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SUMMARY OF KEY FINDINGS 

 

Abundance of large piscivorous Lake Trout that prey on Yellowstone Cutthroat Trout continued 
to decline. 

 

Yellowstone Cutthroat Trout abundance increased, and their role in the ecosystem is recovering. 

 

Evidence suggests a continued decline in Lake Trout spawning stock biomass, which at some 
point should start having a substantial effect on recruitment even if it currently is not being 
realized because of improvements in survival.
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INTRODUCTION 
 
 

In an effort to restore native Yellowstone Cutthroat Trout Oncorhynchus clarkii bouvieri 

to their ecological prominence in Yellowstone Lake, a suppression program for nonnative Lake 

Trout Salvelinus namaycush was initiated by the National Park Service in 1995.  Following a 

recommendation by a Scientific Review in 2011, the National Park Service initiated an 

independent science review panel that would meet annually to evaluate results from the previous 

year and review plans for the upcoming year.  This Interim Science Assessment was meant to 

compliment, not replace, the less frequent, more comprehensive Science Reviews (2008 and 

2011).  The panel was expected to review and provide input concerning suppression activities, 

not to approve or disapprove of those activities.  This Interim Science Assessment was 

conducted in May 2022 to evaluate 2021 activities and provide feedback concerning future plans 

for the suppression program.  

Gill nets have been the primary tool for capturing Lake Trout since the inception of the 

suppression program, and in recent years, more than 60 km of gill nets have been fished daily 

from late May/early June until early October.  By the end of the 2021 field season, over 4.1 

million Lake Trout had been removed since the suppression program began.  In 2021, fishing 

effort (94,523 units of effort; one unit of effort = one 100-m net-night) remained near the all-time 

high of 97,400 units of effort and exceeded 90,000 units for the fifth consecutive year. The total 

number of Lake Trout removed in 2021 (326,787) remained high (≈ 300,000 individuals 

annually in 2012-2015, ≈ 366,000 individuals in 2017, ≈ 274,500 individuals in 2018, ≈ 283,400 

individuals in 2019, and ≈ 326,000 individuals in 2020) and actually increased about 1% in 2021. 

Increases are believed to be associated with strong year classes in 2017 and 2018.  Lake Trout 

suppression-assessment modeling based on catch per effort and catch age composition estimates 

from suppression and distribution netting suggested that abundance of Lake Trout ≥ age 6 

(individuals that contribute the most to Lake Trout reproduction and predation on Yellowstone 

Cutthroat Trout) continued the decline that began in 2012. Although the number of younger and 

smaller lake trout captured in gill nets remained high, the recruitment of the 2019-year class was 

lower than either the 2017- or 2018-year classes. Yellowstone Cutthroat Trout catch per effort in 

assessment netting (shallow and midwater combined) has stabilized around 12 fish per 100-m net 

night for the last three years.  
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PANEL RESPONSES TO QUESTIONS FROM THE NATIONAL PARK SERVICE 

Kudos: The suppression team is to be congratulated for: 

• Yellowstone Cutthroat Trout population is no longer declining and the proportion of 

smaller individuals is increasing. 

• The number of predatory Lake Trout (age-5+) is lower than it has been since assessment 

began.  

• Sampling efforts to detect the presence of Cisco were impressive and commendable. 

 

Specific Questions 

1. Both the data and population modeling suggest the Lake Trout population has been in 

decline, quite significantly in the older age classes0F

1. 

a. How did fishing effort and Lake Trout mortality in 2021 compare to previous years 

(i.e., size structure, model-based mortality, and numbers removed by all methods)? 

• Fishing effort (94,523) remained near the all-time high of 97,400 gillnet units. 

• Model-derived fully vulnerable exploitation rate (62%) remained high. 

• Assessment netting CPUE at all sites decreased by 25% from 2020, largely because of 

low catches of age-2 Lake Trout. 

b. What was the Lake Trout population growth rate in 2021? 

• Total Lake Trout abundance decreased from 2020 to 2021 by 13%. 

• The estimated reduction in Lake Trout abundance in 2021 (i.e., number removed plus 

natural mortality) was 415,000. 

• Based on simulation model forecast, with 90,000 units of effort, λ = 0.66 (95% CI, 

0.52-1.03).   

 
1 All following results are based on the 2022 Lake Trout Suppression Assessment model. 
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2.  There appears to be high variability but no long-term change in recruitment.  What are 

the factors contributing to this? 

a. Based on last year’s report that the mesh-specific model may give clarity to what ages 

are fully vulnerable to suppression netting, and lead to better informed model 

results, do we have a better understanding of what is driving recruitment numbers? 

What should be done to further this knowledge? 

 Population fecundity is decreasing, and therefore, pre-recruit survival appears to be 

increasing. 

 We support current efforts to estimate Lake Trout age at maturity and this should 

become part of the monitoring program. 

 Survival may be increasing due to numerous interacting factors, potentially 

including less competition, increased nutrient availability, or less cannibalism. 

 In Yellowstone Lake, juvenile Lake Trout are minimally restricted by natural 

mortality processes to age 1. 

 Recent increases in recruitment of Lake Trout have been effectively offset by gill-

net related mortality of older individuals associated with high suppression effort. 

3. What should the suppression program look like in 2022 and into the future? 

a. What level of Lake Trout-suppression-gillnet-effort should be applied in 2022? 

 Maintain current level of gillnetting effort at approximately 95,000 units. 

b. How many years should we expect this effort level will need to be continued to 

“crash” the population to 100,000 2+ Lake Trout? 

 Because of recent high recruitment, gill-net effort of ~95,000 units has a 90% 

chance of meeting the tertiary Lake Trout abundance goal (127,000 age-2+ Lake 

Trout) by 2029. 

c. What level of effort will be needed to “crash” the population to 100,000 age-2+ Lake 

Trout within 5 years? 



7 

 

 Approximately 120,000 units of effort will be necessary to have a 90% probability 

of reaching the tertiary abundance goal by 2026. 

d. With given confidence levels around lambda, what should our target lambda be to 

ensure the Lake Trout population does not begin to increase again? 

 λ=0.65, given recent observations of recruitment. 

e. Based on current models, what does “maintenance suppression” look like? If we 

don’t meet an adequate “maintenance” level of suppression netting, how fast will 

the Lake Trout population reach its previous peak or higher? 

• The time required for Lake Trout to recover to previous levels of abundance will 

depend on how much effort is reduced.  

• Results from the 2022 SCAA model suggest that once the Tertiary Abundance 

Target is met, 70,000-75,000 units of suppression netting effort would have a 

>90% probability of maintaining Lake Trout abundance at less than the tertiary 

target. Predicted Lake Trout abundance level given 60,000 units of suppression 

effort starting in 2023 (90,000 units prior) would be sufficient to maintain 

abundance of age-6 and older Lake Trout below the historic peak abundance, but 

total abundance of Lake Trout would remain above the Tertiary Abundance Target 

(Figure 1). If suppression netting effort is reduced to 30,000 units in 2023, 

abundance of age-6 and older Lake Trout would rebound to peak levels (≈ 64,000 

fish) first in 2026, then decline until 2031, when peak abundance of age-6 and 

older Lake Trout again surpass the previous peak and remain there in perpetuity 

(Figure 2).  The Tertiary Abundance Target would never be met. If suppression 

netting effort is ceased entirely in 2025, abundance of age-6 and older Lake Trout 

would surpass previous peak levels (≈ 64,000 fish) by 2029 (Figure 3).    

 

4. Given what was learned about the actions aimed at destroying eggs/larvae from NPS 

research and from Glassic’s ecosystem model, should these methods be further developed? 
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• We suggest further evaluation of efficacy of carcass analog pellets at Carrington Island 

and the probability of detecting a recruitment effect. 

a. Are there additional research questions to be answered involving use of pellets to 

smother embryos? 

• An adaptive management experiment (e.g., multiple years on, multiple years off) 

conducted at Carrington Island with carcass analog pellets while assessing lake-

wide recruitment would provide valuable insight into the population-scale effects 

of eradicating Lake Trout embryos. 

b. Are there other actions that could be taken in an IPM approach to suppress the 

Lake Trout and increase suppression efficiency?  

• Alternative suppression may be effective for maintaining Lake Trout abundance at 

the target level but not for suppressing the population toward conservation plan 

target levels. 
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Figure 1.  Predicted Lake Trout abundance level (using 2022 SCAA model) given 60,000 units of suppression effort starting in 2023 
(90,000 units prior); dotted lines represent 95% confidence intervals. 
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Figure 2.  Predicted Lake Trout abundance level (using 2022 SCAA model) given 30,000 units of suppression effort starting in 2023 
(90,000 units prior); dotted lines represent 95% confidence intervals. 
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Figure 3.  Predicted Lake Trout abundance level (using 2022 SCAA model) given cessation of suppression effort starting in 2025 
(90,000 units prior); dotted lines represent 95% confidence intervals. 
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5. Are the Yellowstone cutthroat trout recovering?  

a. Why are the Yellowstone Cutthroat Trout not responding more positively to the 

large reduction in older, larger Lake Trout? 

 The science panel questions the conclusion that Yellowstone Cutthroat Trout are 

not responding positively because catch per unit effort has stabilized (~ 12 

Yellowstone Cutthroat Trout per 100-m net night for the last three years) and the 

number of small individuals (i.e., ~200 mm) has increased since the suppression 

program began. The science panel recognizes that the Yellowstone Cutthroat 

Trout catch per unit effort is below the primary and secondary desired conditions 

established in the Native Fish Conservation Plan. Perhaps the desired conditions 

for Yellowstone Cutthroat Trout established in the Native Fish Conservation Plan 

need to be revised given the current abiotic and biotic conditions in the 

Yellowstone Lake ecosystem. 

 The science panel is currently evaluating details of the Yellowstone Cutthroat 

Trout population model. The mark-recapture estimate of Yellowstone Cutthroat 

Trout should be useful for verification of model output and estimated abundance 

from the model. 

b. Should biomass be considered when assessing the recovery of Cutthroat Trout?  

 Yes, along with a suite of biological metrics that can be used to evaluate the 

Yellowstone Cutthroat Trout population status. 

 For example, metrics could include proportional size distribution, relative weight, 

fecundity, age at maturity, growth, and age-length structure. 

c. Could suppression by-catch of Yellowstone Cutthroat Trout be limiting Cutthroat 

Trout recovery to the point it needs be more diligently addressed?  

 Suppression by-catch of Yellowstone Cutthroat Trout has the potential to limit 

recovery, but the science panel does not believe by-catch is currently a major 

issue. In 2021, NPS reported that 20,975 Yellowstone Cutthroat Trout were 

captured in suppression gill nets and estimated that approximately 12,000 fish 
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(10,300 kg) were killed. Both total number and biomass of Yellowstone Cutthroat 

Trout killed through by-catch are likely conservative estimates because they do 

not account for delayed mortality.  Conversely, crude bioenergetics modeling of 

the amount of Yellowstone Cutthroat Trout consumed per Lake Trout of different 

ages suggests that if all Lake Trout that were killed by suppression netting in 2021 

had survived, the total amount of additional Yellowstone Cutthroat Trout lost to 

Lake Trout consumption would have been approximately 92,000 kg, or almost 

nine times the estimated biomass of the bycatch. These bioenergetics results 

assume that the composition of Yellowstone Cutthroat Trout in Lake Trout diets 

matches the recent findings from Glassic (2022).   It is important to note that there 

are considerable differences in what ages are lost to by-catch and Lake Trout 

consumption, with older age fish more vulnerable to by-catch and younger fish 

more vulnerable to Lake Trout consumption.  Ongoing quantitative assessment of 

the composition of Lake Trout diets would be beneficial for regular bioenergetics 

evaluation of the trade-offs between by-catch and suppression control of Lake 

Trout.      

6. Given the discovery of Cisco sp. in Yellowstone Lake, will proposed monitoring be 

adequate in 2022? 

a. Are there any other actions that should be taken to address the Cisco introduction? 

 The panel suggests that the current suite of sampling techniques be used every 

other year (unless there is a positive detection) to monitor the potential 

establishment of Cisco. 

7.  Are there additional actions, not presented or discussed, that we should take to suppress 

Lake Trout and/or recover Cutthroat Trout, such as other netting methods (e.g., trawling, 

trap netting, or purse-seining)? 

 The science panel is interested in the potential capture of large Lake Trout in the 

trap nets. 
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ADDITIONAL RESEARCH PRIORITIES 

What are the most relevant research needs for the Yellowstone Lake Cutthroat Trout recovery 

program? 

 The top priority should be the Lake Trout suppression gillnetting program. 

 A critical evaluation of the Yellowstone Cutthroat Trout model should be 

completed as soon as possible. 

 Monitoring of Yellowstone Cutthroat Trout spawners in Clear Creek should be 

reinitiated as soon as possible. 

 

 

RECOMMENDATIONS 

1. NPS should consider involving the science panel in the development of performance 

metrics and recovery goals. 

 Performance metrics for Lake Trout suppression goals should be reevaluated 

(e.g., consider using predatory Lake Trout abundance estimates). 

 Performance metrics for Yellowstone Cutthroat Trout recovery goals should be 

reevaluated using contemporary empirical data. 

2. A mesh-specific Lake Trout Assessment model should be adopted for use in future 

assessments, and efforts to pursue integration of the Lake Trout and Yellowstone 

Cutthroat Trout models should continue. 

3. Suppression effort for Lake Trout should not be reduced until Yellowstone Cutthroat 

Trout recovery goals are met or until goals can be refined. 
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Appendix A 

 

AUTHORS 

 

ROBERT E. GRESSWELL 

U.S. Geological Survey, Emeritus 

Robert E. Gresswell has been studying habitat relationships and life-history organization 

of cutthroat trout for more than 45 years.  He is currently an Emeritus Research Biologist 

with the U.S. Geological Survey, Northern Rocky Mountain Science Center in Bozeman, 

Montana, and Instructor in the Department of Ecology at Montana State University.  

Bob’s interest in the role of disturbance in shaping the aquatic systems has led to research 

on the interactions among landscape-scale environmental features, instream habitat 

characteristics, and cutthroat trout abundance and distribution.  Currently his research is 

focused on the effects of invasive species, fire, timber harvest, and climate change on 

persistence of native trout in the Intermountain West.  He has been involved with the 

Lake Trout issue in Yellowstone Lake since these invaders were first discovered in 1994. 

 

TRAVIS O. BRENDEN 

Michigan State University 

Travis Brenden is a Professor in the Department of Fisheries and Wildlife, and co-

Director of the Quantitative Fisheries Center at Michigan State University.  He received 

MS and PhD degrees in Fisheries Science and an MS degree in Statistics from Virginia 

Polytechnic Institute and State University.  In his present position at Michigan State 

University, he conducts and directs research on the management and ecology of Great 

Lakes fish populations, including Lake Trout, Lake Whitefish Coregonus clupeaformis, 

Walleye Sander vitreus, Lake Sturgeon Acipenser fulvescens, Sea Lamprey Petromyzon 

marinus, and Grass Carp Ctenopharyngodon idella.  His main research focus in recent 
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years has concerned the assessment and management of migratory fish stocks in the 

Great Lakes. 

 

CHRISTOPHER S. GUY 

U.S. Geological Survey, Montana Cooperative Fishery Research Unit 

Christopher Guy is the Assistant Unit Leader for the Montana Cooperative Fishery 

Research Unit and professor in the Department of Ecology at Montana State University.  

He conducts research within the broad context of fish ecology and fisheries management.  

A consistent research theme has been on native fish assemblage restoration, a prominent 

ecological and societal issue within the USA and globally.  Within that theme, he has two 

areas of emphasis—conservation of large-river fishes and suppression of invasive species 

(for conservation of native fishes).  These areas encompass a broad diversity in 

ecosystem types and fish assemblages—from large warm-water rivers to alpine lakes.  

Given the mission of the Cooperative Research Unit program, he willingly assists natural 

resource agencies with their research needs.  As a faculty member at Montana State 

University, he serves on university committees, teaches graduate courses and seminars, 

and guest lecture in a variety of graduate and undergraduate courses. 

 

MICHAEL J. HANSEN 

Adjunct Professor, Quantitative Fisheries Center, Department of Fisheries and 

Wildlife, Michigan State University 

Mike Hansen recently retired as a Supervisory Fishery Research Biologist with the 

Hammond Bay Biological Station in Millersburg, Michigan.  Previously, Dr. Hansen was 

a Professor of Fisheries at the University of Wisconsin Stevens Point, and was appointed 

as a U.S. Commissioner to the Great Lakes Fishery Commission in 2004 by President 

George W. Bush and in 2010 by President Barack Obama.  Dr. Hansen’s research focuses 

on fish population dynamics, with an emphasis on Lake Trout and walleye in the Great 

Lakes region.  Hansen has served as an external consultant for managing Lake Trout as 
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an invasive species in Lake Pend Oreille, Idaho, Flathead Lake, Montana, and 

Yellowstone Lake, Yellowstone National Park.  

  

MICHAEL L. JONES 

Michigan State University, retired 

Michael Jones was the Peter A Larkin Professor of Quantitative Fisheries in the 

Department of Fisheries and Wildlife at Michigan State University, and co-Director of 

the Quantitative Fisheries Center at the university, until his retirement in July 2021.  His 

research focused on population dynamics and management of economically important 

fisheries, primarily within the Laurentian Great Lakes.  He is especially interested in the 

importance of uncertainty and risk for fishery management, and the role structured 

decision-making processes such as Adaptive Management or Decision Analysis can play 

in informing wise decisions in the presence of significant risk.  He has extensive 

experience with the population dynamics of Lake Trout and other salmonine species in 

the Great Lakes and has developed models to inform decisions about Lake Trout 

restoration and sea lamprey control, the latter being a key impediment to successful 

restoration of Great Lakes Lake Trout populations.  He was at Michigan State University 

from 1997-2021, prior to which he lived and worked in Canada as a government research 

scientist and environmental consultant. He continues to work as a part-time, emeritus 

faculty at MSU. 

 

J. ELLEN MARSDEN 

University of Vermont 

Ellen Marsden is a Professor in the Rubenstein School of Environment and Natural 

Resources at the University of Vermont.  Ellen received her Master’s degree and PhD 

from Cornell University, and then directed the Lake Michigan Biological Station of the 

Illinois Natural History Survey for six years.  She has been on the faculty of the 

University of Vermont since 1996.  She has conducted research on genetics and early life 
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history of Lake Trout, and alternative control methods for sea lamprey.  Her current 

research projects include use of artificial reefs to enhance Lake Trout spawning in Lake 

Huron, and using acoustic telemetry to track Lake Trout spawning site fidelity and 

seasonal movements. 

 

JASON STOCKWELL 

University of Vermont 

Jason Stockwell is a professor in aquatic ecology at the University of Vermont.  He 

received his doctorate from the University of Toronto in 1996, followed by post-doctoral 

associate positions at Colorado State University and Michigan State University.  He 

served as the station chief at the USGS Lake Superior Biological Station in Ashland, 

Wisconsin, from 2004-2007 and was a pelagic ecologist at the Gulf of Maine Research 

Institute in Portland, Maine prior to joining the University of Vermont in 2011.  Jason 

studies the behavior, population structure, and food web interactions of the 

macroinvertebrate Mysis diluviana (the opossum shrimp), impacts of cyanobacteria 

blooms on fish and food webs, early life history response of Cisco and other coregonines 

to climate change, winter limnology, and impacts of disturbance events on limnological 

processes.  

 

DANIEL YULE 

U.S. Geological Survey, Great Lakes Science Center 

Dan is a Fishery Research Scientist at the Lake Superior Biological Station of the U.S. 

Geological Survey, Great Lakes Science Center.  The station provides information on the 

status and trends of Lake Superior prey fish populations to State, Tribal and Provincial 

management agencies.  His research interests and expertise include: 1) advancing 

understanding of coregonine life history, 2) sustainable management of Cisco Coregonus 

artedi fisheries, 3) Great Lakes coregonine rehabilitation science, 4) developing and 

testing new zooplankton and fishery acoustic methods, and 5) advancing ecosystem-
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based fishery management of Lake Superior.  He is currently working on teams to 

develop functional genetic markers for identification of coregonines, describe the 

population structure of Cisco in the Great Lakes, evaluate new acoustic technology for 

better estimation of fish densities in lake surface waters, and develop a Lake Superior 

ecosystem model.  Early in his career, Dan had opportunity to work on Yellowstone Lake 

after Lake Trout were first discovered there.  He is honored to be asked to share his 

talents and passion as a member of the Yellowstone Lake Science Panel.  

 

 

 


