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1.0  INTRODUCTION 

The northern pike Esox lucius is an invasive species in Southcentral Alaska and has been 
implicated in the decline of native fisheries throughout the region.  Currently, there is an 
established northern pike population in Stormy Lake on the northwestern Kenai Peninsula.  
Stormy Lake is a 403 surface-acre natural lake that connects via a ¾ mile outlet stream to the 
Swanson River.  It is located 8.5 miles northeast of Nikiski and is surrounded by lands managed 
by the Alaska Department of Natural Resources (DNR) and the Kenai National Wildlife Refuge 
(KNWR). The invasive northern pike population has caused the near complete loss of native 
wild rainbow trout Oncorhynchus mykiss and Arctic char Salvelinus alpinus fisheries in the lake.  
In addition, the connection of Stormy Lake to the Swanson River threatens the drainage’s 
productive native wild trout and salmon fisheries should Stormy Lake’s northern pike population 
disperse.  

The Alaska Department of Fish and Game (ADF&G) developed this Environmental Assessment 
(EA) to address eradicating the illegally introduced northern pike population in Stormy Lake.  
The objective is to completely remove the invasive northern pike population and restock Stormy 
Lake with its native fish assemblage using representative fish collected from the lake and 
temporarily held off site during the eradication effort.  In addition, Arctic char broodstock would 
be collected from the lake and reared in a hatchery for reintroduction after the northern pike are 
removed. These efforts would restore popular angling opportunities for the public and help 
protect valuable native wild fisheries throughout the Swanson River drainage.  Three 
alternatives for accomplishing this are discussed in this EA.  The first, the no action alternative, 
would not achieve the objective as the northern pike population would remain in the lake.  The 
second alternative would involve draining all of the water from Stormy Lake to eradicate the 
northern pike, and the third alternative would involve using a piscicide called “rotenone” to 
remove them.  

1.1  Purpose and Need for Action 

The purposes of this EA are to: (1) present and evaluate alternative approaches for invasive 
northern pike eradication in Stormy Lake; (2) propose selection of the alternative that best 
meets the needs of the Alaska Department of Fish and Game invasive northern pike eradication 
objectives while minimizing potential environmental impacts; (3) provide an opportunity for 
public input on eradication options; and (4) determine whether the scope and magnitude of 
impacts expected from implementation of the preferred alternative warrant preparation of an 
environmental impact statement (EIS).  If significant impacts are expected, an EIS would be 
prepared.  If not, the ADF&G would select the preferred alternative. In either case, U.S. Fish 
and Wildlife Service (USFWS; the agency tasked with granting Federal authority for the 
preferred alternative) will disclose its final decision and supporting rationale in a separate 
decision document.  

1.2  Background 

The northern pike is native to Alaska north and west of the Alaska Range and near Yakutat in 
the southeast.  Northern pike do not naturally occur in Southcentral Alaska (Figure 1) and first 
arrived there from an illegal introduction into Bulchitna Lake in the Yentna River drainage in the 
1950’s (ADF&G 2007).  Kenai Peninsula northern pike are believed to have originated from an 
illegal introduction to the Soldotna Creek drainage (a Kenai River Tributary) during the 1970s 
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and quickly spread from the initial introduction site on their own and through additional 
introductions (McKinley In prep.; anonymous report1

 

).  Kenai Peninsula water bodies where 
northern pike exist, once existed, are rumored to exist, or which are believed highly vulnerable 
to infestation are shown in Figure 2.   

 

Figure 1. Map of Alaska showing native and invasive range of northern pike.  

                                                
1  Report titled Northern Pike (Esox Lucius) in the Soldotna Creek System, author is anonymous, available at the 

Soldotna ADF&G Office. 
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Figure 2. Kenai Peninsula waters with confirmed northern pike populations (red), waters 
with unconfirmed reports of northern pike or waters believed highly vulnerable to 
infestation (yellow) and waters where northern pike have been eradicated (green). 

Location codes: (1) Derks Lake, (2) Sevena Lake, (3) Stormy Lake, (4) Watson Lake (5) Cisca Lake, (6) Silver Lake, 
(7) Mosquito Lake, (8) Camp Island Lake, (9) Grebe Lake, (10) Rock Lake, (11) Swan Lake, (12) Loon Lake, (13) 
Moosehorn Lake, (14) East Mackey Lake, (15) West Mackey Lake, (16) Union Lake, (17) Stormy Lake, (18) Tree 
Lake, (19) Tote Road Area lakes [6], (20) Arc Lake, (21) Scout Lake, (22) Egumen Lake, (23) Spirit Lake, Peterson 
Lake (24), Hall Lake(25) and Bear Lake (26). 

Northern pike are considered an invasive species in Southcentral Alaska because they are not 
native to the region and their introduction has the ability to cause economic and/or 
environmental harm (ADF&G 2002).  Northern pike have been implicated in the decline of 
localized salmonid abundance in Southcentral Alaska (Rutz 1999, McKinley In prep.) and may 
prefer soft-finned juvenile salmonids over other available prey species (Rutz, 1996 and 1999).  
Consumption of native juvenile salmonids by introduced northern pike has also been observed 
elsewhere in the northwestern United States (Rich 1992, McMahon and Bennett 1996, 
Schmetterling 2001, Muhlfeld et al. 2008).  In Southcentral Alaska, northern pike prey may be 
particularly vulnerable to predation because they evolved in the absence of these predators 
whereas in interior Alaska, northern pike share an evolutionary history with their prey which 
evolved adaptations for predator-avoidance (Oswood et al. 2000).   

Invasive northern pike on the Kenai Peninsula have already reduced or eliminated native wild 
fish populations from some Kenai Peninsula lakes (McKinley In. prep.) and caused the 
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cessation of ADF&G fish stocking in three other lakes.  Northern pike were confirmed in Stormy 
Lake by ADF&G in 2001 (Begich and McKinley 2005).  Stormy Lake drains into the Swanson 
River via a ¾ mile outlet steam (Figure 3).  A net barrier at the outlet of Stormy Lake has been 
maintained by ADF&G since 2001 to reduce the chance that northern pike can leave the lake 
and enter the Swanson River.   

 

Figure 3. Map of the Stormy Lake outlet creek. 

The Swanson River drainage is considered highly vulnerable to northern pike infestation 
because of the prevalent habitat and prey resources suitable for northern pike.  The Swanson 
River drains a large portion of the Kenai National Wildlife Refuge and is well known for its 
popular native wild coho salmon Oncorhynchus kisutch and rainbow trout fisheries.  Annual 
coho salmon escapement to the Swanson River can exceed 20,000 fish (Jones et al. 1993).  
The ADF&G Statewide Harvest Survey (SWHS) estimated that 4,621 angler days were 
expended in the Swanson River drainage in 2009 resulting in a catch of 6,577 rainbow trout and 
3,367 coho salmon (Jennings et al. 2011).  Both species rear in shallow, slow-moving waters 
which are ideal habitat for northern pike (Mecklenburg 2002) and are characteristic throughout 
the Swanson River drainage.  Both coho salmon and rainbow trout fisheries have severely 
declined in similar habitats heavily impacted by northern pike such as Alexander Creek in the 
Matanuska-Susitna Valley (Ivey and Oslund 2011).   

Invasive northern pike appear to have severely reduced the populations of native fish 
populations inhabiting Stormy Lake including rainbow trout, Arctic char and coho salmon. 



 

5 
 

Anecdotal angler reports describe Stormy Lake as a well known producer of large rainbow trout 
and Arctic char prior to the northern pike introduction.  Recent ADF&G gillnetting efforts in 2009 
and 2010 captured relatively few native fish species in Stormy Lake.  During approximately 
2,000 hours of netting during this period, ADF&G only caught 150 longnose suckers 
Catostomus catostomus, 3 rainbow trout, and 2 Arctic char.  The ADF&G Statewide Harvest 
Survey estimated only 31 rainbow trout and no Arctic char were caught by sport anglers in 2008 
(Jennings et al. 2010).  In comparison, the 1994 estimated native fish catch from Stormy Lake 
was 567 rainbow trout and 835 Arctic char (Howe et al. 1995).   

Since 2008 the ADF&G has maintained signage at public access points along the Swanson 
River drainage.  The signage requests anglers to retain and report any northern pike captured.  
To date, no northern pike have been reported through this effort although some anglers have 
mistakenly reported sticklebacks believing them to be juvenile northern pike.  Only once (2008) 
has the SWHS estimated a catch of northern pike from the Swanson River (Jennings et al. 
2010), and the estimate was based on a report of a single northern pike caught by an angler 
who did not respond to a special request to provide additional catch details (Gretchen Jennings, 
ADF&G, Division of Sport Fish, personnel communication).  In 2007, the Department conducted 
some fish survey work in the Crane Lake and Gruska Lake drainages (Swanson River 
tributaries with habitat believed highly vulnerable to northern pike infestation), and no northern 
pike were detected (Figure 4).  Because a self-sustaining northern pike population is not known 
to exist in the Swanson River drainage outside of Stormy Lake, the Department may have an 
opportunity to remove them before they become established elsewhere in the drainage and 
cause irrevocable damage to valuable native fishes and the fisheries that are dependent upon 
them.   
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Figure 4. Map of the Swanson River drainage 

1.3  Legal Authorities 

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 invasive northern pike from Stormy Lake would serve to restore native 
wild salmonid fisheries and aquatic habitat, reduce the likelihood of northern pike expanding 
elsewhere in the Swanson River drainage, and support ADF&G’s long-term goal of eradicating 
invasive northern pike from the entire Kenai Peninsula.  It is the ADF&G’s legal responsibility to 
remove the threat imposed by invasive northern pike to protect the fisheries in the Swanson 
River drainage and improve the recreational fishing quality of Stormy Lake.  

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

http://www.adfg.alaska.gov/static/species/nonnative/invasive/pike/pdfs/invasive_pike_management_plan.pdf�
http://www.adfg.alaska.gov/static/species/nonnative/invasive/pike/pdfs/invasive_pike_management_plan.pdf�
http://www.adfg.alaska.gov/static/species/nonnative/invasive/pdfs/ak_ansmp.pdf�
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These plans aid in identifying specific threats from invasive northern pike, lists the statues and 
regulations pertinent to invasive species, and outlines the processes to follow when planning 
projects to evaluate, prevent, control, and/ or eradicate invasive northern pike.  The Division’s 
strategic plan also lists “minimizing impacts of invasive species on fish stocks, recreational 
fisheries, and fish habitat” as one of its objectives: 
(http://www.adfg.alaska.gov/static/fishing/PDFs/sport/StrategicPlan2010Final.pdf).  Finally, the 
Division’s invasive northern pike planning team has identified northern pike eradication from 
Stormy Lake as one of its top priorities.   

1.4  Issues 
1.4.1  Issues Selected for Detailed Analysis 

In May of 2011, the ADF&G conducted a public scoping process to solicit public comment on a 
course of action regarding invasive northern pike removal in Stormy Lake (Appendix 1).  Among 
the participants, opinions varied greatly, but key concerns centered on maintaining a quality 
family-friendly fishing and recreation site in the lake and minimizing ecological and 
anthropomorphic impacts from pike eradication methods.  Concerns expressed during public 
scoping were considered in ADF&G’s analysis of the alternative actions, and a detailed report of 
the public scoping comments and concerns can be found in Appendix 1.  Specific to rotenone, 
however, the primary concerns received in the scoping comments are summarized below. 

1.4.2 Comments on Ecological Effects 

During public scoping, concern was expressed about the potential of rotenone to: 
• Affect non-target organisms in Stormy Lake such as frogs, insects, and plankton 
• Affect wildlife around Stormy lake such as moose and waterfowl 
• Bioaccumulate in fish 
• Penetrate into ground water 

1.4.3  Comments on Human Health  

During public scoping, concern was expressed about perceptions that rotenone could: 
• Cause diseases in humans such as Parkinson’s Disease 
• Have negative human health consequences that research hasn’t yet identified 

  

http://www.adfg.alaska.gov/static/fishing/PDFs/sport/StrategicPlan2010Final.pdf�
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2.0  ALTERNATIVES 

In this section, a range of alternatives are described for management of invasive northern pike 
from Stormy Lake.  A “no action” alternative and two eradication alternatives are presented.  
Alternatives that were considered during public scoping but rejected prior to developing this 
environmental assessment are described at the end of this section. 

2.1  Alternative 1:  No Northern Pike Eradication (no action alternative) 

Alternative 1 would discontinue management of invasive northern pike in Stormy Lake.  ADF&G 
would not make any attempt to remove northern pike from the lake, restore its native fish 
populations, or improve recreational angling opportunities in the lake.   

2.2  Alternative 2:  Lake Draining 

In 2009, ADF&G contracted HDR Alaska Inc. to investigate options for northern pike 
containment and/ or removal from Stormy Lake to prevent their dispersal to the Swanson River 
system (ADF&G 2009).  ADF&G was interested in exploring non-chemical options in this 
analysis.  During their investigation, HDR was primarily looking to design barriers to the lake 
outlet to prevent pike spread (see Section 2.4).  However, one of the concepts HDR developed 
involved completely draining Stormy Lake to remove northern pike entirely, and, hence, 
eliminate the chance that they would spread from the lake.  Besides chemical renovation, 
draining all of the water from a water body is the only other proven method for eradicating entire 
populations of fish.  HDR designed two options to drain Stormy Lake.  Both options capitalize off 
the proximity of Stormy Lake to Cook Inlet.  They would both require routing a drainage 
structure under the Kenai Spur Highway (Figure 4) and piping water directly from Stormy Lake 
to Cook Inlet.  The two techniques considered are described below: 

2.2.1  Lake Tap 

Utilizing existing horizontal oil-drilling technology, Stormy Lake could be “tapped” in the deepest 
part of the lake (~50 ft), and the lake water could be routed underground to Cook Inlet.  The 
exact diameter of the pipe used to drain the lake would be contingent on a geotechnical 
evaluation and draining schedule relative to cost.  It is estimated that a 14-inch diameter pipe 
draining by gravity would take approximately 22 months to empty the lake whereas increasing 
the pipe diameter to 18 inches would drain the lake in half that time. 

Generally, a lake tap includes an inline control gate below ground with a tunnel to access the 
controls.  Drill rods are set and removed prior to accessing the deepest region of the lake.  
Piercing through the deepest area is accomplished with an explosive charge once the drill rods 
have been removed and the original hole has been filled in.  This requires a subsurface debris 
containment structure to collect the blasted material to keep it from clogging the drain pipe.  A 
smaller drain pipe (i.e. less than 14 inches) might be able to tap into the lake bottom directly and 
control the drainage flow with a gate valve at the outlet.  This would eliminate the 
aforementioned infrastructure, but it would greatly increase the drainage duration which is 
undesirable. 

For the lake tap, horizontal wells would need to be constructed.  These are drilled using the 
same rotary drilling techniques used to drill vertical wells, essentially with a drill string being 
rotated by a surface rig.  This system would be made up of joints of steel alloy drill pipe, drill 
collars, and the drill bit which would be controlled by surface computers.  The lake tap drain pipe 
would start at the Cook Inlet Bluff and end at the deepest part of the lake in the narrow section 
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closest to the Kenai Spur Highway.  The drain pipe would be entirely below ground.  A 2,500 
foot temporary access road would need to be built from the Kenai Spur Highway to Cook Inlet to 
access the drill rig and spill way construction at the bluff.  However, if constructed during the 
winter, this could be accomplished by building an ice road. 

This alternative is expensive and would cost a minimum of approximately $700K.  Once drained 
completely, it is estimated that it would take about five years for the lake to refill.  Because of 
this duration, ADF&G would not be able to hold over or rear native fish in captivity or in another 
lake for reintroduction to Stormy Lake.  Instead, fish from the Swanson River drainage would 
have to recolonize Stormy Lake as it refills. 

2.2.2  Pumping 

Draining Stormy Lake with pumps would be much faster than the lake tap, but this would 
depend on the number of pumps used.  For example, a series of eight pumps with four, 24-inch 
drain pipes operating at 74,000 gallons/minute could completely drain the lake in approximately 
one month. 

Pumping the lake water to Cook Inlet would require a series of generators on shore, multiple 
high-capacity pumps on a floating platform in the lake, and several drain pipes running 
approximately 3,000 feet to Cook Inlet.  The number of each of these components needed 
would depend on the desired schedule for draining the lake and project cost.  The more 
generators, pumps, and pipes, the quicker the draining could be accomplished, but the more 
expensive the project would be. 

The infrastructure needed to pump water from the lake would include a permanent work pad 
and fuel spill containment system for the generators and the temporary floating platform for the 
pumps in the lake.  In addition, the drain pipes would need to be routed underground beneath 
the Kenai Spur Highway using either existing culverts where possible and/ or constructing new 
ones.  Drain pipes would need to withstand pumping pressures and be made of welded steel. 

The lake drain would begin in the deepest part of the lake located in the narrow section closest 
to the Kenai Spur Highway.  Once under the highway, the drainage route would continue 
approximately 2,500 feet to reach the bluff at Cook Inlet.  This section of drain pipes would likely 
run above ground.  A 2,500 foot temporary access road from the highway to Cook Inlet would 
be necessary for the drain pipe assembly and spill way construction, but as with the lake tap, an 
ice road could be built if constructed during the winter. 

Though far more efficient than the lake tap in terms of time, pumping Stormy Lake would be 
significantly more expensive.  To drain Stormy Lake in one month, HDR estimated it would cost 
just under four million dollars.  As with the lake tap, it would take an estimated five years for the 
lake to refill, and fish recolonization to the lake would have to occur naturally over time from 
Swanson River stocks. 

2.3  Alternative 3:  Rotenone Treatment (Preferred Alternative) 

ADF&G’s preferred alternative involves removing invasive northern pike from Stormy Lake using 
rotenone: CFT Legumine™ and Prentox® Prenfish™ Fish Toxicant Powder.  Following 
treatment and natural detoxification, the lake would be restocked with its native fish assemblage 
using individuals collected and temporarily relocated to net pens in another lake or used for 
broodstock for future restocking. 
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This alternative offers the highest probability of achieving the goals of improving the recreational 
fishery in Stormy Lake and reducing the threat of invasive northern pike dispersing to other 
areas.  

2.3.1 Description of Rotenone 

Rotenone is a naturally occurring substance derived from the roots of tropical plants in the bean 
and pea family including jewel vine (Derris spp.) and lacepod (Lonchocarpus spp.) that are 
found in Australia, Oceania, southern Asia, and South America (Ling 2003).  People have used 
rotenone for centuries to capture fish for food in areas where these plants are naturally found 
(Quigley 1956, Bearez 1998, Robertson and Smith-Vaniz 2008), and it has been used in 
fisheries management in North America since the 1930s (Finlayson et al. 2000). 

Rotenone acts by inhibiting oxygen transfer needed for cellular respiration.  The biochemical 
process affected by rotenone takes place within the cell mitochondria and involves blocking 
electron transport by inhibiting NADH-ubiquinone reductase, resulting in the uncoupling of the 
metabolic pathway oxidative phosphorylation (Singer and Ramsay 1994, USEPA 2007).  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.  Mammals and other non-gill breathing animals do not have this rapid 
absorption route into the bloodstream and can tolerate exposure to concentrations much higher 
than those used to kill fish.  Non-target organisms that do not have this rapid absorption route 
are not negatively affected at these concentrations (Finlayson 2000, Ling 2003, NPS 2006, 
USEPA 2007, MFW&P 2008). 

2.3.2 Description of the Proposed Rotenone Treatment 

The boundary for this treatment would be Stormy Lake, its outlet creek, and 12.5 acres of 
wetlands adjacent to Stormy Lake (should it have surface waters present that could allow fish to 
survive).  All waters would be treated with Prentox® Prenfish™ Fish Toxicant Powder (EPA 
reg# 655-691) or CFT Legumine™ (EPA reg# 75338-2).  Prentox® Prenfish™ Fish Toxicant 
Powder is pure ground plant material typically containing 7.4% rotenone (Appendices 2 and 3).  
CFT Legumine™ (Appendices 4 and 5) is a liquid rotenone formulation containing 5% rotenone 
with additives (described in detail in section 4.3.3) that increase dispersion and emulsification in 
water.  About two-thirds of the lake would be treated with powdered product and about one-third 
would be treated with liquid formulation.  Using a combination of the two products makes the 
overall project more cost effective than using liquid rotenone, alone.  The powder rotenone 
product (Prentox®) would be used in shallower areas of the lake whereas the liquid product 
(CFT Legumine™) would be used to treat the deepest sections and areas most protected from 
wave action (weedy bays, etc.).  The target concentration for the treatment would be within the 
product label guidelines for both liquid and powder rotenone and is anticipated to be about 1 
parts per million (ppm) of rotenone product (.05 ppm active ingredient/rotenone).   

An entire lake treatment is anticipated to take two to four days to complete.  Treating the outflow 
creek separately would require at least one additional day.  Stormy Lake would be treated in 
August or early September of 2012.  This timing is preferred because: 1) the relatively warm 
water available that time of year would promote faster natural deactivation of rotenone, 2) 
rotenone is more effective at warm temperatures, 3) upcoming fall turnover of the lake would 
help disperse the rotenone to deep areas, 4) all northern pike eggs would have hatched (eggs 
are resistant to rotenone), and 5) it would reduce or eliminate the need for potassium 
permanganate (KMNO4) to deactivate the rotenone in the outlet stream as stream discharges 
are expected to be relatively low.  A warm water treatment would also shorten the duration that 
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rotenone remains toxic and shorten the period relocated native fish from Stormy Lake would be 
held in net pens at another lake.  There is a possibility that piscivorous waterfowl present on 
Stormy Lake would be temporarily displaced because of the removal of their prey base.  
However, there are many nearby lakes for these animals to relocate to, and the quicker 
detoxification timing allowed for by the proposed treatment schedule would give ADF&G the 
opportunity to restock Stormy Lake with native fish prior to ice up to begin the restoration of the 
lake’s fish community. 

Prior to the treatment, signage would be placed at all access locations to Stormy Lake in 
compliance with all applicable legal requirements related to pesticide applications.  Materials 
and equipment required to complete the rotenone application would be transported to Stormy 
Lake by truck.  Secure onsite storage of all rotenone products would be accomplished by either 
containing them inside enclosed cargo containers or within a temporarily erected fence 
enclosure.  An impermeable ground liner bermed around its perimeter would be in place to 
contain any spill at the storage site.  Onsite storage could last for about one week.  

The rotenone would be primarily dispersed in the lake by applicators using outboard-powered 
motorboats.  Boats would be equipped with gas-powered pumping systems that would premix 
lake water with the rotenone products (liquid or powdered product) and then discharge the 
premixture to the surface waters and propeller wash of the boat.  Applicators would use both 
backpack sprayers and a craft capable of traveling over dense emergent aquatic vegetation 
(airboat, mud buddy and/or ATV) to apply rotenone to heavily vegetated nearshore areas and 
adjacent inundated wetlands of the lake.  Drip stations would dispense rotenone into the outlet 
creek for eight hours which should be enough time to ensure that fish residing in the outlet or 
that may escape the lake’s net barrier during treatment are affected.  If necessary, the outlet 
stream could be treated a second time.  

Flowing waters can require multiple treatments to remove target species because dilution 
reduces the amount of time rotenone remains active.  The need for this would be tested during 
treatment by observing the effects of the rotenone on caged sentinel fish in the outlet stream.  
Caged sentinel fish would also be placed below the confluence of the outlet stream and the 
Swanson River.  If these fish exhibit stress or die, the rotenone in the outflow creek would be 
deactivated with KMNO4 although this likely would not be needed as dilution with the Swanson 
River should render the rotenone concentration far below the 2.0 ppb threshold requiring 
deactivation.  In the unlikely event that rotenone does enter the Swanson River at a dangerous 
concentration for fish, by avoiding the immediate area fish in the area should be able to escape 
rotenone’s effects.  Fish are capable of detecting rotenone and are expected to avoid it when in 
open waters where they are not confined, unlike fish in a closed lake where they cannot escape 
rotenone exposure (Finlayson 2000).  Within Stormy Lake, caged sentinel fish would be used to 
evaluate the treatment effectiveness in real-time, and periodic water samples would be collected 
post-treatment and analyzed for rotenone content by a laboratory with extensive experience in 
testing rotenone concentrations (i.e. Washington State Chemical and Hops Lab).   

After the rotenone completely deactivates in Stormy Lake, an evaluation of the treatment’s 
success using gillnets would help assess if the lake is free of northern pike.  To ensure 
compliance with the Migratory Bird Treaty Act, gillnets would be monitored daily during daylight 
hours and owl decoys would be positioned near the gillnets to discourage waterfowl from using 
the area.  Net monitoring has been successful in increasing bycatch survival during previous 
gillnetting efforts because entangled animals can be quickly released. 
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Water quality and macroinvertebrates would be sampled before and after the treatment to 
document biological recovery and maintenance of water quality.  If the Stormy Lake treatment 
successfully eradicates the northern pike population (as determined by post-treatment gillnet 
evaluations) and when water quality and macroinvertebrate populations resemble those 
observed pre-treatment, the lake would be restocked with native fish species collected earlier 
from Stormy Lake.  Efforts would be made prior to the rotenone treatment to collect and hold 
over representatives of all fish species found in the lake.  Natural recolonization of Stormy Lake 
would also occur from fish in the Swanson River system if the net barrier at the outlet of Stormy 
Lake is removed following the eradication of northern pike. 

2.4  Alternatives Considered but Eliminated from Analysis Netting and Barriers 
2.4.1  Mechanical Removal/Netting 

This alternative would involve using gill nets and/or trap nets to remove northern pike.  Under 
specific conditions, gillnets have been successfully used to remove unwanted fish from lakes.  
Bighorn Lake, a 5.2-acre lake located in Banff National Park in Alberta, Canada, was gillnetted 
from 1997 to 2000 to remove an invasive population of brook trout (Parker et al. 2001).  Over 
10,000 net nights (1 net night = 1 net set overnight for at least 12 hours) were conducted over 
a four-year period to remove the population that totaled 261 fish.  The researchers concluded 
that the removal of nonnative trout using gillnets was impractical for larger lakes (> 5 acres).  In 
clear lakes, fish have the ability to acclimate to the presence of gillnets and avoid them.  These 
researchers reported observing brook trout avoiding gillnets within two hours of being set. 

Knapp and Matthews (1998) reported that Maul Lake, a 3.9-acre lake in the Inyo National Forest 
in California, was gillnetted from 1992 to 1994 to remove a brook trout population.  The 
population consisted of 97 fish that were removed after 108 net days of effort.  Following the 
removal of brook trout Maul Lake was mistakenly restocked with rainbow trout.  Efforts to 
remove them using gillnets were implemented immediately.  From 1994 through 1997, 4,562 net 
days were required to remove 477 rainbow trout from the lake.  Knapp and Matthews (1998) 
reported that gillnets could be used as an alternative to chemical treatment, but they 
acknowledged that the small size and shallow depth of Maul Lake leant itself to a successful fish 
eradication using gillnets.  Their criteria for successful fish removal using gillnets included lakes 
less than 3.9 surface acres, were less than 19 feet deep, and had little or no inflow or outflow to 
perpetuate reinvasion, and no natural reproduction of the fish population.  

Several years of intensive seasonal gillnetting efforts failed to completely remove northern pike 
from Derks Lake or Sevena Lake on the Kenai Peninsula (Begich and McKinley, 2005, 
Massengill 2010, Massengill 2011).  The implementation of this alternative would not eliminate 
the possibility that northern pike migrate out of Stormy Lake and into the Swanson River.  To be 
effective, the netting effort would need to continue indefinitely taxing Department resources.  
Mechanical removal is not deemed a preferred alternative to restore the lake.  Bycatch of 
desirable native species would be expected to further diminish the depressed populations of 
rainbow trout and Arctic char.  Additionally, it is plausible that unintentional take of migratory 
birds and other aquatic animals could also occur during an extensive and long-term gillnetting 
operation in Stormy Lake.  Ultimately, however, because mechanical removal of northern pike is 
unlikely to remove them entirely, this alternative was eliminated from analysis because the 
ultimate goal is now eradication.  Without eradicating northern pike from the lake, the risk will 
remain that this invasive species could spread to the Swanson River. 
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2.4.2  Fish Passage Barrier 

Along with the lake draining options discussed in section 2.2, HDR Alaska Inc. designed several 
fish passage barrier options for ADF&G (ADF&G 2009).  These ranged from a simple trap 
improving upon the existing fyke net at the Stormy Lake outlet to a complex facility designed to 
collect and sort fish.  Fish passage barrier(s) capable of containing northern pike in Stormy Lake 
would be problematic because it would be very costly to install and maintain a permanent 
barrier year round, especially with a lack of electricity.  A barrier would need to allow passage of 
native fish while prohibiting movement of all life stages/sizes of northern pike.  It is unclear how 
effective any structure would be at preventing larval pike movement.  Icing and debris loading 
would require expensive and time-consuming maintenance that would be incurred annually.  
The estimated construction costs for such a barrier for the outlet of Stormy Lake ranged from 
$390K to $610K not including annual maintenance costs, but even then may not be capable of 
incorporating design features needed to exclude all life history stages of invasive northern pike 
(ADF&G 2009).  A barrier would also require permanent landscape impacts that include a 500 
foot access road and construction of a substantial barrier structure.  Ultimately, however, the 
barrier options were eliminated from analysis because they would allow the northern pike 
population in Stormy Lake to remain and the depressed populations of native fish to continue to 
decline or disappear.  Again, as long as invasive pike are present in the lake, there is a high 
likelihood that they will eventually escape the lake, and the barrier options would not allow 
ADF&G to meet its current goal of eradicating this population of northern pike. 
 
3.0  AFFECTED ENVIRONMENT 

3.1  Land Status 

The Stormy Lake Restoration Project is located in T08N, R10W, within Sections 15,20,21,36 
and 37 (Seward Meridian, Kenai Peninsula).  Stormy Lake is in the lower Swanson River 
drainage and is located about one third mile east of Cook Inlet and about 8.5 miles northeast of 
Nikiski and just east of the Kenai Spur Highway.  The land surrounding Stormy Lake is publicly 
owned (Alaska Department of Natural Resources (ADNR) and Kenai National Wildlife Refuge 
(KNWR)) (Figure 5).   
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Figure 5. Kenai Peninsula Borough land ownership map of the Stormy Lake area.  

 

ADNR Lands

USFWS Lands



 

15 
 

 

Figure 6. Stormy Lake bathymetric map. 

3.2  Physical Environment 

Stormy Lake is a natural lake.  It covers 403 surface acres, has a maximum depth of ~50 feet, 
and a volume of ~7,000 acre-feet (Figure 6).  Stormy Lake has a ¾ mile long outlet stream that 
connects to the Swanson River near river mile one (Figure 3).  There are approximately 12.5 
acres of surrounding wetlands seasonally connected to the lake that provide potential juvenile 
northern pike rearing habitat if the area is inundated with water. 
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3.3  Biological Environment 
3.3.1  Vegetation 

The watershed encompassing Stormy Lake is approximately 2.5 square miles (1,640 acres) of 
lowland boreal forest and wetlands.  The lake itself contains several areas of dense aquatic 
vegetation, especially on the north end near the outlet stream and in the southeast section of 
the lake where there is an extensive area of emergent bulrushes. 

3.3.2  Fish 

The native fish assemblage of Stormy Lake and its outlet creek includes threespine stickleback 
Gasterousteus aculeatus, lamprey Lampetra spp., sculpin Cottus spp., rainbow trout, Arctic 
char, longnose sucker and coho salmon.  Additional native fish species found elsewhere in the 
Swanson River drainage include: sockeye salmon Oncorhyncus nerka, chinook salmon 
Oncorhyncus tshawytscha, pink salmon Oncorhyncus gorbuscha, eulachon Thaleichthys 
pacificus and Dolly Varden Salvelinus malma (Jones et al. 1993).   

3.3.3  Wildlife 

Mammals common to the area surrounding Stormy Lake include brown and black bears, 
moose, wolves, coyotes, snowshoe hare, lynx, muskrats, beaver, mink, river otter, weasel, red 
squirrels, porcupine, flying squirrels, shrews, voles and domesticated dogs and cats.  
Piscivorous birds common to the area include bald eagles, herring gull, Bonaparte’s gull, 
parasitic jaeger, common loon, horned grebe, red-necked grebe, crow, raven, magpie, stellar 
jay, gray jay and osprey.  Additionally, several non-piscivorous species of birds including various 
passerines, woodpeckers, geese, ducks, plovers, owls, etc. are present in the area.  The wood 
frog is the only amphibian in Stormy Lake.  There are also robust populations of numerous 
aquatic invertebrate species in the lake. 

3.3.4  Threatened and Endangered Species 

There are no threatened or endangered species or species of concern in Stormy Lake or its 
outflow creek.  However, the Cook Inlet Beluga whale is endangered and is found in nearby 
Cook Inlet. 

3.4  Human Environment 
3.4.1  Economy 

The coastal waters off Nikiski, where Stormy Lake is located, are a productive area for oil and 
gas development, but Stormy Lake, itself, contributes to the local economy by providing a 
popular recreational site for fishing, boating, and wildlife viewing.  As part of the Captain Cook 
State Recreation Site, Stormy Lake has a day use area and public boat launch with a $5 per 
day parking fee. 

3.4.2  Recreational Use 

Public access to Stormy Lake is on land owned by the Alaska Department of Natural Resources 
Division of Parks and Recreation and the Kenai National Wildlife Refuge.  As mentioned, 
Stormy Lake has a public boat launch and is a popular location for recreational boaters, sport 
anglers, and wildlife watchers/ photographers.   
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4.0  ENVIRONMENTAL CONSEQUENCES 

The purpose of this section is to identify and describe the ecological and human health impacts 
of the alternatives.  Potential impacts are discussed within three broad subject areas: physical 
environment, biological environment, and human environment.  The discussion, especially 
pertaining to the preferred alternative, focuses largely on issues that were identified during 
public scoping or that ADF&G recognizes as potential concerns likely to arise during future 
public comment periods for this project. 

4.1  Physical Environment 
4.1.1  Impacts from Alternative 1 to Soils 

The soils underlying Stormy Lake would not be affected if the northern pike population remained 
in the lake. 

4.1.2  Impacts from Alternative 2 to Soils 

Impacts from draining Stormy Lake to the underlying soils would depend on the draining option 
selected.  In either case, a geotechnical evaluation, wetlands delineation, and hydrogeology 
assessment would need to be conducted.  For the lake tap method, the substrate between 
Stormy Lake and Cook Inlet would be directly affected by the drilling activities.  This substrate is 
made up of unconsolidated glacial deposits, and it is possible that drilling could be interrupted 
by the presence of glacial erratic (boulders).  This could be determined and planned for during 
the geotechnical evaluation.  With the pumping option, soils and substrate would be less 
affected by direct drilling activities.  In that case, the primary impacts would be from construction 
of culverts below the Kenai Spur Highway if existing culverts could not be used.  The pumping 
option, however, would require more infrastructure building which would impact underlying soils.  
For both the lake tap and the pumping options, a temporary road would need to be built, and the 
construction of this would alter the underlying substrate in the area of the road.  

4.1.3  Impacts from Alternative 3 to Soils 

No rotenone contamination of soils and/ or groundwater is anticipated to result from this project.  
Rotenone binds readily to sediments and is ultimately broken down in soil and water (Skaar 
2001; Engstrom-Heg 1971, 1976; Ware 2002).  Rotenone penetrates approximately one inch in 
most soil types; the only exception is sandy soil where movement is about three inches (Hisata 
2002).  The primary soil types in the Stormy Lake area consists of decaying organics (0-4 
inches from the surface) overlaying a silt and loam mixture (2-16 inches from the surface) and 
gravelly loamy sand/sandy loam (8-60 inches from the surface) with most soils classified as 
moderately to highly permeable (Van Patten 2005).  Therefore, it is expected that, at the very 
maximum, rotenone would only penetrate soil about three inches in the Stormy Lake area, and 
any rotenone that is bound in the soils underlying the lake would naturally break down.  
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).   

4.1.4  Impacts from Alternative 1 to Water Quality 

Allowing northern pike to remain in Stormy Lake would not negatively affect the lake’s water 
quality. 
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4.1.5  Impacts from Alternative 2 to Water Quality 

This alternative would purposefully drain all of the water out of Stormy Lake into Cook Inlet.  As 
such, the lake’s water quality would be somewhat moot.   

It is likely that the drainage of ~ 7,000 acre-feet of fresh water into Cook Inlet could temporarily 
decrease the salinity of Cook Inlet waters near the discharge pipes, although the degree of this 
would be influenced by the drainage duration and Cook Inlet currents.  Alterations to Cook Inlet 
salinity would likely be minor, but nevertheless, could occur.  The discharge also has the 
potential to increase turbidity and stir up sediments where it enters Cook Inlet.  

The lengthy time period required for the lake to refill (~5 years) could temporarily influence 
water quality in the lake as it recharges.  For example, pockets of stagnant, standing water that 
refill earliest in the deepest sections of the lake could be subject to more algae blooms than 
would occur when the lake water is interconnected.  Also, run-off recharging the lake may have 
a larger nutrient load which could, again, result in temporary algae blooms in the lake during 
periods of low volume.  The benefit, however, would be that robust phytoplankton populations 
would stimulate zooplankton production and facilitate the reestablishment of invertebrate 
populations in the lake. 

4.1.6  Impacts from Alternative 3 to Water Quality 

This project would intentionally introduce rotenone, a natural botanical piscicide, to surface 
waters to kill invasive fish, but the anticipated impacts would be short-term.  CFT Legumine™ 
(5% rotenone) and Prentox® Prenfish™ Fish Toxicant powder (~7.4% rotenone) are registered 
by both the Environmental Protection Agency (EPA) and the Alaska Department of 
Environmental Conservation and are deemed safe to use to eradicate invasive fish when 
applied according to label instructions.  The proposed treatment using a combination of the two 
products would result in a peak rotenone concentration of ~1.0 ppm (or .05 ppm active 
ingredient (rotenone)).  According to the EPA’s re-registration of rotenone, there are no adverse 
environmental or human health effects from rotenone when is used at these concentrations 
(USEPA 2007).  

There are three ways in which rotenone can be detoxified once applied.  The first detoxification 
method involves dilution by other water sources.  This may be accomplished by groundwater or 
surface water mixing with treated water and diluting the rotenone below 2.0 parts per billion 
(ppb) which is the threshold that requires deactivation (Finalyson et al. 2010).  It is estimated 
that rotenone entering the Swanson River from the Stormy Lake outflow creek, based on flow 
rates measured in late summer, would quickly dilute well below the 2.0 ppb threshold (additional 
details on this are discussed in section 4.3.6).  However, dilution would be expected to be a 
minor contributing factor to the overall detoxification of rotenone in Stormy Lake, itself.  The 
second method of detoxification involves the application of an oxidizing agent such as 
potassium permanganate.  This dry crystalline substance is mixed with water to detoxify the 
rotenone.  Detoxification is typically accomplished after about 15-30 minutes of mixing between 
the two compounds at a 1:1 ratio.  Detoxification by this method would be used in the unlikely 
event that rotenone enters the Swanson River from the Stormy Lake outlet stream at 
concentrations lethal to fish as detected in real-time by the condition of caged sentinel fish in 
that location.  The third and most common method of rotenone detoxification is to allow the 
rotenone to naturally breakdown.  Rotenone is susceptible to natural detoxification through a 
variety of mechanisms, but warm water temperatures and exposure to sunlight are the two 
factors with the greatest influence on degradation rate (Ware 2002; ODFW 2008; Loeb and 
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Engstrom-Heg 1970; Engstrom-Heg 1972; Gilderhus et a1. 1986).  Rotenone released into 
relatively warm water (~15°C) is expected to fully detoxify within 2 to 4 weeks (Dawson et al. 
1991; Brian Finlayson retired California DFG pesticide specialist, personal communication).  
Available Stormy Lake water temperature data indicates temperature in August and September 
is expected to be near 15° C (Appendix 6).  This was also the case back in 2000 when ADF&G 
treated a small unnamed lake near Nikiski with rotenone during late September to eradicate 
illegally introduced yellow perch Perca flavescens.  Immediately following the treatment the 
rotenone concentration was 0.15 ppm, after one week rotenone concentrations dropped to 0.05 
ppm, and after two weeks rotenone was not detectable (less than 0.01 ppm).  Further, no 
rotenone was detected from any sediment samples including those taken immediately after 
treatment (ADF&G Unpublished).   

The degradation of rotenone can result in at least 20 different products of which only one is toxic 
(rotenolone) (Cheng et al. 1972).  Rotenolone is approximately one order of magnitude less 
toxic than rotenone (Finlayson 2000).  The ultimate breakdown products of rotenone are carbon 
dioxide and water (more information is available online at: 
 http://www.dfw.state.or.us/fish/local_fisheries/diamond_lake/FAQs.asp). 

There are several formulations of rotenone available as a piscicide, including liquid and powder 
products.  Prentox® Prenfish™ Fish Toxicant Powder is pure ground root product and contains 
no additives.  CFT Legumine™ is a liquid rotenone mixture, and its other ingredients facilitate 
the emulsification and dispersion of rotenone in water.  The CFT Legumine™ formulation was 
analyzed for the California Fish and Game Department in 2007 (Fisher 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 pyrrolidone (9.8%), rotenone (5.12%) and rotenolone (0.72%).  These compounds in the 
formulation would naturally biodegrade in Stormy Lake and are expected to reach undetectable 
levels within a week to several weeks.  However, N-methyl pyrrolidone and DGEE would be 
expected to dissipate more slowly because they are water soluble and would not readily 
dissipate through volatilization.  For more information visit: 
http://www.cdph.ca.gov/HealthInfo/environhealth/water/Pages/LakeDavis.aspx. 
Also, a thorough description of the toxicity or these compounds can be found in section 4.3.3. 

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; Fisher 2007).  Case studies in Montana have concluded that rotenone 
movement through groundwater does not occur (MFWP 2008).  Three subsurface water rights 
are found in the immediate area of Stormy Lake all belonging to ADNR (Appendix 7).  No 
private wells are known to exist in the immediate area of Stormy Lake although two public use 
hand-pump wells are located about 200 feet from the lake.  One is near the swimming beach 
parking lot by the southern lake basin and another is near the middle of the lake at a picnic/day 
use area.  Neither well is operational as both are missing the pump handle.  Because Stormy 
Lake water must travel through lake sediments, soil, and gravel to reach ground aquifers, and 
rotenone is known to bind readily with these materials, no contamination of ground water is 
anticipated.  Available well logs and USGS information for the Nikiski/Stormy Lake area were 
evaluated by an Alaska Department of Natural Resources hydrologist for potential groundwater 
concerns related to treating Stormy Lake with rotenone (Appendix 8)  In summary, the 
hydrologist had no concerns for rotenone contaminating potable groundwater supplies because 
of the inability of rotenone to travel more than a few inches through soil, few users down 
gradient, low quality aquifers near the surface and no bedrock in the area. 

http://www.dfw.state.or.us/fish/local_fisheries/diamond_lake/FAQs.asp�
http://www.cdph.ca.gov/HealthInfo/environhealth/water/Pages/LakeDavis.aspx�


 

20 
 

As previously mentioned, potassium permanganate (KMNO4) (Appendix 9) is a strong oxidizer 
that can be used to deactivate rotenone (USEPA 2007, Finlayson et al. 2010).  The only 
potential use of KMNO4 for this project would be to deactivate the rotenone in the Stormy Lake 
outflow creek.  Pre-treatment discharge measurements of the creek and the Swanson River 
would help assess if dilution alone would accomplish the rotenone deactivation or whether the 
treatment would benefit from being delayed until more favorable discharges are present.  In 
addition, during and after a rotenone application the responses of sentinel fish held within the 
mixing zone of the Swanson River and outlet creek would provide a secondary method to 
assess whether KMNO4 treatment is warranted.   

Regardless, a deactivation station would be set up before the rotenone treatment begins in the 
lower section of the outlet creek in case deactivation is warranted at any time.  If used, KMNO4 
would be released into the creek with a mechanical dispenser.  Deactivation of the stream 
discharge with KMNO4 would be continued until sentinel fish just upstream of the KMNO4 
dispenser no longer demonstrated rotenone-related stress symptoms for four consecutive hours 
as suggested by Finlayson et al. (2010). 

KMN04 is toxic to fish at relatively low concentrations and is more toxic in alkaline waters than 
soft water (Markings and Bills 1975).  Acute toxicity exposure time (LC50 value) to rainbow trout 
at 12°C, pH of 7.5 when exposed to 5 mg/L it is about 11 hours (Markings and Bills 1975).  If 
KMNO4 concentrations are in balance with rotenone concentrations, then toxic levels of KMNO4 
are reduced through the oxidation of organic components and rotenone (Finlayson et al. 2010).  
KMNO4 deactivates rotenone in distilled water at approximately a 1:1 ratio after 60 minutes of 
contact time (Finalyson et al. 2010).  During deactivation, adjustments to KMNO4 concentrations 
must be made to account for varying water temperature, exposure time and background oxygen 
demand as explained in Finlayson et al. (2010).  KMNO4 degradation products are considered 
less toxic than the product itself (Appendix 9). Finalyson et al. (2010) explain that KMNO4 be 
measured periodically during the deactivation process so the correct ratio of rotenone: KMNO4 
can be maintained.  The anticipated KMNO4 residual left in the Stormy Lake outlet stream after 
interacting with rotenone and other organics in the stream is 1mg/L. 

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 (> 15 feet).  Stormy Lake has a maximum depth of 50 
feet, and the desired treatment period (late-August/early September) would likely result in water 
that is ~15° C (ADF&G, unpublished data) so some dead fish would likely be exposed. 

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 
content in the 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.  Nonetheless, ADF&G personnel would recover 
and dispose of all exposed dead fish, at least once every several days until carcass scarcity no 
longer justifies the effort, and monitor water quality for one year post-treatment.  Fish in the 
Swanson River would not be expected to be affected by this treatment, only in the treatment 
area (lake and outflow creek).  A net trap would be placed in the outlet creek to prevent dead 
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fish from floating to the Swanson River.  Regardless, ADF&G would monitor caged sentinel fish 
in the Swanson River as well as look for dead fish in Swanson River downstream of the outlet 
creek confluence on a daily basis until sentinel fish in the outlet creek indicate the rotenone has 
fully degraded. 

In summary, a rotenone treatment would be confined to Stormy Lake, its outflow creek and 
adjacent wetlands with standing surface water suitable for fish survival.  Any waters discharging 
from the outlet creek and mixing with the Swanson River should result in a rotenone 
concentration below the 2.0 ppb threshold that requires deactivation or else it would be 
deactivated with KMNO4.  As required by state regulation, ADF&G would submit a pesticide 
permit application to the Alaska Department of Environmental Conservation (ADEC) which must 
be approved prior to treating Stormy Lake with rotenone and would fully comply with any/all 
permit conditions.  Additionally, in compliance with the USFWS Integrated Pest Management 
Policy (http://www.fws.gov/policy/569fwl.html), a Pesticide Use Proposal (PUP) would be 
prepared and submitted to the USFWS for review and approval.  This project would also be 
conducted in compliance with the federal Clean Water Act, including any National Pollution 
Discharge Elimination System (NPDES) permitting requirements.   

4.2  Biological Environment 
4.2.1  Impacts from Alternative 1 to Vegetation 

Aquatic macrophyte populations in Stormy Lake would not be directly affected by northern pike 
if they remain in the lake.   

4.2.2  Impacts from Alternative 2 to Vegetation 

On lands surrounding Stormy Lake, impacts to vegetation from the lake draining options would 
be attributed mainly to heavy equipment used during the infrastructure construction.  However, 
this could partially be mitigated by constructing ice roads during the winter. 

Within Stormy Lake, itself, draining all the water would eventually kill all submerged and 
emergent aquatic macrophytes in the lake.  The long-term ecological impacts from this would 
likely be minor as the seed bank in the substrate underlying the lake should allow the plant 
communities to reestablish after the lake recharges. 

4.2.3  Impacts from Alternative 3 to Vegetation 

Stormy Lake has a concrete ramp boat launch with an adjacent gravel parking lot that would 
serve as the project storage and operating base for the proposed rotenone treatment.  Basing 
operations from the boat launch area should greatly reduce trampling of vegetation around the 
lake caused by the rotenone application and associated application equipment.  However, the 
installation and operation of drip stations and rotenone deactivation station along the Stormy 
Lake outlet creek may require pruning brush in a five foot circumference at each station (4-8 
stations could be installed).   

In the southern basin of Stormy Lake there is a wetland adjacent to the lake that can become 
inundated with surface water during very wet periods.  If high water conditions existed at the 
time of treatment, it would be prudent to treat all exposed surface waters in that wetland as 
northern pike could potentially access those waters from Stormy Lake.  The only practical way 
to apply rotenone to this area would be with a team of backpack sprayers or by an applicator 
operating an ATV equipped with a pumping/spraying  apparatus.  The total amount of wetland 
acreage that would be potentially sprayed using either method is estimated at 12.5 acres 
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(Figure 7)  Vegetation could be trampled in this wetland from foot traffic or ATV operation, but 
particularly so with ATV use.  To minimize trampling if an ATV is used, the ATV would be 
equipped with a high pressure pumping system that could spray the pesticide premixture up to 
75 feet either direction reducing the area that would need to be driven to apply the pesticide.  
Any vegetation trampling effects would be expected to be minimal and short-term in duration 
and would occur at a time of year when many grasses have completed their seasonal growth.   

Finally, there is a bed of emergent aquatic vegetation (bulrushes) in the south basin of Stormy 
Lake that would likely require the use of an airboat or mud-buddy (specialized outboard) to 
apply the rotenone because the vegetation is too dense for a typical outboard boat to operate in.  
It is anticipated that the bulrushes would sustain some damage near the waterline which may 
result in visible boat swaths through the vegetation.  No direct, immediate, or long-term impacts 
to vegetation are anticipated from the rotenone itself because rotenone does not negatively 
affect plants at concentrations necessary to kill fish. 
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Figure 7. Approximate wetland area (bordered with red highlighting) adjacent to Stormy 
Lake that may be treated with rotenone if high water conditions are present at time of 
treatment.  

 

4.2.4  Impacts from Alternative 1 to Wildlife 

Northern pike are top predators in aquatic environments, and they are very opportunistic in their 
diet.  Besides fish, northern pike will prey on invertebrates, frogs, mice, muskrats, ducklings and 
other small waterfowl.  Northern pike are non-native predators in Stormy Lake, so if their 
population remains, predation on native animals will continue.  It is plausible that the Stormy 
Lake native rainbow trout and Arctic char populations will be lost entirely if the northern pike 
population remains. 

4.2.5  Impacts from Alternative 2 to Wildlife 

Wildlife species characteristic to the area are described in 4.2.6.  Draining the lake would 
eventually displace wildlife such as waterfowl from the lake because there would not be 
abundant or available prey.  During the draining, however, fish-eating wildlife would likely be 
temporarily attracted to the lake basin to forage on trapped and desiccating aquatic organisms.  
Once this prey is depleted, it would likely take several years before the lake provides functional 
habitat for waterfowl and other wildlife because of the slow recharge duration expected.  
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4.2.6  Impacts from Alternative 3 to Wildlife 

Large Mammals

There is a year-round presence of moose at Stormy Lake.  It is possible that any of these 
species may ingest water from the lake during the treatment period or that moose feed on 
aquatic vegetation in the lake.  EPA-approved bioassays indicate that, at the proposed 
concentrations, rotenone would have no effect on mammals that drink the treated water 
(Schnick 1974a, 1974b; Herr et al. 1967).  Ingestion of treated waters by any terrestrial wildlife 
would have no adverse effects because of the low rotenone concentration found in the lake 
water and the enzymatic action in the animals’ digestive tracts.  Particularly, the gastrointestinal 
absorption of rotenone is inefficient (Finlayson et al. 2000).   

: Grizzly bears, black bears, and wolves are found in the Stormy Lake area but 
are not dependent on the lake or fish from the lake for food although some salmon predation by 
bears likely occurs in the outlet creek.  The removal of exposed dead fish resulting from this 
project would reduce the potential for these species to consume rotenone-killed fish in great 
quantity.  Even if rotenone-killed fish were consumed by mammals, there would be no adverse 
effects because the rotenone at low dosages is expected to be degraded by enzymes in the 
animals’ digestive tracts (Finlayson et al. 2000; USEPA 2007).  The LC50 to female rats from 
oral ingestion is 320 mg/Kg (Lowe 2006).  No evidence of carcinogenicity has been documented 
in mice/rat studies (National Toxicology Program 1986).  Following rotenone treatment, frequent 
monitoring of the lake to collect dead fish should limit fish carcasses from becoming an 
attractant to bears.   

Finally, rotenone has a low acute toxicity via the dermal route of exposure and receives a 
toxicity category IV rating; in rabbits, the LD50 is >5000mg/kg (USEPA 2007).  Risk of inhalation 
exposure to rotenone from the liquid CFT Legumine™ to wildlife is nonexistent because the 
vapors rapidly dissipate, and the application method for powdered rotenone which involves 
using a semi-closed system pumping apparatus prevents exposure hazard to wildlife.  In 
conclusion, this project would have no significant impact on game mammals. 

Other mammals

CDFG (1994) studies of potential risks to terrestrial animals found that a 22-pound dog would 
have to drink thousands of gallons of lake water or eat thousands of pounds of rotenone killed 
fish in 24 hours to receive a lethal dose.  The State of Washington reported that a half-pound 
mammal (red squirrel size) would need to consume 12.5 mg of pure rotenone to receive a lethal 
dose (Bradbury 1986).  It is important to note that nearly all of the aforementioned examples 
were based upon subjecting laboratory specimens to unusually high concentrations of rotenone 
that are far above concentrations used in fisheries management uses.  For this project, ADF&G 
would use rotenone products containing 5% to 7.4% rotenone.  Assuming the primary way an 

:  Coyote, lynx, muskrat, beaver, mink, otter, weasel, snowhsoe hare, red 
squirrel, porcupine, flying squirrel, shrew, vole and domesticated dogs and cats are present in 
the area.  Some of these mammals could scavenge on rotenone killed fish or drink treated lake 
water.  The effects of rotenone on non-target organisms have been studied extensively.  Again 
mammals, in general, are not affected by rotenone in fisheries treatment concentrations 
because they neutralize rotenone by enzymatic action in their stomach and intestines (Finlayson 
2000: AFS 2002; USEPA 2007).  Laboratory tests have been conducted in which rats and dogs 
have been fed forms of rotenone as part of their diet for periods of six months to two years 
(Marking 1988).  Observed effects included diarrhea, decreased food consumption, and weight 
loss.  Researchers reported that despite the unusually high treatment concentrations of 
rotenone fed to rats and dogs, the chemical did not cause tumors or reproductive problems in 
these mammals.  
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animal may consume the compound under field conditions is by drinking lake water, a half-
pound animal would need to drink 66 gallons of Stormy Lake water treated at 0.05 ppm 
rotenone to receive a lethal dose.  Based on this information, we expect the impacts to non-
target organisms to range from non-existent to short-term. 

Migratory waterfowl/ Birds:

Rotenone residues in dead fish are generally very low (<0.1 ppm), unstable, and not readily 
absorbed through the gut of the animal eating the fish (Finlayson et al. 2000).  A bird weighing 
¼ pound would have to consume 100 quarts of treated water or more than 40 pounds of fish 
and invertebrates within 24 hours to receive a lethal dose.  This same size bird would normally 
consume 0.2 ounces of water and 0.32 ounces of food daily, thus a safety factor of 1,000 to 
10,000 fold exists under normal conditions for birds and mammals.  The LD50 values for 
mallard ducks and ring-necked pheasants were 2200 mg/kg and1680 mg/kg, respectively, as 
found online at: 

  Birds common to the area that could potentially consume dead 
fish following treatment include bald eagles, herring gull, Bonaparte’s gull, parasitic jaeger, 
common loon, horned grebe, red-necked grebe, crow, raven, magpie, stellar jay, gray jay and 
osprey. Additionally, non-piscivorous birds such as passerines, woodpeckers, geese, ducks, 
plovers, owls, etc. are present in the area.  During the proposed treatment period, most 
piscivorous waterfowl would not have migrated from Stormy Lake and may be temporarily 
displaced, but the availability of other waters in close proximity to the project area should 
minimize any impacts.  Following the treatment, it is likely that some birds would remain and 
forage on rotenone-killed fish, however research has indicated it is not physiologically possible 
for birds to consume sufficient quantities of rotenone-killed fish to result in a lethal dose 
(Finlayson 2000: USEPA 2007).  

http://pmep.cce.cornell.edu/profiles/extoxnet/pyrethrins-ziram/rotenone-ext.html.  Regardless, 
ADF&G efforts to remove rotenone-killed fish that surface following treatment would minimize 
risks to these birds; thus, impacts should be negligible.   

Human activity associated with the application of rotenone in Stormy Lake and the subsequent 
treatment success evaluation using gillnets could temporarily disrupt bird use of the area.  
Specifically, during the gillnet evaluation, some birds could be lost to net entanglement.  To 
mitigate this, owl decoys would be placed near gillnets to discourage bird use near nets, and 
gillnets would be tended regularly so entangled birds can be released.  In general, however, 
because northern pike are known to opportunistically prey on birds (Solomon 1945, Brown 
2005) activities that result in the eradication of these fish from the lake would actually benefit 
avian populations in the area in the long-term. 

Threatened or Endangered Species:

A possible indirect benefit to beluga whale from this proposed piscicide application is the 
restoration of coho salmon habitat (Stormy Lake) which may experience an increase in coho 
salmon production because juvenile coho salmon rearing in the lake would no longer be preyed 
upon by northern pike.  Adult coho salmon are a forage species for Cook Inlet beluga whales 
during summer and fall when salmon migrate through Cook Inlet to natal spawning destinations. 

  The Cook Inlet beluga whale is the only endangered 
species found in the area of Cook Inlet.  No direct impacts to beluga whales are expected 
because Stormy Lake and its outlet creek are not utilized by beluga whales. Any rotenone that 
may enter Cook Inlet via discharge from the Swanson River drainage would be well below 
detectable limits and would pose no threat to fish, birds or mammals.  Rotenone, at fish 
management concentrations, poses no known threat to wild mammals. 

http://pmep.cce.cornell.edu/profiles/extoxnet/pyrethrins-ziram/rotenone-ext.html�
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4.2.7  Impacts from Alternative 1 to Aquatic Resources 

Though northern pike are opportunistic feeders, their preference is for fish.  They have already 
decimated the rainbow trout and Arctic char fisheries in Stormy Lake and reduced populations 
of other native fishes such as longnose suckers, sticklebacks, sculpins, and lampreys.  As long 
as northern pike remain in Stormy Lake, native fish populations will continue to decrease, and 
restoration of their populations will remain improbable. 

4.2.8  Impacts from Alternative 2 to Aquatic Resources 

Draining Stormy Lake would eventually result in the mortalities of most aquatic organisms in the 
lake.  However, wood frogs and aquatic invertebrates would naturally recolonize the lake once it 
sufficiently recharges.  Fish species would have to recolonize from the Swanson River because 
the recharge duration (~five years) is too long to efficiently hold over native fish from the lake in 
captivity or in net pens in another lake.  Because of this, ADF&G would not be able to preserve 
the genetic integrity of Stormy Lake’s fish stocks.  The largest impact from this would be to the 
lake’s Arctic char population.  Arctic char do not occur in the Swanson River, so the population 
in Stormy Lake would likely be permanently lost.  It is a unique population on the Kenai 
Peninsula in that these fish can attain weights of eight pounds which is considerably larger than 
in other Kenai lakes.  Loss of the Arctic char population in Stormy Lake would be an unfortunate 
consequence of the lake draining option.   

4.2.9  Impacts from Alternative 3 to Aquatic Resources 

Fish:

The existing sport fishery in Stormy Lake is now primarily for northern pike, and to a much 
lesser degree for rainbow trout and Arctic char.  Anecdotal angler reports describe Stormy Lake 
as a well known producer of large rainbow trout and Arctic char prior to the proliferation of 
northern pike.  Sport fishing would be temporarily impacted by this project.  After native fish are 

 This project is designed to eradicate invasive northern pike using rotenone.  It is 
anticipated that all fish remaining in the lake and outlet stream during a treatment would be lost.  
Again, native fish species that inhabit the lake and outlet stream include threespine stickleback, 
longnose sucker, rainbow trout, coho salmon, Arctic char, sculpin (spp.) and lamprey (spp).  An 
intensive effort would be made to collect representatives of all salmonids, sticklebacks and 
longnose sucker populations so those populations can be restored.  These fish would be 
relocated temporarily to another area lake and held in floating net pens.  Fish held in net pens 
would be provided supplemental feed throughout their retention which could be up to two 
months.  These fish would be released back into Stormy Lake once the northern pike population 
is deemed eradicated and the lake fully detoxified.  In addition to the native fish 
rescue/reintroduction, the Stormy Lake outflow creek could serve as a pathway for natural 
recolonization of native fish including sculpin, lamprey, coho salmon and rainbow trout that 
disperse from the Swanson River.  Stormy Lake Arctic char are believed to be in low abundance 
and Arctic char do not inhabit the Swanson River mainstem.  An effort would be made to collect 
Stormy Lake Arctic char for both broodstock and for temporarily relocating adults in net pens 
until they can be reintroduced back to Stormy Lake.  Stormy Lake Arctic char eggs and milt 
collections would be coordinated by ADF&G hatchery staff during September through October 
of 2011.  Eggs would be fertilized and incubated at William Jack Hernandez Sport Fish Hatchery 
under isolated quarantine measures, and returned to Stormy Lake for release after the lake 
detoxifies from the treatment.  If adult Arctic char collection and/or egg incubation attempts fail, 
it may be necessary to transplant wild Arctic char collected from another lake in the drainage to 
Stormy Lake pending ADF&G fish transport permit approval. 
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reintroduced to the lake post-treatment and have had time to fully recolonize, the native 
fisheries should provide an increase in sport fishing opportunities over what currently exists. 

Invertebrates: Generally, zooplankton species are more vulnerable to rotenone than fish or 
macro invertebrates (Bradbury 1986, Melaas et al. 2001, Vinson et al. 2010).  However, many 
zooplankton species have life stages (eggs, resting stages) that are very rotenone resistant so 
complete eradication is unlikely (Kiser et al. 1963, Melass et al. 2001).  Zooplankton populations 
have been observed to fully recover to pre-treatment levels within one to three years of a 
rotenone treatment in Southcentral Alaska with no observed loss of species (Chlupach 1977).  
Recent rotenone treatments at Arc Lake and Scout Lake on the Kenai Peninsula indicate 
invertebrate diversity remained comparable to pretreatment levels less than one year post 
treatment, but zooplankton abundance was temporarily reduced (Massengill In prep a,b).  
Chandler and Marking (1982) found that clams and snails were between 50 and 150 times more 
tolerant than fish to rotenone.  Because of their short life cycles (Anderson and Wallace 1984), 
good dispersal ability (Pennack 1989) and generally high reproductive potential (Anderson and 
Wallace 1984), aquatic invertebrates are capable of rapid recovery from disturbance (Jacobi 
and Deegan 1977; Boulton et al. 1992; Matthaei et al. 1996).  Recolonization would include 
aerial dispersal of adult invertebrates from adjacent areas of the project area (e.g., mayflies and 
caddis flies).  

Amphibians: Wood frogs are the only amphibians on the Kenai Peninsula and presumed to be 
common to the Stormy Lake area.  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 (ADF&G Wildlife Notebook Series: Frogs and Toads 
http://www.adfg.alaska.gov/static/education/wns/frogs_and_toads.pdf).  Adult frogs are 
generally more resistant to the effects of rotenone than fish.  Grisak et al. (2007) conducted 
laboratory studies on long-toed salamanders, Rocky Mountain tailed frogs, and Columbia 
spotted frogs and concluded that the adult life stages of these species would not suffer an acute 
response to rotenone, but larval and tadpole stages could be affected by rotenone at fish killing 
concentrations.  These authors recommended rotenone treatments at times when the larva 
were 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 at Stormy Lake.  Healthy wood frog tadpoles were observed in Scout Lake (Sterling, 
Alaska) the spring following a fall rotenone treatment (Massengill In prep. b) 
  

http://www.adfg.alaska.gov/static/education/wns/frogs_and_toads.pdf�
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4.3  Human Environment 
4.3.1  Impacts from Alternative 1 to Public Safety and Health 

Leaving the invasive northern pike population in Stormy Lake would not result in any human 
health or safety impacts. 
4.3.2  Impacts from Alternative 2 to Public Safety and Health 

Draining Stormy Lake would not result in significant public safety and health impacts, although 
the empty lake basin could present a potential falling or entrapment hazard.  It is likely that there 
would be offensive odors from dead and decaying organisms in the lake such as fish, aquatic 
vegetation and algae.  

4.3.3  Impacts from Alternative 3 to Public Safety and Health 

Although pesticides are widely used to control unwanted species, legitimate public concerns 
have been raised regarding health and human safety.  As with any pesticide, direct exposure or 
consumption of piscicides can potentially have harmful or sometimes fatal effects on humans.  
Rotenone is an EPA-registered pesticide under the Federal Insecticide, Fungicide, and 
Rodenticide Act (FIFRA) (USEPA 2007).  Rotenone is also registered for use in Alaska by the 
Alaska Department of Environmental Conservation.  Although Alaska does not have established 
water quality criteria for rotenone, the EPA’s recent re-registration eligibility decision for 
rotenone (USEPA 2007) provides human health risk conclusions.   

An EPA assessment of acute dietary risk was based on the maximum solubility of rotenone in 
water (200 ppb).  Any additional rotenone in water would not further increase the concentration 
available for exposure.  The EPA concluded that acute dietary exposure estimates for drinking 
water and eating fish from rotenone treated waters was below the Agency’s level of concern.  
The EPAs chronic

Studies have indicated that rotenone is a strong mitochondrial inhibitor and, under some 
conditions, produces features of Parkinson’s disease (Betarbet et al. 2000).  A review of 
published data since the initial study by Betarbet et al (2000) suggests that the rotenone-treated 
rat models used in the Betarbet study are based on atypical parkinsonism rather than idiopathic 
Parkinson’s disease, and that such studies are not applicable to piscicidal uses of rotenone 
(Höglinger et al. 2006).  Hollingworth (2001) in his chapter on inhibitors of oxidative 
phosphorylation (including rotenone) does not consider rotenone a cause of Parkinson’s 
disease.  A recent study by Montojo et al. (2010) suggests that mice exposed to rotenone mixed 
with chloroform injected through a feeding tube developed Parkinson-like symptoms, however 

 dietary exposure assessment of rotenone was performed for only drinking 
water because rotenone degrades rapidly and has a low propensity to bioaccumulate in fish 
(providing potential exposure to human consumers of the fish).  The EPA estimated the drinking 
water level of concern (DWLOC) to be 40 ppb (rotenone) for the most sensitive subgroup 
(infants and children).  Therefore, at the anticipated rotenone concentration planned for Stormy 
Lake and its outlet creek (~50 ppb), the DWLOC would be exceeded by 20% for a relatively 
short time (i.e. several days) until the rotenone degraded naturally below the DWLOC level.  
However, the DWLOC (40 ppb) is for chronic long-term dietary exposure and is a scenario not 
likely to occur at Stormy Lake because there are no public or private surface water intakes on 
the lake.  Signage would be posted to warn the public not to drink Stormy Lake water, eat fish 
from the lake or have contact with the water until monitoring ensures the rotenone has 
completely degraded.  However, as an example of rotenone toxicity relative to levels of concern, 
a 160-pound adult would have to drink thousands of gallons of treated lake water at one sitting 
to receive a lethal dose (Gleason et al. 1969).   



 

29 
 

dosages were administered for three months at dosages far exceeding those used in fishery 
applications.  ADF&G is not aware of any study claiming that rotenone causes Parkinson’s 
disease or any other human health concern when used in fishery management concentrations.  

As discussed in section 4.1.6, CFT Legumine™, the liquid rotenone mixture that would be used 
in Stormy Lake, contains additives to facilitate its emulsification and dispersion in water.  The 
other rotenone product, Prentox® Prenfish™ Fish Toxicant Powder, does not contain additives.  
CFT Legumine™ was analyzed for the California Fish and Game Department in 2007 (Fisher 
2007), and the toxicities of the individual ingredients identified during that analysis are described 
below:   

Diethylene glycol ethyl ether (DGEE) is the primary ingredient of CFT Legumine™.  With 
respect to the environmental fate of this compound, volatilization, photolysis, and hydrolysis are 
all processes that are not expected to occur to a significant degree in surface waters 
(SPECTRUM, Chemical Fact Sheet, 2008).  Rather, biodegradation is the most likely removal 
mechanism for the compound and 48-87% degradation would be expected in 20 days;  DGEE 
was observed to degrade greater than 90% after 28 days (information found online at: 
http://toxnet.nlm.nih.gov/).  Because DGEE is water soluble, it will not bind to sediments and it 
has a low ability to bioconcentrate in aquatic organisms (http://toxnet.nlm.nih.gov/ ).  When 
tested on rats, the oral LD50 (oral dose that kills 50% of test animals) was 5.54 g/kg (Bingham 
et al. 2001).  In a lake treated with 1 mg/L of CFT Legumine™, it would be expected that the 
concentration of DGEE would be at a concentration of 0.61 mg/L or 0.00061 ml/L.  The 
estimated lethal dose (LD) of the chemical to humans is ~1 ml/kg of body weight or about 70 ml 
(or 70 g) for a 70-kg person.  A 70-kg person drinking two liters of water from the lake (normal 
daily water intake) would only consume 0.00122 ml/L of the compound, which is 1/57,000th of a 
fatal dose.  The oral LD50 for dogs is around 3.0 g/kg, while for rats and mice the LD50 is 5.5-
8.7 g/kg.  A 10-kg (22 lb) dog drinking one liter of treated lake water would only ingest 
1/49,000th of the LD50.   

Fennedefo 99™ is primarily a fatty acid ester mixture that contains polyethylene glycol (PEGs) 
and alcohol and is used with rotenone as an emulsifying agent.  The fatty acid ester mixture is 
likely derived from “tall oil”.  Tall oil fatty acids are a byproduct of wood pulp. For more 
information on tall oil visit: http://www.harting.cl/talloil.html.  PEGs are common ingredients in a 
variety of consumer products, including soft-drink syrups (as an antioxidant), lotions and 
antifreeze (Fisher 2007).  PEGs are highly soluble, have low volatility and rapidly degrade within 
days.  The fatty acids in the fatty acid ester mixture do not exhibit volatility, are virtually 
insoluble, and are readily biodegraded, although over a slightly longer period of time than the 
PEGs (Fisher 2007). 

N-Methyl pyrrolidone is increasing in use as a solvent because of its low toxicity.  It is used as a 
solvent for pharmaceuticals for oral ingestion (Ott 2008).  This compound is expected to behave 
similarly to DGEE in an aquatic environment.  Biodegradation is the pathway most likely to 
affect its removal from the environment, rather than volatilization, hydrolysis or photolysis (for 
more information visit http://toxnet.nlm.nih.gov/).  The persistence of this compound in water has 
not been reported, but it has been found to have a half-life of 4.0, 8.7 and 11.5 days in clay, 
loam or sand, respectively.  N-methyl pyrrolidone has been classified as readily biodegradable 
under aerobic conditions (Concise International Chemical Assessment document available at: 
http://www.inchem.org/.  When rats and mice were tested, the oral LD50 reported values ranged 
from 3.9-7.7 g/kg.  The LD50 of methyl pyrrolidone is similar to DGEE, but its concentration 
following lake treatment is expected to be only 1/6th that of DGEE, and acute toxic conditions 
should not arise for mammals drinking the water following treatment.   

http://toxnet.nlm.nih.gov/�
http://toxnet.nlm.nih.gov/�
http://www.harting.cl/talloil.html�
http://toxnet.nlm.nih.gov/�
http://www.inchem.org/�
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Other trace compounds

Regarding exposure to trace constituents in liquid rotenone including CFT Legumine™, 
trichloroethylene and naphthalene are known carcinogens.  Both have been detected in CFT 
Legumine™, but trichloroethylene was absent from most product lots recently analyzed (Fisher 
2007) and the estimated concentration of trichloroethylene and naphthalene at treatment 
concentration is ~0.0000073 mg/L and 0.000255 mg/L respectively which is far below the 
Human Based Screening Level (HBSL) for exposure to surface waters for a child (CDFG 2007). 

 in the formulation include an array of volatile organic compounds 
(VOCs), but all at very low concentrations.  All compounds, with the exception of polyethylene 
glycols (PEG), would be below the reporting limits of California.  At the diluted treatment 
concentration expected in Stormy Lake, PEG levels would be far below the California reporting 
limits.   

A study of airborne drift associated with two rotenone products (a liquid and a powdered 
formulation) was conducted in California (CARB, 1997), and results showed that the rotenone 
levels adjacent to a treatment area immediately following a treatment, were, at the highest, 
1,000 fold lower than the estimated no observed effect level (NOEL) of 0.43 mg. of rotenone per 
cubic meter collected over a 24-hour period.   

Mild odors from the rotenone products may be present following the Stormy Lake treatment.  
The odor from the solvents in liquid rotenone products could last from several hours to several 
days, depending on air conditions.  However, the product manufacturer advertises that the 
newest CFT Legumine™ formulation is virtually odor free because it contains fewer solvents 
than other liquid rotenone formulations.  Nonetheless, relatively "heavy" organic solvent 
compounds tend to sink or remain close to the ground and move downwind.  The California 
Department of Pesticide Regulation (CDPR 1998, cited in Finlayson et al. 2000) found no health 
effects from odors from rotenone formulations that consisted of greater solvent concentrations 
than those found in current supplies of CFT Legumine™.  Prentox® Prenfish™ Fish Toxicant 
Powder is pure ground root product and contains no additives although the product label states 
it has an odor similar to wet chalk or dirt.  The northern pike carcasses resulting from this project 
may cause objectionable odors.  Collecting and removing visible carcasses coupled with the 
likelihood many would sink (Bradbury 1986) should help mitigate odor concerns.  Finally, 
because outboard motors would be used with the boat applications, there would be emissions 
from two and four-stroke outboard motors, but these would dissipate rapidly.  Any impacts 
caused by objectionable odors from the rotenone, fish carcasses, or outboard emissions are 
expected to be short-term and minor.  

Recreational contact (swimming, wading, etc.) or drinking of treated lake water would be 
discouraged with signage and issuance of a news release that would remain in effect until the 
rotenone fully deactivated which is expected to take 2-6 weeks.  The product labeling states that 
recreational contact with treated water (<90 ppb rotenone) is allowed after the rotenone is 
applied, however, the Department would prefer that all such contact be avoided until the 
rotenone is no longer present based on lab results of water samples and the twenty-four hour 
survival of caged sentinel fish held in the lake.  As mentioned, exposed dead fish would be 
collected and removed when practical from the treatment site, particularly where humans may 
encounter them (swimming beach, boat launch area).  The lake closure and clean-up efforts 
would eliminate any reasonable route for rotenone exposure and subsequent human health 
concerns. 

To address concern of rotenone traveling outside the treatment area, an estimate for the 
maximum rotenone content occurring in the Swanson River after mixing with the rotenone 
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treated waters (1.0ppm) of the Stormy Lake outflow creek is found in Appendix 10.  This 
estimate is likely inflated because the calculation applied the lowest discharge measured in the 
lower Swanson River during August and September coupled with double the highest discharge 
measured in the outlet creek (measured at the upper end of the creek).  Doubling the discharge 
near the creeks origin was done to account for likely gain from groundwater throughout its 
length.  This resulting estimate (1.43ppb) is well below the 2.0 ppb threshold (Finlayson et al. 
2010) requiring chemical deactivation and nowhere near the EPA’s Drinking Water Level of 
Concern of 40 ppb.   

Signage posted outside of the treatment area at access points along the lower Swanson River 
would inform anglers or other users of any nearby treatment-related activities that could be 
occurring.  Impacts to the sport fishery in the lower Swanson River should be very limited but 
could involve the temporary discoloration (purple staining) of the outlet creek, and to a lesser 
degree, the lower Swanson River if rotenone deactivation using KMNO4 is warranted in the 
outlet creek. 

4.3.4  Impacts from Alternative 1 to Worker Safety and Health 

There would not be any project activities with the “no action” alternative, so there would not be 
any impacts to worker safety and health. 
4.3.5  Impacts from Alternative 2 to Worker Safety and Health 

Impacts to worker safety would be similar to those experienced with oil drilling and construction 
activities.  Contractors hired by ADF&G to build the infrastructure to drain the lake would be 
required to follow best management practices for their work. 

4.3.6  Impacts from Alternative 3 to Worker Safety and Health 

Any potential threats to worker safety and health (i.e. the rotenone applicators) would be greatly 
reduced with proper use of safety equipment including personal protective equipment (PPE).  
PPE that would be worn at all times by applicators and others working in direct contact with the 
rotenone products.  The PPE includes Tyvek suits or raingear tops and bottoms (waders could 
substitute for bottoms), full face air-purifying respirators or half-mask respirators with safety 
goggles, and rubber or nitrile gloves.  

Dry powdered rotenone products pose the greatest airborne risk, mostly to the applicators, 
because they are in direct contact with undiluted product and product particulates can become 
airborne.  To reduce exposure risk, the product would be applied via a semi-closed pumping 
system that premixes the powder with lake water to form a slurry just prior to discharge from the 
boat, and applicators would adhere to the safety protocol indicated by Finlayson et al. (2010) 
and/or any product label requirements.  One safety measure involves the use a foam gasket to 
seal out rotenone dust that otherwise might escape from the rotenone container opening where 
a vacuum line draws the rotenone powder into the pumping/mixing apparatus.  Prentox® 
Prenfish™ Fish Toxicant Powder containers would only be opened in the boat and away from 
individuals not wearing PPE.   

CFT Legumine™ is a liquid, and the product Material Safety Data Sheet (MSDS) states “do not 
breathe spray mist” and identifies appropriate respirators for use by the product 
handlers/applicators.  Only individuals working with the concentrated product could be at risk, 
and they would be protected with the appropriate protective respirators.  Although volatile and 
semi-volatile organic compounds and ethylene glycol-based compounds have been identified in 
the CFT Legumine™ formulation, when compared to Health Based Screening Levels (HBSL) 
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values, no compound in CFT Legumine™ exceeded the HBSLs.  This indicates there are no 
significant inhalation risks from the vapors of this product (CDFG, 2007). 

In general, the greatest human health risks associated with a rotenone treatment are associated 
with the applicators because they work directly with the undiluted, concentrated rotenone 
products.  However, as stated, as long as safety protocols are adhered to, and proper PPE is 
utilized, exposure risks to applicators are minimal. 

4.4  Conclusion 

Although no decision has been reached, factors that led to the identification of a preferred 
alternative are discussed in this section. 

The no action alternative would essentially allow the status quo to continue which would 
maintain or reduce current low levels of angling opportunity.  As long as invasive northern pike 
remain in Stormy Lake, ADF&G would not have the ability to restore the fisheries there, and 
angling opportunities for the local public would continue to be limited.  There would also be 
continued risk that northern pike could disperse from Stormy Lake to the Swanson River and 
endanger its native wild salmonid fisheries.  Finally, ADF&G has a legal responsibility to protect, 
maintain, and improve fishery resources, and choosing to leave invasive northern pike in Stormy 
Lake, where they could eventually spread into the pristine Swanson River system, is 
contradictory to this responsibility.  The no action alternative was not identified as a preferred 
alternative. 

Draining Stormy Lake would not be a practical alternative because of its sheer size, complexity, 
and associated wetlands.  Dewatering is a method that can result in eradication of unwanted 
fish.  However, it is a much more feasible option for small impoundments or lakes with existing 
water control structures or for very small water bodies that can be pumped dry.  Given the size 
and complexity of Stormy Lake, the estimated cost for dewatering the lake was estimated to 
range from $660K to $3,900K and would require 2,500 feet of temporary road construction 
within the Captain Cook State Recreation Area (ADF&G 2009).  Further, draining the lake would 
leave pockets of water in the deepest areas of the lake bed that would likely still require 
chemical treatment to ensure northern pike did not survive there.  It is estimated that the lake 
could take up to five years to refill to capacity prolonging the impact of the restoration effort on 
the community and delaying its benefits to the ecology of the region. 

ADF&G’s goal is to eradicate the northern pike population from Stormy Lake.  This would allow 
the Department to restore native fish populations to the lake as well as the sport fisheries that 
depend on them.  Most importantly, eradication would prevent this invasive species from 
spreading further into a susceptible system where eradication would no longer be possible.  If 
northern pike successfully establish in the Swanson River system, there will be substantial and 
irreversible impacts to anadromous fishes and other wildlife.  ADF&G has a window of 
opportunity to prevent this from happening, and based on the mission of the agency, it has a 
legal responsibility to do so.  Though lake draining could accomplish this goal, the long duration 
of that alternative, the infrastructure that would need to be built, and the overall cost were the 
primary factors resulting in it not being identified as a preferred alternative. 

In contrast to the lake draining alternatives, a rotenone treatment in Stormy Lake would take 
only a few months to complete from the application itself to the native fish restoration.  No 
permanent infrastructure would be required, and the project would be the most cost-effective, 
costing less than $300K.  
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ADF&G evaluated the human health and ecological effects associated with the use of rotenone 
in this document.  It is concluded that, in piscicidal concentrations and in accordance with label 
requirements and FIFRA, rotenone would not pose any unreasonable adverse ecological or 
human health risks.  To further minimize risk, ADF&G would, in cooperation with Alaska State 
Parks and the Kenai National Wildlife Refuge, close the treatment area to the public during the 
pesticide application so that there would be no exposure risk during that period.  After the 
treatment, signage would advise people not to contact or drink the lake water until the rotenone 
is fully deactivated.  Though this is not legally necessary, ADF&G would prefer to take this 
conservative approach to ensure the highest level of public safety possible.  This, of course, 
would temporarily affect recreation on the lake, but certainly for a much shorter duration than 
would be experienced if one of the lake draining alternatives was selected.   

If the lake is temporarily closed to the public for the rotenone treatment and signage prevents 
people from contacting or drinking the water post-treatment, the only tangible human health 
risks associated with the rotenone treatment would be to the applicators because they would be 
working with the pure, undiluted rotenone products.  However, those risks would be minimized 
by proper use of personal protective equipment and by following best management practices.  
Rotenone applicators would all be fit tested for respirators and trained in pesticide applications.  
Several ADF&G pike biologists have been formally trained in the use of rotenone through the 
National Conservation Training Center.  In addition, several ADF&G biologists are also State of 
Alaska certified pesticide applicators.  If a rotenone application occurs, all assisting personal 
would either be individually certified or supervised by a certified pesticide applicator.  
Emergency protocols would be established prior to the treatment activities in the event of an 
accident.  Those protocols would be described in a detailed “treatment plan” that would be 
reviewed by all assisting project personal before the project begins.   

The ecological impacts from a rotenone treatment in Stormy Lake would be far shorter in 
duration than the lake drainage alternatives.  As described in detail in this document, 
rotenone ultimately breaks down into carbon dioxide and water and does not impact most 
organisms without gills when used in fisheries management concentrations.  Rotenone has 
been used on five other occasions for northern pike eradication in Southcentral Alaska.  In 
these other treatments, rotenone was applied late in the fall just prior to ice-up so as not to 
interrupt open water recreation for the public.  This timing also maximized the duration that 
rotenone would remain toxic to fish.  In these cases, rotenone was detectable in the water 
bodies up to nine months (mainly while the lakes were frozen).  If rotenone is applied to 
Stormy Lake, the treatment would occur earlier (late summer) to ensure it degrades faster so 
that native fish restoration can occur within the same season.  Even with the longer project 
durations experienced during ADF&G’s previous rotenone projects, invertebrate populations 
were found to quickly rebound, and other species such as wood frogs and waterfowl also 
returned immediately after ice out.  Based on the vast literature available on rotenone 
projects and the Department’s previous experience with the piscicide, ADF&G would expect 
no unreasonable long-term negative ecological impacts from treating Stormy Lake with 
rotenone.  Therefore, the rotenone treatment alternative was identified by ADF&G as the 
preferred alternative to accomplish the goal of eradicating northern pike from Stormy Lake 
and protecting the pristine Swanson River system from this invasive predator.    
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5.0  CONSULTATION AND COORDINATION 

As mentioned in section 1.4, ADF&G conducted a public scoping process to solicit input on the 
alternatives, including the barrier options described in 2.4.2.  The public scoping process is 
described in detail in Appendix 1.  Through this EA and a public comment period for the 
Department of Environmental Conservation (ADEC) Pesticide Use Permit, the public will again 
have an opportunity to comment on this proposed action.  To commence with the proposed 
action, this National Environmental Policy Act (NEPA) process will have to conclude with a 
Finding of No Significant Impact (FONSI), the ADEC will have to issue a Pesticide Use Permit, 
the State would need to be in compliance with National Pollutant Discharge Elimination System 
(NPDES) permitting requirements, a USFWS Pesticide Use Proposal will need to be prepared 
and approved, and the Alaska Board of Fisheries and ADF&G Division of Sport Fish director will 
have to grant approval. 
  



 

35 
 

6.0  REFERENCES CITED 

Alaska Department of Fish and Game.  Unpublished.  Rotenone treatment notes from treatment 
to eradicate yellow perch (Perca flavescens) from unnamed lake near Nikiski, Alaska in 
2000.  Archived in the ADFG Soldotna Office, Alaska. 

Alaska Department of Fish and Game.  2002.  Aquatic Nuisance Species Management Plan. 
Alaska Department of Fish and Game.  
http://www.adfg.state.ak.us/special/invasive/ak_ansmp.pdf 

Alaska Department of Fish and Game.  2007  Aquatic Nuisance Species Management Plan. 
Alaska Department of Fish and Game.  
http://www.sf.adfg.state.ak.us/Static/invasive_species/PDFs/pike_management_plan.pdf  

Alaska Department of Fish and Game.  2009.  Stormy Lake Pike Exclusion Alternatives Study.  
Prepared by HDR Alaska Incorporated.  Alaska Department of Fish and Game.   

AFS (American Fisheries Society). 2002. Rotenone stewardship program, fish management 
chemicals subcommittee.   http://www.fisheriessociety.org/rotenone/.  

Anderson, N.H., and J.B. Wallace. 1984. Habitat, life history, and behavioral adaptations of 
aquatic insects.  Pages 38-58 in R.W. Merrit and K.W. Cummins (eds.), An Introduction to 
the Aquatic Insects of North America.  2nd ed. Kendall/Hunt Publishing, Dubuque, Iowa. 

Bearez, P. 1998.  First archaeological indication of fishing by poison in a sea environment by 
the Engoroy population at Salango (Manabi, Equador). Journal of Archaeological Science 25: 
943-948. 

Begich, R. N., and T. R. McKinley.  2005.  Restoration of salmonid habitat by control and 
removal of invasive northern pike, Kenai Peninsula, 2003.  Alaska Department of Fish and 
Game, Special Publication No. 05-07, Anchorage.   
http://www.sf.adfg.state.ak.us/FedAidPDFs/sp05-07.pdf  

Betarbet, R., T.E. Sherer, G. MacKenzie, M. Garcia-Osuna, A.V. Panov, and T. Greenamyre. 
2000. Chronic systemic pesticide exposure reproduces features of Parkinson's disease. 
Nature Neuroscience 3 (12): 1301-1306.  

Bingham, E.; B. Cohrssen, and C.H. Powell.  2001.  Patty's Toxicology, Volumes 1-9, 5th ed. 
John Wiley & Sons. New York, N.Y. p. V7 194 

Boulton, A.J., C.G Peterson, N.B. Grimm, and S.G. Fisher. 1992. Stability of an Aquatic 
Macroinvertebrate Community in a Multiyear Hydrologic Disturbance Regime. Ecology 
73(6):2192-2207. 

Bradbury, A. 1986. Rotenone and trout stocking: a literature review with special reference to 
Washington Department of Game's lake rehabilitation program. Fisheries management 
report 86-2. Washington Department of Game. 

Brown, R.J. and C. McIntyre.  2005.  New prey species documented for northern pike (Esox 
lucius): bald eagle (Haliaeetus leucocephalus).  Journal of the Arctic Institute of North 
America, volume 58, issue 4. 

http://www.adfg.state.ak.us/special/invasive/ak_ansmp.pdf�
http://www.sf.adfg.state.ak.us/Static/invasive_species/PDFs/pike_management_plan.pdf�
http://www.fisheriessociety.org/rotenone/�
http://www.sf.adfg.state.ak.us/FedAidPDFs/sp05-07.pdf�


 

36 
 

Cavoski, I., P. Caboni, G. Sarais, T. Miano.  2007.  Photodegradation of rotenone in soils under 
environmental conditions.  Journal of  Agricultural and Food Chemistry Food Chem. Aug 
22;55(17):7069-74. 

Cavoski, I., P. Caboni, G. Sarais, T. Miano.  2008.  Degradation and persistence of rotenone in 
soils and influence of temperature variations.  Journal of  Agricultural and Food Chemistry 
Food Chem. September 10; 56(17):8066-73. 

CARB (California Air Resource Board). 1997. Lake Davis fish kill emergency response – final 
report. CARB, Sacramento. 

CDFG (California Department of Fish and Game). 1994. Rotenone use for fisheries 
management, July 1994, final programmatic environmental impact report. State of California 
Department of Fish and Game.  

CDFG (California Department of Fish and Game). 2007, Lake Davis eradication project, final 
EIR/EIS, The Resources Agency California Department of Fish and Game, and U.S Forest 
Service, Pacific Southwest Region.  SCH #2005-09-2027. Available online at: 
http://www.dfg.ca.gov/lakedavis/EIR-EIS/  

CDPR (California Department of Pesticide Regulation). 1998. A report on the illnesses related to 
the application of rotenone to Lake Davis. CDPR, Worker Health and Safety Branch, Report 
HS-1772, Sacramento.  

Chandler, J.H. and L.L. Marking. 1982. Toxicity of rotenone to selected aquatic invertebrates 
and frog larvae. The progressive fish culturist 44(2) 78-80.  

Cheng, H.M., I. Yamamuto, and J.E. Casida.  1972.   Journal of Agricultural Food Chemistry. 4: 
850-856. 

Chlupach, R.S. 1977. Population studies of game fish and evaluation of managed lakes in the 
Upper Cook Inlet drainage. Alaska Department of Fish and Game, Federal Aid in Sport Fish 
Restoration, Annual Performance Report 1976-1977, Project F-9-9(18)G-III-D, Juneau. 

Concise International Chemical Assessment Document 35, N-METHYL-2-PYRROLIDONE,” 
World Health Organization, Geneva, 2001.  Available at: http://www.inchem.org/ 

Dawson, V.K., W.H. Gingerich, R.A. Davis, and P.A. Gilderhus. 1991. Rotenone persistence in 
freshwater ponds: effects of temperature and sediment adsorption. North American Journal 
of Fisheries Management 11: 226-231.  

Engstrom-Heg, R. 1971. Direct measure of potassium permanganate demand and residual 
potassium permanganate. New York Fish and Game Journal vol. 18 no. 2:117-122.  

Engstrom-Heg, R. 1972. Kinetics of rotenone-potassium permanganate reactions as applied to 
the protection of trout streams. New York Fish and Game Journal vol. 19 no. 1:47-58.  

Engstrom-Heg, R 1976. Potassium permanganate demand of a stream bottom. New York Fish 
and Game Journal vol. 23 no. 2:155-159. 

http://www.dfg.ca.gov/lakedavis/EIR-EIS/�
http://www.inchem.org/�


 

37 
 

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

Finlayson, B., R. Schnick, D. Skaar, J. Anderson, L Demong. W. Horton and J. Steinkjer.  2010.  
Planning and standard operating procedures for the use of rotenone in fish management-
rotenone SOP manual.  American Fisheries Society, Bethesda, Maryland. 

Fisher, J.P. 2007. Screening level risk analysis of previously unidentified rotenone formulation 
constituents associated with treatment of Lake Davis. Report prepared for California 
Department of Fish and Game, ENVIRON International Corporation, Seattle, Washington. 
Available at: http://www.dfg.ca.gov/lakedavis/enviro-
docs/ScreeningLevelAnalysis/ScreeningLevelAnalysis.pdf  

Gilderhus, P.A., J.L. Allen, and V.K. Dawson. 1986. Persistence of rotenone in ponds at 
different temperatures. North American Journal of Fisheries Management. 6: 129-130. 

Gleason, M., R. Gosselin, H. Hodge, and P. Smith. 1969.  Clinical toxicology of commercial 
products.  The William and Wilkins Company, Baltimore, Maryland. 

Grisak, G.G., D.R. Skaar, G.L. Michael, M.E. Schnee, and B.L. Marotz. 2007. Toxicity of Fintrol 
(antimycin) and Prenfish (rotenone) to three amphibian species. Intermountain Journal of 
Sciences, vol. 13, No.1, 1-8.  

Herr, F., E. Greselin, and C. Chappel. 1967. Toxicology studies of antimycin, a Fish Eradicant. 
Transactions of the American Fisheries Society, 96(3):320–326. 

Hisata, J.S. 2002. Lake and stream rehabilitation: rotenone use and health risks. Final 
supplemental e Cutkomp, L.K. 1943. Toxicity of rotenone to animals: a review and 
comparison of responses shown by various species of insects, fishes, birds, mammals, etc. 
Soap and Sanitary Chemicals 19(10): 107-123 environmental impact statement. Washington 
Department of Fish and Wildlife, Olympia.  

Höglinger, G.U., W.H. Oertel and E.C. Hirsch.  2006.  The rotenone model of Parkinsonism – 
the five years inspection.  Journal of Neural Transmission Suppliment 70:269-72. 

Hollingworth, R.M.  2001.  Inhibitors and uncouplers of mitochondrial oxidative phosphorylation. 
Pages 1169-1263 in R. Krieger, editor.  Handbook of Pesticide Toxicology, 2nd edition, 
Academic Press, New York. Houf L.J and R.S. Campbell. 1977. Effects of antimycin A and 
rotenone on macrobenthos in ponds. . investigations in fish control. Department of the 
Interior, Fish and Wildlife Service, 80:1-29. (Three appendices). 

Howe, A. L., G. Fidler, and M. J. Mills.  1995.  Harvest, catch, and participation in Alaska sport 
fisheries during 1994.  Alaska Department of Fish and Game, Fishery Data Series No. 95-24, 
Anchorage.  http://www.sf.adfg.state.ak.us/FedAidPDFs/fds95-24.pdf  

HRI (Hazelton Raltech Laboratories). 1982. Teratology studies with rotenone in rats. Report to 
U.S. Geological Survey. Upper Midwest Environmental Sciences Center (USFWS Study 81-
178). La Crosse, Wisconsin. 

http://www.dfg.ca.gov/lakedavis/enviro-docs/ScreeningLevelAnalysis/ScreeningLevelAnalysis.pdf�
http://www.dfg.ca.gov/lakedavis/enviro-docs/ScreeningLevelAnalysis/ScreeningLevelAnalysis.pdf�
http://www.sf.adfg.state.ak.us/FedAidPDFs/fds95-24.pdf�


 

38 
 

Ivey, S. and Samantha Oslund. 2011. Recreational Fisheries of Northern Cook Inlet, 2009-2010: 
Report to the Alaska Board of Fisheries, February 2011. Alaska Department of Fish and 
Game, Fishery Management Report No. 11-XX, Anchorage. 

Jacobi, G.Z. and D.J. Deegan. 1977.  Aquatic macroinvertebrates in a small Wisconsin trout 
stream Before, During, and Two Years after Treatment with the Fish Toxicant Antimycin. 
Investigations in Fish Control. Department of the Interior, Fish and Wildlife Service, 80:24 p. 
19 ref. 8 fig., 9 tab. 

Jennings, G. B., K. Sundet, and A. E. Bingham.  2011.  Estimates of participation, catch, and 
harvest in Alaska sport fisheries during 2009.  Alaska Department of Fish and Game, Fishery 
Data Series 11-45, Anchorage. 

Jennings, G. B., K. Sundet, and A. E. Bingham.  2010.  Estimates of participation, catch, and 
harvest in Alaska sport fisheries during 2008.  Alaska Department of Fish and Game, Fishery 
Data Series No. 10-22, Anchorage.   http://www.sf.adfg.state.ak.us/FedAidpdfs/FDS10-
22.pdf 

Jones, R. N., D.A Faurot and D.E. Palmer.  1993.  Salmon resources of the Swanson River 
watershed, Kenai National Wildlife Refuge, Alaska, 1988 and 1989.  U.S Fish and Wildlife 
Service, Alaska Fisheries Technical Report Number 21, Kenai, Alaska. 

Kiser, R.W., J.R. Donaldson and P.R Olson.  1963.  The effect of rotenone on zooplankton 
populations in freshwater lakes.  Transactions of the American Fisheries Society.  92: 17-24. 

Knapp, R.A. and K.R Matthews. 1998. Eradication of nonnative fish by gill netting from a small 
mountain lake in California. Restoration Ecology, vol. 6,2:207-213. 

Ling, N. 2003. Rotenone- a review of its toxicity and use for fisheries management. Science for 
Conservation 211, 40 p. ISBN 0-478-22345-5. 

Loeb, H.A. and R. Engstrom-Heg. 1970. Time-dependant changes in toxicity of rotenone 
dispersions to trout. Toxicology and applied pharmacology 17, 605-614.  

Lowe, C.  2006.  CFT Legumine, acute oral toxicity up and down procedure in rats.  Eurofins 
Product Safety laboratories, Dayton, New Jersey. 

Marking, L.L. 1988. Oral toxicity of rotenone to mammals. Investigations in fish control, technical 
report 94. U.S, Fish and Wildlife Service, National Fisheries Research Center, La Crosse, 
Wisconsin. 

Marking, L.L.,and T.D. Bills.  1975.  Toxicity of potassium permanganate reactions as applied to 
the protection of trout streams.  New York Fish and Game Journal 19(1):47-58. 

Mecklenburg, C. W., T. A. Mecklenburg, and L. M. Thorsteinson.  2002.  Fishes of Alaska. 
American Fisheries Society. Bethesda Maryland. 1037 pp. 

 1988. Oral toxicity of rotenone to mammals. Investigations in fish control, technical report 94. 
U.S, Fish and Wildlife Service, National Fisheries Research Center, La Crosse, Wisconsin. 

http://www.sf.adfg.state.ak.us/FedAidpdfs/FDS10-22.pdf�
http://www.sf.adfg.state.ak.us/FedAidpdfs/FDS10-22.pdf�


 

39 
 

Massengill, R. L.  2011.  Control efforts for invasive northern pike Esox lucius on the Kenai 
Peninsula, 2007.  Alaska Department of Fish and Game, Fishery Data Series No. 11-10, 
Anchorage.   http://www.adfg.alaska.gov/FedAidpdfs/Fds11-10.pdf 

Massengill, R. L.  2010.  Control efforts for invasive northern pike on the Kenai Peninsula, 2005-
2006.  Alaska Department of Fish and Game, Fishery Data Series No. 10-05, Anchorage.   

Massengill, R.L. In Preparation (a).  Restoration of Arc Lake on the Kenai Peninsula through 
eradication of invasive northern pike, 2008. Fishery Data Series, Anchorage. 

http://www.sf.adfg.state.ak.us/FedAidpdfs/Fds10-05.pdf 

Massengill, R.L. In Preparation (b).  Restoration of Scout Lake on the Kenai Peninsula through 
eradication of invasive northern pike, 2009. Fishery Data Series, Anchorage. 

Matthaei, C.D., Uehlinger, U., Meyer, E.I., Frutiger, A.  1996.  Recolonization by benthic 
invertebrates after experimental disturbance in a Swiss pre-alpine river. Freshwater Biology 
35 (2):233-248. 

McKinley, T. R.  In Preparation.  An investigation into the control and removal of Northern pike 
in lakes of the Stormy Lake, 2002.  Alaska Department of Fish and Game, Anchorage. 

MFWP.  2008.  (Montana Fish, Wildlife and Parks): Tunnel lake environmental assessment.  
Choteau, Montana.  Available at: http://fwp.mt.gov/publicnotices/default.aspx. 

McMahon, T. E., and D. H. Bennett. 1996. Walleye and northern pike: boost or bane to 
northwest fisheries? Fisheries 21(8):6–13. 

Melaas, Christina L. Kyle D. Zimmer, Malcolm G. Butler, and Mark Hanson. 2001. Effects of 
rotenone on aquatic invertebrate communities in prairie wetlands. Hydrobiologica 459: 177-
186. 

Montojo, F.P., O. Anichtchik, Y. Dening, L. Knels, S. Pursche, R. Jung, S. Jackson, G. Gille, M. 
Grazia Spillantini, H. Reichmann, and R. Funk. 2010.  Progression of Parkinson ’s disease 
Pathology is Reproduced by Intragastric Administration of Rotenone in Mice.  Plos One.  
Available online at:  
http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0008762. 

Muhlfeld, C.C., D.H. Bennett, R. K. Steinhorst, B.M., Matthew Boyer. 2008. Using bioenergetics 
modeling to estimate consumption of native juvenile salmonids by nonnative northern pike in 
the Upper Flathead River system, Montana.  North American Journal of Fisheries 
Management 2008 28:3, 636-648. 

(NPS) National Park Service. 2006.  Restoration of westslope cutthroat trout in the East Fork 
Specimen Creek watershed:  Environmental Assessment.  National Park Service, U.S. 
Department of Interior, Yellowstone National Park, Wyoming.  Available at: 
http://www.nps.gov/yell/parkmgmt/upload/wctrestoration_ea.pdf. 

National Toxicology Program. 1986.  Toxicology and carcinogenesis studies of rotenone (CAS 
No. 83-79-4) in F344/N rats and B6CF3 mice (feed studies).  NTP Technical Report Series 
No. 320. Triangle Park, North Carolina. 

http://www.adfg.alaska.gov/FedAidpdfs/Fds11-10.pdf�
http://fwp.mt.gov/publicnotices/default.aspx�
http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0008762�
http://www.nps.gov/yell/parkmgmt/upload/wctrestoration_ea.pdf�


 

40 
 

ODFW (Oregon Department of Fish and Wildlife). 2008. Rotenone: frequently asked questions.  
Oregon Department of Fish and Wildlife web page, Diamond Lake Home Page.  Available at: 

Oswood, M.P., J.B. Reynolds, J.C. Iron and A.M. Miller.  2000.  Distributions of freshwater 
fishes in ecoregions and hydroregions of Alaska.  Journal of the North American 
Benthological Society, 19: 405-418. 

http://www.dfw.state.or.us/fish/local_fisheries/diamond_lake/FAQs.asp. 

Ott, K.C.  2008.  Rotenone. A Brief Review of its Chemistry, Environmental Fate, and the 
Toxicity of Rotenone Formulations.  New Mexico Council of Trout Unlimited.  Available at: 
http://www.newmexicotu.org/Rotenone%20summary.pdf. 

Parker, B.R., D.W. Schindler, D.B. Donald, and R.S. Anderson. 2001. The effects of stocking 
and removal of a nonnative salmonid on the plankton of an alpine lake. Ecosystems (2001) 
4:334-345.  

Parker, R.O. 1970. Surfacing of dead fish following application of rotenone. Transactions of the 
American Fisheries Society. 994:805-807.  

Pennack, 1989. Freshwater Invertebrates of the United States , John Willey and Sons and 
Company, New York. 

Quigley, C. 1956.  Aboriginal fish poisons and the diffusion problem.  American Anthropologist, 
New Series 58: 508-525. 

Rich, B. A. 1992. Population dynamics, food habits, movement, and habitat use of northern pike 
in the Coeur d’Alene system, Idaho. Master’s thesis. University of Idaho, Moscow 

Ridley, M., B. Bainer, R. Goodrich, and T. Carlsen. 2006. Review and assessment of Plumas 
County's groundwater quality monitoring at Lake Davis. Lawrence Livermore National 
Laboratory.  Available at: 
http://www.countyofplumas.com/publichealth/envhealth/LakeDavisReportFinal081606.pdf 

Robertson, R.D. and W.F. Smith-Vaniz.  2008.  Rotenone:  An essential but demonized tool for 
assessing marine fish diversity.  Bioscience 58: 165-169. 

Rutz, D. S.  1996.  Seasonal movements, age and size statistics, and food habits of upper Cook 
Inlet northern pike during 1994 and 1995.  Alaska Department of Fish and Game, Fishery 
Data Series No. 96-29, Anchorage.  http://www.sf.adfg.state.ak.us/FedAidPDFs/fds96-29.pdf 

Rutz, D. S.  1999.  Movements, food availability and stomach contents of northern pike in 
selected Susitna River drainages, 1996-1997.  Alaska Department of Fish and Game, 
Fishery Data Series No. 99-5, Anchorage.  http://www.sf.adfg.state.ak.us/FedAidPDFs/fds99-
05.pdf 

Schmetterling, D. A. 2001. Northern pike investigations in Milltown Reservoir, 2000. Final 
Report to the Montana Power Company by Montana Fish, Wildlife and Parks, the Chutney 
Foundation, and the Bureau of Land Management. Missoula. 

Schnick, R.A. 1974a. A review of the literature on the use of antimycin in fisheries. U.S. Fish 
and Wildlife Service, National Fishery Research Laboratory. La Crosse, Wisconsin. 

http://www.dfw.state.or.us/fish/local_fisheries/diamond_lake/FAQs.asp�
http://www.newmexicotu.org/Rotenone%20summary.pdf�
http://www.countyofplumas.com/publichealth/envhealth/LakeDavisReportFinal081606.pdf�
http://www.sf.adfg.state.ak.us/FedAidPDFs/fds96-29.pdf�
http://www.sf.adfg.state.ak.us/FedAidPDFs/fds99-05.pdf�
http://www.sf.adfg.state.ak.us/FedAidPDFs/fds99-05.pdf�


 

41 
 

Schnick, R.A. 1974b. A review of the literature on the use of rotenone in fisheries. U.S. Fish and 
Wildlife Service, National Fishery Research Laboratory. La Crosse, Wisconsin 

Singer, T. P., and R.R. Ramsay. 1994. The reaction site of rotenone and ubiquinone with 
mitochondrial NADH dehydrogenase. Biochimica et Biophysica Acta 1187:198-202. 

Skaar, D. 2001. A brief summary of the persistence and toxic effects of rotenone. Montana Fish, 
Wildlife & Parks, Helena.  

SPECTRUM, Chemical Fact Sheet. 2008  http://speclab.com/compound/c111900.htm Accessed 
May 29, 2008. 

Solman, V. E.  1945.  The ecological relations of pike, Esox Lucius L., and waterfowl. Ecology, 
26: 157 – 170. 

UDWR (Utah Division of Wildlife Resources). 2007.  Final environmental assessment and 
finding of no significant impact for native trout restoration and enhancement projects in 
southwest Utah.  Southern Region Office, Utah Division of Wildlife Resources, Cedar City, 
Utah.  Available at: 

USEPA (United States Environmental Protection Agency). 2007.  Reregistration eligibility 
decision for rotenone. Document EPA 738-R-07-007(MStormyh 2007). United States 
Environmental Protection Agency, Washington, D.C. 

http://www.fws.gov/mountain-
prairie/federalassistance/native_trout/UTAH_FINAL_CUTT_EA_807.pdf. 

Van Patten, D. 2005.  Soil survey of western Kenai Peninsula Area, Alaska. National 
Cooperative Soil Survey. Available at: 
http://soildatamart.nrcs.usda.gov/Manuscripts/AK652/0/WesternKenai_manu.pd   f

Vinson, M.R., E.C Dinger and D.K. Vinson.  2010  Piscicides and Invertebrates:  After 70 years, 
Does Anyone Really Know?  Fisheries, Volume 35:2, pages 61-71. 

Ware, G.W. 2002. An introduction to insecticides 3rd edition. University of Arizona, Department 
of Entomology, Tuscon. on EXTOXNET. Extension Toxicology Network. Oregon State 
University web page.  

  

http://speclab.com/compound/c111900.htm�
http://www.fws.gov/mountain-prairie/federalassistance/native_trout/UTAH_FINAL_CUTT_EA_807.pdf�
http://www.fws.gov/mountain-prairie/federalassistance/native_trout/UTAH_FINAL_CUTT_EA_807.pdf�
http://soildatamart.nrcs.usda.gov/Manuscripts/AK652/0/WesternKenai_manu.pdf�


 

42 
 

  



 

43 
 

Appendix 1. Summary report of public scoping and comments received during the 
Stormy Lake Restoration public scoping period.  

 

Stormy Lake Scoping Summary Report 

To: Rob Massengill, ADF&G 

Date: July 7, 2011 

From: Sara Wilson Doyle,  USKH, Planner/Public Involvement  

Subject:  Stormy Lake Invasive Northern Pike Public Scoping Process Input Summary 

 

Scoping Process  

In April 2011, the Alaska Department of Fish and Game (ADF&G) contracted USKH, a multi-
discipline design firm, to facilitate a public scoping process to gather input in order to guide the 
Department’s response to the Stormy Lake invasive northern pike issue. This memo presents a 
summary of public input gathered in May and early June 2011, using the following outreach and 
scoping process: 

Stakeholder interviews:  ADF&G provided USKH with a contact list of organizations and 
individuals identified as having a specific interest or likely concerns around potential actions to 
control or remove northern pike from Stormy Lake. Phone conversations were held with 
eighteen stakeholders to both inform them about the scoping process, and to gather input on 
northern pike’s presence and potential measures to remove them from Stormy Lake.  

Public meetings: Four public scoping meetings were held in May 2011 on the Kenai Peninsula, 
in locations accessible to lake users, nearby residents, and interested citizens: 

May 13 - 6:30 pm to 8:00 pm (slide show at 6:45 pm) Nikiski Community Recreation Center  

May 14 - 10:00 am to Noon (slide show at 10:15 am) Nikiski Community Recreation Center  

May 25 - 12:00 pm to 1:30 pm (slide show at 12:15 pm) Challenger Learning Center of Alaska  

May 25 - 6:30 pm to 8:00 pm (slide show at 6:45 pm) Challenger Learning Center of Alaska 

Outreach prior to the meeting included phone contact and/or email to more than one hundred 
organizations and individuals, a press release and newspaper meeting announcements, and the 
posting of fliers in key locations, including at Stormy Lake. Twenty-five individuals attended the 
series of meetings, and turnout was likely influenced by of a number of factors (timing, weather, 
the lack of private land adjacent to Stormy Lake, and multiple opportunities for providing input 
by phone). The meetings included an informative PowerPoint presentation by ADF&G staff, 
followed by a question and answer session with ADF&G staff knowledgeable about invasive 
pike issues. Following this, facilitated input was then sought from residents regarding potential 
actions to control or remove northern pike from Stormy Lake, both in a facilitated discussion and 



 

44 
 

using input forms to solicit written comments.  Kenai Peninsula media (radio and print) attended 
one meeting, providing radio and newspaper coverage around the scoping effort. 

Input forms/written comments:  Seven individuals submitted written input concerning northern 
pike’s presence and potential measures to remove northern pike from Stormy Lake. Two 
individuals provided in-depth written comments, including information and data they had 
gathered relevant to the issue. 

 Public Input Summary 

During the scoping process several major categories of input and public opinion emerged. 
Following is an aggregated summary, specific to broader categories, covering the issues and 
public opinions shared by members of the public, interested organizations, and community 
leaders. The statements that follow are directly based from public comments and opinions 
provided over the course of the scoping process. 

Stormy Lake 

Public input helped ADF&G gain a better understanding of use patterns associated with Stormy 
Lake, and its importance to nearby residents in Nikiski and visitors from the Kenai Peninsula 
and beyond. Key themes related to Stormy Lake and its recreational use and community 
importance include: 

Community Context:  Stormy Lake is a large (400+ acre) lake within the Captain Cook State 
Recreation Area, 25 miles north of Kenai on the North Kenai Road within the community of 
Nikiski. The lake offers a peaceful, natural recreational setting which is road accessible, with 
infrastructure including a day use area, toilets, water, picnic shelter, swimming beach, and a 
boat launch. Beyond these facilities, there are no residential or other developments proximate to 
Stormy Lake. This lake is very important to some community residents as a hometown fishing 
hole and valued recreational resource.  

Recreational Uses:  Although there are many lakes on the northern Kenai Peninsula, and many 
fishing opportunities in the region, Stormy Lake offers a unique recreational opportunity for a 
number of reasons: 

Size/Accessibility: Stormy Lake is larger, more accessible, and more open when compared with 
most of the lakes available for public use on the northern Kenai Peninsula. This allows the use 
of larger lake boats, and a relatively accessible, safe, and recreational experience which attracts 
families, Nikiski residents, and some tourists.  

Year Round Opportunities: Stormy Lake supports fishing year round, including easily accessible 
boat-based angling in the summer, and winter ice fishing. The lake also provides local residents 
with swimming opportunities, and supports picnics and other day uses. Additionally, hunters and 
trappers use the area, and some recreational diving and mining activities are present. 

Fishing Past and Present:  Historically, Stormy Lake has provided a sport catch of rainbow and 
Arctic char. Some residents of Nikiski have fished Stormy Lake for decades and very much 
enjoyed the quality of fishing prior to the illegal introduction of northern pike, first documented in 
2001. More recently, no char and few rainbows have been caught in Stormy, which has caused 
a number of anglers to choose to fish elsewhere. Other anglers, including local residents and 
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some tourists, now consider Stormy Lake and its current pike fishing as a favored fishing 
destination for several reasons: 

Accessibility – Stormy Lake is road accessible, and its facilities and size make it easy to use 
compared with other public use lakes and streams. 

Kid Friendly – Many Kenai Peninsula angling opportunities involve carrying gear, and worries 
about bears, fast running water, and crowds of anglers engaged in “combat fishing.” During the 
scoping process several parents and grandparents described that, in their view, Stormy is an 
important attraction for Kenai Peninsula residents who want to introduce children to fishing in a 
safe and easy environment. They feel that pike bite more consistently and the “play” is dynamic, 
which combined with the easy accessibility and great natural setting make it the ideal 
recreational and angling environment for children. 

Pike’s Eating Qualities – A number of Alaskans living on the Kenai Peninsula grew up in 
locations, such as Wisconsin and Minnesota, where pike was a valued food source with a 
cultural tradition of use. Select individuals from this heritage expressed their opinion during 
scoping that some pike should be maintained on the Kenai Peninsula expressly for eating 
purposes. In their opinion, many of the Kenai Peninsula’s stocked, landlocked lakes with trout 
and salmon “offer poor eating compared with northern pike, which is a very tender and edible 
fish.” One individual asked if ADF&G could explore options for maintaining some pike for eating 
on the Kenai Peninsula, while reducing their risk to other fisheries (e.g., have a dedicated pike 
fishery in a landlocked lake, or remove pike and add sterilized musky to Stormy Lake). 

Desired Future Fishing Opportunities:  Anglers are divided in terms of what they would like to 
see happen at Stormy Lake, representing two different courses of action for ADF&G in terms of 
Stormy Lake’s future fishing opportunities.  

Restore the Native Fishery: Many residents and stakeholders who have fished Stormy Lake in 
the past, prior to pike introduction, would like the pike removed and the native fish stocks 
restored. Some Nikiski residents who used to fish Stormy Lake now travel to fish for char and 
rainbow trout and would love to be able to fish the way they used to at Stormy, prior to pike. 
Other fishermen who initially appreciated the pike after they were introduced into Stormy Lake, 
now see a decline in their size since the pike have eaten out most of the other species, and 
recognize that pike removal and restoration would improve fishing and make them interested in 
fishing at Stormy Lake again.  

Retain and Enhance Pike Fishing: Other anglers are passionate about leaving the pike in 
Stormy Lake because they want the opportunity they now enjoy to continue for them and their 
children and grandchildren into the future. Some have even proposed promoting pike as an 
enhanced fishing opportunity, with ADF&G providing food (from the Trail Lakes Hatchery) to 
help pike grow larger, and developing tourism that enhances lake fishing on the Peninsula as a 
year round alternative to river fishing. 

Regional Pike Infestation Concerns 

Because of the regional implications associated with pike infestations, public input also focused 
on concerns around the threat of pike spreading from Stormy Lake to other Kenai Peninsula 
fisheries. Key concerns include: 
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Threats to the Swanson River Drainage, Kenai National Wildlife Refuge, and beyond:  A number 
of stakeholders expressed concerns that Stormy Lake’s northern pike could naturally disperse 
throughout what is now a relatively pristine drainage system and into the Kenai National Wildlife 
Refuge. The Swanson River Drainage is a significant attraction for anglers seeking rainbow 
trout, salmon, and Arctic char in a more remote wilderness setting, often on extended canoe 
trips. The Swanson River Drainage’s natural characteristics, as a relatively shallow, slow 
moving, and vegetated drainage system make it attractive pike habitat. Stormy Lake connects to 
the Swanson River Drainage via a small ¾-mile creek which provides a corridor for fish 
movement. Because Stormy Lake provides a potential source for pike dispersal into this large, 
pristine waterway system in the refuge, a number of participants believe that pike should have 
been eradicated “yesterday.”  Stormy Lake is viewed as a “disaster waiting to happen” following 
the example of the pike infestations on the Soldotna Creek drainage and the Susitna drainage. 
Additionally, there is a lot of habitat suitable for pike in the Moose River drainage, and 
potentially pike could spread to this and a number of other river systems on the Kenai 
Peninsula. Finally, in addition to natural dispersal, Stormy Lake’s pike present a possible source 
for the intentional or unintentional spreading of northern pike on the Kenai through catch and 
release into other waterways. 

Threats to genetically important native fish stock: The Kenai Peninsula is home to native fish 
species, which are recognized by many stakeholders as having a genetic heritage that is 
important to preserve into the future. A concern raised during the scoping process is that the 
char fishery has been severely impacted by northern pike, and could be lost. Other fisheries in 
the Swanson River drainage are also at risk should northern pike become established 
elsewhere in the drainage. One participant requested that, because of these risks, ADF&G 
should take measures to preserve representative populations of native stock, such as Stormy 
Lake’s Arctic char, before they disappear. Perhaps land locked lakes on the refuge could host 
these native population representative stocks with ADF&G support.   

Economic threats:  Angling is a significant economic engine on the Kenai Peninsula. The region 
is branded as one of the world’s few premier fishing destinations for salmon and rainbow trout. 
During this scoping process several organizations representing anglers and tourism expressed 
strong concerns about the potential of invasive species to impact these opportunities. As one 
participant expressed “anyone can fish pike in the lower 48, but they won’t come to Alaska if 
that is all we have to offer.” During the scoping process, a number of participants sharing this 
concern expressed a strong desire for ADF&G to act quickly to eliminate pike from all locations 
on the Kenai Peninsula before they spread any further through the region. Their view is that if 
pike populations get out of control, it may not be possible to retain the world class angling that is 
vital to the Kenai Peninsula’s economy. 

Alternatives to Address Pike in Stormy Lake 

The public scoping process focused to a large extent on ADF&G sharing potential alternatives 
for addressing the pike issue in Stormy Lake and asking for public comments. Eradication and 
other measures to eliminate pike risks are being considered by ADF&G based on the 
departments’ mandate to: 

Protect Alaska’s fisheries within Alaska Fish and Game Laws and Regulations (Section 
16.05.020);  

Control invasive species in its 2010-2014 Sport Fish Division Strategic Plan; and  

Provide sustained yield fisheries within the State of Alaska Constitution.  
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Following is a summary of input around the three main alternatives presented by ADF&G as 
being reasonably effective for eliminating pike and/or limiting pike’s escape into the Swanson 
River drainage: 1) Chemical treatment; 2) Dewatering; and 3) Physical barriers. Additionally, 
input is summarized for a “do nothing” option which was advocated by a few participants: 

Chemical Treatment: ADF&G presented a broad array of data on Rotenone, a chemical derived 
from the root of a bean family plant, as a means for eradicating northern pike in Stormy Lake. 
Input reflected a split of opinions, generally along two themes: 

Rotenone is a proven, generally safe, and affordable alternative – A number of scoping process 
participants were knowledgeable about other lakes in the lower 48, or on the Kenai Peninsula 
where Rotenone had been effectively used, and had played a positive role in restoring a fishery 
with no apparent adverse impacts. These participants all supported the use of Rotenone, and 
many strongly advocated for ADF&G to move forward with this approach. Moreover, some 
participants believe that because chemical treatment is the most affordable and quickest 
method for pike removal in Stormy Lake, rotenone should be the preferred approach since time 
delays associated with seeking funding or implementing other options could mean that ADF&G 
misses its current window of opportunity for stopping the spread of pike in the region. 

NO

Dewatering - ADF&G presented the option of draining Stormy Lake to eliminate pike. This 
mechanical approach primarily involves drilling under North Kenai Road and creating an 
underground outlet to drain Stormy Lake into the Cook Inlet. Public opinions and reactions to 
this alternative tended to focus on a few of this alternatives obvious downsides: 

 Rotenone should be used in Stormy (or any other lake) – A number of participants do not 
want any chemical treatment methods used because of strong concerns over potential impacts 
to humans and other life forms in the lake’s vicinity. Although research was presented 
describing Rotenone’s limited toxicity to mammals, birds, and plants, along with the precautions 
ADF&G would use to help minimize these risks during application, a number of participants still 
do not want ADF&G to use any chemicals such as Rotenone in Stormy Lake. These participants 
expressed a general mistrust of chemicals when it comes to human and animal health, and 
some participants do not believe that the research tells the whole story or can account for more 
subtle or potential long term impacts. Some participants cited medical studies, or provided 
anecdotal stories about wildlife impacts as a basis for their concerns. Also, while some 
participants were concerned about the use of Rotenone in Stormy Lake, others attended 
scoping meetings even though they do not live near Nikiski, because in principle they believe 
that no Rotenone should be used in any lakes on the Kenai Peninsula. 

Overall cost and timeline:  This option has a significantly higher cost than the other pike 
elimination alternatives presented by ADF&G. The need to secure funds, and the time 
requirements to complete additional engineering and develop the necessary infrastructure 
would potentially add a year or years to the timetable for eliminating pike from Stormy Lake. 
Some participants who believe that the spread of pike is an urgent threat see this option as 
having too many hurdles and delays. 

Site impacts:  Nikiski residents and visitors to Stormy Lake enjoy the natural environment and 
small development footprint at that recreation site. The dewatering option would require a 
construction pad and access road to be developed, along with other site disturbances. Some 
residents expressed a concern over these modifications and impacts, and requested that 
ADF&G select an alternative that limits the development footprint to the greatest extent 
possible. 



 

48 
 

Loss of recreation opportunities during the lake refill process: After dewatering is 
complete, refilling the lake will take an estimated five years to complete. For several Nikiski 
residents this longer timeframe is undesirable given their regular use of Stormy Lake as one of 
the few local, public access areas. 

Concern over effectiveness: Pike are extremely hardy and, if dumped into Cook Inlet, some 
individuals believe that the pike could very well survive salt water and penetrate into the 
Swanson River drainage or other river system, which could make the pike infestation worse on 
the Kenai Peninsula. 

Barriers – ADF&G is currently using temporary net barrier system to try to stop the passage of 
pike into the Swanson River Drainage. During the public scoping process ADF&G presented an 
option of leaving pike in Stormy Lake, but building a sturdier, more permanent barrier designed 
to withstand flood events and wildlife intrusions, which currently limit the effectiveness of the 
temporary barrier and create regular maintenance issues for ADF&G. Input around this 
alternative focused on several issues, and was preferred by pike fishing advocates:  

Retain pike and reduce risks:  Several scoping participants support this alternative because it 
maintains pike fishing in Stormy Lake, which they value, and helps address ADF&G’s concerns 
over the threat of pike entering the Swanson River Drainage and the Refuge. 

Eliminate pike habitat near the barrier and outflow: One fisherman who wants to see pike 
retained at Stormy advocated dredging at the lake outflow to a depth of 20 to 30 feet for a 
distance of around 120 feet to eliminate the pike friendly habitat at the outflow. In his opinion, 
eliminating pike breeding habitat at the outflow, in combination with barrier systems to restrict 
the movement of pike, could reduce the risks of pike migration into the Swanson River Drainage 
and allow ADF&G to maintain opportunities for pike fishing into the future in Stormy Lake. 

Unacceptable risk: A number of participants expressed concern that as long as pike are in 
Stormy Lake, illegal and unintentional introductions of pike into other water bodies still present 
an unacceptable risk. Additionally, small eggs and fry may be able to penetrate the barrier and 
enter the Swanson River Drainage. 

“Do Nothing Approach” – A couple of participants in the scoping process expressed strong 
opinions that ADF&G should leave Stormy Lake alone and “let nature take its course.” These 
views follow two lines of reasoning: 

Let nature run its course: Pike are native to much of Alaska and eventually will spread. Instead 
of fighting pike with taxpayers’ time and money, or using interventions like chemicals, just let 
nature do what it is going to do. 

Stormy’s outflow is not pike friendly: One individual stated their belief that the iron concentration 
in Stormy Lake's outflow creek is high and prevents northern pike from utilizing the creek and 
entering the Swanson River. He believes that this is why no pike have been found in the 
Swanson River drainage after ten years. As a resident of Nikiski, regular user of Stormy Lake, 
and passionate pike fisherman, he strenuously objected to ADF&G taking any measure to 
eliminate pike, seeing it as a waste of time and money and a big threat to local residents’ and 
tourist’s enjoyment of the lake. 
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Ongoing Public Outreach  

A final category of public comments raised during the scoping process relates to public outreach 
to stop people from illegally and unintentionally spreading pike, and public dialogue around the 
future of Stormy Lake. Major themes raised include: 

People are the problem – Some residents were aware when the illegal introduction of pike 
occurred in Stormy Lake, and are worried that even if ADF&G eradicates pike, that it only takes 
“one stupid person” to undo the effort. In their opinion, it is important for ADF&G to work with 
anglers to understand why they like pike, and to help provide reasonable alternatives (fun, 
delicious, kid friendly species). Additionally, increasing fines, and ongoing education are very 
important to help deter this very real threat. 

Work with the local community – The Nikiski Community Council President who attended one 
meeting expressed a desire to have the informative ADF&G scoping meeting PowerPoint 
brought back to his community in the fall or winter when residents tend to be more available to 
participate in public meetings. He reflected that for years it has been a community goal to further 
enhance Stormy Lake as the “crown jewel” of the community and the Captain Cook State 
Recreation Area, however, this has not happened because of a lack of funding and institutional 
support. ADF&G and the Captain Cook State Recreation Area need to work with the community 
of Nikiski more closely to enhance Stormy Lake and address common concerns and issues, 
including, but not limited to northern pike. 

ADF&G’s consideration of input – During the scoping process a number of participants 
expressed appreciation that ADF&G was asking for input and pro-actively raising this issue for 
public discussion. Additionally, some participants expressed a desire for additional public input 
opportunities as they move forward. 

Summary 

Input gathered during the public scoping process represents a spectrum of public views and 
concerns, with no clear consensus around one course of action. In summary, northern pike in 
Stormy Lake, and the species’ potential to spread to other Kenai Peninsula water bodies and 
drainages, presents a complex resource management issue. ADF&G future action or inaction, 
no matter the course, will be of concern to at least some segment of the population based on 
the input received during the scoping process. As ADF&G considers options, members of the 
public largely expressed a common interest in a course of action that if possible, achieves the 
following outcomes:  

Maintains fishing opportunities in Stormy Lake with species that people enjoy eating, and are 
fun to fish, particularly for local residents, tourists, beginning anglers and children who cannot 
participate in the busy, riverine fishing on the Kenai Peninsula. 

Action is timed and completed in a manner that minimizes impacts to all forms of recreation that 
occur near and surrounding Stormy Lake including fishing, swimming, boating, hunting, etc. 

Preserves the Kenai Peninsula’s world class fisheries, including the Kenai National Wildlife 
Refuge and Swanson River drainage’s rich and genetically important populations of rainbow 
trout, salmon, Arctic char, and other species. 
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Minimizes health risks to humans and other species, while considering issues related to both 
direct exposure and long term potential effects. 

Limits environmental and site impacts to both Stormy Lake and the Captain Cook State 
Recreation Area, popular recreational areas which are valued for their scenic and natural 
qualities. 

Presents a reasonable cost with a reasonable likelihood of effectiveness.  
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Appendix 2. Prentox Rotenone Fish Toxicant Powder product label. 
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Appendix 3. Rotenone Fish Toxicant Powder Material Safety Data Sheet. 
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Appendix 4. CFT LegumineTM product label. 
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Appendix 5. CFT Legumine™ Material Safety Data Sheet 
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Appendix 6. Stormy Lake water quality data collected in 2006 and 2007. 

Measured parameters Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sept.

Site 1 (middle of northern lake basin)
Temperature (Celcius) 15.5 5.8 2.5 2.0 2.8 2.8 2.9 3.4 7.9 12.9 14.0 14.5 13.2
Specific Conductivity (S/cm) 0.06 0.05 0.05 0.06 0.03 0.07 0.07 0.07 0.06 0.06 0.06 0.06 0.06
Disolved Oxygen (mg/L) 6.9 10.8 15.2 11.3 9.7 6.6 9.4 8.3 10.2 8.7 7.4 6.7 8.5
ph 6.9 6.5 8.4 7.5 7.2 7.3 7.3 7.6 7.5 7.4 7.5 7.6 7.8
Visibility (m) 5.5 3.5 3.5 4.5 N/A 3.5 5.7 1.5 3.0 3.4 3.2 3.4 3.0
Ice thickness (in) 13 20 25 24 25

Site 2 (middle of lake near deepest area)
Temperature (Celcius) N/A 6.4 2.8 2.3 2.7 3.0 3.1 3.3 7.5 11.6 13.5 13.9 12.7
Specific Conductivity (S/cm) N/A 0.05 0.05 0.06 0.07 0.08 0.06 0.07 0.06 0.06 0.06 0.06 0.06
Disolved Oxygen (mg/L) N/A 10.9 14.8 11.7 10.1 6.4 8.0 7.8 10.0 9.3 9.4 6.4 6.8
ph N/A 7.2 6.7 7.5 7.1 7.2 7.4 7.6 7.4 7.5 7.5 7.5 7.6
Visibility (m) N/A 4.0 3.5 3.8 N/A 4.2 5.7 1.8 2.2 3.6 3.5 3.1 2.6
Ice thickness (in) 14 N/A 22 24 25

Site 3 (middle southern lake basin)
Temperature (Celcius) 15.9 6.2 2.8 1.9 2.5 2.6 2.7 3.1 7.8 12.1 13.7 14.2 13.3
Specific Conductivity (S/cm) 0.05 0.05 0.05 0.06 0.11 0.06 0.06 0.07 0.34 0.06 0.06 0.06 0.06
Disolved Oxygen (mg/L) 7.7 10.8 14.7 12.8 11.4 8.1 10.6 10.0 10.1 9.9 8.2 6.5 8.8
ph 6.9 6.8 6.6 7.6 7.2 7.3 7.3 7.8 7.5 7.5 7.5 7.5 7.9
Visibility (m) 5.5 3.5 3.5 4.5 N/A 4.0 5.7 1.8 2.5 3.6 4.1 3.1 2.7
Ice thickness (in) 14 N/A 22 24 25
a Mean values obtained by average of reading throughout water column taken at one meter intervals.

2007 2008
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Appendix 7. Map of subsurface water rights in the Stormy Lake area. 

 

Note: Tear drop symbols identify subsurface water rights held by the Alaska Department of 
Natural Resources.  Map provided online at: 
http://dnr.alaska.gov/mlw/mapguide/wr_intro.htm  
  

http://dnr.alaska.gov/mlw/mapguide/wr_intro.htm�
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Appendix 8. Memo on groundwater risk for the Stormy Lake area. 

 

MEMORANDUM State of Alaska 

Department of Natural Resources Main  Telephone: (907) 269-8600 

Division of Mining and Water Management Hydrology Fax: (907) 269-8947 

Alaska Hydrologic Survey   Personal  Telephone: (907) 269-8639 

 E-mail: roy.ireland@alaska.gov 

July 12, 2011 

To: Rob Massengill 

Alaska Dept. of Fish and Game 

Fisheries Biologist 

Sport Fish Div. 

From: Roy Ireland 

 AK DNR, DMLW, Alaska Hydrologic Survey 

 Hydrologist 

Subject: Stormy Lake 

 

Pulled several well logs from the general area of the lake (key numbers: 2074, 17165, 17168, 
17169 and 34047).  These well logs show no consistency in aquifer formation and are spread 
over a relatively large area.  There is no mention of bedrock. 

As you are aware, there are relatively few wells in the area to start with, and there are no 
drillers within the Kenai in compliance with state statutes to submit water well logs.  
Accordingly, data is sparse.   

I performed a search on related information and came across a pdf file of a document 
produced by the USGS.  I was able to extract some of the information and have presented it 
below.  Unfortunately, it was an image created from an older document and I had to do 
character recognition, so there may be typographic errors. 

 

An extract from: 
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HYDROLOGY AND THE EFFECTS OF INDUSTRIAL PUMP1 ME 

IN THE NIKISKI AREA, ALASKA 

By Gordon I. Nelson 

 

U.S. Geological Survey 

Water-Resources Investigations 81-685 

GEOLOGIC SETTING 

Bedrock 

Bedrock consists of moderately indurated sandstone, siltstone, claystone, and coal. No wells 
penetrate bedrock within the study area, and it is presumed to be deeper than 500 ft below 
land surface, oil and gas wells near the eastern edge of the study area have penetrated 
bedrock at a depth of approximately 590 ft. 

 

The potential for producing ground water from bedrock is much less than from the overlying 
unconsolidated materials. Although the bedrock provides up to 50 gpm to wells in parts of the 
Kenai Peninsula, it is not a significant aquifer in the Nikiski area. 

 

Unconsolidated Sediments 

The unconsolidated sediments overlying bedrock consist of mixed deposits of glacial, fluvial, 
lacustrine and estuarine origin. The distribution of surficial materials within the study area has 
been mapped by Anderson and Jones (1972) and is shown in figure 4. The till is poorly 
sorted and yields little water to wells. However, thin beds and stringers of fluvial sand and 
gravel within the till provide water to some wells. Undifferentiated drift is composed of mixed 
till, outwash deposits, and lacustrine sediments. Deposits of coarse sand and gravel within 
this unit provide more than 1,000 gal/min to some wells in the area. Outwash-plain deposits 
are materials that were deposited in front of ancient glaciers. They are composed of well 
sorted sand and gravel and have good permeability and porosity. Coastal-plain deposits 
occur in areas of low relief , They are composed primarily of sand and grade to stratified clay, 
silt, and fine sand at depth, The water table in areas of coastal plain deposits is generally 
within a few feet of land surface. Abandoned-channel deposits are composed of fluvial sand 
and gravel entrenched in older sedimentary deposits. The generally high porosity and 
permeability of abandoned-channel deposits give them a high potential for producing water 
to wells.   

At a depth of about 100 ft below land surface, there is an extensive layer of clay and silt that 
may have been deposited in a proglacial lake (Karlstrom, 1964) or in Cook Inlet. This clay 
layer is underlain by a complex and poorly defined unit of mixed glacial, fluvial, and lacustrine 
sediments. Much of this unit is composed of fine sand that yields little water to wells. 
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However, it also contains significant deposits of well-sorted sand and gravel that constitute 
the major confined aquifers of the Nikiski area. Some wells completed in these aquifers yield 
more than 1,000 gal/min of water. 

 

HYDROLOGIC SYSTEM 

Hydrologic Setting 

 

(Omitted)…Of the water that infiltrates, some returns to the atmosphere by evaporation and 
transpiration, and some percolates down to the water table where it recharges the 
unconfined aquifer. Ground water in the unconfined aquifer flows toward streams and toward 
springs and the coastal bluffs where it discharges. Ground water in the unconfined aquifer 
also leaks downward through the clay units to recharge the deeper confined aquifers. 
Ground water in the confined aquifers flows toward the coast and discharges under Cook 
Inlet. Lakes in the Nikiski area are recharged by precipitation and by ground-water inflow. 
Lakes lose water to evaporation, to ground-water outflow, and to outlet streams. 

Stream flow

Aquifers 

 (Omitted)… 

There are three major aquifers in the Nikiski area. The uppermost aquifer is unconfined; the 
lower two are confined.  

The unconfined aquifer is the aquifer in which most domestic wells are completed. It is 
hydraulically connected to Beaver and Bishop Creeks and to many of the lakes in the area. 
The unconfined aquifer is recharged by precipitation, and it discharges water naturally to 
Cook Inlet, to creeks, and to underlying aquifers. Many springs occur along the Cook Inlet 
bluffs where the unconfined aquifer crops out above high tide level. 

The base of the unconfined aquifer is an extensive layer of silt and clay that is termed the 
upper confining layer, Undulations in the upper confining layer generally conform to 
topography, No lakes are known to breach the upper confining layer. Locally, the low-
permeability silt and clay grade laterally into fine sand having greater permeability.  

The upper confined aquifer underlies the upper confining layer and is the aquifer in which 
most commercial and industrial wells are completed; it receives recharge from the  

overlying aquifer by leakage through the confining layer. It discharges water to Cook Inlet, to 
lower aquifers, and, in the vicinity of Bishop and Beaver Creeks, upward into the unconfined 
aquifer and then into the creeks. The aquifer probably crops out a short distance offshore in 
Cook Inlet. Rates of recharge to the upper confined aquifer may not be uniform over the 
entire area; recharge may be concentrated where the confining layer is most permeable.  

Although the upper confined aquifer yields large quantities of water to wells west of Cabin 
Lake, it is not a productive aquifer throughout the Nikiski area* A 351-ft well drilled 1,000 ft 
northwest of Cabin Lake penetrated materials that were predominantly of low permeability in 



 

77 
 

the depth-equivalent Interval of the upper confined aquifer. Only a 2-ft thick unit immediately 
below the confining layer yielded water to the well, Similarly, the well at the southeast end of 
section B-B' in figure 7 penetrated predominantly fine-grained materials in the interval that is 
the depth equivalent of the upper confined aquifer, The upper confined aquifer is poorly 
defined away from the industrial area.  

The lower confined aquifer is separated from the upper confined aquifer by a silt and clay 
unit that is generally more than 100 ft thick. The lower confined aquifer is poorly defined 
throughout the study area. It may actually consist of many interconnected lenses and layers 
of sand and gravel at depths greater than 303 ft below land surface. The aquifer is probably 
recharged by slow leakage from the overlying aquifer. Natural flow is toward Cook Inlet. The 
top of the aquifer is about 200 ft below sea level, well below the floor of Cook Inlet within 
about 6 mi of Nikiski. The discharge area may therefore be many miles offshore. 

Lakes  

The dominant control of the level of open lakes (i.e. lakes that have an outlet to a stream), is 
the altitude of the outlet. Changes in annual recharge or in pumping near such lakes cause 
the lake discharge to vary, but the lake level changes little. Daniel’s Lake (fig. 8) is an open 
lake. Bernice Lake (fig. 8) is open when the water level is above the altitude of the outlet, 
77.2 ft above sea level. However, it was a closed lake from the time the U.S. Geological 
Survey began to monitor lake levels in 1970 until the outlet began flowing again in 1980.  

The levels of closed lakes, those without an outlet stream, fluctuate several feet from year to 
year. Fluctuations are caused by changes in annual recharge and by ground-water pumping. 
The magnitude of the fluctuations is also related to lake size, distance from the lake to a 
hydrologic boundary (such as a creek, a groundwater divide, or a center of pumping, and 
properties of the aquifer that surrounds and underlies the lake. 

As you see, there is no known occurrence of bedrock (or any associated fractures) that could 
have facilitated migration of lake water into the confined aquifers.  Flow is generally from the 
sediments to the water body where it is lost again to surficial outflow, evapotranspiration and 
possibly some reentry into the unconfined aquifer.  Any migration would be filtered by the 
sandy, and often silty, bottoms of the lakes and streams. 

As you indicate, the chemical is rapidly removed from any water moving through silty sands 
and gravels; accordingly, there should be minimal possibility of the chemical migrating 
towards any current source of potable water.  

Some years back, I was made aware of a series of earthquake fractures that allowed water 
to migrate from one aquifer to another.  I am not sure of the location, but it should not be of 
concern in this instance because of the sediment filtering that will occur. 
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Appendix 9. Potassium permanganate material data safety sheet 
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Appendix 10. Estimated rotenone concentration after the treated Stormy Lake outlfow 
creek mixes with the Swanson River. 

46 cfs c 1.32 cfs 1.43 ppb d

d cfs= cubic feet per second
e  ppb = parts per billion

c Estimate is double that measured at the upper end of the outlet creek to help compensate for any groundwater gain that occurs farther downstream

a Data source: Inghram, M., and R. Ireland.  1990.  Kenai Peninsula Streamflow Data, 1989.  Alaska Department of Natural Resources, Division of Geological 
and Geophysical Survyes.  Public-Data File 90-3.

b Source: Massengill, R. Unpublished stream flow data collected in 2007 through 2009.  Alaska Department of Fish and Game Sport Fish Division, Soldotna 
Office.

Minimum Swanson River discharge 
observed in August or September a 

Estimated Stormy Lake outlet creek 
discharge during August or 
Septemberb,c

Estimated rotenone concentration in the Swanson River 
after mixing with rotenone treated creek discharge
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The Alaska Department of Fish and Game (ADF&G) administers all programs and activities free from 
discrimination based on race, color, national origin, age, sex, religion, marital status, pregnancy, parenthood, or 
disability. The department administers all programs and activities in compliance with Title VI of the Civil Rights 
Act of 1964, Section 504 of the Rehabilitation Act of 1973, Title II of the Americans with Disabilities Act (ADA) of 
1990, the Age Discrimination Act of 1975, and Title IX of the Education Amendments of 1972.  

If you believe you have been discriminated against in any program, activity, or facility please write: 
ADF&G ADA Coordinator, P.O. Box 115526, Juneau, AK 99811-5526 

U.S. Fish and Wildlife Service, 4401 N. Fairfax Drive, MS 2042, Arlington, VA 22203 
Office of Equal Opportunity, U.S. Department of the Interior, 1849 C Street NW MS 5230, Washington DC 20240 

The department’s ADA Coordinator can be reached via phone at the following numbers: 
(VOICE) 907-465-6077, (Statewide Telecommunication Device for the Deaf) 1-800-478-3648, 

(Juneau TDD) 907-465-3646, or (FAX) 907-465-6078 
For information on alternative formats and questions on this publication, please contact: 

ADF&G, Division of Sport Fish, Research and Technical Services, 333 Raspberry Rd, 
Anchorage AK 99518 (907) 267-2375. 
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