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Draft Environmental Assessment for Miller Creek Pike Management 

Date: March 15, 2021 

This Draft Environmental Assessment (EA) is being prepared to evaluate the effects associated 
with the proposed action and complies with the National Environmental Policy Act (NEPA) in 
accordance with Council on Environmental Quality regulations (40 CFR 1500-1509) and 
Department of the Interior (43 CFR 46; 516 DM 8) and U.S. Fish and Wildlife Service (550 FW 3) 
regulations and policies. The National Environmental Policy Act requires examination of the 
effects of proposed actions on the natural and human environment. Appendix A outlines all laws 
and executive orders evaluated through this EA. 

Proposed Action 

The U.S. Fish and Wildlife Service (Service) is proposing to work with partners including the 
Alaska Department of Fish and Game (ADF&G) and Kenai Watershed Forum (KWF), to protect 
and restore native fish populations in the Miller Creek watershed (MCW) by eradicating invasive 
Northern pike (Esox lucius, ‘pike’, hereafter). Part of the MCW lies within the Kenai National 
Wildlife Refuge (Refuge), and the proposed action is in accordance with the Refuge’s 
Comprehensive Conservation Plan (CCP) (USFWS 2010). Pike were first confirmed in Vogel 
Lake in 2019, which is in the northern portion of the Refuge and pose a threat to the biological 
integrity, diversity and environmental health of the Miller Creek watershed, as well as adjacent 
watersheds (See Appendix B-1 for Project Map). 

Background 

National Wildlife Refuges are guided by the mission and goals of the National Wildlife Refuge 
System (NWRS), the purposes of an individual refuge, Service policy, and laws and international 
treaties. Relevant guidance includes the National Wildlife Refuge System Administration Act of 
1966, as amended by the National Wildlife Refuge System Improvement Act of 1997, Refuge 
Recreation Act of 1962, and selected portions of the Code of Federal Regulations and Fishand 
Wildlife Service Manual. The refuge was established as the Kenai National Moose Range pursuant 
to Executive Order 8979 on December 16, 1941, with a primary purpose of “. . . protecting the 
natural breeding and feeding range of the giant Kenai moose on the Kenai Peninsula, Alaska, 
which in this area presents a unique wildlife feature and an unusual opportunity for the study, in its 
natural environment, of the practical management of a big-game species that has considerable 
local economic value…” New establishment purposes were provided by Congress under the 
Alaska National Interest Lands Conservation Act (ANILCA) of 1980, which also renamed the 
Moose Range the Kenai National Wildlife Refuge: (i) To conserve fish and wildlife populations 
and habitats in their natural diversity, including, but not limited to, moose, bears, mountain goats, 
Dall sheep, wolves and other furbearers, salmonoids and other fish, waterfowl and other migratory 
and nonmigratory birds; (ii) To fulfill the international treaty obligations of the United States with 
respect to fish and wildlife and their habitats; (iii) To ensure, to the maximum extent practicable 
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and in a manner consistent with the purposes set forth in paragraph (i), water quality and necessary 
water quantity within the Refuge; (iv) To provide, in a manner consistent with paragraphs (i) and 
(ii), opportunities for  scientific research, interpretation, environmental education, and land 
management training; and (v) To provide, in a manner compatible with these purposes, 
opportunities for fish and wildlife-oriented recreation.  

ANILCA also designated 1.35 million acres (of the now 1.98 million-acre Refuge) as the Kenai 
Wilderness, to be managed as part of the National Wilderness Preservation System.  The 
Wilderness Act of 1964 (Public Law 88-577) created additional purposes for the Kenai NWR. 
Section 2(a) of the Wilderness Act states in part that “… it is hereby declared to be the intent of 
Congress to secure for the American people of present and future generations the benefits of an 
enduring resource of wilderness ...” and designated wilderness areas are to be managed “… for the 
use and enjoyment of the American people in such manner as will leave them unimpaired for future 
use and enjoyment as wilderness, and so as to provide for the protection of these areas, the 
preservation of their wilderness character, and for the gathering and dissemination of information 
regarding their use and enjoyment as wilderness.” 

The mission of the NWRS, as outlined by the National Wildlife Refuge System Administration Act 
(NWRSAA), as amended by the National Wildlife Refuge System Improvement Act (16 U.S.C. 
668dd et seq.), is 

“... to administer a national network of lands and waters for the conservation, management and, 
where appropriate, restoration of the fish, wildlife, and plant resources and their habitats within 
the United States for the benefit of present and future generations of Americans.” 

Additionally, the NWRSAA mandates the Secretary of the Interior in administering the NWRS (16 
U.S.C. 668dd(a)(4)) to 

• Provide for the conservation of fish, wildlife, and plants, and their habitats within the 
NWRS; 

• Ensure that the biological integrity, diversity, and environmental health of the NWRS are 
maintained for the benefit of present and future generations of Americans; 

• Ensure that the mission of the NWRS described at 16 U.S.C. 668dd(a)(2) and the purposes 
of each refuge are carried out; 

• Ensure effective coordination, interaction, and cooperation with owners of land adjoining 
refuges and the fish and wildlife agency of the states in which the units of the NWRS are 
located; 

• Assist in the maintenance of adequate water quantity and water quality to fulfill the mission 
of the NWRS and the purposes of each refuge; 

• Recognize compatible wildlife-dependent recreational uses as the priority general public 
uses of the NWRS through which the American public can develop an appreciation for fish 
and wildlife; 

• Ensure that opportunities are provided within the NWRS for compatible wildlife- dependent 
recreational uses; and 

• Monitor the status and trends of fish, wildlife, and plants in each refuge. 
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The MCW contains the last known pike population on the Kenai Peninsula following years of 
collaborative eradication efforts.  Not removing the MCW population unnecessarily jeopardizes 
Kenai Peninsula wild native and stocked fisheries, as there is a threat to these fisheries posed by 
natural dispersal and illegal introductions of MCW pike to other watersheds. 

Purpose and Need for the Action 

The purpose of this proposed action is to restore and protect native fish communities in the MCW 
by eradicating invasive pike on and adjacent to the Refuge. Pike are native to Alaska north and 
west of the Alaska Mountain Range and near Yakutat in the southeast.  Pike do not naturally occur 
in Southcentral Alaska (see Appendix B-2) and are believed to have first arrived there from an 
illegal introduction to Bulchitna Lake in the Yentna River drainage in the 1950’s (Alaska 
Department of Fish and Game 2002). Kenai Peninsula pike are believed to have originated from an 
illegal introduction to the Soldotna Creek drainage (Kenai River Tributary) during the 1970s and 
quickly spread from the initial introduction site, both on their own and aided by additional illegal 
introductions and in many instances, extirpated native fish populations (McKinley 2013, 
Massengill in prep. a, and b., ADF&G unpublished (a)).  The current status of Kenai Peninsula 
waters where pike have been detected is shown in (see Appendix B-3). 

Pike are considered an invasive species in Southcentral Alaska because they are not native to the 
region and are an apex predator capable of causing dramatic changes to fish assemblages outside of 
their native range (Dunker et al. 2018). Their introduction can cause economic and/or 
environmental harm (ADF&G 2002).  Pike predation is suspected of causing localized salmonid 
reductions in Southcentral Alaska (Rutz 1999, Sepulveda et al. 2013, Sepulveda et al. 2015, Glick 
and Willette 2016), and pike appear to prefer soft-finned juvenile salmonids over other available 
prey species (Pankatar 2006, Sepulveda et al. 2013). Consumption of native juvenile salmonids by 
introduced pike has also been observed elsewhere in the northwestern United States (Dunker et. al. 
2018).  In Southcentral Alaska, prey of pike may be particularly vulnerable because they evolved in 
the absence of these predators.  Also, prevalent shallow lake morphology throughout much of 
southcentral Alaska offers less deep water refugia for pike prey to avoid predation.  Pike habitat 
preference includes shallow, vegetated, low flow waters (Inskip 1982, Cook and Bergersen 1988), 
and pike predation influence on salmonids appears greatest in these habitats (Dunker et al. 2018). 
The need of the proposed action is to meet the Service’s priorities and mandates, specifically 
Refuge purposes as outlined by the ANILCA and the Wilderness Act, and the NWRSAA to 
“ensure that the biological integrity, diversity and environmental health of the NWRS are 
maintained for the benefit of present and future generations of Americans” (16 U.S.C. 
668dd(a)(4)). Introduced pike on the Kenai Peninsula have reduced or eliminated native wild fish 
populations from some lakes (McKinley 2013, Massengill 2017, Massengill In Prep.) and caused 
the cessation of ADF&G fish stocking in three other lakes.  Pike were confirmed in the MCW in 
2019 by ADF&G. The infested areas identified include Vogel Lake, North Vogel Lake, Upper 
Miller Creek, and wetlands adjacent to these waters in the upper MCW (see Appendix B-4). 
Temporary fish barriers were placed at the outlets of Sandpiper Lake, Bird Pond, Vogel Pond, and 
outlet of North Vogel Lake in 2019 to reduce the chance that pike can expand into other connected 
lakes in the Watershed. None of these barriers are associated with the Vogel Lake outlet into 
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Miller Creek. Evidence to date suggests their invasion was relatively recent and their impact to 
native fish populations has not had time to fully express. Based on the multiple experiences of pike 
invasions at similar areas in southcentral Alaska, catastrophic impacts to native fish in the MCW 
are expected if the pike population is left uncontrolled (Jalbert 2018). 

Alternatives 

Alternative A – No Action 
The No Action Alternative would serve as a baseline of what would happen if no action would be 
taken to manage pike within the MCW.  Although this population of pike is in its incipient stages, 
the population is expected to grow rapidly and could potentially extirpate the rainbow trout 
population in the invaded waters by 2030 and would continue, over time, to cause similar outcomes 
elsewhere in the drainage (Boersma 2020).  Not taking action to manage this population would 
undermine the Service’s ability to meet Refuge purposes, including its wilderness purposes.  
Additionally, KNWR is mandated to address invasive species under Executive Orders 13112 and 
13751 and invasive species compromise the biological integrity, diversity, and environmental 
health (USFWS policy 601 FW 3) of the area.  Not addressing pike would not address actions 
specified in the policy. 

Alternative B – Netting and Containment 

Removing invasive pike with suppressive gillnetting is an option for management.  Under this 
management alternative, an excessive number of gill net hours would have to be fished to remove a 
significant proportion of the pike population from Vogel Lake. Suppressive gill netting under 
manageable levels of effort likely have to be continued in perpetuity, and may never completely 
remove pike from the project area (Boersma 2020).  A second part of this management alternative 
would be to place experimental barriers at strategic locations of Vogel Lake with hydrological 
connection to adjacent water bodies to ensure that pike could not enter the system, or leave the 
system and potentially impact other systems.  These barriers would remain in place for the duration 
of the time that the netting would occur and then be removed.  

Alternative C – Rotenone 

One technique used by fisheries managers to control invasive fish species is the application of a 
commonly used pesticide (Rotenone). Rotenone acts by inhibiting oxygen transfer needed for 
cellular respiration. Fish die from tissue anoxia due to cardiac and neurological failure (Ling 2003). 
It is effective at low concentrations with fish because it is readily absorbed into the bloodstream 
through the thin cell layer of the gills. Typically, non-target organisms that do not have this rapid 
absorption route are not negatively affected at the concentrations necessary to kill fish (Ling 2003, 
National Park Service 2006, US Environmental Protection Agency 2007, Finlayson et al. 2018). 
Quantification of stream flow and lake volume in the treatment area, and water quality monitoring 
before, during and after treatment would be done to ensure that a lethal concentration of Rotenone 
for pike is achieved. All state and federal permits needed to apply an aquatic pesticide would be 
acquired prior to implementation.  Implementation would occur in fall 2021 to minimize impacts to 

Draft Environmental Assessment for MCW Northern Pike Management | 6 



   
 

  
 

 
 

   
 

   
 

  
 

    
 

 
  

      
  

  
 

  
     

   

     
   

  
 

    
  

  

   
 

 
 

  

  
 

runs of salmonids that may be in the system throughout other parts of the year. Fall treatments 
offer better timing in that invertebrates are naturally senescing at that time of year, there are no 
wood frog tadpoles, and piscivorous waterbirds have migrated south so they are not immediately 
displaced by temporary prey loss.  A combination of application methods would be needed to apply 
the rotenone to the MCW and would include aerial (helicopter), boat, backpack, and drip station 
applications; such an approach could complete a treatment in a matter of days. Project staff would 
collect dead fish (as well as non-target species) post-application from areas where carcasses could 
become a nuisance (i.e., near the KNWR public use cabin or other dwellings). 

Alternative D – Integrated Pest Management 

Integrated pest management, US Fish and Wildlife Service policy 569 FW 1, is a sustainable 
approach to managing pests that uses biological, cultural, physical, and/or chemical methods.  This 
science-based decision-making process incorporates management goals, consensus building, pest 
biology, monitoring, environmental factors, and selection of the best available technology to 
achieve desired outcomes while minimizing effects to non-target species and the environment and 
preventing unacceptable levels of pest damage (USFWS 2010). 

Utilizing this approach, the project would begin with native fish rescue to safeguard as many native 
fish from the project area as possible by temporarily relocating them to a nearby waterbody outside 
of the project area. Temporary barriers would be maintained, and others added, as needed, in the 
upper part of the watershed to keep pike from moving beyond the project area. The next step 
would be applying rotenone, a commonly used fish pesticide, to the project area in fall 2021.  This 
pesticide would work by inhibiting the ability of fish to utilize oxygen and would dispatch the 
invasive pike in the project area.  Gill nets would be placed in the project area over winter 
2021/2022 to both evaluate the success of the treatment and remove any pike that that may have 
avoided exposure to the pesticide. Temporary barriers could be removed after absence of pike is 
confirmed. Water quality would be monitored in future years. An additional temporary picket 
weir may be installed in Miller Creek to prevent possible pike re-entry into the system and left in 
place until 2023. Over the summer 2022-23 field seasons the project area would be stocked with 
representative native fish previously collected and held in a safe waterbody. Native fish species 
could potentially include rainbow trout (Oncorhynchus mykiss), juvenile coho salmon 
(Oncorhynchus kisutch), juvenile sockeye salmon (Oncorhynchus nerka), and threespine 
stickleback (Gasterosteus aculeatus). Rainbow trout are the dominant fish species in surrounding 
watersheds and would also be expected to naturally recolonize the area.  Restocking with all life 
stages of fishes would expedite the recolonization process.  Other native fish species of importance, 
such as the threespine stickleback, are present in surrounding watersheds and would be expected to 
naturally recolonize the MCW via natural pathways from surrounding lakes and streams. The 
population of rainbow trout is projected to reach its 2021 levels by 2030 after their reintroduction 
(Boersma 2020). 

Alternative(s) Considered, But Dismissed from Further Consideration 

• None 
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Affected Environment and Environmental Consequences 

This section is organized by affected resource categories and for each affected resource discusses 
both (1) the existing environmental and socioeconomic baseline in the action area for each resource 
and (2) the effects and impacts of the proposed action and any alternatives on each resource. The 
effects and impacts of the proposed action considered here are changes to the human environment, 
whether adverse or beneficial, that are reasonably foreseeable and have a reasonably close causal 
relationship to the proposed action or alternatives. This EA includes the written analyses of the 
environmental consequences on a resource only when the impacts on that resource could be more 
than negligible and therefore considered an “affected resource.” Any resources that will not be 
more than negligibly impacted by the action have been dismissed from further analyses. 
The refuge consists of approximately 3000 square miles in the Kenai Peninsula Borough, Alaska. 
The MCW consists of 3568 acres of Refuge, State of Alaska, Kenai Peninsula Borough, and 
private property (See map at Appendix B-4). 

Kenai National Wildlife Refuge has a variety of habitat types including: transitional boreal forest 
with wetlands, rivers, and lakes, mountain tundra, ice fields, and glaciers. The proposed action is 
located in the Miller Creek watershed on the northern portion of the Refuge, which is comprised of 
transitional boreal forest with wetlands and lakes. (See map of the general area and proposed 
project site at Appendix B-1). 

See sections 1.3 - 1.6 of the Refuge’s Comprehensive Conservation Plan for more information 
regarding and the general characteristics of the refuge’s environment (USFWS 2010). 

The following resources are not analyzed as, either (1) they do not exist within the project area or 
(2) they would either not be affected or only negligibly affected by the proposed action: 

• Air quality 
• Refuge Management and Operations 
• Visitor Use and Experience 
• There are no known cultural resources in the proposed area of operations, as confirmed 

though consultation in compliance with National Historic Preservation Act Consultation, 
Section 106 in winter/spring 2021. 

• The Cook Inlet beluga whale (Delphinapterus leucas) is the only endangered species 
found in the Cook Inlet area.  No direct impacts to beluga whales are expected because the 
project area is not accessible to beluga whales. Additionally, if rotenone is part of the 
management strategy that is selected, the chemical will remain within the treatment area 
and will not enter Cook Inlet at a concentration detrimental to fish or any species 
dependent upon them. Any rotenone discharging into Cook Inlet from Miller Creek will 
quickly dilute to <2.0 ppb and is considered deactivated (Finlayson 2010). Rotenone will 
not have population level impacts to Beluga food resources (Salmonids).  Due to this 
aforementioned information, a full analysis of impacts to threatened and endangered 
species will not be included below, as confirmed through consultation in compliance with 
ESA (Endangered Species Act) in winter/spring 2021. 
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Natural Resources 

Species of Management Concern – Northern Pike 

Affected Environment 

Description of Affected Environment for the Affected Resource 

The MCW currently supports native anadromous and resident fish populations which are abundant 
and well distributed. The status of pike in the MCW is consistent with a population early in its 
invasion process. Data supportive of this assumption include: (1) relatively low gillnet capture-per-
unit-of-effort (fish/hour) for pike (0.025) compared to native salmonids (0.313) (ADF&G 2020a), 
(2) microchemistry analysis of the inner ear bone (otolith) for the largest pike captured from Vogel 
Lake revealed a strontium isotope signature indicative of Cook Inlet migration and consistent with 
the fish being a population founder (Wooler 2020), (3) the first report of a pike observed in the 
MCW was received in 2018 (ADF&G 2018a), (4) a lack of pike angler catch or harvest reports 
from the MCW as reported in the Alaska Statewide Sport Harvest Survey (SWHS), an annual 
ADF&G mail-in sport angler survey (Romberg 2014, Romberg 2016a, Romberg 2016b, Romberg 
et al. 2016, Romberg et al. 2017, Romberg et al. 2018, Romberg et al. 2020a, Romberg et al. 
2020b), (5) lack of pike detections in the MCW during fish surveys prior to 2019 (Allin 1955, 
Baxter 1956, Tobin and Palmer 1997, Friedersdorff and Jakubas 1984, Friedersdorff 1986, 
ADF&G 2021a), and (6) limited distribution of pike within the MCW, based on 2019 gillnet survey 
results wherein pike were not detected in eight lakes and ponds ephemerally linked to the lakes 
with pike (ADF&G 2020b). 

Description of Environmental Trends and Planned Actions 

The native fauna and flora of the MCW remains intact but is threatened by recent biological 
invasions, most notably are two aquatic invasive species that can be very impactful, one is an apex 
predator (pike) and the other an aquatic plant, waterweed (Elodea sp., hereafter). Elodea sp. can 
easily spread via fragmentation and hitchhiking and can quickly dominate native aquatic vegetation 
communities, impede navigation and may facilitate other invasive species such as pike (Thiébaut 
2005, Heikkinen et al., 2009, Mjelde et al. 2012, Schultz and Dibble, 2012, Suresh et al. 2017). 
Fortunately, efforts to eradicate Elodea sp. on the Kenai Peninsula have so far been successful, 
including current work to eradicate a population in Sandpiper Lake that is within the MCW 
(ADNR 2020, Kenai Peninsula Cooperative Weed Management Area 2021). Having two highly 
impactful invasive species within the same drainage at the same time poses serious sustainability 
threats to the biodiversity of the of the MCW. 

Impacts on Affected Resource 

Alternative A – No Action Alternative 

Multiple lines of evidence indicate the MCW pike population is currently at a low abundance and 
has a high potential for population expansion due to the underexploited prey and habitat available 
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in the drainage.  In nearly all other lentic waters on the Kenai Peninsula where invasive pike have 
invaded, resident native fish populations eventually became depleted or extirpated (Begich and 
McKinley 2005, Begich 2010, Massengill 2011, McKinley 2013, Massengill 2014a, Massengill 
2014b, Massengill 2017).  It is probable that a similar collapse of native fish would occur in the 
MCW barring any action to control the pike population (Boersma 2020). Native fish provide an 
abundant and rich prey resource for pike, but once depleted, pike typically shift to less nutritious 
prey such as invertebrates (Chapman et al. 1989, Venturelli and Tonn 2006, Glick and Willette 
2016).  This often results in pike stunting in size (Venturelli and Tonn 2006) and reduces the 
quality of the sport fishery for those interested in fishing for them (Pierce et al. 1995, Pauckert et 
al. 2001). 

Alternative B – Netting and Containment 

To date, there has been variable success at using mechanical methods (including netting and 
containment) to control invasive pike in southcentral Alaska. Some have been successful in the 
short-term at removing pike and increasing salmonid abundance and distribution (Begich and 
McKinley 2005, Begich 2010, Massengill 2010, Massengill 2011, McKinley 2013, Glick and 
Willette 2016, DeCino and Willette 2017, Massengill 2017, Courtney et al. 2018, Bradley et al. 
2020, Rutz et al. 2020, Wizik In Prep., Robert Decino, ADF&G Commercial Fish Division 
Biologist, Soldotna Office, personal communication). 

There have been only three instances in Alaska where invasive pike populations have been 
successfully eradicated by gillnetting efforts alone. Those instances include Hall, Tiny and Warfle 
lakes, all located on the Kenai Peninsula (Dunker et al. 2020). These removal efforts involved 
intensive long-term under-ice gillnetting and no other native fish were present except stickleback at 
Hall and Tiny lakes. Shared characteristics of these lakes that potentially contributed to the 
successful eradication of pike include: (1) all lakes were < 40 surface acres, (2) the pike population 
at each lake was < 30 individuals based on removal counts, 
(3) the lakes were closed to native fish immigration, (4) few if any juvenile pike (< 2 years old) 
were present indicating recruitment was poor and, (5) no juvenile salmonids were available as a 
rich prey source. Pike gillnet suppression efforts at Vogel and North Vogel lakes would not be 
expected to eradicate the pike population because the lakes they inhabit, including Miller Creek, 
share few of the characteristics of the lakes where eradication using gillnets was successful. 

Containment of the MCW pike population to prevent expansion of its distribution within and out of 
the MCW would entail installing fish passage barriers in tributaries feeding the lakes that pike 
occupy (i.e., Vogel and North Vogel lakes). There are temporary passage barriers now in place in 
some of these tributaries, but they are incapable of preventing fish passage during exceptionally 
highwater events, are insufficient to stop juvenile movement, and are easily damaged. Long-term 
barriers within the lake system would not be feasible due to maintenance issues and cost based on 
previous work (ADF&G 2009). 

Consideration of non-structural containment/barrier options would include electrified, acoustic, or 
pneumatic (air blast/bubble), and chemical barriers, to name a few. All non-structural barrier 
options require significant installation and ongoing maintenance costs. Few, if any, non-structural 
barrier options are well researched for their applicability at preventing pike passage and all would 
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require a permanent and reliable power source. 

Alternative C – Rotenone 

Alternative C would apply a fish piscicide (rotenone) to all waters in the MCW containing pike to 
eradicate them. At a minimum, the treatment area would include the Miller Creek mainstem, Vogel 
and North Vogel lakes and all adjacent inundated wetlands. Rotenone treatments have a reliable 
record for pike eradication in Alaska (Massengill 2014 a, b, Massengill 2017, Dunker et al. 2020, 
Massengill In Preparation). The anticipated outcome of such a rotenone treatment would be the 
eradication of all pike and native fish within the treatment area. 

Alternative D – Integrated Pest Management 

Alternative D utilizes multiple strategies including temporary containment, rotenone, and native 
fish restoration to address the pike issue in the MCW. Temporary barriers installed would be 
intended to prevent the spread of pike from their current location in the watershed. Impacts of 
rotenone to pike are summarized above.  Native fish restoration would have no impact on pike, as 
this step would be taken after the pike had been eradicated.  A final piece of this alternative could 
be utilization of a picket weir for at least two years after the rotenone application to decrease the 
likelihood of reinvasion of pike from the saltwater of Cook Inlet. A two-year operation of a weir 
would also provide time for ongoing research on the physiological limits of pike to be completed 
by a USFWS-sponsored graduate student. That research may be useful for informing fishery 
managers who are considering options for a long-term barrier in Miller Creek to selectively inhibit 
upstream pike passage. In summary, Alternative D uses an IPM approach to: (1) eradicate the pike 
population in the MCW, (2) actively aid in the preservation and restoration of native fish 
populations, (3) protect the watershed’s ecological integrity, and (4) explore options to ensure pike 
are kept out of the MCW. 

Non-Target Aquatic Wildlife Species 

Affected Environment 

Description of Affected Environment for the Affected Resource 

The native fish assemblage of the MCW includes rainbow trout, coho salmon, sockeye salmon, 
pink salmon (Oncorhynchus gorbuscha), dolly varden (Salvelinus malma) threespine stickleback 
(Gasterosteus aculeatus), ninespine stickleback (Pungitius pungitius) and sculpin (Cottus Sp.) 
(Allin 1955, Baxter 1956, Tobin and Palmer 1997, Friedersdorff and Jakubas 1984, Friedersdorff 
1986, Boersma 2020, ADF&G 2021a). None of the aforementioned species is listed as threatened 
or endangered.  The primary sport fishery is focused on rainbow trout, the most abundant game fish 
species in the MCW. Fly-in guide camps were historically permitted on some of the more 
productive lakes in the MCW and visitor logs at a KNWR public-use cabin near the Vogel Lake 
outlet indicate a moderate take of rainbow trout by private anglers. Commercial fishing harvest of 
salmon natal to the Miller Creek drainage is likely a very small component of the total Cook Inlet 
harvest, but likely an important stock to local operators at the mouth of Miller Creek. 
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Description of Environmental Trends and Planned Actions 

Continued presence of pike in the MCW would be detrimental to the long-term viability of native 
fish species, and other fish and wildlife species that depend on the native fish assemblage.  Local 
fishers, both recreational and commercial, may lose out on fishing opportunities for native fish 
species.  The presence of Elodea in the watershed, although it is undergoing treatment, would 
combine with the presence of pike to reduce the natural qualities of the designated Wilderness on 
KNWR.  

Impacts on Affected Resource 

Alternative A – No Action 

The introduction of pike into the MCW will likely be significant for the watershed’s 
ecosystem and native fish assemblage and the fisheries dependent on them. Stochastic age-
structured population dynamics models were used to investigate the impacts of a pike invasion on 
native populations. Based on the population growth rate of the newly established pike population 
and the demography and productivity of the system there is an exceedingly high probability that, 
within a decade, pike abundance and distribution will increase in the drainage and result in the 
extirpation of native fish populations in the affected water bodies (Boersma 2020). This finding is 
consistent with most other Kenai Peninsula waters invaded by pike where native fish populations 
have typically collapsed in one to two decades following their introduction (McKinley 2013, 
Massengill 2017). In addition to local impacts, the presence of a pike population anywhere on the 
Kenai Peninsula increases the risk of illegal stocking, and/or, the population naturally expanding to 
neighboring drainages. 

Alternative B – Netting and Containment 

Modeling of the population growth rate of the invasive pike and the productivity of the native fish 
populations suggest the level and frequency of netting efforts would be prohibitively expensive and 
likely result in the eventual extirpation of native fish populations under most scenarios (Boersma 
2020). This finding is consistent with other netting removal efforts in South-Central Alaska where 
successful efforts were limited to small individual lakes with no immigration of native fish and 
small pike populations (Dunker et al. 2020). 

The instillation of permanent barriers impassible to all fish in the inlets and outlets of the lakes that 
pike occupy would likely impair native fish populations. Suitable salmonid spawning habitat 
appears extremely limited in most of the MCW. The lower main stem of Miller Creek is thought to 
provide some of the best salmonid spawning habitat in the drainage and likely acts as an important 
spawning area for native species, particularly salmonids, that rear throughout the MCW 
(Friedersdorff and Jakubas 1984). Some tributaries of Vogel Lake also appear to provide some 
potential salmonid spawning habitat. Inhibiting these migration corridors could therefore disrupt 
recruitment and negatively impact native fish populations not just in the pike infested lakes but 
throughout the MCW. 
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Alternative C – Rotenone 

The appropriate prescription and application of rotenone, a fish pesticide, to all waters in the MCW 
containing northern pike would result in the eradication of all invasive pike and native fish within 
the treatment area. Although the treatment would temporally remove native species, the 
recruitment dynamics and interconnectedness of the lake system provides a resilience to the native 
fish populations to this type of treatment. In fact, a previous rotenone treatment within the 
watershed (Bird Pond) has appeared to have fully recovered with no restocking efforts or other 
mitigations (Allin 1955, ADF&G 2021a). 

Alternative D – Integrated Pest Management 

The integrated pest management alternative utilizes multiple strategies including temporary 
containment, rotenone, and native fish restoration. The temporary nature of the barriers would 
moderate the concerns stated above and provide added assurance that pike will not inadvertently 
spread during the treatment period. Population modeling suggests that a modest restocking effort 
could result in the recovery of resident game fishes within a ten-year timeline (Boersma 2020) and 
would provide assurances of a timelier restoration of the natural ecosystem function of the MCW. 

Non-Target Terrestrial Wildlife Species 

Affected Environment 

Description of Affected Environment for the Affected Resource 

BIRDS 
The upland habitat supports a variety of breeding passerines. Most prominent species utilizing the 
area are varied thrush (Ixoreus naevius), American robin (Turdus migratorius), Swainson’s thrush 
(Catharus ustulatus), yellow-rumped warbler (Setophaga coronata), ruby-crowned kinglet 
(Regulus calendula), fox sparrow (Passerella iliaca), and dark-eyed junco (Junco hyemalis). The 
herbaceous/peatlands along Miller Creek and around the apron of Vogel Lake support bird 
populations that include savannah sparrow (Passerculus sandwichensis) and Lincoln’s sparrow 
(Melospiza lincolnii), as well as wading species like greater yellowlegs (Tringa melanoleuca) and 
Wilson’s snipe (Gallinago delicata), and spotted sandpiper (Actitis macularius) utilizing the 
water’s edge. The lake, stream, and wetland habitat supports several diving and dabbling duck 
species, trumpeter swan (Cygnus buccinator) and common loon (Gavia immer). 

AMPHIBIANS 
Wood frog (Lithobates sylvaticus) is the only amphibian known to occur on the Kenai Peninsula 
and presumed to be common in the MCW. Wood frogs mate in the spring, and their offspring 
quickly develop from egg to tadpole to frog.  This northern adaptation helps ensure complete 
metamorphosis before fall freeze-up (Broderson and Tessler 2008). 

MAMMALS 
Large mammal species found within the MCW include moose (Alces alces), black bear (Ursus americanus), 
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brown bear (Ursus arctos), wolf (Canis lupus), and coyote (Canis latrans). Moose forage in riparian and 
upland habitats, primarily in riparian and birch stands within upland habits. Brown and black bears within 
the MCW primarily forage in riparian and aquatic habitats where they consume salmonids and other fish 
within Miller Creek and the shore of Vogel Lake. Wolves and coyotes are ephemerally present within the 
MCW. 

Mesocarnivore species within the MCW include North American river otter (Lontra canadensis), American 
mink (Neovison vison), ermine (Mustela erminea), American marten (Martes americana), and lynx (Lynx 
canadensis). River otter primarily inhabit aquatic environments within the MCW where they consume 
salmonids and other fish species. Mink primarily forage along stream shores and shallow aquatic habitats 
where they primarily feed on aquatic invertebrates and fish. Ermine and lynx may be found throughout all 
habitats within the MCW. 

Rodents and lagomorphs present within the MCW include North American beaver (Castor canadensis), 
North American porcupine (Erethizon dorsatum), red squirrel (Tamiasciurus hudsonicus), and several 
species of vole and shrew. Beaver primarily inhabit the aquatic environments within the MCW and forage 
in riparian areas near these aquatic environments. Several species of vole and shrew inhabit all habitats 
within the MCW. The presence and densities of specific vole and shrew species varies among microhabitats 
within the MCW. Red squirrel, porcupine, and snowshoe hare (Lepus americanus) are primarily found in 
mature white/Lutz spruce forests within the MCW. 

INVERTEBRATES 
According to the Global Biodiversity Information Facility (2021), terrestrial invertebrates known to occur 
within the MCW include multiple species of worms, flies, mosquitos, yellowjackets, beetles, and butterflies. 

In the wetlands, expected species include the common mesh-weaver (Dictyna arundinacea), which was 
found to be characteristic of the shrub-sedge bog community by Bowser et al. (2020); the four-spotted 
skimmer (Libellula quadrimaculata); the American emerald (Cordulia shurtleffii); the ringed emerald 
(Somatochlora albicincta); the northern bluet (Enallagma annexum ); the marsh meadow grasshopper 
(Pseudochorthippus curtipennis); the red-disked alpine (Erebia discoidalis); the green comma (Polygonia 
faunus); a big-headed fly (Eudorylas slovacus), which was found to be characteristic of the shrub-sedge bog 
community by Bowser et al. (2020); and another big-headed fly (Tomosvaryella sylvatica). 

Description of Environmental Trends and Planned Actions 

Other non-native species exist in the MCW that are detrimental to the ecology and qualities of the 
Wilderness in the MCW within the boundaries of KNWR. Two non-native earthworm species, 
nightcrawlers (Lumbricus terrestris) and octagonal-tail worms (Dendrobaena octaedra), have been 
introduced at Vogel Lake cabin already resulting in loss of leaf litter at this site (Bowser 2019, 
Global Biodiversity Information Facility 2021).  Because earthworms disperse extremely slowly, 
the effects of these worms on the MCW as a whole are expected to be small for decades to 
centuries. 

Impacts on Affected Resource 

Alternative A – No Action 

The presence of pike within the MCW can have significant deleterious effects on salmonid and 
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other native fish populations within the drainage. Salmonids are an important food resource for 
numerous terrestrial mammal species including black bear, brown bear, mink, and river otter. Other 
species such as wolf and coyote may also exploit these resources whenever available in great 
abundance.  It is likely that the presence of pike has already negatively affected the food source for 
waterbirds in this system and the removal of pike will promote greater abundance of food for these 
species in the future. 

Alternative B – Netting and Containment 

Land birds, land mammals and invertebrates have the potential to be impacted by gill nets or 
temporary containment barriers. Amphibian larvae may be partially blocked from movement 
throughout the watershed by temporary barriers, which would be a minimal impact.  No impact to 
amphibians would be anticipated from gill nets.  Waterbirds and some aquatic mammals have the 
potential to become trapped in gill nets which could negatively impact a small proportion of these 
species, but would not be impacted by temporary barriers. The level of netting needed under this 
alternative would increase the likelihood of negative impacts to non-target species. 

Alternative C – Rotenone 

AMPHIBIANS 
Adult frogs have been found to be more resistant to the effects of rotenone than fish.  Laboratory 
studies conducted on Columbia spotted frog (Rana luteiventris), and Rocky Mountain tailed frog 
(Ascaphus montanus) and long-toed salamander (Ambystoma macrodactylum) concluded that in the 
adult stage these species would not suffer an acute response to rotenone, but larval and tadpole 
stages could be affected by rotenone at fish killing concentrations (Grisak 2007).  These authors 
recommended rotenone treatments occur at times when the larva are not present, such as in the 
early spring or later in the fall.  It is anticipated that surrounding ponds and wetlands that are not 
treated would help restore any potential depletion of wood frog populations within the MCW. 
Active wood frog tadpoles were captured and observed in Scout Lake (Sterling, Alaska) in the 
spring of 2010 following a fall 2009 rotenone treatment (ADF&G 2018b). 

BIRDS 
All the upland bird species utilize invertebrates in their diet but would likely be only slightly 
affected by the project as most glean and flycatch from the forest and none would be solely 
utilizing invertebrates from the affected waterway. The bird species most likely affected from this 
habitat type would be western wood-pewee (Contopus sordidulus), alder flycatcher (Empidonax 
alnorum), olive-sided flycatcher (Contopus cooperi), tree swallow (Tachycineta bicolor), and 
violet-green swallow (Tachycineta thalassina). Their ability to feed in adjacent unaffected 
freshwater systems makes it unlikely that there would be any significant impacts to these species, 
even at a local level. 

Any loss of aquatic insects related to the treatment that could potentially reduce this food source 
for wading bird species would not be impactful (Massengill 2014 a, b; Massengill 2017). These 
species nest in small numbers adjacent to the majority of similar waterbodies found throughout the 
Refuge so any localized impacts would not be of major concern at the Refuge population level. 
There are also similar waterbodies that are adjacent to the project area that would be untreated and 
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likely be utilized by waterbirds and could possibly negate any possible short-term negative impacts 
to nesting success. Invertebrate and fish populations preyed upon by waterbirds in these untreated 
habitat types would be approximately 300 meters from the project area. 

MAMMALS 
Removal of pike from the drainage would likely have eventual positive effects on salmonid and 
other native fish abundance and distribution within the drainage. Salmonids are an important food 
resource for numerous terrestrial mammal species including black bears, brown bears, mink, and 
river otters. Other species such as wolves and coyotes may also exploit these resources whenever 
available in high abundance. Increased salmon abundance within the drainage would likely have 
positive impacts on these and other terrestrial mammal species by increasing food availability, 
particularly seasonal food availability. 

Increased salmonid abundance within this drainage can increase the deposition of salmon carcasses 
in nearby forests by mammals such as black and brown bear. These nutrients from the 
decomposing carcasses have positive effects on terrestrial vegetation through increased inputs of 
nitrogen and other marine-derived nutrients (Hilderbrand 1999). Such increased vegetation growth 
could also increase food availability for terrestrial mammals such as moose, beaver, and a variety 
of small mammals. 

Alternative D – Integrated Pest Management 

All impacts of alternative C would be expected under alternative D, as rotenone is a component of 
both alternatives.  Re-stocking of native fish under alternative D would accelerate the recovery of 
this species in the MCW. An accelerated recovery of native fish would benefit the vertebrate 
species that directly prey upon fish, invertebrates and vertebrate species that utilize fish carcasses. 

Habitat and Vegetation (including vegetation of special management concern) 
Affected Environment 

Description of Affected Environment for the Affected Resource 

Tree species in the MCW include: black spruce (Picea mariana), white spruce (Picea glauca), 
Alaska birch (Betula pendula ssp. mandshurica), and cottonwood (Populus × hastata) (Baxter 
1956, Jakubas and Firman 1984). The tall shrubs Sitka alder (Alnus alnobetula ssp. sinuata) and 
Scouler’s willow (Salix scouleriana) are present in the MCW as well (Baxter 1956). 
Vegetation in wetlands within the project area are characterized by black spruce, mosses, and 
herbaceous plants such as grasses, forbs, and shrubs. Baxter (1956) listed from this area Alaska iris 
(Iris setosa). Thinleaf alder (Alnus incana) is expected to be common in MCW wetlands, 
particularly along streams. 

Predominant aquatic vegetation species include: broad-leaved pondweed (Potamogeton natans), 
small pondweed (Potamogeton berchtoldii), Robbins’ pondweed (Potamogeton robbinsii), flat-
stem pondweed (Potamogeton zosteriformis), rushes (Schoenoplectus sp.), Rocky Mountain pond-
lily (Nuphar polysepalum), pygmy water-lily (Nymphaea tetragona), water milfoil (Myriophyllum 
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sp.), narrowleaf bur-reed (Sparganium angustifolium), and water horsetail (Equisetum fluviatile) 
(Global Biodiversity Information Facility 2021). Elodea, a non-native aquatic plant, is present in 
Sandpiper Lake within the watershed, and is currently undergoing treatment for eradication (Alaska 
Department of Natural Resources 2020, Global Biodiversity Information Facility 2021, Kenai 
Peninsula Cooperative Weed Management Area 2021). 

Description of Environmental Trends and Planned Actions 

White spruce forests on the northern Kenai Peninsula have been severely affected in recent years 
by outbreaks of spruce bark beetles; a cycle that may shift under a warming climate (Sherriff et al. 
2011, US Forest Service 2020). 

Non-native sawflies that are now assumed to be ubiquitous on the western Kenai Peninsula 
defoliate birch and thinleaf alder (Lundquist and Soper 2010, Kruse et al. 2012).  Birches in the 
area appear to be able to cope with these sawflies well, but thinleaf alder have experienced 
considerable dieback in recent decades due in part to defoliation by sawflies and in part by alder 
canker (Valsa melanodiscus) and other fungal diseases (US Forest Service 2020). 
Only a small, apparently incipient population of invasive Elodea was found in Sandpiper Lake in 
2019. Eradication began in 2020 and is expected to be eradicated by 2022 before it can 
significantly alter the ecology of this system. 

The presence or absence of pike in the MCW should have little effect on terrestrial and aquatic 
vegetation and habitats.  Their effects on any part of this system are expected to be indirect by 
altering food webs and by changing how humans use the area. Human use is already an important 
source of change for this area, bringing in other non-native species and plants [e.g. Autumn 
Hawkbit (Scorzoneroides autumnalis)] into this system (Bowser 2020). Pike remaining in the 
system would add to impacts from other invasive plants and invertebrates which move the MCW 
further away from management goals of biological integrity, diversity, and environmental health 
(US Fish and Wildlife Service 2006). 

Impacts on Affected Resource 

Alternative A – No Action 

Taking no action on the pike would have little direct impact on the vegetation and habitat resources 
of the area.  

Alternative B – Netting and Containment 

Of the three alternatives, netting and containment is the most likely to damage the vegetation and 
habitat resources of the area.  Because this alternative requires more person-hours and travel to and 
from the MCW, and especially because this would have to be repeated indefinitely, the likelihood 
of inadvertently transporting additional invasive species into the watershed is greatest with this 
alternative.  Repeated trampling of wetlands to service nets and maintain barriers would create new 
trails and disturbance in these wetlands. 
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Alternative C – Rotenone 

Application of rotenone is not known to harm plants, so the use of rotenone is not expected to have 
any lasting effect on vegetation and habitat (Finlayson et al. 2018). Even though a large effort 
would be undertaken in 2021, only limited follow-up would be required, making this alternative the 
least impactful in terms of trampling and potentially inadvertently transporting invasive species. 

Alternative D – Integrated Pest Management 

Impacts of alternative D (rotenone as part of IPM) would be similar to alternative C (rotenone). 
Limited trampling of vegetation may occur during restocking efforts, but the impacts would be 
minimal. 

Geology and Soils 

Affected Environment 

Description of Affected Environment for the Affected Resource 

The predominant soil type in the project area is Cohoe dry silt loam.  Soils in this classification 
typically have a shallow organic layer of moderately decomposed plant material (0-2 inches below 
surface), two layers of silt loam (2-24 and 24-52 inches below surface, respectively), and a layer of 
very gravelly sandy loam (52-60 inches below surface).  Soils are typically well drained with a 
restrictive feature greater than 80 inches below the surface. This type of soil is well-draining with a 
soil permeability ranging from 0.57 to 1.98 inches/ hour (USDA - NRCS 2021).    

Description of Environmental Trends and Planned Actions 

If rotenone is incorporated into the selected alternative, no rotenone contamination of soils is 
anticipated from this project. Rotenone binds readily to sediments and is ultimately broken down 
in soil and water (Engstrom-Heg 1971, Engstrom-Heg 1976, Skaar 2001, Ware and Whitaker 
2004). Rotenone is not expected to leach from soils, and it penetrates approximately one inch 
vertically in most soil types (Augustijn-Beckers et al. 1994, Arizona Department of Fish and Game, 
2011). The only exception is sandy soil where movement is about three inches (Hisata 2002). 

Impacts on Affected Resource 

Alternative A – No Action 

No impacts to soils would be expected under the no action alternative. 

Alternative B – Netting and Containment 

No impacts to soils would be expected under the netting and containment alternative. 
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Alternative C – Rotenone 

It is expected that, at the very maximum in sandy soils that are most easily penetrated by rotenone, 
the rotenone would only penetrate about three inches total. Rotenone degradation rates in soil are 
dependent on soil temperature, soil physicochemical properties and sunlight exposure.  Rotenone 
embedded on soil surfaces but exposed to sunlight has been shown to degrade 50% after five to 
seven hours (Cavoski et al. 2007).  Rotenone embedded in soil without sunlight exposure was 
shown to degrade 50% in 8 days at 20C° and 25 days at 10C° (Cavoski et al. 2008).  

Alternative D – Integrated Pest Management 

Implementation of the other tools including netting, native fish rescue, and/or re-stocking would 
not be expected to have impacts on the geology/soils of the MCW. Impacts of rotenone on soils 
are discussed above in the section for alternative C. 

Water Quality 

Affected Environment 

Description of Affected Environment for the Affected Resource 

Water resources in the Vogel Lake project area include a series of connected lakes and wetlands 
draining into Miller Creek. Vogel Lake is approximately ten miles from the nearest road and sees 
light recreational use by anglers year-round arriving by either floatplane or snowmobile.  Water 
quality in the project area is not currently affected by local anthropogenic development, with 
invasive pike presenting the primary disturbance to the aquatic ecosystem. 

Observations from other lakes in the region with invasive pike populations suggest that pike may 
act as an indirect driver of changes to lotic water quality.  Although anecdotal, lakeside residents at 
other Kenai Peninsula lakes with invasive pike have reported increased water clarity following 
their introduction.  Trophic cascade effects, including water quality changes and changes in 
zooplankton communities, can result from fish introductions (Tanner et al. 2006, Skov and Nilsson 
2007, Duggan 2015, Walsh et al. 2016).  Due to its remote location, pre-existing water quality data 
for the MCW is not available, thus it is not possible to determine if such changes in water quality 
are underway there. 

Baseline water quality data fieldwork in the MCW initiated in January 2021 and will continue 
through Fall 2022.  Water quality data from lake depth profiles will be collected on an 
approximately monthly basis, with measurements at one-meter depth intervals for temperature, pH, 
dissolved oxygen, conductivity, and turbidity.  Initial data in January 2021 indicates stratified 
patterns in temperature, pH, dissolved oxygen, and conductivity, with virtually zero turbidity 
except at the benthic surface. 

Baseline water quality data and site photos may be accessed in an online web map and report 
(Kenai Watershed Forum 2021a, Kenai Watershed Forum 2021b).  Maps and data will be updated 
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throughout the project as more data becomes available. 

Description of Environmental Trends and Planned Actions 

Long-term monitoring of groundwater wells in treatment areas in California (10 years) and short-
term monitoring of wells in Montana never detected rotenone, rotenolone, or any formulation 
products (Skaar 2002, Ridley et al. 2007, McMillin and Finlayson 2008) after application in nearby 
waters.  No other chemicals are known to be present in the water of the MCW that could have a 
compounding impact if rotenone were used. 

Impacts on Affected Resource 

Alternative A – No Action 

Allowing northern pike to remain in the MCW would not negatively affect water quality. Although 
anecdotal, lakeside residents at other pike-infested lakes have reported water clarity increased 
following the introduction of pike.  However, trophic cascade effects, including water quality 
changes and changes in zooplankton communities, are known to result from fish introductions and 
could possibly occur with continued presence of pike (Tanner 2006, Skov and Nilsson 2007 
Duggan 2015, Walsh et. al. 2016). 

Alternative B – Netting and Containment 

Under the Proposed Action Alternative B, changes to water quality are expected to be minor. 
Potential changes in water quality as a result of pike removal and resultant trophic effects would be 
monitored through Fall 2022. Fish carcasses that may be present after netting can act as fertilizer to 
stimulate production of phytoplankton and ultimately zooplankton.  However, no drastic changes in 
water quality have been observed by ADF&G following other northern pike eradication projects 
(Massengill 2014 a, b). 

Alternative C – Rotenone 

Under the Proposed Action Alternative C, water quality will be temporarily affected by the 
application of rotenone.  This project would intentionally introduce rotenone, a botanically based 
piscicide, to surface waters to kill invasive fish, but impacts would be short-term. CFT Legumine™ 
(5% rotenone) is registered by both the Environmental Protection Agency (EPA) and the Alaska 
Department of Environmental Conservation and is deemed safe to use to eradicate invasive fish 
when applied according to label instructions. The proposed treatment would result in a maximum 
rotenone concentration 0.04 ppm active ingredient (rotenone), but likely less.  According to the 
EPA’s re-registration of rotenone, there are no adverse environmental or human health effects 
expected from rotenone when used at this concentration (USEPA 2007). 

There are three ways in which rotenone can be detoxified once applied. The first detoxification 
method involves dilution. This may be accomplished by groundwater or surface water inputs 
diluting the rotenone below 2.0 parts per billion (ppb), a concentration threshold requiring 
deactivation if the rotenone leaves a treatment area (i.e., flushing downstream) (Finlayson et al. 
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2010). Because the lake connections are ephemeral and low flow (<1 cfs), water inputs causing 
dilution would not be expected to contribute significantly to detoxification. 
The second method of detoxification involves the application of potassium permanganate (KMnO4) 
which is an oxidizing agent.  Detoxification using KMnO4 is typically used for flowing waters 
where rotenone must be detoxified before traveling downstream and outside of a treatment area 
(Finlayson et. al. 2018). Detoxification is normally accomplished within 60 minutes after KMnO4 is 
in contact with rotenone at a 1:1 ratio. Less contact time is required with higher water temperatures 
or higher ratios of KMnO4 to rotenone. KMnO4 detoxification of rotenone in the MCW is unlikely 
to be needed because rotenone will be confined to the treatment area and not flow into other waters 
supporting wild fish populations.  The third and most common method for rotenone detoxification 
is through natural environmental processes. Rotenone is susceptible to natural degradation through 
a variety of mechanisms; however, warm temperatures and sunlight exposure are the two factors 
with the greatest influence (Loeb and Engstrom-Heg 1970, Engstrom-Heg 1972, Gilderhus et. al. 
1986, Ware and Whitaker 2004, ODFW 2008).  Rotenone released into relatively warm water 
(~15°C) is expected to fully detoxify within two to four weeks (Dawson et al. 1991; Brian 
Finlayson retired California DFG rotenone specialist, personal communication).  However, 
ADF&G’s experience with cold water rotenone applications, when rotenone has been applied to 
other pike lakes just days or hours before ice cover forms, resulted in the persistence of rotenone 
for 3-7 months (Massengill 2014 a, b). The degradation of rotenone can result in at least 20 
different byproducts of which only one is considered toxic (rotenolone) (Cheng et al. 1972).  
Rotenolone is approximately one order of magnitude less toxic than rotenone (CDFG 1991).  

CFT Legumine™ is a liquid rotenone formulation. Its additives facilitate the emulsification and 
dispersion of rotenone in water. The formulation of CFT Legumine™ was analyzed for the 
California Fish and Game Department (CDF&G) in 2007 (Environ 2007).  This analysis showed 
that the primary ingredients (carrier compounds) are soluble organic compounds (SOCs) such as 
diethylene glycol ethyl ether (DGEE) (61.1%), Fennedefo 99™ (17.1%), N-methyl 2-pyrrolidone 
(9.8%), rotenone (5.12%) and rotenolone (0.72%).  Some additives would naturally biodegrade in 
the MCW to undetectable levels within a week to several weeks. However, N-methyl 2-
pyrrolidone and DGEE would be expected to dissipate more slowly because they are water soluble 
and would not readily dissipate through volatilization. A thorough description of the toxicity or 
these compounds can be found on the product label and safety data sheets in appendix C. Studies 
indicate that the other compounds in liquid rotenone formulations have not been detected at 
harmful levels in groundwater associated with rotenone application (Finlayson et al. 2000; Ridley 
et al. 2006; Environ 2007). 

Following a rotenone treatment, there may be a substantial number of fish carcasses present.  
Bradbury (1986) reported that approximately 70% of rotenone-killed fish in Washington lakes 
immediately sink.  Parker (1970) reported that at water temperatures of 5 C and cooler, dead fish 
required 20-41 days to surface.  The most important factors inhibiting fish from surfacing are 
cooler water (<10 C) and deep water (> 5 meters).  The treatment period (early-October) would 
likely result in water that is <10C°. 

Bradbury (1986) reported that 9 of 11 water bodies in Washington treated with rotenone 
experienced an algae bloom shortly after treatment. This occurred from the input of phosphorus to 
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the water as fish decayed.  Bradbury further noted that approximately 70% of the phosphorus from 
dead fish would be released into the lake through bacterial decay. This stimulates phytoplankton 
production which in turn increases zooplankton production, providing prey for macroinvertebrates 
and fish.  This change in water chemistry is viewed as a benefit to stimulate plankton growth 
(UDWR 2007). Any changes or impacts to water quality resulting from decaying fish would be 
short-term and minor. 

In summary, the rotenone treatment would be confined to the MCW natural degradation processes 
would fully detoxify rotenone over a period of months. As required by state regulation, ADF&G 
will apply for and comply with the Alaska Department of Environmental Conservation (ADEC) 
Pesticide Use Permit for this project. Similarly, this project would be conducted in compliance with 
Section 402 of the federal Clean Water Act (CWA), where permitting authority in Alaska has been 
transferred to the ADEC through the Alaska Pollution Discharge Elimination System (APDES) 
program. Finally, a Service Pesticide Use Permit for Rotenone would be completed and sent to the 
national Service office for review and approval prior to treatment. 

Water samples would be collected at minimum bimonthly intervals post-application until 
undetectable and analyzed for rotenone concentrations as well as other parameters if requested by 
ADF&G. Potential changes in water quality associated with pike removal and resultant trophic 
effects will be monitored through Fall 2022. 

Alternative D – Integrated Pest Management 

Alternative D includes a combination of netting and rotenone application to eradicate pike, as well 
as restocking with native fish.  Water quality may be temporarily affected by these activities as 
described in Alternative C. The elimination of pike and reintroduction of native fish would be 
expected to gradually approximate water quality conditions that were present prior to pike 
infestation.  Potential changes in water quality as a result of pike removal and resultant trophic 
effects will be monitored through Fall 2022. 

Floodplains 

Affected Environment 

Description of Affected Environment for the Affected Resource 

The area encompassing the MCW is defined in Appendix B-4 via spatial data. ADF&G aerial and 
ground observations and review of satellite imagery indicates some neighboring surface waters 
located south of the watershed boundary may have linkage to the MCW, or, share linkage to both 
the MCW and the Seven Egg Creek Drainage. The Seven Egg Creek drainage is an adjacent 
drainage south of the MCW. Both drainages drain west into Cook Inlet. 

There is scant discharge data for any flowing waters in the MCW, but visual observations done 
periodically in 2019 suggests the typical discharge of Miller Creek is low (<10 cfs) with high 
seasonal variability. Stream flow in Miller Creek in early August 2012 was undetectable, but likely 
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has the potential to be > 10cfs during rare highwater events based on visual estimates. Higher order 
streams within the drainage probably have peak seasonal discharges ranging from 5.0 – 0.5 cfs. 
Mid-summer discharge at Sandpiper Lake, which flows into North Vogel Lake, was estimated at 1 
cfs (Baxter 1956) and discharge was undetectable in early September 2019. Discharge at Bird 
Pond, which flows into Vogel Lake, was estimated at only 6 cubic feet per hour during summer 
(Allin 1955). 

Description of Environmental Trends and Planned Actions 

All waterbodies with surface water linkage within the MCW are highly vulnerable to pike invasion, 
particularly those south of Vogel Lake that are tenuously protected by beaver dams in their outlet 
streams which likely serve as a barrier to upstream pike movement. 

Impacts on Affected Resource 

Alternative A – No Action 

No impacts to the floodplains would be expected if pike are allowed to remain in the MCW. 

Alternative B – Netting and Containment 

Utilization of gill nets for removing pike would not have impacts on the floodplains. Placing 
barriers to pike movement in or out of the system could potentially impact the natural flow regime, 
but not to a level considered adverse within the scope of Executive Order 11988 (Code of Federal 
Regulations 1977).   

Alternative C – Rotenone 

Use of rotenone as a standalone management action would not impact the natural flow regime of 
the watershed to a level considered adverse within the scope of Executive Order 11988 (Code of 
Federal Regulations 1977). 

Alternative D – Integrated Pest Management 

Placing barriers to pike movement in or out of the system could potentially impact the natural flow 
regime, but not to a level considered adverse within the scope of Executive Order 11988 (Code of 
Federal Regulations 1977). Implementation of the other tools including netting, rotenone, native 
fish rescue, and/or re-stocking would not be expected to have impacts on the floodplain. 

Wilderness or Other Special Designation 

Affected Environment 

Description of Affected Environment for the Affected Resource 
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All Refuge lands and waters within the project area are part of the Congressionally-designated 
Kenai Wilderness.  In order to meet the Refuge’s wilderness purpose, the Wilderness Act provides 
that each agency administering wilderness areas “…shall be responsible for preserving the 
wilderness character of the area and shall so administer such area for such other purposes for 
which it may have been established as also to preserve its wilderness character. Except as 
otherwise noted in this Act, wilderness areas shall be devoted to the public purposes of 
recreational, scenic, scientific, educational, conservation, and historical use.” 

Description of Environmental Trends and Planned Actions 

As previously noted, the pike population in the MCW has high potential to grow and expand, and 
to have substantial adverse impacts to native resident and anadromous fish populations. Without 
management action, pike would therefore have substantial long-term negative impacts on 
wilderness character within this portion of the Kenai Wilderness, specifically to its natural quality.  
However, management actions under all Alternatives considered would also negatively impact the 
untrammeled, undeveloped, and natural qualities of the Kenai Wilderness, and would temporarily 
reduce opportunities for primitive and unconfined recreation, as discussed below.  The 
untrammeled quality would be negatively impacted as all management actions would involve 
manipulation of natural ecological processes.  Physical barriers would negatively impact the 
undeveloped quality while in place.  Rotenone treatment, netting and placement of barriers would 
have temporary negative impacts on the natural quality through short-term effects on native fauna 
and/or flora.  

Impacts on Affected Resource 

Alternative A – No Action 

Under this alternative, the presence of non-native pike would negatively impact the native fish 
community, which would impact the natural qualities of the Kenai Wilderness and reduce 
opportunities for primitive and unconfined recreation.  

Alternative B – Netting and Containment 

Under this Alternative, management actions involving netting and installation of barriers would 
negatively impact the untrammeled, undeveloped, and natural qualities of the Kenai Wilderness in 
perpetuity because these actions would have to be repeated periodically to achieve suppression of 
pike populations.  Assuming the effectiveness of these treatments, the natural quality of the Kenai 
Wilderness within the MCW would be maintained by reducing impacts of pike predation on native 
fish populations. Management activities (i.e. gill netting), while being conducted, would 
temporarily reduce opportunities for primitive and unconfined recreation in the project area. If 
netting for pike occurred at the level needed for suppression, the native fish populations would be 
negatively impacted as a result of being caught in the nets as bycatch. 

Alternative C – Rotenone 

Under this Alternative, management action involving application of rotenone would have negative 
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impacts on the untrammeled and natural qualities of the Kenai Wilderness within the MCW. These 
impacts would be short-term if rotenone application is successful in eradication of pike throughout 
the MCW. Assuming effectiveness of this treatment, the natural quality of the Kenai Wilderness 
within the MCW would be restored and maintained by preventing impacts of pike predation on 
native fish populations. Management activities while being conducted would temporarily reduce 
opportunities for primitive and unconfined recreation in the project area but maintaining healthy 
native fish populations would provide for highly valued recreational fishing opportunities over 
time. 

Alternative D – Integrated Pest Management 

Under this Alternative, management actions involving application of rotenone, netting and 
installation of barriers would negatively impact the untrammeled, undeveloped, and natural 
qualities of the Kenai Wilderness. These impacts would be short-term if this integrated pest 
management approach is successful in eradication of pike throughout the MCW. Assuming the 
effectiveness of these treatments, the natural quality of the Kenai Wilderness within the MCW 
would be restored and maintained by preventing impacts of pike predation on native fish 
populations. Management activities while being conducted would temporarily reduce opportunities 
for primitive and unconfined recreation in the project area but maintaining healthy native fish 
populations would provide for highly valued recreational fishing opportunities over time. 

Socioeconomics 

Local and Regional Economies 

Affected Environment 

Description of Affected Environment for the Affected Resource 

Multiple stakeholders in local and regional economies would be impacted by the continued 
presence of pike in the project area (ADF&G 2021b). Charter businesses fly recreational fishers to 
the project area for trout and salmon fishing opportunities year-round. These businesses may lose 
the current salmonid fishery for their clients to fish. Recreational fishers who access the watershed 
year-round and target pike would lose a fishing opportunity if pike were eradicated. However, 
recreational fishers who access the watershed year-round who target native rainbow trout and other 
salmonid species would benefit from increased populations of these species post-eradication. 

Description of Environmental Trends and Planned Actions 

Decline of native rainbow trout and other salmonid species in the project area resulting from pike 
could result in declines in business for these local companies, as well as tackle and processing 
facilities that may be impacted by declines in business as well.  Pike in the project area have the 
possibility of moving to other watersheds in the upper Kenai Peninsula area and predating on 
salmonids and other native fish species.  Salmon in this portion of the Kenai Peninsula are 
harvested by set netters and declines in salmon due to pike predation could result in minor 
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economic loss to these commercial fishers.  

Impacts on Affected Resource 

Alternative A – No Action 

Continued presence of pike in the MCW would threaten the integrity and long-term viability of the 
fish community.  Reductions in opportunity for both recreational and commercial fishers to catch 
native and economically important species would be reduced. 

Alternative B – Netting and Containment 

Gill nets are not species-specific and have the potential to impact all fish species of susceptible 
size.  This will result in native fish species (e.g. trout and salmon) being caught.  Any native 
sportfish caught in gill nets would result in loss of opportunity for recreational and commercial 
fishers and the businesses that serve them. 
Containment barriers may not be specific to pike, and thus potentially negatively impact the 
migration native resident and anadromous species.  Reduced native fish abundance in the system 
could result in reduced opportunity for recreational and commercial fishers and the businesses that 
serve them.  

Alternative C – Rotenone 

Rotenone alone would impact the entire fish community in the system, leaving very few fish of any 
species (native or invasive) post-treatment within the treatment area. This reduction in fish 
abundance would only be counteracted by immigration of native fish species from other 
neighboring waters and ocean-returning adult salmon if rotenone were used as a stand-alone 
management action. The process of natural recolonization of the treatment area could take many 
years and result in many years of lost opportunity for recreational fishers and the businesses that 
serve them. 

Alternative D – Integrated Pest Management 

Containment barriers may not be specific to pike, and thus potentially negatively impact the 
migration of salmonids into the system.  Reduced native fish abundance in the system could result 
in reduced opportunity for recreational and commercial fishers and the businesses that serve them.   
Rotenone alone would impact the entire fish community in the treatment area, likely removing all 
fish (native or invasive) post-treatment.  This reduction in fish abundance would be counteracted 
by restocking of native salmonids in conjunction with native fish dispersal from nearby untreated 
water. Restocking with native fish species in 2022 is projected to more quickly return native 
rainbow trout and other salmonids to pre-treatment abundance by 2030 (Boersma 2020). 
Restocking would reduce the number of years that the native fishery was impacted and thus, the 
number of years that local fishers and the businesses that serve them would see impacts from the 
management action.   
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Monitoring 

Pre-project implementation monitoring in 2019-2021 has included: a video weir at the mouth of 
Miller Creek to better understand native salmonid run timing, electrofishing surveys to describe 
the juvenile fish community in Miller Creek, fish distribution netting surveys in lentic waters and 
water quality monitoring.  Monitoring for project efficacy will be scheduled depending on the 
alternative that is selected for implementation.  No monitoring would be conducted under 
Alternative A.  Alternative B would result in gill netting Vogel Lake, North Vogel Lake, and 
potentially other lakes in the watershed to confirm presence or absence of pike and an index of 
abundance of native fish species, potentially in perpetuity. Alternative C and D would result in 
more extensive monitoring post rotenone application including post-treatment success evaluation 
using gillnets, rotenone persistence, water quality/quantity, invertebrate sampling, and minnow 
trapping and would conclude in summer 2023.  Monitoring of some of these parameters may be 
continued post-2023 contingent on funding availability. This suite of parameters being 
monitored would allow evaluation of treatment efficacy at multiple trophic levels. 

Summary of Analysis 

Alternative A – No Action 

Taking no action to reduce abundance of pike in the MCW would be detrimental for many reasons. 
Native fish species (both resident and anadromous) would continue to face the threat of predation 
with some resident fish species likely becoming extirpated from the watershed.  Pike left in the 
watershed could also expand to neighboring watersheds via natural movement and illegal 
introductions to other waterbodies on the Kenai Peninsula.  This would greatly increase both the 
negative ecological impacts and economic costs of control.  Recreational and commercial fishers 
would lose an opportunity to catch native fish species which would have negative economic 
impacts.  The Wilderness qualities of the portion of the MCW within KNWR would have 
permanent and negative impacts from pike.  Although some items analyzed above would not be 
impacted by the continued presence of pike, the potential ecological and economic consequences of 
no action are much greater than any of the other alternatives. 

Alternative B – Netting and Containment 

As described above, netting and containment would reduce the pike population in the MCW.  
However, this would require extensive labor that would need to be conducted on an annual basis.  
Native fish would be impacted negatively by the gillnets and inability to pass through waterways 
temporarily blocked for the duration of the netting activities. Waterbirds could potentially be 
impacted by a long-term netting effort. None of the other natural resources analyzed above would 
be significantly negatively impacted by the netting and containment. Recreational fishers in the 
MCW will be negatively impacted by loss of native fish species as bycatch in gillnets, and 
additional losses of native fish that were predated upon by pike not caught in gillnets. This 
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alternative would partially meet the purpose and need of the project by reducing the number of 
pike, but not fully meet the purpose and need of the project, as eradication would not be achieved 
and no restocking of native fish for restoration to account for native fish bycatch in gillnets would 
occur. Finally, under this Alternative, the netting and containment barriers would impact qualities 
of the Refuge Wilderness, as they would have to be done periodically and in perpetuity to achieve 
suppression of the pike. 

Alternative C – Rotenone 

As described above, the purpose and needs of the project would be partially met under Alternative 
C. Rotenone would eradicate pike from the area.  Water quality and soils may be minimally and 
temporarily impacted by the application of rotenone but would return to normal as the rotenone 
degraded. Native fish currently in the application area would be negatively impacted by Rotenone 
until natural recolonization of the waterbody from native fish occurred.  No significant impacts to 
other natural resources would be anticipated.  Non-commercial anglers and angling-related 
businesses would lose a fishing opportunity in the area, and natural recolonization of native species 
would be a long process. The purpose and needs would be partially met under this alternative. 
While eradication would be achieved, restoration of the native fish community would be less 
certain, as multiple extraneous ecological factors could influence natural recolonization. Finally, 
under this Alternative, the impacts of the management actions on Wilderness would be short-term 
and subside as native fish naturally recolonized the watershed. 

Alternative D – Integrated Pest Management 

As described above, the integrated pest management alternative would both eradicate pike and help 
restore the native fish community in the MCW. Rotenone would eradicate pike and restocking of 
native fish would hasten the recovery trajectory of the native fish community.  Water quality and 
soils may be minimally and temporarily impacted by the application of Rotenone but would return 
to normal as the Rotenone degraded.  No significant impacts to other natural resources would be 
anticipated.  In conclusion, the purpose and needs for the project along with compliance with 
regulations directing management of the MCW (see Appendix A for regulations) would most fully 
be achieved under the integrated pest management alternative.  Finally, under this Alternative, the 
impacts of the management actions on Wilderness would be short-term and subside most quickly 
as native fish were both stocked and naturally recolonized the watershed. 

List of Sources, Agencies and Persons Consulted 

Native Organizations 
Alaska Regional Office - Indian Affairs 
Christopher Monfor, Salamatof Native Association, Inc. 
Crystal Collier, Seldovia Village Tribe 
Frank Standifer III, Native Village of Tyonek (IRA) 
Gwen Kvasnikoff, Native Village of Nanwalek 
Kimberly Kashevarof, Seldovia Native Association, Inc. 
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Leo Barlow, Tyonek Native Corporation 
Lloyd Stiassny, Port Graham Corporation 
Patrick Norman, Native Village of Port Graham 
Penny Carty, Village of Salamatof 
Richard Encelewski, Ninilchik Village and Ninilchik Native Association 
Sophie Minich, Cook Inlet Region, Incorporated 
Susan Magee, State ANILCA Program Coordinator 
Wayne Wilson, Kenaitze Indian Tribe (IRA) 
Local Organizations/Media 
11 News - KTVA 
Alaska Dispatch 
Alaska Outdoor Journal (Gary Barnes) 
Anchorage Daily News 
AP Anchorage 
Homer News 
Homer Tribune 
Juneau Empire 
KBBI 
KDLL 
KRSA 
KTUU 
Kwave FM 
News Miner 
Peninsula Clarion 
Radio Kenai 
Seward Journal 
Local Sportfish/Guiding Associations 
Kenai River Professional Guide Association 
Kenai River Sportfishing Association (Ben Mohr, Executive Director) 
Local Conservation Organizations 
Cook Inletkeeper (Bob Shavelson, Advocacy Director) 
Kenai Peninsula Cooperative Invasive Species Management Area (Katherine 
Schake) 
The Nature Conservancy 
Trout Unlimited Kenai Peninsula Chapter (Maggie Harrings, President) 
Local Commercial Fishing Organizations 
Cook Inlet Aquaculture Association 
Cook Inlet Aquaculture Association - Lisa Ka'aihue 
Kenai Peninsula Fishermen's Association 
Upper Cook Inlet Drift Association 
Private Individuals 
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Removed for privacy 
Kenai Borough Mayor 
Charlie Pierce 
Kenai Borough Land Manager 
Marcus Mueller 
Kenai Borough Assembly Members 
Bill Elam 
Brent Hibbert 
Brent Johnson 
Jesse Bjorkman 
Kenn Carpenter 
Lane Chesley 
Richard Derkevorkian 
Tyson Cox 
Willy Dunne 
Private Landowners along Miller Creek 
Removed for privacy 
Air Charters 
Alaska West Air 
Rust's Flying Service 
Agency Officials 
Becky Howard, State of Alaska 
Brian Gabriel, State of Alaska 
Carl High, State of Alaska 
Constance Nicks, State of Alaska 
Diane Campbell, State of Alaska 
Jason Herreman, State of Alaska 
Jeff Selinger, State of Alaska 
Jody Fenton, State of Alaska 
Lynn Smith, State of Alaska 
Marian Morse, State of Alaska 
Mary Gaiser, State of Alaska 
Robert Begich, State of Alaska 
Thomas Lohuis, State of Alaska 
Thomas McDonough, State of Alaska 
Local Govt Contacts 
Karen Fuller, Kenai Peninsula Borough 
Kenai River Center 
Federal Govt Contacts 
Andrea Medeiros, US Fish and Wildlife Service 
David Wigglesworth, US Fish and Wildlife Service 
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Katy Toth-Stauble, US Forest Service 
Ryan Mollnow, US Fish and Wildlife Service 
Sara Boario, US Fish and Wildlife Service 

List of Preparers (listed alphabetically by first name) 

Aaron Martin, US Fish and Wildlife Service 
Andy Loranger, US Fish and Wildlife Service 
Ben Meyer, Kenai Watershed Forum 
Ben Wishnek, US Fish and Wildlife Service (Primary on EA) 
Cody Jacobson, Alaska Department of Fish and Game 
Jim Boersma, US Fish and Wildlife Service 
Ken Gates, US Fish and Wildlife Service 
Kristine Dunker, Alaska Department of Fish and Game 
Matt Bowser, US Fish and Wildlife Service 
Mark Laker, US Fish and Wildlife Service 
Parker Bradley, Alaska Department of Fish and Game 
Rob Massengill, Alaska Department of Fish and Game 
Steve Miller, US Fish and Wildlife Service 

State Coordination 

Interagency Project Coordination Meetings held to date: 

• April 2020 
• November 2020 (2 meetings) 
• January 2021 
• February 2021 (2 meetings) 

Tribal Consultation 

See Appendix D-1 for initial letters sent for ANCSA consultation, and Appendix D-2 for tribal 
consultation. 

Public Outreach 

An initial scoping period was opened in January 2021 to gather input from the public to inform the 
drafting of this environmental assessment.  A radio interview was conducted in January 2021 with 
KSRM to announce the initial comment period and describe the project and goals in greater detail. 
See Appendix E-1 for Initial Scoping Notice and Appendix E-2 for the News Article. See 
Appendix F-1 for public comments on initial scoping notice. 
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Determination 

This section will be filled out upon completion of the public comment period and at the time of 
finalization of the Environmental Assessment. 

☐ The Service’s action will not result in a significant impact on the quality of the human 
environment. See the attached “Finding of No Significant Impact”. 

☐ The Service’s action may significantly affect the quality of the human environmentand 
the Service will prepare an Environmental Impact Statement. 

Signatures 
Submitted By: 

Project Leader Signature: 

Date: 

Concurrence: 

Refuge Supervisor Signature: 

Date: 

Approved: 
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Appendix A – Laws, Orders, and Policies 

This appendix describes federal laws, executive orders, and Service policies that address or affect 
invasive species management.  The appendix also describes legal authorities of the ADF&G.  The 
Service has authority to work with partners to manage invasive species under the National Invasive 
Species Act, the National Wildlife Refuge System Administration Act, the National Wildlife 
Refuge System Improvement Act (which amended the National Wildlife Refuge System 
Administration Act), the Endangered Species Act, and Executive Orders 13112 and 13751.  The 
Service’s Integrated Pest Management Policy, the Biological Integrity, Diversity, and 
Environmental Health (BIDEH) Policy, the KNWR Comprehensive Conservation Plan, and other 
National Wildlife Refuge System policies direct how invasive species should be managed.  The 
Fish and Wildlife Coordination Act is also an important federal legislation that also impacts 
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invasive species management.  The aforementioned laws, Executive Orders, and policies are 
discussed here in detail.  Additional laws, policies, and guidance that apply to invasive species or 
the potential management actions are discussed in the Affected Environment Section of this 
document.  

The National Invasive Species Act (NISA) was passed in 1996 amending the Nonindigenous 
Aquatic Nuisance Prevention and Control Act of 1990 (NANPCA).  The 1990 NANCPA 
established the Aquatic Nuisance Species (ANS) Task Force to coordinate nationwide ANS 
activities.  The ANS Task Force is co-chaired by the Service’s Assistant Director for Fisheries and 
Aquatic Conservation and the Undersecretary of Commerce/NOAA.  The NISA furthered the ANS 
activities by calling for ballast water regulations, the development of State aquatic nuisance species 
management plans and regional panels to combat the spread of ANS, and additional ANS outreach 
and research.  The NANPCA encourages the use of environmentally sound methods for invasive 
species management.  In the NANPCA, environmentally sound is defined as methods, efforts, 
actions or programs to prevent introductions or control infestations of aquatic nuisance species that 
minimize adverse impacts to the structure and function of an ecosystem and adverse effects on non-
target organisms and ecosystems and emphasize integrated pest management techniques and 
nonchemical measures. 

The National Wildlife Refuge System Administration Act, as amended by the National Wildlife 
Refuge System Improvement Act, establishes a unifying mission for the Refuge System, a process 
for determining compatible uses of refuges, and a requirement for preparing comprehensive 
conservation plans.  The Act states, first and foremost, that the mission of the National Wildlife 
Refuge System be focused singularly on wildlife conservation. The Act provides authority for 
regulations and policy that are directly related to invasive species management.  For example, the 
Act provides authority for 50 CFR 27.52 which identifies prohibited acts in the National Wildlife 
Refuge System, including the introduction of plants and animals.  The regulations stipulate that 
“Plants and animals or their parts taken elsewhere shall not be introduced, liberated, or placed on 
any national wildlife refuge except as authorized."  The Act also provides authority for the Services 
BIDEH policy discussed below. The Endangered Species Act (ESA) provides for conserving 
endangered and threatened species of plants and animals.  The ESA also requires that federal 
agencies consult with the USFWS and NMFS to ensure that any actions that they authorize, fund, 
or carry out are not likely to jeopardize the continued survival of a listed species or result in the 
adverse modification or destruction of its critical habitat.  The goal of the ESA is the recovery of 
endangered and threatened species and the ecosystems on which they depend.  Recovery is the 
process by which the decline of an endangered or threatened species is halted or reversed, and 
threats removed or reduced.  In many instances threats to an ESA listed species may come from 
invasive species. 

They may either directly harm the species by causing mortality or may threaten a species by 
modifying or destroying the habitat or food source on which that species depends.  A variety of 
methods and procedures are used to recover listed species, such as reduction of threats (including 
invasive species), protective measures to prevent extinction or further decline, consultation to avoid 
adverse impacts of Federal activities, habitat acquisition and restoration, and other on-the ground 
activities for managing and monitoring endangered and threatened species. It is not likely that pike 
are currently impacting listed species or their habitats in Alaska, but impacts are possible in the 
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foreseeable future.  KNWR Staff conducted Section 7 paperwork in winter/spring 2021 to further 
address lack of foreseeable impacts to listed species or their habitats. 

Executive Order 13112, signed in 1999 by President Clinton, directed Federal agencies to conduct, 
as appropriate, activities related to invasive species prevention; early detection, rapid response, and 
control; monitoring; restoration, research; and education.  This EO also directed Federal agencies 
to not authorize, fund, or carry out actions that it believes are likely to cause or promote the 
introduction or spread of invasive species in the United States unless the agency has determined 
and made public its determination that the benefits of such actions clearly outweigh the potential 
harm caused by invasive species; and that all feasible and prudent measures to minimize risk of 
harm will be taken in conjunction with the actions. 

Executive Order 13751, signed in December of 2016, amended EO 13112. Executive Order 13751 
directs continued coordinated Federal prevention and control efforts related to invasive species.  
This order maintains the National Invasive Species Council (Council); expands the membership of 
the Council; clarifies the operations of the Council; incorporates considerations of human and 
environmental health, climate change, technological innovation, and other emerging priorities into 
Federal efforts to address invasive species; and strengthens coordinated, cost-efficient Federal 
action. 

The Service’s IPM Policy, 569 FW 1, establishes strategies, procedures, and responsibilities for 
pest management activities on and off Service lands.  This IPM Policy directs the Service to 
manage pest species when the following conditions are met: a) the pest causes a threat to human or 
wildlife health or private property; action thresholds for the pest are exceeded; or Federal, State, or 
local governments designate the pest as noxious; b) the pest is detrimental to site management 
goals and objectives; and c) the planned pest management actions will not interfere with achieving 
site management goals and objectives (USFWS 2010).  Pike meet the definition of a pest and have 
met each of the aforementioned conditions. 

The Service’s Biological Integrity, Diversity, and Environmental Health (BIDEH) Policy, 601 FW 
3, provides for the consideration and protection of the broad spectrum of fish, wildlife, and habitat 
resources found on Refuges and associated ecosystems.  Further, it provides Refuge managers with 
an evaluation process to analyze their Refuge and recommend the best management direction to 
prevent further degradation of environmental conditions; and where appropriate and in concert with 
the mission of the Refuge system and individual Refuge purposes, restore lost or severely degraded 
components.  The BIDEH Policy also directs Refuges to prevent the introduction of invasive 
species, detect and control populations of invasive species, and provide for restoration of native 
species and habitat conditions in invaded ecosystems. 

The Fish and Wildlife Conservation Act encourages federal agencies to conserve and promote the 
conservation of non-game fish and wildlife species and their habitats.  Native non-game species 
can be affected by pike. 

By consent of the Alaska Board of Fisheries, the ADF&G is authorized to perform acts leading to 
the eradication of fish populations per Alaska Statute (AS 16.35.200).  Further, ADF&G is 
mandated by law to “Manage, protect, maintain, improve, and extend the fish, game and aquatic 
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plant resources of the state…” (Alaska Fish and Game Laws and Regulations, Section 16.05.020).  
Removing pike from MCW would serve to: protect and restore native wild fish populations and 
aquatic habitat, provide for the continuation of existing sport fishery in the lakes, reduce the 
likelihood that pike expand elsewhere on the Kenai Peninsula, and support ADF&G’ s long-term 
goal of eradicating pike from the entire Kenai Peninsula.  It is the ADF&G’s legal responsibility to 
remove the threat imposed by pike when feasible. 

The ADF&G Division of Sport Fish has developed planning documents to guide the Department’s 
actions regarding pike. These documents include the Management Plan for Invasive Northern Pike 
located online at: 
http://www.ADF&G.alaska.gov/static/species/nonnative/invasive/pike/pdfs/invasive_pike_manage 
ment_plan.pdf and the Alaska Aquatic Nuisance Species Management Plan located online at: 
http://www.ADF&G.alaska.gov/static/species/nonnative/invasive/pdfs/ak_ansmp.pdf. 

These plans aid in identifying specific threats from pike, lists the statues and regulations pertinent 
to invasive species, and outlines the processes to follow when planning projects that evaluate, 
prevent, control, and/ or eradicate pike. The Division’s strategic plan has a specific objective to: 
“minimize impacts of invasive species on sport fish stocks and habitat: 
(http://www.ADF&G.alaska.gov/static/fishing/PDFs/sport/StrategicPlan2015Final.pdf). Finally, 
the Division’s invasive pike planning team has identified Vogel Lake as the priority for the Kenai 
Peninsula.  

Cultural Resources 

Kenai NWR staff completed Section 106 clearance in winter/spring 2021 to ensure compliance 
with the following regulations pertaining to cultural resources: 

• American Indian Religious Freedom Act, as amended, 42 U.S.C. 1996 - 1996a; 43 CFR 
Part 7 

• Antiquities Act of 1906, 16 U.S.C. 431-433; 43 CFR Part 3 
• Archaeological Resources Protection Act of 1979, 16 U.S.C. 470aa-470mm; 18 CFR Part 

1312; 32 CFR Part 229; 36 CFR Part 296; 43 CFR Part 7 
• National Historic Preservation Act of 1966, as amended, 16 U.S.C. 470-470x-6; 36 CFR 

Parts 60, 63, 78, 79, 800, 801, and 810 
• Paleontological Resources Protection Act, 16 U.S.C. 470aaa-470aaa-11 
• Native American Graves Protection and Repatriation Act, 25 U.S.C. 3001-3013; 43 CFR 

Part 10 
• Executive Order 11593 – Protection and Enhancement of the Cultural Environment, 36 Fed. 

Reg. 8921 (1971) 
• Executive Order 13007 – Indian Sacred Sites, 61 Fed. Reg. 26771 (1996) 

Natural Resources 

Kenai NWR staff completed a Minimum Requirements Analysis (MRA) using the Minimum 
Requirements Decision Guide (MRDG) in winter/spring 2021 to ensure compliance with the 
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following regulations pertaining to wilderness: 

• Wilderness Act, 16 U.S.C. 1131 et seq. 
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Appendix B – Project Maps 
B-1: Project Map 
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B-2: Pike Native vs. Invasive Status in Alaska 

Draft Environmental Assessment for MCW Northern Pike Management | 48 



   
 

 
 

 
 

B-3: Pike Eradicated and Infested Waters on the Kenai Peninsula 

Draft Environmental Assessment for MCW Northern Pike Management | 49 



   
 

 
 
 

  

 
 
 
 
 
 
 
 
 
 
 

B-4: Miller Creek Watershed Map 
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Appendix C – Rotenone Label and Safety Data Sheet 
C-1: Rotenone Label 

Draft Environmental Assessment for MCW Northern Pike Management | 51 



   
 

Draft Environmental Assessment for MCW Northern Pike Management | 52 



   
 

Draft Environmental Assessment for MCW Northern Pike Management | 53 



   
 

Draft Environmental Assessment for MCW Northern Pike Management | 54 



   
 

Draft Environmental Assessment for MCW Northern Pike Management | 55 



   
 

 
 

Draft Environmental Assessment for MCW Northern Pike Management | 56 



   
 

  

 

C-2: Rotenone Safety Data Sheet 
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Appendix D – Tribal Consultations 

D-1: Initial ANCSA Consultation Letter 
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D-2: Initial Tribal Consultation Letter 
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Appendix E – Initial Project Scoping 

E-1: Initial Project Scoping Notice 
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E-2: Initial Scoping News Article 
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Appendix F – Initial Project Scoping Responses 

F-1: Public Comments on Initial Scoping Notice 

Comment 1 
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Comment 2 
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Comment 3 
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Comment 4 
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Comment 5 
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Appendix G – Acronyms 

ADF&G – Alaska Department of Fish and Game 
ADNR – Alaska Department of Natural Resources 
ANILCA – Alaska National Interest Lands Conservation Act 
CCP – Comprehensive Conservation Plan 
CFS – Cubic Feet per Second 
EA – Environmental Assessment 
EO – Executive Order 
FWS – U.S. Fish and Wildlife Service 
IPM – Integrated Pest Management 
KNWR – Kenai National Wildlife Refuge 
MCW – Miller Creek Watershed 
NEPA – National Environmental Policy Act 
NWR – National Wildlife Refuge 
NWRS – National Wildlife Refuge System 
NWRSAA – National Wildlife Refuge System Administration Act 
PPM – Parts Per Million 
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	Proposed Action 
	 
	The U.S. Fish and Wildlife Service (Service) is proposing to work with partners including the Alaska Department of Fish and Game (ADF&G) and Kenai Watershed Forum (KWF), to protect and restore native fish populations in the Miller Creek watershed (MCW) by eradicating invasive Northern pike (Esox lucius, ‘pike’, hereafter).  Part of the MCW lies within the Kenai National Wildlife Refuge (Refuge), and the proposed action is in accordance with the Refuge’s Comprehensive Conservation Plan (CCP) (USFWS 2010).  P
	 
	Background 
	 
	National Wildlife Refuges are guided by the mission and goals of the National Wildlife Refuge System (NWRS), the purposes of an individual refuge, Service policy, and laws and international treaties. Relevant guidance includes the National Wildlife Refuge System Administration Act of 1966, as amended by the National Wildlife Refuge System Improvement Act of 1997, Refuge Recreation Act of 1962, and selected portions of the Code of Federal Regulations and Fish and Wildlife Service Manual.  The refuge was esta
	and in a manner consistent with the purposes set forth in paragraph (i), water quality and necessary water quantity within the Refuge; (iv) To provide, in a manner consistent with paragraphs (i) and (ii), opportunities for  scientific research, interpretation, environmental education, and land management training; and (v) To provide, in a manner compatible with these purposes, opportunities for fish and wildlife-oriented recreation.   
	 
	ANILCA also designated 1.35 million acres (of the now 1.98 million-acre Refuge) as the Kenai Wilderness, to be managed as part of the National Wilderness Preservation System.  The Wilderness Act of 1964 (Public Law 88-577) created additional purposes for the Kenai NWR. Section 2(a) of the Wilderness Act states in part that “… it is hereby declared to be the intent of Congress to secure for the American people of present and future generations the benefits of an enduring resource of wilderness ...” and desig
	 
	The mission of the NWRS, as outlined by the National Wildlife Refuge System Administration Act (NWRSAA), as amended by the National Wildlife Refuge System Improvement Act (16 U.S.C. 668dd et seq.), is 
	 
	“... to administer a national network of lands and waters for the conservation, management and, where appropriate, restoration of the fish, wildlife, and plant resources and their habitats within the United States for the benefit of present and future generations of Americans.” 
	 
	Additionally, the NWRSAA mandates the Secretary of the Interior in administering the NWRS (16 U.S.C. 668dd(a)(4)) to 
	 
	• Provide for the conservation of fish, wildlife, and plants, and their habitats within the NWRS; 
	• Provide for the conservation of fish, wildlife, and plants, and their habitats within the NWRS; 
	• Provide for the conservation of fish, wildlife, and plants, and their habitats within the NWRS; 

	• Ensure that the biological integrity, diversity, and environmental health of the NWRS are maintained for the benefit of present and future generations of Americans; 
	• Ensure that the biological integrity, diversity, and environmental health of the NWRS are maintained for the benefit of present and future generations of Americans; 

	• Ensure that the mission of the NWRS described at 16 U.S.C. 668dd(a)(2) and the purposes of each refuge are carried out; 
	• Ensure that the mission of the NWRS described at 16 U.S.C. 668dd(a)(2) and the purposes of each refuge are carried out; 

	• Ensure effective coordination, interaction, and cooperation with owners of land adjoining refuges and the fish and wildlife agency of the states in which the units of the NWRS are located; 
	• Ensure effective coordination, interaction, and cooperation with owners of land adjoining refuges and the fish and wildlife agency of the states in which the units of the NWRS are located; 

	• Assist in the maintenance of adequate water quantity and water quality to fulfill the mission of the NWRS and the purposes of each refuge; 
	• Assist in the maintenance of adequate water quantity and water quality to fulfill the mission of the NWRS and the purposes of each refuge; 

	• Recognize compatible wildlife-dependent recreational uses as the priority general public uses of the NWRS through which the American public can develop an appreciation for fish and wildlife; 
	• Recognize compatible wildlife-dependent recreational uses as the priority general public uses of the NWRS through which the American public can develop an appreciation for fish and wildlife; 

	• Ensure that opportunities are provided within the NWRS for compatible wildlife- dependent recreational uses; and 
	• Ensure that opportunities are provided within the NWRS for compatible wildlife- dependent recreational uses; and 

	• Monitor the status and trends of fish, wildlife, and plants in each refuge. 
	• Monitor the status and trends of fish, wildlife, and plants in each refuge. 


	 
	The MCW contains the last known pike population on the Kenai Peninsula following years of collaborative eradication efforts.  Not removing the MCW population unnecessarily jeopardizes Kenai Peninsula wild native and stocked fisheries, as there is a threat to these fisheries posed by natural dispersal and illegal introductions of MCW pike to other watersheds.  
	 
	Purpose and Need for the Action 
	 
	The purpose of this proposed action is to restore and protect native fish communities in the MCW by eradicating invasive pike on and adjacent to the Refuge.  Pike are native to Alaska north and west of the Alaska Mountain Range and near Yakutat in the southeast.  Pike do not naturally occur in Southcentral Alaska (see Appendix B-2) and are believed to have first arrived there from an illegal introduction to Bulchitna Lake in the Yentna River drainage in the 1950’s (Alaska Department of Fish and Game 2002). 
	 
	Pike are considered an invasive species in Southcentral Alaska because they are not native to the region and are an apex predator capable of causing dramatic changes to fish assemblages outside of their native range (Dunker et al. 2018).  Their introduction can cause economic and/or environmental harm (ADF&G 2002).  Pike predation is suspected of causing localized salmonid reductions in Southcentral Alaska (Rutz 1999, Sepulveda et al. 2013, Sepulveda et al. 2015, Glick and Willette 2016), and pike appear to
	The need of the proposed action is to meet the Service’s priorities and mandates, specifically Refuge purposes as outlined by the ANILCA and the Wilderness Act, and the NWRSAA to “ensure that the biological integrity, diversity and environmental health of the NWRS are maintained for the benefit of present and future generations of Americans” (16 U.S.C. 668dd(a)(4)).  Introduced pike on the Kenai Peninsula have reduced or eliminated native wild fish populations from some lakes (McKinley 2013, Massengill 2017
	Miller Creek.  Evidence to date suggests their invasion was relatively recent and their impact to native fish populations has not had time to fully express. Based on the multiple experiences of pike invasions at similar areas in southcentral Alaska, catastrophic impacts to native fish in the MCW are expected if the pike population is left uncontrolled (Jalbert 2018).  
	 
	Alternatives 
	 
	Alternative A – No Action 
	The No Action Alternative would serve as a baseline of what would happen if no action would be taken to manage pike within the MCW.  Although this population of pike is in its incipient stages, the population is expected to grow rapidly and could potentially extirpate the rainbow trout population in the invaded waters by 2030 and would continue, over time, to cause similar outcomes elsewhere in the drainage (Boersma 2020).  Not taking action to manage this population would undermine the Service’s ability to
	 
	Alternative B – Netting and Containment  
	 
	Removing invasive pike with suppressive gillnetting is an option for management.  Under this management alternative, an excessive number of gill net hours would have to be fished to remove a significant proportion of the pike population from Vogel Lake. Suppressive gill netting under manageable levels of effort likely have to be continued in perpetuity, and may never completely remove pike from the project area (Boersma 2020).  A second part of this management alternative would be to place experimental barr
	 
	Alternative C – Rotenone  
	 
	One technique used by fisheries managers to control invasive fish species is the application of a commonly used pesticide (Rotenone).  Rotenone acts by inhibiting oxygen transfer needed for cellular respiration. Fish die from tissue anoxia due to cardiac and neurological failure (Ling 2003). It is effective at low concentrations with fish because it is readily absorbed into the bloodstream through the thin cell layer of the gills. Typically, non-target organisms that do not have this rapid absorption route 
	runs of salmonids that may be in the system throughout other parts of the year.  Fall treatments offer better timing in that invertebrates are naturally senescing at that time of year, there are no wood frog tadpoles, and piscivorous waterbirds have migrated south so they are not immediately displaced by temporary prey loss.  A combination of application methods would be needed to apply the rotenone to the MCW and would include aerial (helicopter), boat, backpack, and drip station applications; such an appr
	 
	Alternative D – Integrated Pest Management 
	 
	Integrated pest management, US Fish and Wildlife Service policy 569 FW 1, is a sustainable approach to managing pests that uses biological, cultural, physical, and/or chemical methods.  This science-based decision-making process incorporates management goals, consensus building, pest biology, monitoring, environmental factors, and selection of the best available technology to achieve desired outcomes while minimizing effects to non-target species and the environment and preventing unacceptable levels of pes
	 
	Utilizing this approach, the project would begin with native fish rescue to safeguard as many native fish from the project area as possible by temporarily relocating them to a nearby waterbody outside of the project area.  Temporary barriers would be maintained, and others added, as needed, in the upper part of the watershed to keep pike from moving beyond the project area.  The next step would be applying rotenone, a commonly used fish pesticide, to the project area in fall 2021.  This pesticide would work
	 
	Alternative(s) Considered, But Dismissed from Further Consideration 
	• None 
	 
	Affected Environment and Environmental Consequences 
	 
	This section is organized by affected resource categories and for each affected resource discusses both (1) the existing environmental and socioeconomic baseline in the action area for each resource and (2) the effects and impacts of the proposed action and any alternatives on each resource. The effects and impacts of the proposed action considered here are changes to the human environment, whether adverse or beneficial, that are reasonably foreseeable and have a reasonably close causal relationship to the 
	The refuge consists of approximately 3000 square miles in the Kenai Peninsula Borough, Alaska. The MCW consists of 3568 acres of Refuge, State of Alaska, Kenai Peninsula Borough, and private property (See map at Appendix B-4). 
	 
	Kenai National Wildlife Refuge has a variety of habitat types including: transitional boreal forest with wetlands, rivers, and lakes, mountain tundra, ice fields, and glaciers. The proposed action is located in the Miller Creek watershed on the northern portion of the Refuge, which is comprised of transitional boreal forest with wetlands and lakes. (See map of the general area and proposed project site at Appendix B-1). 
	 
	See sections 1.3 - 1.6 of the Refuge’s Comprehensive Conservation Plan for more information regarding and the general characteristics of the refuge’s environment (USFWS 2010). 
	 
	The following resources are not analyzed as, either (1) they do not exist within the project area or (2) they would either not be affected or only negligibly affected by the proposed action: 
	 
	• Air quality 
	• Air quality 
	• Air quality 

	• Refuge Management and Operations 
	• Refuge Management and Operations 

	• Visitor Use and Experience 
	• Visitor Use and Experience 

	• There are no known cultural resources in the proposed area of operations, as confirmed though consultation in compliance with National Historic Preservation Act Consultation, Section 106 in winter/spring 2021. 
	• There are no known cultural resources in the proposed area of operations, as confirmed though consultation in compliance with National Historic Preservation Act Consultation, Section 106 in winter/spring 2021. 

	• The Cook Inlet beluga whale (Delphinapterus leucas) is the only endangered species found in the Cook Inlet area.  No direct impacts to beluga whales are expected because the project area is not accessible to beluga whales. Additionally, if rotenone is part of the management strategy that is selected, the chemical will remain within the treatment area and will not enter Cook Inlet at a concentration detrimental to fish or any species dependent upon them.  Any rotenone discharging into Cook Inlet from Mille
	• The Cook Inlet beluga whale (Delphinapterus leucas) is the only endangered species found in the Cook Inlet area.  No direct impacts to beluga whales are expected because the project area is not accessible to beluga whales. Additionally, if rotenone is part of the management strategy that is selected, the chemical will remain within the treatment area and will not enter Cook Inlet at a concentration detrimental to fish or any species dependent upon them.  Any rotenone discharging into Cook Inlet from Mille


	Natural Resources 
	 
	Species of Management Concern – Northern Pike  
	 
	Affected Environment 
	 
	Description of Affected Environment for the Affected Resource 
	 
	The MCW currently supports native anadromous and resident fish populations which are abundant and well distributed.  The status of pike in the MCW is consistent with a population early in its invasion process. Data supportive of this assumption include: (1) relatively low gillnet capture-per-unit-of-effort (fish/hour) for pike (0.025) compared to native salmonids (0.313) (ADF&G 2020a), (2) microchemistry analysis of the inner ear bone (otolith) for the largest pike captured from Vogel Lake revealed a stront
	 
	Description of Environmental Trends and Planned Actions 
	 
	The native fauna and flora of the MCW remains intact but is threatened by recent biological invasions, most notably are two aquatic invasive species that can be very impactful, one is an apex predator (pike) and the other an aquatic plant, waterweed (Elodea sp., hereafter).  Elodea sp. can easily spread via fragmentation and hitchhiking and can quickly dominate native aquatic vegetation communities, impede navigation and may facilitate other invasive species such as pike (Thiébaut 2005, Heikkinen et al., 20
	 
	Impacts on Affected Resource 
	 
	Alternative A – No Action Alternative 
	 
	Multiple lines of evidence indicate the MCW pike population is currently at a low abundance and has a high potential for population expansion due to the underexploited prey and habitat available 
	in the drainage.  In nearly all other lentic waters on the Kenai Peninsula where invasive pike have invaded, resident native fish populations eventually became depleted or extirpated (Begich and McKinley 2005, Begich 2010, Massengill 2011, McKinley 2013, Massengill 2014a, Massengill 2014b, Massengill 2017).  It is probable that a similar collapse of native fish would occur in the MCW barring any action to control the pike population (Boersma 2020). Native fish provide an abundant and rich prey resource for 
	 
	Alternative B – Netting and Containment 
	 
	To date, there has been variable success at using mechanical methods (including netting and containment) to control invasive pike in southcentral Alaska.  Some have been successful in the short-term at removing pike and increasing salmonid abundance and distribution (Begich and McKinley 2005, Begich 2010, Massengill 2010, Massengill 2011, McKinley 2013, Glick and Willette 2016, DeCino and Willette 2017, Massengill 2017, Courtney et al. 2018, Bradley et al. 2020, Rutz et al. 2020, Wizik In Prep., Robert Deci
	 
	There have been only three instances in Alaska where invasive pike populations have been successfully eradicated by gillnetting efforts alone. Those instances include Hall, Tiny and Warfle lakes, all located on the Kenai Peninsula (Dunker et al. 2020). These removal efforts involved intensive long-term under-ice gillnetting and no other native fish were present except stickleback at Hall and Tiny lakes. Shared characteristics of these lakes that potentially contributed to the successful eradication of pike 
	(3) the lakes were closed to native fish immigration, (4) few if any juvenile pike (< 2 years old) were present indicating recruitment was poor and, (5) no juvenile salmonids were available as a rich prey source.  Pike gillnet suppression efforts at Vogel and North Vogel lakes would not be expected to eradicate the pike population because the lakes they inhabit, including Miller Creek, share few of the characteristics of the lakes where eradication using gillnets was successful. 
	 
	Containment of the MCW pike population to prevent expansion of its distribution within and out of the MCW would entail installing fish passage barriers in tributaries feeding the lakes that pike occupy (i.e., Vogel and North Vogel lakes). There are temporary passage barriers now in place in some of these tributaries, but they are incapable of preventing fish passage during exceptionally highwater events, are insufficient to stop juvenile movement, and are easily damaged.  Long-term barriers within the lake 
	 
	Consideration of non-structural containment/barrier options would include electrified, acoustic, or pneumatic (air blast/bubble), and chemical barriers, to name a few. All non-structural barrier options require significant installation and ongoing maintenance costs. Few, if any, non-structural barrier options are well researched for their applicability at preventing pike passage and all would 
	require a permanent and reliable power source.  
	 
	Alternative C – Rotenone  
	 
	Alternative C would apply a fish piscicide (rotenone) to all waters in the MCW containing pike to eradicate them. At a minimum, the treatment area would include the Miller Creek mainstem, Vogel and North Vogel lakes and all adjacent inundated wetlands. Rotenone treatments have a reliable record for pike eradication in Alaska (Massengill 2014 a, b, Massengill 2017, Dunker et al. 2020, Massengill In Preparation). The anticipated outcome of such a rotenone treatment would be the eradication of all pike and nat
	 
	Alternative D – Integrated Pest Management 
	 
	Alternative D utilizes multiple strategies including temporary containment, rotenone, and native fish restoration to address the pike issue in the MCW.  Temporary barriers installed would be intended to prevent the spread of pike from their current location in the watershed.  Impacts of rotenone to pike are summarized above.  Native fish restoration would have no impact on pike, as this step would be taken after the pike had been eradicated.  A final piece of this alternative could be utilization of a picke
	 
	Non-Target Aquatic Wildlife Species  
	 
	Affected Environment 
	 
	Description of Affected Environment for the Affected Resource 
	 
	The native fish assemblage of the MCW includes rainbow trout, coho salmon, sockeye salmon, pink salmon (Oncorhynchus gorbuscha), dolly varden (Salvelinus malma) threespine stickleback (Gasterosteus aculeatus), ninespine stickleback (Pungitius pungitius) and sculpin (Cottus Sp.) (Allin 1955, Baxter 1956, Tobin and Palmer 1997, Friedersdorff and Jakubas 1984, Friedersdorff 1986, Boersma 2020, ADF&G 2021a). None of the aforementioned species is listed as threatened or endangered.  The primary sport fishery is 
	 
	Description of Environmental Trends and Planned Actions 
	 
	Continued presence of pike in the MCW would be detrimental to the long-term viability of native fish species, and other fish and wildlife species that depend on the native fish assemblage.  Local fishers, both recreational and commercial, may lose out on fishing opportunities for native fish species.  The presence of Elodea in the watershed, although it is undergoing treatment, would combine with the presence of pike to reduce the natural qualities of the designated Wilderness on KNWR.   
	 
	Impacts on Affected Resource 
	 
	Alternative A – No Action 
	 
	The introduction of pike into the MCW will likely be significant for the watershed’s ecosystem and native fish assemblage and the fisheries dependent on them. Stochastic age-structured population dynamics models were used to investigate the impacts of a pike invasion on native populations. Based on the population growth rate of the newly established pike population and the demography and productivity of the system there is an exceedingly high probability that, within a decade, pike abundance and distributio
	 
	Alternative B – Netting and Containment  
	 
	Modeling of the population growth rate of the invasive pike and the productivity of the native fish populations suggest the level and frequency of netting efforts would be prohibitively expensive and likely result in the eventual extirpation of native fish populations under most scenarios (Boersma 2020). This finding is consistent with other netting removal efforts in South-Central Alaska where successful efforts were limited to small individual lakes with no immigration of native fish and small pike popula
	 
	The instillation of permanent barriers impassible to all fish in the inlets and outlets of the lakes that pike occupy would likely impair native fish populations. Suitable salmonid spawning habitat appears extremely limited in most of the MCW. The lower main stem of Miller Creek is thought to provide some of the best salmonid spawning habitat in the drainage and likely acts as an important spawning area for native species, particularly salmonids, that rear throughout the MCW (Friedersdorff and Jakubas 1984)
	 
	Alternative C – Rotenone  
	 
	The appropriate prescription and application of rotenone, a fish pesticide, to all waters in the MCW containing northern pike would result in the eradication of all invasive pike and native fish within the treatment area. Although the treatment would temporally remove native species, the recruitment dynamics and interconnectedness of the lake system provides a resilience to the native fish populations to this type of treatment.  In fact, a previous rotenone treatment within the watershed (Bird Pond) has app
	 
	Alternative D – Integrated Pest Management 
	 
	The integrated pest management alternative utilizes multiple strategies including temporary containment, rotenone, and native fish restoration. The temporary nature of the barriers would moderate the concerns stated above and provide added assurance that pike will not inadvertently spread during the treatment period. Population modeling suggests that a modest restocking effort could result in the recovery of resident game fishes within a ten-year timeline (Boersma 2020) and would provide assurances of a tim
	 
	Non-Target Terrestrial Wildlife Species  
	 
	Affected Environment 
	 
	Description of Affected Environment for the Affected Resource 
	 
	BIRDS 
	The upland habitat supports a variety of breeding passerines. Most prominent species utilizing the area are varied thrush (Ixoreus naevius), American robin (Turdus migratorius), Swainson’s thrush (Catharus ustulatus), yellow-rumped warbler (Setophaga coronata), ruby-crowned kinglet (Regulus calendula), fox sparrow (Passerella iliaca), and dark-eyed junco (Junco hyemalis). The herbaceous/peatlands along Miller Creek and around the apron of Vogel Lake support bird populations that include savannah sparrow (Pa
	 
	AMPHIBIANS 
	Wood frog (Lithobates sylvaticus) is the only amphibian known to occur on the Kenai Peninsula and presumed to be common in the MCW.  Wood frogs mate in the spring, and their offspring quickly develop from egg to tadpole to frog.  This northern adaptation helps ensure complete metamorphosis before fall freeze-up (Broderson and Tessler 2008).   
	 
	MAMMALS 
	Large mammal species found within the MCW include moose (Alces alces), black bear (Ursus americanus), 
	brown bear (Ursus arctos), wolf (Canis lupus), and coyote (Canis latrans).  Moose forage in riparian and upland habitats, primarily in riparian and birch stands within upland habits. Brown and black bears within the MCW primarily forage in riparian and aquatic habitats where they consume salmonids and other fish within Miller Creek and the shore of Vogel Lake. Wolves and coyotes are ephemerally present within the MCW. 
	 
	Mesocarnivore species within the MCW include North American river otter (Lontra canadensis), American mink (Neovison vison), ermine (Mustela erminea), American marten (Martes americana), and lynx (Lynx canadensis). River otter primarily inhabit aquatic environments within the MCW where they consume salmonids and other fish species. Mink primarily forage along stream shores and shallow aquatic habitats where they primarily feed on aquatic invertebrates and fish. Ermine and lynx may be found throughout all ha
	 
	Rodents and lagomorphs present within the MCW include North American beaver (Castor canadensis), North American porcupine (Erethizon dorsatum), red squirrel (Tamiasciurus hudsonicus), and several species of vole and shrew.  Beaver primarily inhabit the aquatic environments within the MCW and forage in riparian areas near these aquatic environments. Several species of vole and shrew inhabit all habitats within the MCW.  The presence and densities of specific vole and shrew species varies among microhabitats 
	 
	INVERTEBRATES 
	According to the Global Biodiversity Information Facility (2021), terrestrial invertebrates known to occur within the MCW include multiple species of worms, flies, mosquitos, yellowjackets, beetles, and butterflies.  
	 
	In the wetlands, expected species include the common mesh-weaver (Dictyna arundinacea), which was found to be characteristic of the shrub-sedge bog community by Bowser et al. (2020); the four-spotted skimmer (Libellula quadrimaculata); the American emerald (Cordulia shurtleffii); the ringed emerald (Somatochlora albicincta); the northern bluet (Enallagma annexum ); the marsh meadow grasshopper (Pseudochorthippus curtipennis); the red-disked alpine (Erebia discoidalis); the green comma (Polygonia faunus); a 
	 
	Description of Environmental Trends and Planned Actions 
	 
	Other non-native species exist in the MCW that are detrimental to the ecology and qualities of the Wilderness in the MCW within the boundaries of KNWR. Two non-native earthworm species, nightcrawlers (Lumbricus terrestris) and octagonal-tail worms (Dendrobaena octaedra), have been introduced at Vogel Lake cabin already resulting in loss of leaf litter at this site (Bowser 2019, Global Biodiversity Information Facility 2021).  Because earthworms disperse extremely slowly, the effects of these worms on the MC
	 
	Impacts on Affected Resource 
	 
	Alternative A – No Action 
	 
	The presence of pike within the MCW can have significant deleterious effects on salmonid and 
	other native fish populations within the drainage. Salmonids are an important food resource for numerous terrestrial mammal species including black bear, brown bear, mink, and river otter. Other species such as wolf and coyote may also exploit these resources whenever available in great abundance.  It is likely that the presence of pike has already negatively affected the food source for waterbirds in this system and the removal of pike will promote greater abundance of food for these species in the future.
	 
	Alternative B – Netting and Containment 
	 
	Land birds, land mammals and invertebrates have the potential to be impacted by gill nets or temporary containment barriers.  Amphibian larvae may be partially blocked from movement throughout the watershed by temporary barriers, which would be a minimal impact.  No impact to amphibians would be anticipated from gill nets.  Waterbirds and some aquatic mammals have the potential to become trapped in gill nets which could negatively impact a small proportion of these species, but would not be impacted by temp
	 
	Alternative C – Rotenone  
	 
	AMPHIBIANS 
	Adult frogs have been found to be more resistant to the effects of rotenone than fish.  Laboratory studies conducted on Columbia spotted frog (Rana luteiventris), and Rocky Mountain tailed frog (Ascaphus montanus) and long-toed salamander (Ambystoma macrodactylum) concluded that in the adult stage these species would not suffer an acute response to rotenone, but larval and tadpole stages could be affected by rotenone at fish killing concentrations (Grisak 2007).  These authors recommended rotenone treatment
	 
	BIRDS 
	All the upland bird species utilize invertebrates in their diet but would likely be only slightly affected by the project as most glean and flycatch from the forest and none would be solely utilizing invertebrates from the affected waterway. The bird species most likely affected from this habitat type would be western wood-pewee (Contopus sordidulus), alder flycatcher (Empidonax alnorum), olive-sided flycatcher (Contopus cooperi), tree swallow (Tachycineta bicolor), and violet-green swallow (Tachycineta tha
	 
	Any loss of aquatic insects related to the treatment that could potentially reduce this food source for wading bird species would not be impactful (Massengill 2014 a, b; Massengill 2017).  These species nest in small numbers adjacent to the majority of similar waterbodies found throughout the Refuge so any localized impacts would not be of major concern at the Refuge population level. There are also similar waterbodies that are adjacent to the project area that would be untreated and 
	likely be utilized by waterbirds and could possibly negate any possible short-term negative impacts to nesting success.  Invertebrate and fish populations preyed upon by waterbirds in these untreated habitat types would be approximately 300 meters from the project area. 
	 
	MAMMALS 
	Removal of pike from the drainage would likely have eventual positive effects on salmonid and other native fish abundance and distribution within the drainage. Salmonids are an important food resource for numerous terrestrial mammal species including black bears, brown bears, mink, and river otters. Other species such as wolves and coyotes may also exploit these resources whenever available in high abundance. Increased salmon abundance within the drainage would likely have positive impacts on these and othe
	 
	Increased salmonid abundance within this drainage can increase the deposition of salmon carcasses in nearby forests by mammals such as black and brown bear. These nutrients from the decomposing carcasses have positive effects on terrestrial vegetation through increased inputs of nitrogen and other marine-derived nutrients (Hilderbrand 1999). Such increased vegetation growth could also increase food availability for terrestrial mammals such as moose, beaver, and a variety of small mammals. 
	 
	Alternative D – Integrated Pest Management 
	 
	All impacts of alternative C would be expected under alternative D, as rotenone is a component of both alternatives.  Re-stocking of native fish under alternative D would accelerate the recovery of this species in the MCW.  An accelerated recovery of native fish would benefit the vertebrate species that directly prey upon fish, invertebrates and vertebrate species that utilize fish carcasses.   
	 
	Habitat and Vegetation (including vegetation of special management concern)  
	Affected Environment 
	 
	Description of Affected Environment for the Affected Resource 
	 
	Tree species in the MCW include: black spruce (Picea mariana), white spruce (Picea glauca), Alaska birch (Betula pendula ssp. mandshurica), and cottonwood (Populus × hastata) (Baxter 1956, Jakubas and Firman 1984).  The tall shrubs Sitka alder (Alnus alnobetula ssp. sinuata) and Scouler’s willow (Salix scouleriana) are present in the MCW as well (Baxter 1956).  
	Vegetation in wetlands within the project area are characterized by black spruce, mosses, and herbaceous plants such as grasses, forbs, and shrubs.  Baxter (1956) listed from this area Alaska iris (Iris setosa).  Thinleaf alder (Alnus incana) is expected to be common in MCW wetlands, particularly along streams. 
	 
	Predominant aquatic vegetation species include: broad-leaved pondweed (Potamogeton natans), small pondweed (Potamogeton berchtoldii), Robbins’ pondweed (Potamogeton robbinsii), flat-stem pondweed (Potamogeton zosteriformis), rushes (Schoenoplectus sp.), Rocky Mountain pond-lily (Nuphar polysepalum), pygmy water-lily (Nymphaea tetragona), water milfoil (Myriophyllum 
	sp.), narrowleaf bur-reed (Sparganium angustifolium), and water horsetail (Equisetum fluviatile) (Global Biodiversity Information Facility 2021).  Elodea, a non-native aquatic plant, is present in Sandpiper Lake within the watershed, and is currently undergoing treatment for eradication (Alaska Department of Natural Resources 2020, Global Biodiversity Information Facility 2021, Kenai Peninsula Cooperative Weed Management Area 2021). 
	 
	Description of Environmental Trends and Planned Actions 
	 
	White spruce forests on the northern Kenai Peninsula have been severely affected in recent years by outbreaks of spruce bark beetles; a cycle that may shift under a warming climate (Sherriff et al. 2011, US Forest Service 2020).  
	 
	Non-native sawflies that are now assumed to be ubiquitous on the western Kenai Peninsula defoliate birch and thinleaf alder (Lundquist and Soper 2010, Kruse et al. 2012).  Birches in the area appear to be able to cope with these sawflies well, but thinleaf alder have experienced considerable dieback in recent decades due in part to defoliation by sawflies and in part by alder canker (Valsa melanodiscus) and other fungal diseases (US Forest Service 2020). 
	Only a small, apparently incipient population of invasive Elodea was found in Sandpiper Lake in 2019.  Eradication began in 2020 and is expected to be eradicated by 2022 before it can significantly alter the ecology of this system. 
	 
	The presence or absence of pike in the MCW should have little effect on terrestrial and aquatic vegetation and habitats.  Their effects on any part of this system are expected to be indirect by altering food webs and by changing how humans use the area. Human use is already an important source of change for this area, bringing in other non-native species and plants [e.g. Autumn Hawkbit (Scorzoneroides autumnalis)] into this system (Bowser 2020).  Pike remaining in the system would add to impacts from other 
	 
	Impacts on Affected Resource 
	 
	Alternative A – No Action 
	 
	Taking no action on the pike would have little direct impact on the vegetation and habitat resources of the area.   
	 
	Alternative B – Netting and Containment 
	 
	Of the three alternatives, netting and containment is the most likely to damage the vegetation and habitat resources of the area.  Because this alternative requires more person-hours and travel to and from the MCW, and especially because this would have to be repeated indefinitely, the likelihood of inadvertently transporting additional invasive species into the watershed is greatest with this alternative.  Repeated trampling of wetlands to service nets and maintain barriers would create new trails and dist
	 
	Alternative C – Rotenone  
	 
	Application of rotenone is not known to harm plants, so the use of rotenone is not expected to have any lasting effect on vegetation and habitat (Finlayson et al. 2018).  Even though a large effort would be undertaken in 2021, only limited follow-up would be required, making this alternative the least impactful in terms of trampling and potentially inadvertently transporting invasive species. 
	 
	Alternative D – Integrated Pest Management 
	 
	Impacts of alternative D (rotenone as part of IPM) would be similar to alternative C (rotenone).  Limited trampling of vegetation may occur during restocking efforts, but the impacts would be minimal. 
	 
	Geology and Soils 
	 
	Affected Environment 
	 
	Description of Affected Environment for the Affected Resource 
	 
	The predominant soil type in the project area is Cohoe dry silt loam.  Soils in this classification typically have a shallow organic layer of moderately decomposed plant material (0-2 inches below surface), two layers of silt loam (2-24 and 24-52 inches below surface, respectively), and a layer of very gravelly sandy loam (52-60 inches below surface).  Soils are typically well drained with a restrictive feature greater than 80 inches below the surface. This type of soil is well-draining with a soil permeabi
	 
	Description of Environmental Trends and Planned Actions  
	 
	If rotenone is incorporated into the selected alternative, no rotenone contamination of soils is anticipated from this project.  Rotenone binds readily to sediments and is ultimately broken down in soil and water (Engstrom-Heg 1971, Engstrom-Heg 1976, Skaar 2001, Ware and Whitaker 2004).  Rotenone is not expected to leach from soils, and it penetrates approximately one inch vertically in most soil types 
	If rotenone is incorporated into the selected alternative, no rotenone contamination of soils is anticipated from this project.  Rotenone binds readily to sediments and is ultimately broken down in soil and water (Engstrom-Heg 1971, Engstrom-Heg 1976, Skaar 2001, Ware and Whitaker 2004).  Rotenone is not expected to leach from soils, and it penetrates approximately one inch vertically in most soil types 
	(Augustijn-Beckers et al. 1994, 
	(Augustijn-Beckers et al. 1994, 

	Arizona Department of Fish and Game, 2011).  The only exception is sandy soil where movement is about three inches (Hisata 2002).   

	 
	Impacts on Affected Resource 
	 
	Alternative A – No Action 
	 
	No impacts to soils would be expected under the no action alternative. 
	 
	Alternative B – Netting and Containment 
	 
	No impacts to soils would be expected under the netting and containment alternative. 
	 
	Alternative C – Rotenone  
	 
	It is expected that, at the very maximum in sandy soils that are most easily penetrated by rotenone, the rotenone would only penetrate about three inches total.  Rotenone degradation rates in soil are dependent on soil temperature, soil physicochemical properties and sunlight exposure.  Rotenone embedded on soil surfaces but exposed to sunlight has been shown to degrade 50% after five to seven hours (Cavoski et al. 2007).  Rotenone embedded in soil without sunlight exposure was shown to degrade 50% in 8 day
	 
	Alternative D – Integrated Pest Management 
	 
	Implementation of the other tools including netting, native fish rescue, and/or re-stocking would not be expected to have impacts on the geology/soils of the MCW.  Impacts of rotenone on soils are discussed above in the section for alternative C. 
	 
	Water Quality 
	 
	Affected Environment 
	 
	Description of Affected Environment for the Affected Resource 
	 
	Water resources in the Vogel Lake project area include a series of connected lakes and wetlands draining into Miller Creek.  Vogel Lake is approximately ten miles from the nearest road and sees light recreational use by anglers year-round arriving by either floatplane or snowmobile.  Water quality in the project area is not currently affected by local anthropogenic development, with invasive pike presenting the primary disturbance to the aquatic ecosystem. 
	 
	Observations from other lakes in the region with invasive pike populations suggest that pike may act as an indirect driver of changes to lotic water quality.  Although anecdotal, lakeside residents at other Kenai Peninsula lakes with invasive pike have reported increased water clarity following their introduction.  Trophic cascade effects, including water quality changes and changes in zooplankton communities, can result from fish introductions (Tanner et al. 2006, Skov and Nilsson 2007, Duggan 2015, Walsh 
	 
	Baseline water quality data fieldwork in the MCW initiated in January 2021 and will continue through Fall 2022.  Water quality data from lake depth profiles will be collected on an approximately monthly basis, with measurements at one-meter depth intervals for temperature, pH, dissolved oxygen, conductivity, and turbidity.  Initial data in January 2021 indicates stratified patterns in temperature, pH, dissolved oxygen, and conductivity, with virtually zero turbidity except at the benthic surface. 
	 
	Baseline water quality data and site photos may be accessed in an online web map and report (Kenai Watershed Forum 2021a, Kenai Watershed Forum 2021b).  Maps and data will be updated 
	throughout the project as more data becomes available. 
	 
	Description of Environmental Trends and Planned Actions 
	 
	Long-term monitoring of groundwater wells in treatment areas in California (10 years) and short-term monitoring of wells in Montana never detected rotenone, rotenolone, or any formulation products (Skaar 2002, Ridley et al. 2007, McMillin and Finlayson 2008) after application in nearby waters.  No other chemicals are known to be present in the water of the MCW that could have a compounding impact if rotenone were used. 
	 
	Impacts on Affected Resource 
	 
	Alternative A – No Action 
	 
	Allowing northern pike to remain in the MCW would not negatively affect water quality. Although anecdotal, lakeside residents at other pike-infested lakes have reported water clarity increased following the introduction of pike.  However, trophic cascade effects, including water quality changes and changes in zooplankton communities, are known to result from fish introductions and could possibly occur with continued presence of pike (Tanner 2006, Skov and Nilsson 2007 Duggan 2015, Walsh et. al. 2016). 
	 
	Alternative B – Netting and Containment 
	 
	Under the Proposed Action Alternative B, changes to water quality are expected to be minor.  
	Potential changes in water quality as a result of pike removal and resultant trophic effects would be monitored through Fall 2022. Fish carcasses that may be present after netting can act as fertilizer to stimulate production of phytoplankton and ultimately zooplankton.  However, no drastic changes in water quality have been observed by ADF&G following other northern pike eradication projects (Massengill 2014 a, b). 
	 
	Alternative C – Rotenone 
	 
	Under the Proposed Action Alternative C, water quality will be temporarily affected by the application of rotenone.  This project would intentionally introduce rotenone, a botanically based piscicide, to surface waters to kill invasive fish, but impacts would be short-term. CFT Legumine™ (5% rotenone) is registered by both the Environmental Protection Agency (EPA) and the Alaska Department of Environmental Conservation and is deemed safe to use to eradicate invasive fish when applied according to label inst
	 
	There are three ways in which rotenone can be detoxified once applied. The first detoxification method involves dilution. This may be accomplished by groundwater or surface water inputs diluting the rotenone below 2.0 parts per billion (ppb), a concentration threshold requiring deactivation if the rotenone leaves a treatment area (i.e., flushing downstream) (Finlayson et al. 
	2010). Because the lake connections are ephemeral and low flow (<1 cfs), water inputs causing dilution would not be expected to contribute significantly to detoxification. 
	The second method of detoxification involves the application of potassium permanganate (KMnO4) which is an oxidizing agent.  Detoxification using KMnO4 is typically used for flowing waters where rotenone must be detoxified before traveling downstream and outside of a treatment area (Finlayson et. al. 2018). Detoxification is normally accomplished within 60 minutes after KMnO4 is in contact with rotenone at a 1:1 ratio. Less contact time is required with higher water temperatures or higher ratios of KMnO4 to
	 
	CFT Legumine™ is a liquid rotenone formulation. Its additives facilitate the emulsification and dispersion of rotenone in water. The formulation of CFT Legumine™ was analyzed for the California Fish and Game Department (CDF&G) in 2007 (Environ 2007).  This analysis showed that the primary ingredients (carrier compounds) are soluble organic compounds (SOCs) such as diethylene glycol ethyl ether (DGEE) (61.1%), Fennedefo 99™ (17.1%), N-methyl 2-pyrrolidone (9.8%), rotenone (5.12%) and rotenolone (0.72%).  Som
	 
	Following a rotenone treatment, there may be a substantial number of fish carcasses present.  Bradbury (1986) reported that approximately 70% of rotenone-killed fish in Washington lakes immediately sink.  Parker (1970) reported that at water temperatures of 5 C and cooler, dead fish required 20-41 days to surface.  The most important factors inhibiting fish from surfacing are cooler water (<10 C) and deep water (> 5 meters).  The treatment period (early-October) would likely result in water that is <10C°.
	 
	Bradbury (1986) reported that 9 of 11 water bodies in Washington treated with rotenone experienced an algae bloom shortly after treatment. This occurred from the input of phosphorus to 
	the water as fish decayed.  Bradbury further noted that approximately 70% of the phosphorus from dead fish would be released into the lake through bacterial decay. This stimulates phytoplankton production which in turn increases zooplankton production, providing prey for macroinvertebrates and fish.  This change in water chemistry is viewed as a benefit to stimulate plankton growth (UDWR 2007). Any changes or impacts to water quality resulting from decaying fish would be short-term and minor.  
	 
	In summary, the rotenone treatment would be confined to the MCW natural degradation processes would fully detoxify rotenone over a period of months. As required by state regulation, ADF&G will apply for and comply with the Alaska Department of Environmental Conservation (ADEC) Pesticide Use Permit for this project. Similarly, this project would be conducted in compliance with Section 402 of the federal Clean Water Act (CWA), where permitting authority in Alaska has been transferred to the ADEC through the A
	 
	Water samples would be collected at minimum bimonthly intervals post-application until undetectable and analyzed for rotenone concentrations as well as other parameters if requested by ADF&G.  Potential changes in water quality associated with pike removal and resultant trophic effects will be monitored through Fall 2022. 
	 
	Alternative D – Integrated Pest Management 
	 
	Alternative D includes a combination of netting and rotenone application to eradicate pike, as well as restocking with native fish.  Water quality may be temporarily affected by these activities as described in Alternative C.  The elimination of pike and reintroduction of native fish would be expected to gradually approximate water quality conditions that were present prior to pike infestation.  Potential changes in water quality as a result of pike removal and resultant trophic effects will be monitored th
	 
	Floodplains  
	 
	Affected Environment 
	 
	Description of Affected Environment for the Affected Resource  
	 
	The area encompassing the MCW is defined in Appendix B-4 via spatial data.  ADF&G aerial and ground observations and review of satellite imagery indicates some neighboring surface waters located south of the watershed boundary may have linkage to the MCW, or, share linkage to both the MCW and the Seven Egg Creek Drainage. The Seven Egg Creek drainage is an adjacent drainage south of the MCW. Both drainages drain west into Cook Inlet.   
	 
	There is scant discharge data for any flowing waters in the MCW, but visual observations done periodically in 2019 suggests the typical discharge of Miller Creek is low (<10 cfs) with high seasonal variability. Stream flow in Miller Creek in early August 2012 was undetectable, but likely 
	has the potential to be > 10cfs during rare highwater events based on visual estimates. Higher order streams within the drainage probably have peak seasonal discharges ranging from 5.0 – 0.5 cfs. Mid-summer discharge at Sandpiper Lake, which flows into North Vogel Lake, was estimated at 1 cfs (Baxter 1956) and discharge was undetectable in early September 2019. Discharge at Bird Pond, which flows into Vogel Lake, was estimated at only 6 cubic feet per hour during summer (Allin 1955). 
	 
	Description of Environmental Trends and Planned Actions  
	 
	All waterbodies with surface water linkage within the MCW are highly vulnerable to pike invasion, particularly those south of Vogel Lake that are tenuously protected by beaver dams in their outlet streams which likely serve as a barrier to upstream pike movement. 
	 
	Impacts on Affected Resource 
	 
	Alternative A – No Action 
	 
	No impacts to the floodplains would be expected if pike are allowed to remain in the MCW. 
	 
	Alternative B – Netting and Containment 
	 
	Utilization of gill nets for removing pike would not have impacts on the floodplains.  Placing barriers to pike movement in or out of the system could potentially impact the natural flow regime, but not to a level considered adverse within the scope of Executive Order 11988 (Code of Federal Regulations 1977).    
	 
	Alternative C – Rotenone  
	 
	Use of rotenone as a standalone management action would not impact the natural flow regime of the watershed to a level considered adverse within the scope of Executive Order 11988 (Code of Federal Regulations 1977). 
	 
	Alternative D – Integrated Pest Management 
	 
	Placing barriers to pike movement in or out of the system could potentially impact the natural flow regime, but not to a level considered adverse within the scope of Executive Order 11988 (Code of Federal Regulations 1977).   Implementation of the other tools including netting, rotenone, native fish rescue, and/or re-stocking would not be expected to have impacts on the floodplain. 
	 
	Wilderness or Other Special Designation  
	 
	Affected Environment 
	 
	Description of Affected Environment for the Affected Resource 
	 
	All Refuge lands and waters within the project area are part of the Congressionally-designated Kenai Wilderness.  In order to meet the Refuge’s wilderness purpose, the Wilderness Act provides that each agency administering wilderness areas “…shall be responsible for preserving the wilderness character of the area and shall so administer such area for such other purposes for which it may have been established as also to preserve its wilderness character. Except as otherwise noted in this Act, wilderness area
	 
	Description of Environmental Trends and Planned Actions  
	 
	As previously noted, the pike population in the MCW has high potential to grow and expand, and to have substantial adverse impacts to native resident and anadromous fish populations. Without management action, pike would therefore have substantial long-term negative impacts on wilderness character within this portion of the Kenai Wilderness, specifically to its natural quality.  However, management actions under all Alternatives considered would also negatively impact the untrammeled, undeveloped, and natur
	 
	Impacts on Affected Resource 
	 
	Alternative A – No Action 
	 
	Under this alternative, the presence of non-native pike would negatively impact the native fish community, which would impact the natural qualities of the Kenai Wilderness and reduce opportunities for primitive and unconfined recreation.   
	 
	Alternative B – Netting and Containment 
	 
	Under this Alternative, management actions involving netting and installation of barriers would negatively impact the untrammeled, undeveloped, and natural qualities of the Kenai Wilderness in perpetuity because these actions would have to be repeated periodically to achieve suppression of pike populations.  Assuming the effectiveness of these treatments, the natural quality of the Kenai Wilderness within the MCW would be maintained by reducing impacts of pike predation on native fish populations.  Manageme
	 
	Alternative C – Rotenone  
	 
	Under this Alternative, management action involving application of rotenone would have negative 
	impacts on the untrammeled and natural qualities of the Kenai Wilderness within the MCW.  These impacts would be short-term if rotenone application is successful in eradication of pike throughout the MCW.  Assuming effectiveness of this treatment, the natural quality of the Kenai Wilderness within the MCW would be restored and maintained by preventing impacts of pike predation on native fish populations.  Management activities while being conducted would temporarily reduce opportunities for primitive and un
	 
	Alternative D – Integrated Pest Management 
	 
	Under this Alternative, management actions involving application of rotenone, netting and installation of barriers would negatively impact the untrammeled, undeveloped, and natural qualities of the Kenai Wilderness. These impacts would be short-term if this integrated pest management approach is successful in eradication of pike throughout the MCW. Assuming the effectiveness of these treatments, the natural quality of the Kenai Wilderness within the MCW would be restored and maintained by preventing impacts
	 
	Socioeconomics 
	 
	Local and Regional Economies 
	 
	Affected Environment 
	 
	Description of Affected Environment for the Affected Resource 
	 
	Multiple stakeholders in local and regional economies would be impacted by the continued presence of pike in the project area (ADF&G 2021b).  Charter businesses fly recreational fishers to the project area for trout and salmon fishing opportunities year-round.  These businesses may lose the current salmonid fishery for their clients to fish.  Recreational fishers who access the watershed year-round and target pike would lose a fishing opportunity if pike were eradicated.  However, recreational fishers who a
	 
	Description of Environmental Trends and Planned Actions 
	 
	Decline of native rainbow trout and other salmonid species in the project area resulting from pike could result in declines in business for these local companies, as well as tackle and processing facilities that may be impacted by declines in business as well.  Pike in the project area have the possibility of moving to other watersheds in the upper Kenai Peninsula area and predating on salmonids and other native fish species.  Salmon in this portion of the Kenai Peninsula are harvested by set netters and de
	economic loss to these commercial fishers.   
	 
	Impacts on Affected Resource 
	 
	Alternative A – No Action 
	 
	Continued presence of pike in the MCW would threaten the integrity and long-term viability of the fish community.  Reductions in opportunity for both recreational and commercial fishers to catch native and economically important species would be reduced. 
	 
	Alternative B – Netting and Containment 
	 
	Gill nets are not species-specific and have the potential to impact all fish species of susceptible size.  This will result in native fish species (e.g. trout and salmon) being caught.  Any native sportfish caught in gill nets would result in loss of opportunity for recreational and commercial fishers and the businesses that serve them. 
	Containment barriers may not be specific to pike, and thus potentially negatively impact the migration native resident and anadromous species.  Reduced native fish abundance in the system could result in reduced opportunity for recreational and commercial fishers and the businesses that serve them.    
	 
	Alternative C – Rotenone  
	 
	Rotenone alone would impact the entire fish community in the system, leaving very few fish of any species (native or invasive) post-treatment within the treatment area.  This reduction in fish abundance would only be counteracted by immigration of native fish species from other neighboring waters and ocean-returning adult salmon if rotenone were used as a stand-alone management action.  The process of natural recolonization of the treatment area could take many years and result in many years of lost opportu
	 
	Alternative D – Integrated Pest Management 
	 
	Containment barriers may not be specific to pike, and thus potentially negatively impact the migration of salmonids into the system.  Reduced native fish abundance in the system could result in reduced opportunity for recreational and commercial fishers and the businesses that serve them.    
	Rotenone alone would impact the entire fish community in the treatment area, likely removing all fish (native or invasive) post-treatment.  This reduction in fish abundance would be counteracted by restocking of native salmonids in conjunction with native fish dispersal from nearby untreated water. Restocking with native fish species in 2022 is projected to more quickly return native rainbow trout and other salmonids to pre-treatment abundance by 2030 (Boersma 2020).  Restocking would reduce the number of y
	 
	Monitoring  
	 
	Pre-project implementation monitoring in 2019-2021 has included: a video weir at the mouth of Miller Creek to better understand native salmonid run timing, electrofishing surveys to describe the juvenile fish community in Miller Creek, fish distribution netting surveys in lentic waters and water quality monitoring.  Monitoring for project efficacy will be scheduled depending on the alternative that is selected for implementation.  No monitoring would be conducted under Alternative A.  Alternative B would re
	 
	 
	Summary of Analysis 
	 
	Alternative A – No Action 
	 
	Taking no action to reduce abundance of pike in the MCW would be detrimental for many reasons.  Native fish species (both resident and anadromous) would continue to face the threat of predation with some resident fish species likely becoming extirpated from the watershed.  Pike left in the watershed could also expand to neighboring watersheds via natural movement and illegal introductions to other waterbodies on the Kenai Peninsula.  This would greatly increase both the negative ecological impacts and econo
	    
	Alternative B – Netting and Containment 
	 
	As described above, netting and containment would reduce the pike population in the MCW.  However, this would require extensive labor that would need to be conducted on an annual basis.  Native fish would be impacted negatively by the gillnets and inability to pass through waterways temporarily blocked for the duration of the netting activities.  Waterbirds could potentially be impacted by a long-term netting effort.  None of the other natural resources analyzed above would be significantly negatively impac
	alternative would partially meet the purpose and need of the project by reducing the number of pike, but not fully meet the purpose and need of the project, as eradication would not be achieved and no restocking of native fish for restoration to account for native fish bycatch in gillnets would occur.  Finally, under this Alternative, the netting and containment barriers would impact qualities of the Refuge Wilderness, as they would have to be done periodically and in perpetuity to achieve suppression of th
	 
	Alternative C – Rotenone 
	 
	As described above, the purpose and needs of the project would be partially met under Alternative C.  Rotenone would eradicate pike from the area.  Water quality and soils may be minimally and temporarily impacted by the application of rotenone but would return to normal as the rotenone degraded.  Native fish currently in the application area would be negatively impacted by Rotenone until natural recolonization of the waterbody from native fish occurred.  No significant impacts to other natural resources wo
	 
	Alternative D – Integrated Pest Management 
	 
	As described above, the integrated pest management alternative would both eradicate pike and help restore the native fish community in the MCW.  Rotenone would eradicate pike and restocking of native fish would hasten the recovery trajectory of the native fish community.  Water quality and soils may be minimally and temporarily impacted by the application of Rotenone but would return to normal as the Rotenone degraded.  No significant impacts to other natural resources would be anticipated.  In conclusion, 
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	Tribal Consultation 
	 
	See Appendix D-1 for initial letters sent for ANCSA consultation, and Appendix D-2 for tribal consultation.   
	 
	Public Outreach 
	 
	An initial scoping period was opened in January 2021 to gather input from the public to inform the drafting of this environmental assessment.  A radio interview was conducted in January 2021 with KSRM to announce the initial comment period and describe the project and goals in greater detail.  See Appendix E-1 for Initial Scoping Notice and Appendix E-2 for the News Article. See Appendix F-1 for public comments on initial scoping notice. 
	 
	Determination 
	This section will be filled out upon completion of the public comment period and at the time of finalization of the Environmental Assessment. 
	☐ The Service’s action will not result in a significant impact on the quality of the human 
	☐ The Service’s action will not result in a significant impact on the quality of the human 
	☐ The Service’s action will not result in a significant impact on the quality of the human 


	environment. See the attached “Finding of No Significant Impact”. 
	☐  The Service’s action may significantly affect the quality of the human environment and the Service will prepare an Environmental Impact Statement. 
	☐  The Service’s action may significantly affect the quality of the human environment and the Service will prepare an Environmental Impact Statement. 
	☐  The Service’s action may significantly affect the quality of the human environment and the Service will prepare an Environmental Impact Statement. 
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	Appendix A – Laws, Orders, and Policies 
	 
	This appendix describes federal laws, executive orders, and Service policies that address or affect invasive species management.  The appendix also describes legal authorities of the ADF&G.  The Service has authority to work with partners to manage invasive species under the National Invasive Species Act, the National Wildlife Refuge System Administration Act, the National Wildlife Refuge System Improvement Act (which amended the National Wildlife Refuge System Administration Act), the Endangered Species Ac
	invasive species management.  The aforementioned laws, Executive Orders, and policies are discussed here in detail.  Additional laws, policies, and guidance that apply to invasive species or the potential management actions are discussed in the Affected Environment Section of this document.   
	 
	The National Invasive Species Act (NISA) was passed in 1996 amending the Nonindigenous Aquatic Nuisance Prevention and Control Act of 1990 (NANPCA).  The 1990 NANCPA established the Aquatic Nuisance Species (ANS) Task Force to coordinate nationwide ANS activities.  The ANS Task Force is co-chaired by the Service’s Assistant Director for Fisheries and Aquatic Conservation and the Undersecretary of Commerce/NOAA.  The NISA furthered the ANS activities by calling for ballast water regulations, the development 
	 
	The National Wildlife Refuge System Administration Act, as amended by the National Wildlife Refuge System Improvement Act, establishes a unifying mission for the Refuge System, a process for determining compatible uses of refuges, and a requirement for preparing comprehensive conservation plans.  The Act states, first and foremost, that the mission of the National Wildlife Refuge System be focused singularly on wildlife conservation. The Act provides authority for regulations and policy that are directly re
	 
	They may either directly harm the species by causing mortality or may threaten a species by modifying or destroying the habitat or food source on which that species depends.  A variety of methods and procedures are used to recover listed species, such as reduction of threats (including invasive species), protective measures to prevent extinction or further decline, consultation to avoid adverse impacts of Federal activities, habitat acquisition and restoration, and other on-the ground activities for managin
	foreseeable future.  KNWR Staff conducted Section 7 paperwork in winter/spring 2021 to further address lack of foreseeable impacts to listed species or their habitats.  
	 
	Executive Order 13112, signed in 1999 by President Clinton, directed Federal agencies to conduct, as appropriate, activities related to invasive species prevention; early detection, rapid response, and control; monitoring; restoration, research; and education.  This EO also directed Federal agencies to not authorize, fund, or carry out actions that it believes are likely to cause or promote the introduction or spread of invasive species in the United States unless the agency has determined and made public i
	 
	Executive Order 13751, signed in December of 2016, amended EO 13112.  Executive Order 13751 directs continued coordinated Federal prevention and control efforts related to invasive species.  This order maintains the National Invasive Species Council (Council); expands the membership of the Council; clarifies the operations of the Council; incorporates considerations of human and environmental health, climate change, technological innovation, and other emerging priorities into Federal efforts to address inva
	 
	The Service’s IPM Policy, 569 FW 1, establishes strategies, procedures, and responsibilities for pest management activities on and off Service lands.  This IPM Policy directs the Service to manage pest species when the following conditions are met: a) the pest causes a threat to human or wildlife health or private property; action thresholds for the pest are exceeded; or Federal, State, or local governments designate the pest as noxious; b) the pest is detrimental to site management goals and objectives; an
	 
	The Service’s Biological Integrity, Diversity, and Environmental Health (BIDEH) Policy, 601 FW 3, provides for the consideration and protection of the broad spectrum of fish, wildlife, and habitat resources found on Refuges and associated ecosystems.  Further, it provides Refuge managers with an evaluation process to analyze their Refuge and recommend the best management direction to prevent further degradation of environmental conditions; and where appropriate and in concert with the mission of the Refuge 
	 
	The Fish and Wildlife Conservation Act encourages federal agencies to conserve and promote the conservation of non-game fish and wildlife species and their habitats.  Native non-game species can be affected by pike. 
	 
	By consent of the Alaska Board of Fisheries, the ADF&G is authorized to perform acts leading to the eradication of fish populations per Alaska Statute (AS 16.35.200).  Further, ADF&G is mandated by law to “Manage, protect, maintain, improve, and extend the fish, game and aquatic 
	plant resources of the state…” (Alaska Fish and Game Laws and Regulations, Section 16.05.020).  Removing pike from MCW would serve to: protect and restore native wild fish populations and aquatic habitat, provide for the continuation of existing sport fishery in the lakes, reduce the likelihood that pike expand elsewhere on the Kenai Peninsula, and support ADF&G’ s long-term goal of eradicating pike from the entire Kenai Peninsula.  It is the ADF&G’s legal responsibility to remove the threat imposed by pike
	 
	The ADF&G Division of Sport Fish has developed planning documents to guide the Department’s actions regarding pike.  These documents include the Management Plan for Invasive Northern Pike located online at: 
	http://www.ADF&G.alaska.gov/static/species/nonnative/invasive/pike/pdfs/invasive_pike_management_plan.pdf
	http://www.ADF&G.alaska.gov/static/species/nonnative/invasive/pike/pdfs/invasive_pike_management_plan.pdf
	http://www.ADF&G.alaska.gov/static/species/nonnative/invasive/pike/pdfs/invasive_pike_management_plan.pdf

	 and the Alaska Aquatic Nuisance Species Management Plan located online at: 
	http://www.ADF&G.alaska.gov/static/species/nonnative/invasive/pdfs/ak_ansmp.pdf
	http://www.ADF&G.alaska.gov/static/species/nonnative/invasive/pdfs/ak_ansmp.pdf

	.   

	 
	These plans aid in identifying specific threats from pike, lists the statues and regulations pertinent to invasive species, and outlines the processes to follow when planning projects that evaluate, prevent, control, and/ or eradicate pike.  The Division’s strategic plan has a specific objective to: “minimize impacts of invasive species on sport fish stocks and habitat: (http://www.ADF&G.alaska.gov/static/fishing/PDFs/sport/StrategicPlan2015Final.pdf).  Finally, the Division’s invasive pike planning team ha
	 
	Cultural Resources 
	 
	Kenai NWR staff completed Section 106 clearance in winter/spring 2021 to ensure compliance with the following regulations pertaining to cultural resources: 
	 
	• American Indian Religious Freedom Act, as amended, 42 U.S.C. 1996 - 1996a; 43 CFR Part 7  
	• American Indian Religious Freedom Act, as amended, 42 U.S.C. 1996 - 1996a; 43 CFR Part 7  
	• American Indian Religious Freedom Act, as amended, 42 U.S.C. 1996 - 1996a; 43 CFR Part 7  

	• Antiquities Act of 1906, 16 U.S.C. 431-433; 43 CFR Part 3  
	• Antiquities Act of 1906, 16 U.S.C. 431-433; 43 CFR Part 3  

	• Archaeological Resources Protection Act of 1979, 16 U.S.C. 470aa-470mm; 18 CFR Part 1312; 32 CFR Part 229; 36 CFR Part 296; 43 CFR Part 7 
	• Archaeological Resources Protection Act of 1979, 16 U.S.C. 470aa-470mm; 18 CFR Part 1312; 32 CFR Part 229; 36 CFR Part 296; 43 CFR Part 7 

	• National Historic Preservation Act of 1966, as amended, 16 U.S.C. 470-470x-6; 36 CFR Parts 60, 63, 78, 79, 800, 801, and 810 
	• National Historic Preservation Act of 1966, as amended, 16 U.S.C. 470-470x-6; 36 CFR Parts 60, 63, 78, 79, 800, 801, and 810 

	• Paleontological Resources Protection Act, 16 U.S.C. 470aaa-470aaa-11  
	• Paleontological Resources Protection Act, 16 U.S.C. 470aaa-470aaa-11  

	• Native American Graves Protection and Repatriation Act, 25 U.S.C. 3001-3013; 43 CFR Part 10  
	• Native American Graves Protection and Repatriation Act, 25 U.S.C. 3001-3013; 43 CFR Part 10  

	• Executive Order 11593 – Protection and Enhancement of the Cultural Environment, 36 Fed. Reg. 8921 (1971) 
	• Executive Order 11593 – Protection and Enhancement of the Cultural Environment, 36 Fed. Reg. 8921 (1971) 

	• Executive Order 13007 – Indian Sacred Sites, 61 Fed. Reg. 26771 (1996) 
	• Executive Order 13007 – Indian Sacred Sites, 61 Fed. Reg. 26771 (1996) 


	 
	Natural Resources 
	 
	Kenai NWR staff completed a Minimum Requirements Analysis (MRA) using the Minimum Requirements Decision Guide (MRDG) in winter/spring 2021 to ensure compliance with the 
	following regulations pertaining to wilderness: 
	• Wilderness Act, 16 U.S.C. 1131 et seq. 
	• Wilderness Act, 16 U.S.C. 1131 et seq. 
	• Wilderness Act, 16 U.S.C. 1131 et seq. 
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	B-4: Miller Creek Watershed Map 
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	Appendix C – Rotenone Label and Safety Data Sheet 
	C-1: Rotenone Label 
	 
	Figure
	Figure
	Figure
	Figure
	Figure
	 
	Figure
	 
	C-2: Rotenone Safety Data Sheet 
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	Appendix D – Tribal Consultations 
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	Appendix F – Initial Project Scoping Responses 
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	Appendix G – Acronyms 
	 
	ADF&G – Alaska Department of Fish and Game 
	ADNR – Alaska Department of Natural Resources 
	ANILCA – Alaska National Interest Lands Conservation Act 
	CCP – Comprehensive Conservation Plan 
	CFS – Cubic Feet per Second 
	EA – Environmental Assessment 
	EO – Executive Order 
	FWS – U.S. Fish and Wildlife Service 
	IPM – Integrated Pest Management 
	KNWR – Kenai National Wildlife Refuge 
	MCW – Miller Creek Watershed 
	NEPA – National Environmental Policy Act 
	NWR – National Wildlife Refuge 
	NWRS – National Wildlife Refuge System 
	NWRSAA – National Wildlife Refuge System Administration Act 
	PPM – Parts Per Million 
	 





