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Invasive northern pike on the Kenai Peninsula of Alaska are apex predators that have decimated fish 
populations. Left unchecked, northern pike are likely to spread. The Alaska Department of Fish and 
Game (ADF&G) has conducted northern pike control and eradication activities involving mechanical 
removal and rotenone treatments on the Kenai Peninsula for over a decade. Recent rotenone 
treatments have included native fish restoration efforts. In 2012, a 7,000-acre-foot open lake that 
supports wild anadromous fish was treated with rotenone while native fish were held captive in a 
nearby lake or propagated through brood stock collections. Following the treatment, these fish were 
used to reestablish native fish populations in the lake.  Currently, ADF&G is conducting a multi-year 
project to remove northern pike from a 42-square-mile drainage including six lakes and 20 miles of 
anadromous stream. This endeavor also includes a large native fish restoration component. In addition 
to native fish restoration, the primary purpose of these projects is to prevent northern pike from 
spreading. ADF&G’s ultimate goal is to completely eradicate northern pike from the Kenai Peninsula to 
eliminate their threat entirely. Recent northern pike eradication projects have been a critical step 
toward that goal. 
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Northern Pike Habitat 



Northern Pike as an Invasive Species 

• Pike target salmonid prey 

• Salmon in Alaska are ecologically and economically vital 

• Where not native, pike are a detrimental invasive species 
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 Native Range 

 Introduced Range 

Pleistocene Glaciation 
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Northern Pike 
Dispersal in 
Southcentral 

Alaska 

1950s – 1960s 

Bulchitna Lake 
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Northern Pike 
Dispersal in 
Southcentral 

Alaska 

1970s 
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Northern Pike 
Dispersal in 
Southcentral 

Alaska 

1980s 
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Northern Pike 
Dispersal in 
Southcentral 

Alaska 

1990s 
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Northern Pike 
Dispersal in 
Southcentral 

Alaska 

2000s 



Kenai Peninsula 

Current Status 
of Invasive 

Pike Waters in 
Alaska 

Northern pike are in > 100 
waters outside their native 

range in AK 

Known  
Pike Waters 

Probable 
Pike Waters 

Vulnerable 
Pike Waters 

http://z.about.com/d/geography/1/0/9/J/ak.jpg
http://z.about.com/d/geography/1/0/9/J/ak.jpg


The Kenai Peninsula Supports Valuable Sport, 
Commercial and Personal Use Salmon Fisheries 

Commercial fleet and dip-netters fishing for sockeye salmon 



The Kenai River is World Renown for Sport Fishing 

40-inch wild Kenai River rainbow trout 



Pike Were Illegally Introduced to a Lake in the Kenai 
River Drainage in the Mid-1970’s 

1976 2012 

• Rotenone 
treatment 
considered, but 
not completed 

 

• 19 subsequent 
invasions 

 

• Today, ADF&G is 
eradicating 
invasive 
populations of 
northern pike 



Rotenone 

 One of only two proven methods for eradicating fish 
 Comes from tropical plant roots 
 Used in the U.S. since 1930s 
 Inhibits cellular respiration  
 Absorbed through gills 
 Used in small concentrations 
 Not harmful to mammals or birds 
 Commonly used for fisheries management 
 In AK, most commonly used for pike on the Kenai 

Peninsula 
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High Risk Areas 

Status of Kenai 
Peninsula  

Pike Waters 
Eradicated Pike Populations 
Pike Populations to Eradicate 
Vulnerable Drainages 



Coho salmon smolt surface feeding in the Moose 
River (Kenai River tributary) 

Area supports up to 40% of the Kenai River’s coho 
salmon production 

Pike Could Spread to Other Critical Fish Habitat 



Pike Effects on Native Fish in Shallow Lakes 

Lake 
Rainbow 

Trout 
Coho 

Salmon 
Dolly 

Varden Stickleback 
Derks Gone Gone Gone Gone 

E. Mackey Gone Gone Gone Gone 
W. Mackey Gone Gone Gone Gone 
Sevena Reduced Reduced Reduced Reduced 
Tree Gone - - - 
Union - Gone - Gone 



Initial Northern Pike Control Actions 
Barriers 

Public Education Liberalized Harvest 

Netting / Trapping 



Eradication Became the Goal 

Control Methods: 

 

 
 

• Reduced abundance 

• Slowed spread 

       But, 

• Could not ensure eradication 

• Limited ability for native fish restoration 

• Continued local source populations 



Permitting Process 

State Process: 
 
 Conduct a public scoping process 
 Obtain Alaska Board Of Fisheries approval 
 Obtain a NPDES permit 
 Obtain Alaska Pesticide Use Permit 
 Fish transport permits 
 Receive certification to apply pesticides 
 

Federal Process: 
 
 NEPA Review 

 Preparation of Environmental Assessment 
 Finding of No Significant Impact 
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Benefits of Rotenone on the Kenai Peninsula 
 

1) Kenai Peninsula pike distribution is relatively limited 

2) Treatment logistics aided by road system access of lakes 

3) Comparative long term cost is low 
 
 
 
 
 

Challenges…. 
Treating large open systems 

Native fish impacts 

Perceived health concerns 



Project Preparation 

22 

• Bathymetric Surveys 

• Water Quality Monitoring/ Stream Discharge 

• Biological Inventory 

• Bioassays 

• Fish Removal, Donation, and/ or Rescue 

Bathymetric 
Surveys Water Quality Native Fish Rescue 

Bioassays 
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Rotenone Application 
Airboat 

Backpack 
Sprayer 

ATV Sprayer 

Motor Boat 



First Rotenone Treatments 

Arc Lake:      2008  

Scout Lake:  2009 

• Small closed lakes (<85 acres), formerly stocked with rainbow trout 
 

 Goals: Restore recreational fisheries 
                         Learn application techniques 
                         Increase public awareness 
 

•   Treatments were successful 
•    Sport fisheries restored 



Stormy Lake Restoration 

Stormy Lake:      2012  



Stormy Lake 

•Drainage = 240 square miles of ideal 
northern pike habitat 

•Coho productivity at risk 

•Outlet stream blocked with fyke nets   
for 10 years 

•Native fish restoration 

Stormy Lake Rotenone Treatment 

Goal was to prevent pike from spreading to the Swanson 
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Saving Stormy Lake’s Native Fish 

• Largest Arctic char on the Peninsula 

• Adults too large for pike predation 

• Broodstock collected in 2011 

• Held in net pens 

• Collected eggs 

• Offspring reared in hatchery for 18 
months 

• 7,000 fingerlings released in 2013 
 

 

Arctic Char 



Overwintering native fish in net 
pens 

Returning native fish back to 
Stormy Lake 

Temporary Relocation of Native Fish 

Reviving 
rotenone-

impaired  fish 

Saving Stormy Lake’s Native Fish 

• Rainbow trout 

• Coho salmon 

• Longnose suckers 

• Threespine sticklebacks 

 

• Captured pre-treatment and held in net pens 
in a neighboring lake 

• Captured and revived during treatment and 
held in the net pens (October – March) 

• Rescued fish returned to Stormy Lake 
following rotenone detoxification 



Stormy Lake Rotenone Techniques 

Backpack applicator 

Drip stations treated the 
outlet creek 

Treating deep water – custom 
apparatus 

Neutralizing rotenone with 
KMNO4 



Treatment Success Evaluation 
Radio-tagged pike died Caged sentinel fish died 

Rotenone persisted through January 

No fish detected in gillnet survey 



Environmental DNA (eDNA) 

DNA is amplified in the lab from water samples to determine species presence 
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Environmental DNA (eDNA) 

Northern Pike 

Baseline fluorescence 

16 non-target species* 

Ct = 45  

Cytochrome oxidase 1 (EluCOI)  
‘F-5’CCTTCCCCCGCATAAATAATATAA3’  

Olson, J.B., C.J. Lewis, R.L. Massengill, K.J. Dunker and J.K. Wenburg. 2015. An evaluation of target 
specificity and sensitivity of three qPCR asssays for detecting environmental DNA from Northern Pike 
(Esox lucius). Conservation Genetics Resources: 1-3. DOI: 10.1007/s12686-015-0459-x. 



 

• 4-Year Effort 

• 6 Lakes 

• 22 Miles of Streams 

• Multiple treatments, aerial treatment, barriers 

• Native fish restoration 

The Next Challenge: 
Soldotna Creek Drainage Pike Eradication 

Soldotna Creek Drainage:      2014-2017  
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Soldotna Creek Pike Eradication 

Union, West and East Mackey and Derks 
Lakes and interconnecting streams 

Temporary Fish Barriers 

Sevena Lake, Tree Lake and Soldotna 
Creek (creek treated 2X) 

• First multi-year application in large, open system 

Goal:  Prevent pike from spreading to the Moose 
River (where >40% of Kenai’s coho productivity occurs) 

 

AREA 1 

AREA 2 



Area 1 - 2014 



• Lakes Treated 
October 6-10, 2014 

• Outboards, airboat, 
backpack sprayers, 
ATV sprayers 

• Outlet stream treated  

Area 1 Treatments 



Deactivation 
Goal: Protect native fish in Area 2 from rotenone discharge in Area 1  



Native Fish Restoration 
• Area 1 

Treatments were 
successful 

 

• Currently 
relocating: 

• Rainbows,    
Dolly varden 
Sticklebacks, 
Sculpins,      
Age-0 cohos       

• Area 2 Area 1  

    (30,000 to Date) 

 

• Will continue 
during Area 2 
treatments          



Area 2 – 2016-2017 

• Mainstem and 
headwater lakes 

• First aerial 
applications 

• Summer treatments 

• Deactivation above 
the Kenai River 
Confluence 

• Two treatments 

• Evaluations 

• Remove Barriers 

 



Hollow  Lake 

Dragon Lake 

Echo  Lake 
Tote Road Lakes 

• 6 small, closed lakes south of Soldotna 

• To be treated in 2018 
 

The Goal of Eradicating Pike from the Kenai 
Peninsula will be met 

 



Supporting entities: 
USFWS Kenai Fishery Resource Office and Kenai National Wildlife Refuge  

USFWS Aquatic Nuisance Species Program 

ADFG Sport Fish Fund 

USFWS Sport Fish Restoration Funds 

Kenai River S portfishing Association 

Alaska Sustainable Salmon Fund 

Kenai Peninsula Fish Habitat Partnership  

Kenai Watershed Forum 
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