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_______________________ 
 
Uncertainties in the Fisheries Management Process 

Goals and Objectives

Problem ID

Decision-making

Actions

Responses

Evaluation

Scientific understanding

1. Restore ecosystem          
2. Stock predatory fish      
3. Control alewife               

4. Create sport fishery

1. Lamprey control                       
2. Pacific salmon                
3. Hatcheries                      
4. Monitoring plan

1. TFM application                         
2. Salmon stocking

1. Lamprey reduction                       
2. Alewives eaten                
3. Salmon in streams

1. Sea lamprey present                 

2. Other predators?                          
3. Source of fish ?                  
4. Alewife die-offs

1. Lamprey scars                       

2. Alewife abundance                          
3. Salmon catches

Societal benefits/perception

Major Uncertainties:
Observational.       
Process.           
Conceptual. 
Communication 
Implementation.   
Socio -economic.   
Political.

Major Uncertainties 
 
   Type       Sources: 

Observational uncertainties   – measurement errors. 
Process     – (random) variations in biophysical processes. 
Conceptual     – inadequate knowledge of natural resource dynamics, 

                        using the wrong analysis.  
Communication – oversimplifications of processes, misinterpretation,   
     lack of clarity. 
Implementation    – incomplete plan development, monitoring,  

             follow-up or evaluation. 
Socio-economic    – unpredictable social and economic issues,  

           ineffective cost/benefit analysis or valuation. 
Political    – unexpected changes in institutional support,  

                                                                organization, and governmental influence. 

_______________________ 
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Project Abstract 
Uncertainties are ubiquitous in resource management; yet they are extremely difficult to 
incorporate into the development of management policies. In the Great Lakes, ecological 
uncertainties are escalating due to dramatic ecosystem changes that impede sustainable 
fisheries management and ecosystem restoration initiatives.  Invariably, these factors are 
likely the primary source of polarity between fisheries managers and stakeholders, 
indicating that increased attention should be paid to identifying uncertainties, addressing 
them and communicating risks to the resource users. Under a grant from the New York 
Great Lakes Protection Fund, New York Sea Grant (NYSG) developed a workshop 
designed to familiarize fisheries managers with sources of uncertainty and the basic tools 
for addressing uncertainty in fisheries management. The workshop also developed a list of 
research topics to address specific uncertainties with the Lake Ontario ecosystem. 
 
 
Background Summary 
Fisheries are dynamic systems that pose considerable challenges to fisheries managers 
(Peterman 2004, Caswell 1998, Matsuda 2002). These challenges stem largely from 
uncertainties associated with unpredictable and poorly understood interactions between 
fish and the supporting ecosystem as well as the human dimensions aspects (social and 
economic factors) of fisheries that impede fisheries management. Uncertainties can impair 
all steps in the fisheries management process, such as defining goals/objectives, 
identifying barriers to the achievement of goals, making effective decisions to develop 
management actions, observing system responses to management actions, and 
evaluating action efficacy through monitoring (Cochrane 1999, Lane et al. 1999). The 
realities are that fisheries are a component of the complex ecosystem within which they 
are contained and the complete picture of how they operate will never be completely seen.  
 
Hillborn and Peterman (1996) identified several specific sources of uncertainty in fisheries, 
namely: fish abundance estimates, widespread use of single-species models to simulate 
fish populations trends, fish population parameter estimates (i.e., mortality rates, growth 
rates, reproductive rates, recruitment), future environmental conditions, behavior/attitudes 
of fisheries resource stakeholders; future fisheries management objectives, and future 
economic, political, and social conditions. 
 
Uncertainties directly contribute to communication gaps between fisheries managers and 
stakeholders (Cochrane 1999). Stakeholders often fail to recognize that fisheries systems 
are highly spatially complex and that complete control of fisheries is simply beyond the 
management capabilities of fisheries managers. Managers often wrestle with balancing 
conflicting stakeholder demands for socio-economic sustainability with biological 
objectives that are developed with little consideration of risk, not the result of inattention to 
detail, but an unfamiliarity with current technology to better assess uncertainty and factor it 
into decision-making (Lane et al. 1999, Cochrane 1999). 
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Fisheries managers are faced with either ignoring uncertainties, or accounting for 
uncertainties in designing fisheries policies (Caswell 1998).  Ignoring uncertainties comes 
with a great deal of risk since some fisheries problems are not immediately apparent (i.e., 
depensatory processes – or increased per capita effects as populations decline) and may 
be only detectable by existing sampling frameworks when the situation has reached a 
point of no return (Lauck et al. 1998).   
 
Addressing uncertainties often requires sophisticated analytical procedures (Meyers et al. 
1998, Cochrane 1999), modeling simulations (Matsuda et al. 2002, Caswell 2002) and 
development of communication plans for fisheries stakeholders (Lane et al. 1999, 
Cochrane 1999) that are beyond the scope of agency responsibilities. These tools also 
have a steep learning curve. Most of these tools are used to estimate important population 
parameters (population size, mortality rates, growth rates, food intake, recruitment, etc.) 
and to reduce the variance associated with estimated parameter values. Model 
simulations combined with probabilistic bracketing of parameter values can be used to 
forecast fish population dynamics (Omlin 1999, Matsuda et al. 2002). In so doing, these 
efforts permit an a priori evaluation of a series of alternative management strategies with 
other tools such as decision analysis (Levy et al. 2000, Lane et al. 1999). 
 
These tools can provide unique opportunities for improved decision-making by helping to 
identify uncertainties and formulating a suite of management actions and likely outcomes, 
including risks.  Such decision-making frameworks include cost/benefit analysis of each 
management option (Lane et al. 1999, Cochrane 1999, Matsuda et al. 2002). 
Unfortunately, such tools are often the purview of mathematical modelers and social 
scientists and are therefore unfamiliar to many fisheries managers. 
 
In an effort to expose fisheries managers to such tools, New York Sea Grant organized a 
workshop to introduce such tools to representatives of the New York State Department of 
Environmental Conservation (NYSDEC) and the Ontario Ministry of Natural Resources 
(OMNR).  The objectives of this workshop were to: 
 

1. provide a unique forum for fisheries managers to meet with academic researchers 
and discuss the concept of uncertainty; 
 

2. familiarize fisheries managers with the concept of uncertainty, the sources and 
impacts of uncertainties on sustainable fish management and the basic tools for 
accounting for uncertainties in fisheries management policy; 

 
3. better understand some of the tools being applied to understand uncertainties in 

managing fisheries; 
 
4. better understand how uncertainties are communicated properly to fisheries 

stakeholders; 
 

5. identify research topics/methods that will facilitate better understanding of 
uncertainties in Great Lakes fisheries and ecosystems; and 
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6. stimulate interest among fisheries managers and researchers for further joint 

workshops addressing uncertainties. 
 

 
Project Implementation 
Escalating ecosystem changes—a source of many additional uncertainties for fisheries 
managers—has challenged the sustainability of Great Lakes fisheries. NYSG has 
recognized that fisheries managers, stakeholders, and extension staff need to be more 
familiar with the uncertainty concept as it relates to sportfishing sustainability.  After 
funding was secured from the New York Great Lakes Protection Fund, NYSG convened 
meetings with Steve LaPan, NYSDEC; Bruce Morrison, OMNR; and Pat Sullivan, Cornell 
University, to identify workshop topics and faculty and to develop the workshop approach. 
It was decided that the topic of uncertainty be addressed through presentations focusing 
on a toolbox approach that presented actual case histories of various modeling tools being 
applied to address uncertainty.  It was also decided to include a session on risk/ 
uncertainty communication tools for stakeholders.   
 
The workshop was convened in Syracuse on October 24, 2005. The agenda is included 
as Appendix A.  Following the workshop at a special session convened at the Cornell 
University Shackleton Point Field Station, a list of research needs to address uncertainties 
in the Lake Ontario fisheries was developed as a part of a group discussion.  
 
Facilitated Discussion Results:  Research Needs (Topics/Methodology) to 
Address Uncertainties in Lake Ontario Fisheries 
 

1. Address uncertainties of alewife and zooplankton dynamics by examining 
relationships between invertebrate diets and alewife recruitment; P levels and 
zooplankton production; and quantifying interactions between alewife growth and 
their body condition index. 

 
2. Obtain better estimates of alewife growth, total abundance, spatial distribution and 

better understand errors associated with these estimates by comparing trawl and 
(expanded) hydro-acoustic estimates. 

 
3. Collect additional information to understand the long-term determinants of stocked 

salmonine survival and contributions of naturally produced Chinook salmon by 
conducting an extensive coded wire tagging program, followed by an assessment 
program from creel census and hatchery return data that accounts for proportions 
of different age groups in the fish samples. 

 
4. Define the role of naturally produced salmonines in the lake food web through 

tagging studies, total tributary contributions and scale microstructure. 
 
5. Assess the feasibility of restoring native forage species (i.e., bloaters) by resolving 

the disease issues and develop a target or threshold level of restoration by 
quantifying the potential impact of alewife and smelt on these native fish. 
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6. Identify or develop strategies for developing a public participation process for DEC 
and OMNR in response to potential sport fishing crises (i.e., stocking level 
changes). 

 
7. Address the uncertainties associated with a Diporeia collapse and the impact on 

the benthic community. 
 
8. Determine the role of angler harvests (in terms of fish catchability) and alewife 

abundance, Chinook growth rates, and lake trout cannibalism. 
 
9. Develop better understanding of the human health affects associated with 

dreissenid trophic transfer of contaminants. 
 
10. Define the role of new or newly studied contaminants (i.e., thallium) in the food 

web. 
 
11. Develop better estimates of natural mortality and determine factors affecting early-

life-history mortality to predict recruitment of important fish species. 
 
12. Determine the relative contributions of nearshore versus offshore factors that 

influence fish recruitment in nearshore areas, and the linkage between habitat and 
fish production and identify fish species impacted by changes in zooplankton prey 
consumption and seasonal zooplankton dynamics. 

 
13. Using available long time series data possibly from power plants and other 

sources, identify indicator species to be used as surrogates for production in the 
nearshore and offshore areas. 

 
14. Develop improved estimates of ecosystem efficiency to address how or if 

production is being redirected and determine whether a change in current pelagic 
fish production will lead to increased benthic fish production. 

 
15. Develop research that will increase understanding of the alewife/zooplankton link in 

changes in pelagic production from benthification by examining changes in 
nearshore algal production and the microbial food loop, define the mechanisms 
involved and how these dynamics may affect alewife carrying capacity (biomass). 

 
16. Define the role of the round goby in the benthic food web and its role in avian 

botulism. 
 
17. Assess goby production to better understand its growth and trophic transfer 

dynamics. 
 
18. Improve predictions to identify the next invader and its potential food web impacts. 
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19. Improve our understanding of the population dynamics of walleye in the Eastern 
basin; define the walleye population origins (Black River, Oswego River, Bay of 
Quinte/recruitment mechanisms, as well as determine the role of the round goby in 
these changes in walleye abundance. 

 
20. Develop an improved plan that focuses on the process of science (i.e., how science 

really works) for science communication to decision-makers, stakeholders, 
legislators, and the media. 

 
21. Develop improved means of addressing economic and political uncertainties 

associated with the lake and its fisheries for stakeholder and fisheries managers. 
 
22. Develop a risk communication plan to develop a suite of relative risks associated 

with management decisions. 
 
23. Revisit a study on angler expectations either by a statewide angler survey or by a 

new NYSG study. 
 
24. Develop a process of understanding that will assist stakeholders to better 

understand the rationales of various management decisions. 
 
Project Implications 
This workshop presented a unique opportunity for academic researchers and fisheries 
managers to examine the sources of uncertainty in the Lake Ontario fisheries and 
ecosystem and to be familiarized with the basic tools for accounting for uncertainty in the 
fisheries management process.  It established the groundwork for additional venues for 
fisheries managers to learn more about innovative uncertainty tools, their limitations and 
their utility. Moreover, spin-off projects are now in progress by NYSG. 

 
Results of the workshop evaluation (Appendix N) indicated nearly unanimous support for 
additional information, particularly from an illustrated case-history approach.  This 
approach uses the step-by-step application of a decision analysis tool to a specific 
fisheries issue. Decision analysis is a useful process that facilitates decision making by 
weighing pros and cons of a suite of management decisions, using probabilistic models. 
There are some noteworthy examples to draw upon. One example developed by Dr. Jim 
Peterson at the University of Georgia involved a decision analysis for a bass fishery in an 
empoundment. 
 
The academic participants were impressed with the innovative modeling tools presented 
by Evan Cooch of Cornell University’s Department of Natural Resources. He discussed  
the use of non-linear dynamic models, originally developed by theoretical physicists, with 
biological systems in an effort to understand uncertainty from the standpoint of under- 
standing data trends.  One particular model template, originally developed by the  
U.S. Department of Naval Research in Maryland to predict physical stress in ship hull 
designs, is being applied to model ecosystem structure and has shown some promising 
results.  
 



 
 
 
 

Managing and Communicating Fisheries Uncertainties Final Report 

- 7 - 

 
 
As a direct spin-off of the uncertainty workshop, NYSG and Cooch are organizing a 
workshop on the use of non-linear dynamic models that entail the application of new, 
innovative modeling simulations incorporating actual Lake Ontario fisheries/ecosystem 
dataset. Workshop presenters will include Cooch and researchers from the US Geological 
Survey Patuxent Research Center in Maryland and the Great Lakes Environmental 
Research Laboratory (GLERL). Collaboration is being sought with Cornell University and 
GLERL.  Researchers affiliated with the comparative ECOPATH modeling study of the 
Bay of Quinte and Oneida Lake have expressed considerable interest in participating in 
this forum. The workshop is tentatively scheduled for mid-2006 at Cornell University. 
 
Most fisheries managers in attendance also expressed interest in receiving more training 
in the use of communication tools for educating the public on understanding the concepts 
of risk and uncertainty in fisheries.  This is not surprising since much polarity between 
fisheries stakeholders and managers originates from these concepts.  
 
Project Spin-off Publications and Planned Activities 
The following publication and activities are a result of the uncertainties workshop project: 
 

•   Managing Coastal Businesses in Times of Resource and Economic 
Uncertainties and Risks Workshop  – a program for coastal business owners 
and managers, April 2006. 

 
•   Uncertainties and Risks in Fisheries – an 8-page extension factsheet for 

stakeholders, July 2006. 
 
•   Dynamic Ecosystem Modeling Workshop with Evan Cooch  
 
•   Risk Communication Workshop for Fisheries Managers – a program taking a 

case history approach for developing a risk communication plan and fish 
management decision analysis re: stocking levels.  

 
•   Decision Analysis Workshop for Fisheries Managers – a program taking a case 

history approach for addressing fisheries management problems using a step-by-
step example. Collaboration will be sought externally with Antoinette Clemetson, 
NYSG, and fisheries counterparts from Rhode Island, Connecticut and New 
Hampshire Sea Grant Programs. 

 
•   Invasive Species Research Roundtable — a program on recent modeling tools 

used for predicting the next Invader and for developing a risk assessment for 
invasion of Asian Carp and Northern Snakehead into the Niagara, Hudson and St. 
Lawrence rivers. Collaboration with academic institutions will be sought. 
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Summary 
In summary, this Great Lakes Protection Fund project is a stepping stone for additional, 
more focused efforts to address uncertainty; some of which are already in development. 
This project has generated considerable interest among Lake Ontario fisheries managers, 
assessment biologists and researchers for learning more about the uncertainty paradigm 
and how to apply some of the more useful tools for incorporating uncertainty into fisheries 
management process. 
 
The next steps are to take some of the tools discussed at the workshop and apply them in 
a real-world, case history approach so that fisheries managers better understand the 
mechanics of the techniques. A workshop in which Lake Ontario fisheries data are 
simulated, using these tools, into a predictive, probabilistically-based decision-making 
framework to address specific fisheries issues is a future step. Finally, once 
comprehensive economic information, such as the valuation of the Lake Ontario sport 
fisheries to coastal communities, becomes available from other studies, decision-making 
(again from probabilistic tools) will achieve its highest level of efficacy. 
 
The end beneficiaries of this process are sport fishing stakeholders. Enhanced awareness 
among fisheries managers will lead to more careful consideration of uncertainty in 
fisheries management policy development, mediated by an improved decision-making 
process. Sport fishing stakeholders will also be able to make better business management 
decisions because of this process. Stakeholder economic interests could be then more 
effectively considered with biological information that also better accounts for uncertainty – 
a situation once thought unachievable. 
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Appendix A.   
Workshop Agenda 

 
 

NYSG/GLPF Workshop 
Uncertainty in Great Lakes Fisheries 

 
Holiday Inn 

Carrier Circle 
Syracuse NY 

October 24th 2005 
 

Agenda 
 
8:30   Welcome, Purpose of the Workshop:  Dave MacNeill /Lane Smith/ Jack Mattice, NYSG 
 
8:45   Uncertainties in Fisheries and the Basic Tool Box:  Jim Bence, Michigan State 
 
9:15   What are the Uncertainties in the Lake Ontario Ecosystem:  Tom Stewart, OMNR 
 
9:45   State Specific Optimal Decision Theory and its Applications to Age/size Structured Models:   

Evan Cooch, Cornell University 
 
10:15  Ecosystem Models – ECOPATH Project:  Oneida Lake and Bay of Quinte:  Marten Koops, CCIW 
 
10:45  Break 
 
11:00   Nonlinear Dynamic Models: a New Approach for Modeling Ecosystems:  Evan Cooch, Cornell University 
 
11:30  The Lake Ontario Alewife Risk Model Revisited:  Don Stewart, SUNY ESF 
 
12:00   Lunch 
 
1:00   Age Structured Walleye Model in Oneida Lake:  Brian Irwin, Cornell University 
 
1:30   Ecological Economic Approaches to Understanding Resource Management Under Uncertainty:   

Valerie Luzadis, SUNY ESF 
 
2:00   Decision Analysis for Lake Whitefish Management:  Marten Koops, CCIW 
 
2:30  Break 
 
2:45   Communicating Uncertainties to the Public and Developing the Communication Plan (Facilitated  

discussion):  Cliff Scherer, Cornell University 
 
3:30   What are the Research Needs to Address Uncertainties of Fisheries Management in the Great Lakes?   

Facilitated discussion 
 
4:15   Wrap up 
 
4:30   Adjourn 
 
6:00   Barbeque at Shackelton Point Station, Informal Discussion and Brainstorming 
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Appendix B.   
Speaker Biographies, 10/24/05 
 
Jim Bence is a researcher in the Department of Fisheries and Wildlife of Michigan  
State University. He holds an M.A. degree in statistics and a Ph.D. in biology from the  
University of California, Santa Barbara. He has just finished a five-year stint with NMFS.  
His current research specializations include fish stock assessment methods and Great  
Lakes fisheries. 
 
Evan Cooch is an Assistant Professor in the Department of Natural Resources at Cornell 
University. He conducts research on the application of theoretical and quantitative  
methods to the management and conservation of natural resources. Particular interests  
include population modeling, trophic dynamics, statistical and theoretical ecology, and  
optimal decision theory. 
 
Tom Stewart is a fisheries biologist with the Ontario Ministry of Natural Resources and  
has more than 20 years of experience working on fisheries research, assessment and  
management issues on inland lakes across Ontario, Lake Ontario and the St. Lawrence  
River.  He has a Masters in Science degree from York University and is a Ph.D. candidate  
at the University of Toronto at Mississauga under the supervision of Dr. Gary Sprules.   
He is currently studying the effects of exotic species on the potential for Lake Ontario to 
support a re-introduced bloater (Coregonus hoyi) population. 
 
Brian Irwin received his Bachelor’s degree from the University of Illinois and interned for  
the Illinois Natural History Survey.  He received his M.S. degree from Auburn University’s  
Department of Fisheries and Allied Aquacultures.  Currently, he is a Ph.D. candidate in  
Natural Resources at Cornell University and serves as a teaching assistant for Field  
Biology. He is a contributor to a large-scale comparative project between Oneida Lake, NY  
and the Bay of Quinte, Ontario.  In addition to this ecosystem-level project, Brian is working  
on models for walleye and yellow perch in Oneida Lake.   
 
Valerie A. Luzadis holds the position of Associate Professor of Ecological Economics and 
Natural Resources Policy on the Faculty of Forestry and Natural Resources Management  
at SUNY College of Environmental Science and Forestry. She brings to the academic  
world strong practical experience and leadership in the forestry community having worked  
as both Cooperative Extension Agent and Director of Communications and Education for  
the Empire State Forest Products Association. Luzadis has taught courses in ecological 
economics, environmental ethics and values, economics, research methods, forestry in  
New York, and current policy issues.  Her research focuses on the relationships between  
social, economic, and ecological systems from the very applied context of decision-making  
in small, rural communities to the global social, economic, and philosophical foundations that 
influence human interaction with ecosystems. Luzadis is an integrator of ideas and people in  
an effort to understand interactions between people and natural resources.  In addition to 
teaching and research, she consults regularly with groups such as The Nature Conservancy  
and The Wildlife Conservation Society to advise and facilitate community-based conservation 
efforts. 
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Luzadis served as the coordinator of the team that founded the United States Society for 
Ecological Economics.  She served on the first Board of Directors of that organization and 
represented the USSEE with the International Society for Ecological Economics during its 
organizational period.  A member of SAF for more than 20 years, Luzadis has held several 
leadership positions in that organization, including Chair of NYSAF, Chair of the House of  
Society Delegates and in 1997 she won the National SAF Young Forester Leadership Award.   
 
Clifford W. Scherer is an Associate Professor with the Department of Communication,  
Social and Behavioral Research Unit at Cornell University.  He received a Ph.D. in Mass 
Communication from the University of Wisconsin, Madison; an M.S. degree in  Advertising/ 
Radio-Television from the University of Illinois, Urbana-Champaign; and a B.S. degree in 
Agricultural Science and Journalism, University of Illinois, Urbana-Champaign. His primary 
interest is in the communication of complex scientific and technical information to lay  
audiences in an environmental and health context.  His current work includes a study of  
how social networks influence risk perceptions, knowledge and behaviors, and a study of  
the structure of risk messages, and how various audiences react to and understand risk 
situations.  
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Appendix C: 
Workshop Attendees 

 
Jim Bence, Michigan State University 
Dan Bishop, NYS Department of Environmental Conservation 
Antoinette Clemetson, New York Sea Grant 
Evan Cooch, Cornell University 
Bill Culligan, NYS Department of Environmental Conservation 
Mike Connerton, SUNY College of Environmental Science & Forestry 
John Farrell, SUNY College of Environmental Science & Forestry 
Kofi Finn-Aikens, US Fish and Wildlife Service 
Tom Goodwin, Monroe County Legislature 
Brad Hammers, NYS Department of Environmental Conservation 
Tom Hughes, SUNY College of Environmental Science & Forestry 
Brian Irwin, Cornell University 
Brian Kelder, SUNY College of Environmental Science & Forestry 
Marten Koops, Division of Fisheries and Oceans, Canada 
Brian Lantry, US Geological Survey 
Steve LaPan, NYS Department of Environmental Conservation 
Valarie Luzadis, College of Environmental Science & Forestry 
Paul McKeown, NYS Department of Environmental Conservation 
Ed Mills, Cornell University 
Brent Murry, SUNY College of Environmental Science & Forestry 
Bob O’Gorman, US Geological Survey 
Donna Parish, US Fish and Wildlife Service 
Web Pearsall, NYS Department of Environmental Conservation 
Lars Rudstam, US Geological Survey 
Ed Sander, Great Lakes Fishery Commission 
Matt Sanderson, NYS Department of Environmental Conservation 
Cliff Scherer, Cornell University 
Lane Smith, New York Sea Grant 
Don Stewart, College of Environmental Science & Forestry 
Rochelle Sturvetant, Great Lakes Environmental Research Laboratory 
Pat Sullivan, Cornell University 
Molly Thompson, New York Sea Grant  
Fran Verdoliva, NYS Department of Environmental Conservation 
Mike Waterhouse, Orleans County Tourism 
Mike Whittle, Division of Fisheries and Oceans, Canada 
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Appendix D.   
Uncertainties in fisheries and the basic toolbox 
 
 

Uncertainties in fisheries and 
the basic toolbox 

 
Jim Bence 

NY Sea Grant Workshop 
October 24, 2005 

 
 
 

“As we know, there are known knowns. There are things we know 
we know. We also know there are known unknowns. That is to say 
we know there are some things we do not know. But there are also 

unknown unknowns, the ones we don’t know we don’t know.” 
 

Donald Rumsfeld, Feb. 12, 2002, Department of Defense news briefing 
 
 
 
 

“Prediction is very difficult — especially if it is about the future.” 
Niels Bohr 

 
 
 
 

 “The future ain’t what it used to be.” 
 “When you arrive at a fork in the road, take it.” 

Yogi Berra 
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Fisherian (conventional) approach 

 
•  Parameters are fixed quantities 
 
•  Confidence intervals and standard errors are two  
    common descriptors of the (hypothetical) distribution  
    of our estimate if we were able to repeat our sampling  
    process 
 
•  Hypothetical because this would require rerunning  
    the world. 
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Standard asymptotic inference in 

nonlinear regression and max likelihood 
 

 •  First obtain an asymptotic variance-covariance matrix 
 
 •  Base inferences on t- or normal distribution and 
    asymptotic variance covariance matrix. 
    E.g., apply same equation to standard errors 
            as for linear regression to obtain CIs for parameter estimates. 
 
 •  For non-linear regression:  Σ = σ2ε(JTJ)-1 

 
 •  For general maximum likelihood:  Σ = -H- 
 

•  For quantities calculated from parameters use delta method 
   (propagates errors) 
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Appendix E. 
Uncertainties in the Lake Ontario Ecosystem 
 
 

Uncertainties in the Lake Ontario Ecosystem 
 

T.J. Stewart 
University of Toronto and 

Ontario Ministry of Natural Resources 
NY Sea Grant Workshop 

October 24, 2005 
 
 
 

Abstract 
In this presentation, I present my perspective on the major uncertainties in the Lake  
Ontario ecosystem.  My purpose is to stimulate discussion and provide a framework for  
the consideration of uncertainty.  I examine the idealized management decision process  
as the context for our interest in uncertainty and classify sources and scales of uncertainty  
in this process.  Using examples from Lake Ontario, I propose Tom’s Top Ten Lake Ontario 
Uncertainties. 
 
 
 
 

Overview of Presentation 
 •  The management decision process as the context for our interest 

   in uncertainty 
 
•  Sources and scales of uncertainty 
 
•  Examples from Lake Ontario: 
 Tom’s Top Ten Lake Ontario Uncertainties 
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Appendix F. 
State-specific Optimal Decision Theory and How it Applies to  
Age/Size Structured Models 
 
 

State-specific Optimal Decision Theory 
and How it Applies to Age/Size Structured Models 

 
Evan Cooch 

Department of Natural Resources 
Cornell University  

NY Sea Grant Workshop 
October 24, 2005 

 
 
 

Abstract 
Most harvest literature has focused on the question of maximizing yield over an infinite  
time horizon. However, increasingly, there is interest in cases where the management  
objective to control the target population at a steady-state where the equilibrium  
abundance is often significantly below the carrying capacity.  Achieving such an objective  
by harvest can be complicated by the presence of significant structure (age or stage) in  
the target population. In such cases, optimal harvest strategies must account for  
differences among age- or stage-classes of individuals in their relative contribution to the 
demography of the population. In addition, structured populations are also characterized  
by transient non-linear dynamics following perturbation, such that even under an equilibrium 
harvest, the population may exhibit significant momentum, increasing or decreasing before 
cessation of growth. For simple models with linear dynamics, we show that the equilibrium 
harvest conditions are defined by the reproductive values of each age- or stage-class at  
the time of harvest. Furthermore, the state-space of the optimal harvest vector may be  
extremely narrow if the management objective seeks to achieve an equilibrium value while 
simultaneously constraining the desired momentum and structure of the population at  
equilibrium. Although stochastic optimization techniques can be shown to provide an optimal 
policy to achieving control under a particular momentum constraint, it can be shown that  
if there is uncertainty about the state of the system at the time of harvest, that the ability  
to optimally control the population becomes extremely unlikely.  
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Significant empirical needs 
  
 •  derivation of functional form for density-dependence 
   
 •  derivation of state-dependent models for geese — 
     What are environmental drivers 
 
 •  human dimensions issues — derivation of minimum 
     acceptable, maximum tolerable — what constitutes 
      upper limit 
 
 ✓   vulnerability vector 
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Significant empirical needs 
  

✓   derivation of functional form for density-dependence 
 
•   derivation of state-dependent models — 

      what are environmental drivers 
 
 •   human dimensions issues  
 
 •   vulnerability vector 
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Significant empirical needs 
 
 •   derivation of functional form for density-dependence 
  

✓   derivation of of state-dependent models — 
      what are environmental drivers 
 
 •   human dimensions issues – derivation of minimum 
             acceptable, maximum tolerable — what constitutes 
     upper limit 
 •   vulnerability vector 
 
 
 
 
Significant empirical needs 
 
 •   derivation of functional form for density-dependence 
  

•   derivation of of state-dependent models for geese — 
      what are environmental drivers 
 
 ✓    human dimensions issues  
 
 •   vulnerability vector 
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Appendix G. 
Comparative Ecosystem Modelling in the Bay of Quinte and  
Oneida Lake 
 
 

Comparative Ecosystem Modelling in the 
Bay of Quinte and Oneida Lake 

 
Marten A. Koops 

Great Lakes Laboratory for Fisheries and Aquatic Sciences 
Fisheries and Oceans Canada 

 
NY Sea Grant Workshop 

October 24, 2005 
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Appendix H.   
Assessing Change and Impact in Complex Ecosystems: Approaches 
Based on Nonlinear Dynamics and Information Theory  
 

Assessing Change and Impact in Complex Ecosystems: 
Approaches Based on Nonlinear Dynamics 

and Information Theory 
 

Evan Cooch 
Department of Natural Resources 

Cornell University  
NY Sea Grant Workshop 

October 24, 2005 
 
 
 

Abstract 
Most ecological systems exhibit nonlinear dynamics and can exhibit dramatic responses 
even to smooth and gradual environmental changes.  In order to better describe and 
understand such systems, especially for the purpose of forecasting, it is necessary to 
move beyond the ecologists standard set of methods based on linear systems to methods 
designed specifically for nonlinear systems. I will describe some recent work in this area  
to responses of coupled systems to environmental change. This work involves 
development of formal statistical and modeling approaches, which focus on the geometry 
of dynamical systems and on the information content of dynamical system components, 
for the (i) selection of indicator species and (ii) the detection of change in system 
processes, based on time series of a limited number of system components from a 
surveillance monitoring program.  Preliminary research suggests that these methods will 
provide a basic theory and set of associated methods for information extraction from 
surveillance monitoring and assessment of important environmental systems. Such 
monitoring is fundamental to characterizing the state of such systems. The work will move 
well beyond the traditional ad hoc approach to use of data from traditional environmental 
monitoring and provide a theoretical basis for such tasks as the selection of indicator 
species, and the assessment of changes and damage to system processes and functions. 
This work should have far-ranging applicability to fisheries, and ecosystems in general, 
both for the analysis of data from extant monitoring programs and for the design of future 
monitoring programs. Specifically, the methods will permit objective decisions about 
selection of indicator species in terms of information content about system processes,  
in addition to permitting assessment of changes in overall system processes (e.g.,  
those resulting from human interventions) using time series from a small subset of  
system components. 
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Appendix I.  
Assessing Risk of Predator-Prey Imbalance in the Upper Pelagic 
Food Web of Lake Ontario  
 

Assessing Risk of Predator-Prey Imbalance 
in the Upper Pelagic Food Web of Lake Ontario 

 
Don Stewart speaking 

Team members: 
Peter Rand, Robert O’Gorman, Jana Chrisman 

NY Sea Grant Workshop 
October 24, 2005 

 
 

New Research Directions 
NY Sea Grant Project 2006-07 

 •  Reevaluate bottom-up effects in model (e.g., Diporeia, zebras, 
   Cercopagis). 
 
•  Update salmonine predation effects to include results of Wurster 
   et al. (2005). 
 
•  Further investigate causes of periodic alewife die-offs and explosions 
   (i.e., add warm weather effects) and integrate results from O’Gorman 
   et al. (2004). 
 
•  Need updated estimates of growth, diet and survival of both natural 
   and stocked predators (i.e., synthesis of information on natural 
   reproduction). 
 
 

Workshop Talk Outline 
•  Brief history of fish and fisheries in Lake Ontario 
•  Development of an ecological food web model for Lake Ontario 
•  Management application – risk analysis 
•  Future directions for research 
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Appendix J. 
Aged-structured Model for Walleye in Oneida Lake, NY  
 

Aged-structured Model for Walleye in Oneida Lake, NY 
 

Brian Irwin speaking 
Team members:   T.J. Treska, L.G. Rudstam, P.J.Sullivan, 

J.R. Jackson, A.J. VanDeValk, J.L. Forney 
NY Sea Grant Workshop 

October 24, 2005 
 
 

Abstract 
Since the late 1950s, standardized sampling in Oneida Lake has produced three long-term 
data sets (trawl catch-per-unit-effort, gillnet catch-at-age, and adult mark-recapture 
population estimates) for walleye. The mark-recapture estimates provide a measure of 
absolute abundance over a number of non-consecutive years for adult walleye (age-4+) 
only. However, walleye collected in trawls and gillnets have been aged, providing 
independent, age-specific estimates of their relative abundance over time. Due to the lack 
of direct estimates of population abundance for sub-adult fish, the age-specific 
catchabilities of the sampling gears are largely unknown. We evaluated long-term trends 
suggested by the individual sampling approaches as well as the effects of various 
weighting assumptions on sampling components in models utilizing all available data. We 
used AD Model Builder with the three long-term data sets to simultaneously estimate 
mortality, age-specific gear catchabilities, and the abundance of sub-adult walleye. We 
also developed a more complex model to test our hypothesis that sub-adult walleye 
mortality has increased in Oneida Lake during a period of increased presence of double-
crested cormorants. 
 
 
Future Directions 

1) Evaluate uncertainty around parameter estimates 
2) Establish a prior distribution rather than a fixed natural mortality rate 
3) Forecast population given target mortality rates 

 
Objectives 

1) Synthesize long-term data from three distinct sampling approaches 
2) Estimate density of sub-adult walleye and the age-specific catchability of two 

collection gears, and 
3) Evaluate hypothesis that sub-adult walleye mortality has increased over time  
      in Oneida Lake 
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Appendix K.   
Assessing Risk of Whitefish Decline When Recruitment is Known 
 

Assessing Risk of Whitefish Decline 
When Recruitment is Known 

 
Bruce J. Morrison 

Ontario Ministry of Natural Resources 
NY Sea Grant Workshop 

October 24, 2005 
 
 

Abstract 
Lake Ontario lake whitefish have been commercially fished on Lake Ontario for well over 
100 years. The commercial fishery closely followed the fish population's recovery in the 
1980s, increasing in yield to around 1 million pounds and then declining precipitously in 
the late 1990s. In recent years, more sophisticated modeling was done to estimate 
abundance but the uncertainty around the short time series presented predictive 
problems. Also, for 6 of the last 7 years, survival of young fish has been poor resulting in 
virtually no recruitment. As recruitment is one of the more uncertain aspects of stock 
assessment, the loss of recruitment presented a unique opportunity to assess risk of 
different harvest policies albeit using rather uncertain abundance estimates. A very simple 
accounting approach was used to show potential outcomes of fisheries yields with respect 
to future adult biomasses. These polices were presented to the fishers so that they could 
accept some of the responsibility of the future of the fish population and their fishery. In 
the end, the fishers chose a more conservative approach among the options presented  
to them.  

 

Introduction: 

 Background about whitefish fishing on Lake Ontario 

 Population dynamics of LO lake whitefish 

 Communicating the risk using simple graphs 

 Conclusions 
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Appendix L.  
Ecological Economic Approaches to Resource Management Under 
Uncertainty 
 
Ecological Economic Approaches to Resource Management 

Under Uncertainty 
 

Valerie A. Luzadis 
State University of New York College of  

Environmental Science and Forestry 
NY Sea Grant Workshop 

October 24, 2005 
 

Abstract 
Ecological economics approaches issues of sustainability in a way that is particularly 
relevant to managing natural resources under conditions of uncertainty.  Most resource 
management decisions are made under the condition of uncertainty since we have 
relatively limited understanding of the complex, evolving systems of humans and nature 
that we are attempting to manage.  Often the management context is one of urgency and 
high stakes.  The ecological economics transdisciplinary approach offers alternatives to 
traditional methods by making use of participatory approaches and systems level thinking 
to inform science and management.  The background of this approach and several 
specific synthesizing tools are introduced.   
 
Literature Cited: 
•  Daiy, Herman D. and Joshua Farley. 2004. Ecological Economic Principles and  
   Applications. Island Press, Washington, D.C. 
•  Costanza, R. et al.  1997.  An Introduction to Ecological Economics. St. Lucie Press, 
   Boca Raton, FL. 
•  Erickson, J.D., Karin Limburg, John Gowdy, Karen Stainbrook, Audra Nowolsielski, 
   Caroline Hermans, and John Polimeni.  2004.  Anticipating Change in the Hudson   
   River Watershed: An Ecological Economic Model for Integrated Scenario Analysis,  
   Ch. 13, pp. 341-370 in R. Bruins and M.  
   Heberling (Eds), Economics and Ecological Risk Assessment Applications to  
   Watershed Management. CRC Press, Boca Raton, FL. 
•  Farley, J., J.D. Erickson, and H.E. Daly. 2005. Ecological Economics: A workbook 
   for problem-based learning. Island Press, Washington, D.C. 
•  Funtowicz, S.O. and J.R. Ravetz. 1991. A new scientific methodology for global  
   environmental problems. In R. Costanza, ed. Ecological Economics: the science and     
   management of sustainability. Columbia University Press, New York. 
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Appendix M. 
Communicating Risk 
 
 

Communicating Risk 
 

Cliff Scherer 
Social & Behavioral Research Unit 

Department of Communication 
Cornell University  

NY Sea Grant Workshop 
October 24, 2005 

 
 

Abstract 
This presentation will focus on methods for improving communication with various publics, 
the nature of communication, and why communicating complex scientific information is so 
difficult. It will end with some practical guidelines for addressing public issues and dealing 
with the media.  
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Appendix N.   
Workshop Evaluation and Results 
 

 

Fisheries Uncertainty Workshop Evaluation 
In order to evaluate the effectiveness of this workshop and plan for future efforts, 
please answer the following questions.  Please feel free to use the reverse for 
additional space.  Thank you! 
1.) Do you think the workshop achieved its overall goal of sharing information 

and developing a research agenda? 
Yes 85%   No     Uncertain 15% 

Comments: 
“some speakers exceeded time allocations that eliminated research agenda 

development in main session of workshop” 
“we shared info but did not get as far as the research agenda” 
“very nicely done” 
“more focus on the vast ocean of what we don’t know about Lake Ontario, and how that 

affects error in decision making” 
“I feel that the information sharing was excellent, however, time was not reserved for 

discussion for the research agenda at the actual workshop (behind schedule)”  
 
2.) Were the presentations and summary session effective/worthwhile? 

Yes 90%   No     Uncertain 10% 
Comments: 

 “A bit heavy on academics, but still good” 
 “… had a hard time following discussion summary, a little too technical, although 

content was interesting” 
“the entire range” 
“at this point the research agenda was not developed but the goal of sharing 
 information was met” 
“some were right on target – more complete coverage on statistical properties” 
“I would like to have heard more human dimensions integrated” 

 
3.) Which portion(s) of the workshop did you find the most informative and 

interesting? 
 “Evan Cooch(‘s) first talk, but I also found the communication and ecological economic 

discussions very interesting” 
 “presentations by V. Luzadis and C. Scherer” 
 “presentation by Scherer provide the most useful information for fisheries managers” 
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“the presentation by Cliff Scherer, brought up perspectives that we as 
scientists/managers don’t think about….we need more of this” 

“the economic discussions” 
“Bence, Cooch, Luzadis and Scherer” 
“economics and the media (communication) because of less prior exposure” 
“Cliff Scherer was excellent” 
“the communication session” 
“all talks that brought ideas in from other disciplines” 
“comments and questions from the floor and communication of risk” 
“how-to presentations topics for incorporation of risk into decision analysis” 
“social dimensions and theoretical basis of uncertainty” 
“Evan Cooch’s talks were great…actually I got something out of them” 

 
4.) Was the conference well organized? 

Yes 95%  No ______    Uncertain 5% 
Comments: 

“Several speaker cancellations and changes posed a planning challenge” 
“more effort should have been made to staying on schedule” 

 
5.) Were the facilities/food suitable? 

Yes 100%  No ______    Uncertain _____ 
 
6.) Would you be interested in attending a follow-up workshop on this topic in 

the future? Yes 90%  No     Uncertain 10% 
Comments:   
  “I would like to see more of an informal approach and more applications” 
 
7.) Please provide any additional suggestions or topic areas that may prove 

beneficial to organizers and researchers involved with this project? 
“Great job” 
“more time needed to discuss problems associated with communicating science to the 

public” 
“can the speaker presentations be made available or on the web that we can access?” 
“develop stakeholder workshop on this topic” 
“additional practical examples/applications of modeling uncertainty with the real world 

data sets” 
“devote an entire workshop to how uncertainty analysis was applied and utilized to make 

a decision in an actual case study with fisheries, step-by-step.” 
“more case studies where risks were assessed, presented to policy makers and end 

results were evaluated. 
“nice job, Mac! But bring barbecue to workshop of hold workshop at Shackelton” 
“avoid separate locations for workshop and follow-up discussion” 
“I believe that it is important to find out what stakeholders really want” 
“thanks for organizing this workshop ! Great job!” 
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