 

C.9 Site Safety Plans 
A specific site safety plan would be developed for each piscicide application that details site 
information, training requirements, site safety meetings, chemical hazards, personal protective 
equipment requirements, general field safety guidelines, specific emergency response plan, and 
specific emergency contacts. This plan would be signed by the Yellowstone safety officer, 
structural fire chief, and supervisory fisheries biologist. It would be the responsibility of the 
project coordinator to provide and review the plan with all project staff. 
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Appendix D: Material Safety Data Sheets and Product 
Labels for Fisheries Restoration Chemicals 
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D.1 CFT Legumine 

D.1.1. Product Label 
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D.1.2. Material Safety Data Sheet:  
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D.2 Prentox Powder: 

D.2.1 Product Label: 
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D.2.2 Material Safety Data Sheet:  
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D.3.2  Material Safety Data Sheet:  
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D.4.2 Material Safety Data Sheet:  
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D.4.3 Product Leaflet 
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D.5 Potassium Permanganate 

D.5.1 Material Safety Data Sheet:  
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Appendix E: 

  

MINIMUM REQUIREMENT ANALYSIS WORKSHEET 
YELLOWSTONE NATIONAL PARK 

 
YELL 6/2003 

 
PROPOSED ACTION: EXAMPLE: Native Fish Conservation Plan DATE: XXXXXX  

         

Lead Person(s): Todd Koel UNIT(S): Fisheries & Aquatic Sciences  
PART A: Minimum Requirement (should the action be done in proposed wilderness) 
         
      Answer:     Yes     No  
1 Is action an emergency?   Explain:    

      
      
 YES  NO   
      
 Act according to    
 approved emergency       
 minimum tool criteria       
 Does action conflict with legislation,  Answer:      Yes       No  
2 planned wilderness goals, objectives  Explain:   

 or future desired conditions?  
      
 YES  NO   
      
 DO NOT DO IT    
         
 Is action pre-approved by   Answer:     Yes    No  
3 The wilderness and backcountry  Explain:    

 Or other park management plan?  
       YES  NO   
       Do according to    
 approved criteria       
         
 Can action be accomplished  Answer:     Yes      No  
4 through a less intrusive action that  Explain:    

 should be tried first?  (visitor 
education…) 

 

      
 YES  NO   
      
 DO IT    
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 Can action be accomplished  Answer:     Yes      No  
5 outside of proposed wilderness and still  Explain:    

 achieve its objectives?  
       YES  NO   
      
 DO IT THERE  DO PART B  
PART B: Minimum Tool (how the action should be done in proposed wilderness)                                                 
 

Describe, in detail, alternative ways 
 * Minimum questions to answer for each 

alternative: 
 

 To accomplish the proposed action *    What is proposed?  
6 (These may include, primitive skill/tool, 

 
   Where will the action take place?  

 motorized, and/or combination). 
 

   When will the action take place?  
 Use addition pages if necessary    What design and standards will apply?  
        What methods and techniques will be used?  
           How long will it take to complete the action?  
  GO TO NEXT STEP    Why is it being proposed in this manner?  
        What mitigation will take place to minimize 

  
 

 Evaluate which alternative would  ** Minimum criteria used to evaluate each 
alternative: 

 

 have the least overall impact on     Biophysical effects  
7 wilderness resources, character     Social/Recreational/Experiential effects  

 and visitor experience **     Societal/Political effects  
         Health/Safety concerns  
  GO TO NEXT STEP     Economical/Timing considerations  
      
 Select an appropriate, IF  Attach to appropriate project  
8 preferred alternative  9 proposal/clearance form for review  

     REQUIRED  approval/disapproval signature  
Alternative 1 (i.e., proposed alternative):   

Alternative 2:   

Alternative 3:   

List preferred alternative and give justification:  
 

Recommended:   R&VP:                                                                   YCR:                                                                                               

Chief Ranger Approval: 

         Page 2 of 2 
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Appendix F: Impairment 

National Park Service’s Management Policies, 2006 require analysis of potential effects to 
determine whether or not actions would impair park resources. The fundamental purpose of the 
national park system, established by the Organic Act and reaffirmed by the General Authorities 
Act, as amended, begins with a mandate to conserve park resources and values. National Park 
Service managers must always seek ways to avoid, or to minimize to the greatest degree 
practicable, adversely impacting park resources and values.  

However, the laws do give the National Park Service the management discretion to allow 
impacts to park resources and values when necessary and appropriate to fulfill the purposes of a 
park, as long as the impact does not constitute impairment of the affected resources and values. 
Although Congress has given the National Park Service the management discretion to allow 
certain impacts within parks, that discretion is limited by the statutory requirement that the 
National Park Service must leave park resources and values unimpaired, unless a particular law 
directly and specifically provides otherwise. The prohibited impairment is an impact that, in the 
professional judgment of the responsible National Park Service manager, would harm the 
integrity of park resources or values, including the opportunities that otherwise would be 
present for the enjoyment of these resources or values. An impact to any park resource or value 
may, but does not necessarily, constitute impairment, but an impact would be more likely to 
constitute impairment when there is a major or severe adverse effect upon a resource or value 
whose conservation is:  

· necessary to fulfill specific purposes identified in the establishing legislation or proclamation 
of the park;  

· key to the natural or cultural integrity of the park; or  
· identified as a goal in the park’s general management plan or other relevant NPS planning 

documents.  

An impact would be less likely to constitute impairment if it is an unavoidable result of an action 
necessary to pursue or restore the integrity of park resources or values and it cannot be further 
mitigated.  

The park resources and values that are subject to the no-impairment standard include: 

· the park’s scenery, natural and historic objects, and wildlife, and the processes and 
conditions that sustain them, including, to the extent present in the park: the ecological, 
biological, and physical processes that created the park and continue to act upon it; scenic 
features; natural visibility, both in daytime and at night; natural landscapes; natural 
soundscapes and smells; water and air resources; soils; geological resources; paleontological 
resources; archeological resources; cultural landscapes; ethnographic resources; historic and 
prehistoric sites, structures, and objects; museum collections; and native plants and animals; 

· appropriate opportunities to experience enjoyment of the above resources, to the extent that 
can be done without impairing them;  

· the park’s role in contributing to the national dignity, the high public value and integrity, and 
the superlative environmental quality of the national park system, and the benefit and 
inspiration provided to the American people by the national park system; and  
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· any additional attributes encompassed by the specific values and purposes for which the 
park was established. 

Impairment may result from National Park Service activities in managing the park, visitor 
activities, or activities undertaken by concessioners, contractors, and others operating in the 
park. The NPS’s threshold for considering whether there could be impairment is based on 
whether an action would have major (or significant) effects.  

Impairment findings are not necessary for visitor use and experience, socioeconomics, public 
health and safety, environmental justice, land use, and park operations, because impairment 
findings relates back to park resources and values, and these impact areas are not generally 
considered park resources or values according to the Organic Act, and cannot be impaired in the 
same way that an action can impair park resources and values.  

After dismissing the above topics, those remaining to be evaluated for impairment fall in the 
categories of environmental setting, biological resources, and special status species. Only those 
impact categories where analysis conclusions were found to be up to the moderate adverse level 
are discussed in this impairment analysis.  

F.1 Geologic Resources 
Geologic resources, including hydrothermal resources, are one of the fundamental resources for 
which Yellowstone was set aside. The preferred alternative would result in direct, short-term 
and long-term, negligible to moderate adverse impacts to geological and hydrothermal 
resources. This is because a small proportion of the hydrothermal features in Yellowstone Lake 
would be modified by gill nets; and temporary disturbance to lake or terrestrial sediments would 
take place during implementation of lake and stream actions. Because of the localized nature of 
these impacts, there would be no impairment to geologic resources.  

F.2 Wetlands 
Over 357 square miles of wetlands are found in Yellowstone. These wetlands add to the species 
diversity of the park as well as provide essential habitat for Yellowstone’s rare plants, reptiles, 
amphibians, insects, birds, mammals and fish. The preferred alternative would result in direct, 
short-and long-term, negligible to moderate adverse impacts to wetland resources in 
Yellowstone. This is because actions related to fish barrier construction and non-native fish 
removal would impact wetland vegetation and wetland associated fauna. Mitigation measures 
would include interdisciplinary collaboration on each stream segment to minimize changes to 
hydrologic processes (and therefore changes to wetlands); survey and restoration actions after 
implementation to reduce the chance of exotic species invasion as well as compensation for 
wetlands disturbance through such actions as culvert replacement. Because these impacts will be 
localized to specific stream corridors where actions to restore native fish will take place and 
because impacts from these actions would be minimized through extensive mitigation, there 
would be no impairment to wetland resources. 
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F.3 Aquatic Resources 
Aquatic resources found in Yellowstone that would be impacted from the preferred alternative 
include plankton, aquatic macroinvertebrates and amphibians. These organisms are important 
components to the processes of an aquatic ecosystem. The preferred alternative would have 
direct and indirect, short- and long-term, negligible to moderate adverse impacts as well as 
indirect, long-term, negligible to minor beneficial impacts to aquatic resources in the park. The 
moderate adverse impacts would be primarily because the chemical removal actions used for 
non-native fish removal would impact zooplankton, macroinvertebrates and larval amphibians. 
While chemical removal would mean that resident populations would be killed, impacts would 
be retained at the moderate level due to extensive mitigation measures incorporated during 
implementation. These mitigation measures would emphasize surveys prior to treatment to 
identify non-target species and consequently adjusting treatments to minimize impacts through 
such modifications as timing of treatments to avoid sensitive life history stages of aquatic 
organisms found, avoiding non-target organisms through relocation, or simply not treating if 
impacts beyond moderate would be a possibility. Ultimately, the impacts to aquatic resources 
would be beneficial though, based on the premise that an ecosystem based on a healthy native 
fish component would eventually (1 to 3 years after treatment) support a higher diversity of 
native aquatic organisms. Because of the extensive mitigation measures in place and because of 
the long-term beneficial impacts, there would be no impairment to aquatic resources. 

F.3.1 Fish Resources 
The Yellowstone fishery is comprised of 12 native species. The park’s native fish populations 
have been altered by fish stocking as well as by overharvest, whirling disease, drought, 
dewatering of streams and predation from non-native fish species such as lake trout. The 
preferred alternative would have indirect and direct, short- and long-term, negligible to 
moderate adverse impacts, but in the long-term, direct and indirect, moderate beneficial impacts 
to native fish resources in the park. The adverse impacts would be due to the immediate removal 
of native fish during chemical removal; natives such as sculpin would be impacted. This 
treatment would only be used after determination that mechanical removal would not be 
effective to eradicate non-natives. After treatment though, all native fish species would be 
restocked and native fish populations would benefit from returning to their historic range 
within the park and reducing extirpation risk within the Yellowstone ecosystem. Therefore, 
while immediate adverse impacts would take place, in the long term, native fish would benefit 
from the elimination of non-native predators and the re-establishment of native ecological 
processes. Because the long-term results of these efforts would be beneficial to native fish, there 
would be no impairment to fish resources. 

F.4 Special Status Species 
Special Status species are animal and plant species that scientific evidence indicates need 
protection, restoration, and/or conservation within a park because they are declining or have 
exceptionally limited distribution. Protection of special status species is discussed in the park’s 
strategic plan (NPS 2000) and is required by statute (Endangered Species Act) and NPS policy. 
Special status species include mammals, birds, fish (including YCT, WCT, and GRY), macro 
invertebrates and plant species in Yellowstone. Some of these species are also federally listed 
under the Endangered Species Act (gray wolf, grizzly bear, and Canada lynx) or are considered 
Species of Special Concern by the FWS.  
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The preferred alternative would have direct and indirect, short- and long-term, moderate and 
adverse impacts, as well as indirect, long-term, moderately beneficial impact to special status 
species. Adverse impacts in the Yellowstone Lake ecosystem would be due to the increased 
potential to capture individual special status bird and fish species during gill netting operations; 
the use of trap nets would minimize the impacts from increased operations, though. Impacts to 
species would also be mitigated by avoiding high concentrations of these species during gill 
netting operations. Another mitigating measure to protect special status species would be that 
tributary reconnection actions would not take place in areas where the Yellowstone sand 
verbena is located during pre-treatment surveys.  

The potential to impact an aquatic macro invertebrate and amphibian species of concern would 
be possible outside the Yellowstone Lake ecosystem. While chemical removal would mean that 
resident populations would be killed, impacts would be retained at the moderate level due to 
extensive mitigation measures incorporated during implementation. These mitigation measures 
would emphasize surveys prior to treatment to identify non-target species and consequently 
adjusting treatments to minimize impacts through such modifications as timing of treatments to 
avoid sensitive life history stages of aquatic organisms found, avoiding non-target organisms 
through relocation, or simply not treating if impacts beyond moderate would be a possibility. 

Finally, the return of YCT could also increase the incidence of human/bear conflicts and could 
precipitate a long-term, minor adverse impact on grizzly bears in these areas. In order to 
mitigate this minor adverse effect, mitigation measures (e.g. area closures during spawning 
season, sinking of gill netted fish, removing fish carcasses from treatment areas) will be used to 
reduce bear-human interactions, conflicts, and confrontations so that management removals of 
grizzly bears are not necessary. Therefore NPS can reach a ‘may affect, not likely to adversely 
affect” determination in consultation with the FWS. 

Given all the mitigation measures discussed, and because the long-term results of these efforts 
would be beneficial to several special status species, there would be no impairment to special 
status species. 

F.5 Conclusion 
As guided by this analysis, good science and scholarship, advice from subject matter experts and 
others who have relevant knowledge and experience, and the results of public involvement 
activities; and given the impacts discussed have been mitigated as much as possible and are 
unavoidable results of an action necessary to pursue or restore the integrity of park resources or 
values, it is the Superintendent’s professional judgment that there would be no impairment of 
park resources and values from implementation of the preferred alternative


