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Uncertainties in the Fisheries Management Process
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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 agrant from the New York
Great Lakes Protection Fund, New York Sea Grant (NYSG) developed aworkshop
designed to familiarize fisheries managers with sources of uncertainty and the basic tools
for addressing uncertainty in fisheries management. The workshop also developed alist 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 acomponent 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).

- 2 -
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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 agreat 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 asteep 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 (Omiin 1999, Matsuda et al. 2002). In so doing, these
efforts permit an apriori evaluation of aseries 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 asuite 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 aunique 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:

better understand some of the tools being applied to understand uncertainties in
managing fisheries:

better understand how uncertainties are communicated properly to fisheries
stakeholders:

3 .

4 .

5 . identify research topics/methods that will facilitate better understanding of
uncertainties in Great Lakes fisheries and ecosystems: and

- 3 -
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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 atoolbox approach that presented actual case histories of various modeling tools being
applied to address uncertainty. It was also decided to include asession 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 aspecial session convened at the Cornell
University Shackleton Point Field Station, alist of research needs to address uncertainties
in the Lake Ontario fisheries was developed as apart of agroup discussion.

Facilitated Discussion Results: Research Needs (Topics/Methodology) to
A d d r e s s U n c e r t a i n t i e s i n L a k e O n t a r i o F i s h e r i e s

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

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.

2 .

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.

Assess the feasibility of restoring native forage species (i.e., bloaters) by resolving
the disease issues and develop atarget or threshold level of restoration by
quantifying the potential impact of alewife and smelt on these native fish.

5 .

- 4 -



Managing and Communicating Fisheries Uncertainties Final Report

Identify or develop strategies for developing apublic participation process for DEC
and OMNR in response to potential sport fishing crises (i.e., stocking level
changes).

6 .

Address the uncertainties associated with aDiporeia collapse and the impact on
the benthic community.

7 .

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
w e b .

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
n e a r s h o r e a n d o f f s h o r e a r e a s .

14. Develop improved estimates of ecosystem efficiency to address how or if
production is being redirected and determine whether achange 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
b o t u l i s m .

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.

- 5 -



Managing and Communicating Fisheries Uncertainties Final Report

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 arisk communication plan to develop asuite of relative risks associated
with management decisions.

23. Revisit astudy on angler expectations either by astatewide angler survey or by a
new NYSG study.

24. Develop aprocess of understanding that will assist stakeholders to better
understand the rationales of various management decisions.

Project Implications
This workshop presented aunique 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 adecision analysis tool to aspecific
fisheries issue. Decision analysis is auseful process that facilitates decision making by
weighing pros and cons of asuite 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 adecision analysis for abass fishery in an
empoundment.

The academic participants were impressed with the innovative modeling tools presented
by Evan Gooch 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
r e s u l t s .
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As adirect spin-off of the uncertainty workshop, NYSG and Gooch 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 Gooch and researchers from the US Geological
Survey Patuxent Research Genter in Maryland and the Great Lakes Environmental
Research Laboratory (GLERL). Gollaboration is being sought with Gornell University and
GLERL. Researchers affiliated with the comparative EGOPATH 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 Gornell 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 aresult of the uncertainties workshop project:

Managing Coastal Businesses in Times of Resource and Economic
Uncertainties and Risks Workshop -aprogram 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 -aprogram taking a
case history approach for developing arisk communication plan and fish
management decision analysis re: stocking levels.

Decision Analysis Workshop for Fisheries Managers -aprogram taking acase
history approach for addressing fisheries management problems using astep-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 —aprogram on recent modeling tools
used for predicting the next Invader and for developing arisk assessment for
invasion of Asian Carp and Northern Snakehead into the Niagara, Hudson and St.
Lawrence rivers. Collaboration with academic institutions will be sought.

- 7 -
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Summary
In summary, this Great Lakes Protection Fund project is astepping 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
areal-world, case history approach so that fisheries managers better understand the
mechanics of the techniques. Aworkshop in which Lake Ontario fisheries data are
simulated, using these tools, into apredictive, probabilistically-based decision-making
framework to address specific fisheries issues is afuture 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 -
asituation once thought unachievable.
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Appendix A.
Workshop Agenda

NYSG/GLPF Workshop
Uncertainty in Great Lakes Fisheries

Holiday Inn
C a r r i e r C i r c l e

Syracuse NY
October 24“^ 2005

Agenda

8 : 3 0 Welcome, Purpose of the Workshop: Dave MacNeill /Lane Smith/ Jack Mattice, NYSG

8 : 4 5 Uncertainties in Fisheries and the Basic Tool Box: Jim Bence, Michigan State

9 : 1 5 What are the Uncertainties in the Lake Ontario Ecosystem: Tom Stewart, OMNR

9 : 4 5 State Specific Optimal Decision Theory and its Applications to Age/size Structured Models:
Evan Cooch, Cornell University

1 0 : 1 5 Ecosystem Models -ECOPATH Project: Oneida Lake and Bay of Quinte: Marten Koops, CCIW

1 0 : 4 5 B r e a k

1 1 : 0 0 Nonlinear Dynamic Models: aNew Approach for Modeling Ecosystems: Evan Cooch, Cornell University

1 1 : 3 0 The Lake Ontario Aiewife Risk Model Revisited: Don Stewart, SUNY ESF

1 2 : 0 0 L u n c h

1 : 0 0 Age Structured Walleye Model in Oneida Lake: Brian In/vin, Cornell University

Ecoiogical Economic Approaches to Understanding Resource Management Under Uncertainty:
Valerie Luzadis, SUNY ESF

1 : 3 0

2 : 0 0 Decision Analysis for Lake Whitefish Management: Marten Koops, CCIW

2 : 3 0 B r e a k

2 : 4 5 Communicating Uncertainties to the Public and Developing the Communication Plan (Facilitated
discussion): Cliff Scherer, Cornell University

What are the Research Needs to Address Uncertainties of Fisheries Management in the Great Lakes?
F a c i l i t a t e d d i s c u s s i o n

3 : 3 0

4 : 1 5 Wrap up

4 : 3 0 Ad jou rn

Barbeque at Shackelton Point Station, Informal Discussion and Brainstorming6 : 0 0

- 9 -
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Appendix B.
Speaker Biographies, 10/24/05

Jim Bence is aresearcher in the Department of Fisheries and Wildlife of Michigan
State University. He holds an M.A. degree in statistics and aPh.D. in biology from the
University of California, Santa Barbara. He has just finished afive-year stint with NMFS.
His current research specializations include fish stock assessment methods and Great
L a k e s fi s h e r i e s .

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 afisheries 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 aMasters in Science degree from York University and is aPh.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 are-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 aPh.D. candidate in
Natural Resources at Cornell University and serves as ateaching assistant for Field
Biology. He is acontributor to alarge-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
e f f o r t s .
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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. Amember of SAP 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 SAP 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 aPh.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 aB.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 astudy of
how social networks influence risk perceptions, knowledge and behaviors, and astudy of
the structure of risk messages, and how various audiences react to and understand risk
s i t u a t i o n s .

r
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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.
U n c e r t a i n t i e s i n fi s h e r i e s a n d t h e b a s i c t o o l b o x

U n c e r t a i n t i e s i n fi s h e r i e s a n d
t h e b a s i c t o o l b o x

J i m B e n c e

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.
N i e l s B o h r

" T h e f u t u r e a i n ' t w h a t i t u s e d t o b e . "
When you arrive at afork in the road, take it.

Yogi Berra
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Other examples of structural uncertainty: obs
error in stock size?; correlated process errors?;
B-H ins tead o f R icker func t ion?

R =
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- 1 4 -



Managing and Communicating Fisheries Uncertainties Final Report
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about this average, with SD=0.02 (CV=20%)

Result ing distr ibut ion of recrui tment obtained;
F c e q

6 0

S O

A O

3 0

2 0

1 0

P
50 ISO 250 350 450 550 650 750 850 950

Mean recruitment =265.3, 3over 1000 (max>2300)
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M a x i m u m S u s t a i n a b l e Y i e l d

Fishing Mortality

Topics to cover
●Types of uncertainty
●Describing uncertainty

-Fisherian Cl and SEs, Bayesian
- S t o c h a s t i c S i m u l a t i o n m o d e l s

-Propagating error to predictions
● B a s i c m e t h o d s

●Stochas t i c s imu la t i on based

●Managing in the face of uncertainty
-Burdens of proof and the precautionary approach
-Problems with ad hoc “conservative” approaches
-Decision analysis
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Types of uncertainty
●Natural variation (process error)
●O b s e r v a t i o n e r r o r
●U n c e r t a i n s t a t e s o f n a t u r e

-Parameter uncertainty
-Structural uncertainty (model misspecification)
-Process errors sometimes put here

●Implementation uncertainty
-Mistakes (ignoring discards, unaccounted for

catch,...)
-Changing goals

Acloser look at natural variation
P r o c e s s M e a n

r
8

0 2 0 0 4 0 0 0 0 0 8 0 0
D j y

P r o c e s s E r r o r

8

o

U i

8

0 2 0 0 4 0 0 0 0 0 8 0 0
D j y

A b u n d a n c e = M e a n + E r r o r

8

I S

I 8

?

0 2 0 0 4 0 0 o o o 9 0 0

D * y
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Observed recruitment =F(spawning stock)
+ e r r o r

error =process error +observation error
1 0 0 0

U ) 8 0 0 -c
o

6 0 0 -

c
0 )

4 0 0 -

■g
2 0 0 -

t t

0

0 50 100 150 200 250 3 0 0

Spawning Stock Biomass
S l i d e f r o m S t e v e M u r a w s k i

Observed recruitment =F(spawning stock)
+G(temperature)+error

error =process error +observation error

Temperature =expected value +error
1 0 0 0

w
8 0 0 -c

o

6 0 0 -

c
Q>

£ 4 0 0

‘g
o
<D 2 0 0 -
QC

0

50 100 150 200 250 3 0 0

Spawning Stock Biomass

0
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Fisherian (conventional) approach

●Parameters are fixed quant i t ies

● C o n fi d e n c e i n t e r v a l s a n d s t a n d a r d e r r o r s a r e t w o

common descriptors of the (hypothetical) distribution
of our estimate if we were able to repeat our sampling
p r o c e s s

●Hypothetical because this would require rerunning
t h e w o r l d .

O b s e n / a t i o n e r r o r

/

R = c S e ~ ^ e ‘

s~N(0,a^y
0={a,p,a^} ■

IF

Obse rved R9^ R

P r o c e s s e r r o r

,, Parameter uncertainty

6 ^ 6

1 0 0 0

^ 8 0 0
o

vS 600
c

I 4 0 0

3

^ 2 0 0

0

0 50 100 150 200 250 3 0 0

Spawning Stock B iomass
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Why can uncertainty affect the
bes t dec is ion?

1. Because of our attitudes to risk

Are you agambler? How big risk are you
willing to take?

Option B: 50% chance
to lose $200
versus 50% chance to
win $400

Option A: $10,
guaranteed

Expected value of Ais $10
Expected value of Bis $100

C o n fi d e n c e i n t e r v a l

●If we were able to repeat our sampling
many times, a95% confidence interval
would overlap the true value 95% of the
t i m e .

●This is not the same as saying there is a
95% probability the true value is in the
i n t e r v a l

- 2 0 -
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S t a n d a r d e r r o r

●T h i s i s t h e s t a n d a r d
dev ia t i on o f t he es t ima ted

quantity (parameter or
something calculated
from parameters).

●Often “ incor rec t ly ” used ^
as though it describes the
d is t r ibu t ion o f the

parameter (e.g., in risk
assessment).

P a r a m e t e r e s t i m a t e

Ways of estimating standard errors
a n d c o n fi d e n c e i n t e r v a l s

●Distributional theory (usually normal)
♦Asymptotic approximations

-Approximations can be for both distribution
and propagation of errors

●Jackknife and bootstrap
-Replace normal assumptions with calculations
-Sti l l make assumptions
-Perform best when sample sizes are large

- 2 1 -
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Standard asymptotic inference in
nonlinear regression and max likelihood

●First obtain an asymptotic variance-covariance matrix

●B a s e i n f e r e n c e s o n t - o r n o r m a l d i s t r i b u t i o n a n d
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: I=o^eOV)~^

●For general maximum likelihood: I=-H-

●For quantities calculated from parameters use delta method
(propagates errors)

- " u
C T - 2 J● I n f e r e n c e s d e p e n d

upon the var iance-
c o v a r i a n c e m a t r i x :

2 2 2
i 2 f J

^ 2 c r ^

●D i a g o n a l e l e m e n t s
a r e v a r i a n c e s o f

parameter es t imates ,
o f f -d iagona ls are
c o v a r i a n c e s .

0, ±1.967
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Graphical portrayal of the basis for asymptotic
s t a n d a r d e r r o r s

M e a s u r e c u r v a t u r e o f

log likelihood surface at
the peak^SE

5
r a

T J

O
■ o
o
o

V

P a r a m e t e r v a l u e

Likelihood profile procedure
F i n d t h e M L E

Fix the parameter of interest over arange
(above and below the best estimate)
Find the MLE for these “reduced” models (with
the target parameter fixed at arange of values).
Find the range of fixed values that do not
degrade the fit (in terms of likelihood) too much.
T h i s d e fi n e s a c o n fi d e n c e i n t e r v a l .

- 2 3 -



Managing and Communicating Fisheries Uncertainties Final Report

Graphical portrayal of likelihood profile method

st i l l asympto t i c
N o t a s s e n s i t i v e t o

l i near i t y
Can produce non-
s y m m e t r i c
c o n fi d e n c e i n t e r v a l s

r a
T 3

O

■ O
o
o

P a r a m e t e r v a l u e

Bootstrap methods
●Basic idea is to pretend that frequency of

observations in data approximates true
probability density function, (observed
frequency is called empirical pdf)

●Resample (with replacement) from the observed
data to obtain apseudo-sample

●Calculate statistics of interest for pseudo¬
samples

●Make inferences based on frequency distribution
of statistics calculated from pseudo-samples.
Th is es t ima tes the d is t r i bu t ion fo r the s ta t i s t i c o f
i n t e r e s t .
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Assumptions of bootstrap
procedure

●Assumes independent and identically
d i s t r i b u t e d d a t a .

●Performance can depend upon depend
sample size.

●Does not assume normality for data or for
statistic being evaluated.

Bootstrap advantages and
disadvantages

●Is not guaranteed to work for all cases.
●Can allow confidence intervals for complex

functions of the parameters that were
directly estimated.

●There are more sophisticated bootstrap
approaches that sometimes work better
but these are more complicated to
c a l c u l a t e .
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Standard errors are estimates!

●We want data and estimation procedure so that
real uncertainty is low.

●Want estimate of uncertainty to be as close to
correct as possible.

●Underestimating uncertainty does not make
actual uncertainty small.

●Real example: Indices of abundance based on
mixed models (GLMMs) have larg
s t a n d a r d e r r o r s t h a n t h o s e b a s e d
linear models (GLMs). This is because the
GLMs incorrectly assume all the observations
are independent!

e r e s t i m a t e d
on general

What is this Bayesian stuff
anyway?

●Bayesian statistics is just another
method for doing things like asymptotic
standard errors versus bootstrap standard
errors. Different paradigm!

●For Bayesians all the parameters are
r a n d o m .

●Bayesians have to specify aprior
probability distribution for the parameters.
-Wha t i s i t we be l i eve be fo re we see t he da ta
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Why use the Bayesian approach

●How probable different parameter values are is
really what we want to know (for risk
assessment and decision analysis).

●Many uses of bootstrap and asymptotic standard
er rors t rea t the d is t r ibu t ion o f the es t imate l i ke i t
is the distribution of the parameters.

●This is can be reasonable approximation of
Bayesian approach when our prior distributions
are “flat” and the resulting “posterior distribution
is not too asymmetric.

●If you want to act like aBayesian there is no
escape from priors!

Risk Attitudes -Utility
utility is used to re-scale outcomes
according to adecision-maker's risk attitude

R i s k a v e r s e

Utility
R i s k n e u t r a l

R i s k s e e k i n g

O u t c o m e
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Example: Asymmetrical
O u t c o m e s

the “best guess
"X (Fbg)

management
a c t i o n i s
" t h e b e s t "p( )

Harvest policy (e.g., F)

Asymmetrical Outcomes
If Fbg is applied to the fishery...

underexploitedoverexploited

B e n e fi t

True “best" harvest rate (F)
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Why can uncertainty affect the
b e s t d e c i s i o n ?

●Asymmetrical outcomes can alter the best
d e c i s i o n - c a l l e d a “ l o s s f u n c t i o n ”

●Asymmetrical uncertainty distributions can alter
t h e b e s t d e c i s i o n t o o

●Not easy to determine when uncertainty will
m a t t e r

●Wise not to assume it won’t matter (i.e., ignore
uncertainty)

●See Frederick and Peterman, 1995. CJFAS
5 2 : 2 9 1 - 3 0 6

2. Account for uncertainty
subjectively and qualitatively

P o t e n t i a l a b u s e s
justify status quo
e.g,, acid rain -“we don't know enough to act'

justify extreme pessimism
e.g., zero discharge -“we don't know effects so don't do anything

justify optimism
e.g., cage aquaculture, northern cod fishery -“risks poorly known, and
benefits are large"

justify moderate pessimism
e.g., 80% of -“build in amargin for error'

- 2 9 -
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Subjective approach and burden of
proof -two examples

●During the early 1990s in the southeast Atlantic
quotas set for some stocks so that the upper
b o u n d f o r t h e c o n fi d e n c e i n t e r v a l f o r F w a s
below atarget. Burden is to show that Fis not
too high.

●During late 1980s in California, elevated levels
of some water quality parameters were
prohibited. Elevated was defined by being
significantly higher than background. Burden is
to show there is any increase.

The Precautionary Approach
●The precautionary approach versus the precautionary

principle.
●“The precautionaiy approach is about applying judicious

and responsible fishery management practices, ...,
proactively rather than reactively (once all doubt has been
removed)...” (Restrepo et al. 1999)

●“The [FAO] guidelines do not explicitly call for areversal
of the burden of proof,... they conclude that if the
precautionaj7 approach is properly applied, then the
burden of will be appropriately placed.” (Mace and
Sissenwine 2002)

●Reality is that in most US Marine cases the precautionary
approach has led to subjective justification for moderate
pessimism (treat FMSY as maximum rather than target...)

- 3 0 -
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W h a t t o d o ?

●Many fisheries scientists have explored the
effect of uncertainty on fishery policies

●There are no general rules of thumb
-It depends on your fishery and on manager

s t a k e h o l d e r a t t i t u d e s t o r i s k

●Growing consensus is to use simulation and
decision-theoretic approaches to evaluating
policies

What does that mean?
●Develop tools that allow you to simulate the

effects of different policies on management
outcomes of importance to managers and
s t a k e h o l d e r s

●Design the simulations so that they can include
critical uncertainties and forecast the distribution
(range) of possible consequences of apolicy

●Search for policies that appear to perform well
under avariety of possible true “states of nature”,
and that are not sensitive to assumptions
included in your models

●In general, this kind of approach can be called
“Decision Analysis”
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Putting decision analysis in context

Risk Management

Oecision Analysis

Risk Assessment

Steps of decision analysis
Management objectives
Management options
C r i t i c a l u n c e r t a i n t i e s - a l t e r n a t i v e s t a t e s o f
n a t u r e

P r o b a b i l i t i e s o f a l t e r n a t i v e s t a t e s

M o d e l t o f o r e c a s t o u t c o m e s

D e c i s i o n t r e e

R a n k e d o u t c o m e s

Sensitivity analysis
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Asimple example
●Management objective: maximize cumulative

h a r v e s t

●Management options: alternative harvest
r a t e s

●Critical uncertainty: natural mortality
hypothesis (M fixed or Mdecreases when F
increases)

●P r o b a b i l i t i e s : w h o k n o w s ? 5 0 : 5 0

●Model: simple age-structured model, with
stock-recruitment relationship

●D e c i s i o n t r e e : . . .

p

ASimple Decision Tree
O u t c o m e s

(cumulative harvest)
Management
opt ions

Sta tes o f na ture

c o m p e n s a t o r y 1 3 , 3 0 0p = . 5

H a r v e s t

r a t e ■ - n o t I
p = . 5 1 1 , 8 0 0

0 . 4

1 4 , 3 0 0

0 . 5

11 , 5 0 0

0 . 6
1 4 , 5 0 0

3 , 2 0 0
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Comparing management options
ranking outcomes

Option
(Harvest rate)

C a l c u l a t i o n Uncertainty-weighted
o u t c o m e

. 4 5*13,300+ .5*11,800 12,550

. 5 5* 14,300+ .5*11,500 12,900

. 6 .5* 14,500+ .5*3,180 8,840

What if? -sensitivity analysis
O u t c o m e s

(cumulative harvest)
Management
options

S t a t e s o f n a t u r e

compensatory 1 3 , 3 0 0p = . 2

H a r v e s t

r a t e not compensatory 1 1 . 8 0 0p = . 8

0 . 4

1 4 , 3 0 0

0 , 5

11 , 5 0 0

0 . 6
1 4 , 5 0 0

3 , 2 0 0
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Comparing management options
changing degrees of belief

Option
(Harvest rate)

C a l c u l a t i o n Uncertainty-weighted
o u t c o m e

. 4 2 * 1 3 , 3 0 0 + 8 * 11 , 8 0 0 12,100

. 5 . 2 * 1 4 , 3 0 0 + 8 * 11 , 5 0 0 12,060

. 6 2 * 1 4 , 5 0 0 + 8 * 3 , 1 8 0 5,444
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Appendix E.
Uncertainties in the Lake Ontario Ecosystem

Uncertainties in the Lake Ontario Ecosystem

T. J . S t e w a r t

University of Toronto and
Ontario Ministry of Natural Resources

NY Sea Grant Workshop
October 24, 2005

A b s t r a c t
In this presentation, Ipresent my perspective on the major uncertainties in the Lake
Ontario ecosystem. My purpose is to stimulate discussion and provide aframework for
the consideration of uncertainty. Iexamine 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, Ipropose Tom’s Top Ten Lake Ontario
U n c e r t a i n t i e s .

O v e r v i e w o f P r e s e n t a t i o n
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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The management decision process
as the contex t fo r our in te res t in

uncertainty

I D E A L I Z E D M A N A G E M E N T D E C I S I O N P R O C E S S

System State

S c i e n t i fi c

Understanding
/Societa l Benefits

&Percep t ions

X

Management Objectives

♦ I
P u b l i c

C o n s u l t a t i o n

♦
Management Actions

I
Changed System State
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Sources of Uncertainty

MANAGEMENT DECISION PROCESS- Sources of Uncertainty

O b s e n r a t i o n i

{Erroî -S y s t e m S t a t e

P r o c e s s ^
E r r o r >

oc io-pol i t icafv
B e n e fi t s

/ & Perceptions
S c i e n t i fi c

Understanding
C o n c e p t u a l

E r r o r jV

Lack csP^\Management Objectives
Clarity ♦♦

P u b l i c
C o n s u l t a t i o n

o m m u n i c a t i o
E r r o r

I
Management Actions

mplementatioi
^ E r r o rI

e r r o r s o u r c e s m o d i fl e d a f t e r

Peterman (2004)Changed System State
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Scales of Uncertainty

S c a l e o f u n c e r t a i n t i e s
S m a l l Large

bservational
E r r o r Determining the

age of afish
Estimating population
a b u n d a n c e

P r o c e s s

E r r o r
V a r i a t i o n a r o u n d

size-at-age
Va r i a t i o n i n r e c r u i t m e n t

Thinking that invasive
species only have
negative impacts

Overgenerallzatlon
Conceptual

E r r o r

P o o r c h o i c e o f a
s t a t i s t i c a l m o d e l

Missing important species
i n t e r a c t i o n s I n m o d e l s
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S c a l e o f u n c e r t a i n t i e s
S m a l l Large

/^cio-politicah
VUncertalnty^

Reaction to apoor
fishing season

Change in government
or fiscal priorities

Oversimpl ificat ion
of ecosystem
p r o c e s s e s

Not communicating
key ecosystem drivers

: o m m u n i c a t l o l

E r r o r

Wishy-washy
management policy
or objectives

L a c k o f

C l a r i t y
No policy (eg. wild
production of Chinook)

W a t e r e d d o w n h a r v e s t
r e d u c t i o n

Not monitoring
compl iance

mp lemen ta t i o i
^ E r r o r

Ano ther sca le i ssue

> .

.1
« 0

r

o
c

3

o

O )
®

a
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Lake Ontario Examples
Tom’s Top Ten Lake Ontario Uncertainties
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C h i n o o k R e c r u i t m e n t

What happens to the abundance of
Chinook i f we stock more?

A n s w e r 1 : I f w e s t o c k m o r e w e

get more Chinook
1

D C

5= 4

1I m

^ 3

« 2
U

« 1

10

0 1 2 3 4 5

Stocking (millions)
1O b s e r v e d 1 9 7 4 ^ 1 9 9 5

P i e t U c t e d 1 9 7 4 - 1 9 9 5

Predicted with lamprey effect

O b s e r v e d 1 9 9 6 - 2 0 0 2

P r e t U c t e d 1 9 9 6 - 2 0 0 2

1
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Answer 2: If we stock more we get
the same number of Chinook

X 5
S C

g ^
^ 3
“ 2

« 1
i j

^ 0
0 1 2 3 4 5

Stocking (millions)
O b s e r v e d l 9 7 4 - 1 9 9 5

*Predicted -no lamprey effect

O b s e r v e d 1 9 9 6 - 2 0 0 2

Predicted with iamprey effect

Answer 2: If we stock more we get
t h e s a m e n u m b e r o f C h i n o o k

Maybe.... but what is the mechanism?

>Competition with other young Chinook?
>Predat ion and/or cann iba l i sm?

>Wild production is driving the system
not stocking?

> S o m e c o m b i n a t i o n ?
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■ 1 ‘ < v

i i i H i t n i i i t t lc i m i i m m i

n m - i U M t i M t H M

4X

4 '

i i t t i u i t m

D i e t a n d d i s t r i b u t i o n s h i f t s o f

offshore prey fish, including
goby

●O’Gorman et al. (2000) documented a
distribution shift to deeper depths by
aiewife and juvenile lake trout

●Walsh et al. (in prep.) documented
increased depth distribution of round
gobies (up to 150 m. of water)

●What are the consequences?
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Increased consumption of Mysis by
a l e w i f e ?
1 0 0 %

i l l
B B , I I I

1 9 8 8 7 5 %

Oswego, Rochester, Olcot t
(from Mills et al. 1992)

5 D %

2 5 %

0 %

April-May

|nCercopagis BOlherinduding amphipods nMysids ■Zooplankton aBylhQlrephes |

J u n e July September O c t o b e r

1 0 0 %

7 5 %2 0 0 4
Oswego, Rochester, Olcot t

(p re l im inary resu l ts )
5 0 %

2 5 %

0 %

April-May J u n e July September O c t o b e r

BCercopagis nBythotrephes BOther including amphipods □Mysids BZooplankton

Bloater-Alewife-Mysid-Chinook
I n t e r a c t i o n s

●there is aprogram to re-introduce
deepwater ciscoe (Bloater)

●what are the potential consequences?
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Simplified Lake Ontario Offshore Food Web

Bytho t rephes ● B L O A T E R ?

E d i b l e

Phy top lank ton
C h i n o o k

S a l m o n
Cercopag is A l e w l f e

u L a k e
C l a d o c e r a n sD i a t o m s S m e l t T r o u t

Copepods
S l imy

S c u l p i n s R a i n b o w
T r o u t

N u t r i e n t s

VM i c r o -

z o o p l a n k t o n

S t i c k l e b a c k s

DIpore la O t h e r

T r o u t &
S a l m o n

N o n - e d i b l e

Phy top lank ton
R o u n d

G o b yO t h e r
B e n t h o s

N e a r s h o r e
P r o d u c t i o n □ r e l s s e n i d sM y s i d s

V

Detr i tus
(all groups contribute) j T

Will there be adequate Mysid production
to support alewife and bloater?

B̂LOATER?:B y t h o t r e p h e

a IE d i b l e

Phy top lank to r i
C h i n o o k
S a l m o n

C e r c o p a g i s A l e w l f e
I

L a k e
C l a d o c e r a n sD i a t o m s S m e l t T r o u t

C o p e p o d s
S l i m y

S c u l p i n s
R a i n b o w

T r o u t
N u t r i e n t s

M l c r o -

o o p l a n k t o n

S t i c k l e b a c k s

O t h e r
T r o u t &

S a l m o n

DIporelaN o n - e d i b l e

Phy top lank ton
R o u n d

G o b yrO t h e r

( en thos
N e a r s h o r e

P igducUon D r e l s s e n i d sM y s i d s

y

D e t r i t u s

(all groups contribute) y*■v
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Could bloater reduce alewife abundance thus releasing
Bythotrephes and Cercopagis from predation and

increasing pressure on zooplankton prey?

■B L O AT E R ? r >Bythotrephe
. ● \

E d I b I *
P h y t o p l a n k t o n

C h i n o o k
S a l m o n

I

Cercopagi t A l e w i f e
»

I, L a k e
T r o u t

C l a d o c e r a n aD i a t o m s

r
S m e l t

Copepods
Slimy

Sculplns
R a i n b o w

T r o u t
N u t r i e n t s

M i c r o -

ooplankton

S t i c k i e b a c k s
O t h e r

T r o u t s
S a i m o n

OiporelaN o n - e d i b l e

Phytoplankton
R o u n d

G o b yO t h e r
i e n t h o s JN e a r s h o r e

D r e l s s e n l d sMysids

D e t r i t u s

Are there states of the food web supporting recreational
s a l m o n i d fi s h e r i e s a n d s u s t a i n a b l e b i o m a s s e s o f

alewife, bloater and Mysids?

B̂LOATER?:Bythotrephe

E d i b l e
Phytoplanktor

C h i n o o k
S a l m o n^Cercopagis A l e w i f e

f

L a k e
T r o u t

C l a d o c e r a n s

T
D l a t o m i S m e l t

Copepods
Sl imy

Sculplns
R a i n b o w

T r o u t
N u t r i e n t s

M l c r o -

jooplankton
S t i c k l e b a c k s

□Iporela O t h e r
T r o u t s
S a l m o n

N o n - e d i b l e

Phytoplankton
R o u n d

GobyO t h e r

I e n t h o s

N e a r s h o r e
P r o d u c d o n D r e l s s e n l d sMysids

D e t r l t u a
(all groupa contribute)S .
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Would bloater increase the efficiency of the food web
by feeding on hypolimnetic zooplankton and Mysids?

B L O A T E R ^Bythotrapht!
/ / \

E d i b l e

P h y t o p l a n k t o n
C h i n o o k
S a l m o n

\
/

Cercopagis A l e w l f e

A \
A

2 L a k e
T r o u t

C l a d o c e r a n aD i a t o m s S m e l t

/ )
Copepods

S l imy
Sculpins R a i n b o w

T r o u t
N u t r i e n t s

M l c r o -

ooplankton

S t i c k l e b a c k s

DIporela O t h e r
T r o u t s
S a l m o n

N o n - e d i b l e

Phytoplankton
R o u n d

G o b yO t h e r
i e n t h o s

N e a r s h o r e

PraductlQn D r e l s s e n i d sMysids

J -

D e t r i t u s
Ml oroupt contribute!S .

The nearshore phosphorus shunt
(Hecky et al. 2004, CJFAS, 61 1285-1293)

●aconceptual model describing achange in
nearshore to offshore nutrient and energy
fl u x e s a s a r e s u l t o f m u s s e l s

●Increased deposition of nutrients in the
n e a r s h o r e
-higher downstream discharge
-poorer water quality in the nearshore
-increased Cladophora growth
- l o s s o f p r o d u c t i o n p o t e n t i a l t o t h e o f f s h o r e

- 4 8 -
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Anticipating thresholds and
irreversible states of the system
●Bay of Quinte walleye (we can’t go back to the

1980s)
●Lake whitefish (changed growth, recruitment,

and distribution patterns?)
●Anew alewife depth distribution?
●Phosphorus shunt- is phosphorus cycling

d i f f e r e n t n o w b e c a u s e o f m u s s e l s ?

●Is wild production going to dominate Chinook
r e c r u i t m e n t ?

●Can we anticipate other thresholds and
i r r e v e r s i b l e s t a t e s ?

Determining the consequences
of being wrong

●Stocking
-What are the consequences of over-stocking?
-What are the consequences of under-stocking?
-Are the costs comparable in both cases, how do we

d e c i d e ?

●B l o a t e r R e - i n t r o d u c t i o n

-What are the consequences of not trying to
r e h a b i l i t a t e b l o a t e r ?

-What are the consequences of trying, but failing?
-What are the consequences of succeeding, but

having to give up some alewife and salmon
product ion?

- 4 9 -
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No conceptual paradigm for the
current mixture of mostiy non¬

native species
●Our mixture of species has no evolutionary

history
●We are missing knowledge concerning

these novel situations and interactions

●We are missing knowledge about the
consequences of actions and events like
re-introductions, or appearance of new
e x o t i c s

●no way of getting that knowledge

H o w r e s i l i e n t i s t h e L a k e O n t a r i o

ecosystem?
● E v i d e n c e f o r :

-we have yet to see acatastrophic change in salmon
production and the recreational fishery economy
despite phenomenal changes in the foodweb

- w e d i d s e e d r a m a t i c c h a n a e s i n t h e w h i t e fi s h
population and associated commercial fishery but it
may have stabilized?

-there has been no new species extirpations since the
G L W Q A

-biodiversity has increased (albeit through exotic
invasion and introductions)

- 5 0 -
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H o w r e s i l i e n t i s t h e L a k e O n t a r i o

e c o s y s t e m ?
●Evidence against:

- w e c a n ’ t s e e m t o r e h a b i l i t a t e l a k e t r o u t

-many fish are un-fit for human consumption
-we still have to stock to maintain large predators and

r e c r e a t i o n a l fi s h e r i e s

-we still have to control sea lamprey

Summary -Tom’s Top Ten Lake
O n t a r i o U n c e r t a i n t i e s

●Estimating abundance of major species
●Stock-recruitment key species (Chinook, alewife)
●The next exotic and it’s impacts
●Diet and distribution shifts of offshore prey fish, including

goby
●Bloater-Alewife-Mysids-Chinook interactions
●Nearshore/offshore transfers of energy and material
●Thresholds and points of no return (can we anticipate them?)
●Estimating the consequences of being wrong
●No conceptual paradigm for amixture of invasive species
●Resiliency of the Lake Ontario foodweb?

- 5 1 -
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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

E v a n C o o c h

Department of Natural Resources
Cornell University

NY Sea Grant Workshop
October 24, 2005

A b s t r a c t

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 asteady-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 aparticular 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.

- 5 2 -
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driving the big ship: problem of momentum

Fifh uncsrtBirty -October, 2005

decision making for management

specify objective

characterize the system to be managed (models, state
variables, system dynamics)
identify constraints (physical, economic, political) and
decision options

acknowledge uncertainty about our understanding of
and ability to control system
derive optimal strategy: this has the best chance of
meeting our objective, given the system, constraints
and our uncertainty

- 5 3 -
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t

I

step 1-specify objective

Exploitation of wild resources

■traditionally 'harvest' (consumptive) based
■the tradit ional value of the harvest is economic

■more recently, non-consumptive use

V

i J / Designated Fish Sanctuary
N O F I S H I N G

t s A p d l
t \

A C a t c h &

R e l e a s e R o l l c y f

n i « S l » lOKI
> I

‘ A
^ i . . 5 ^
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Quantitative Fish Dynamics

step 2-derive adequate models

G e n e r i c ' h a r v e s t ' m o d e l s . . .

■objective: maximum long-term
sustainable harvest

■state variables: number of licenses,
population size, etc...

■model set: includes models with both
compensatory or additive mortality,
various functional forms for D-D

■model structure: typically scalar,
Markov ian

4 -

●1!
€i-

- 5 5 -
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All models are wrong,
some are useful

I t

I I

George Box

7 ^
Ik '4 ^

t ■

' *

L ' - m

. * '

V'h>

step 3-derive optimal decisions
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Optimal decision theory

decisions (harvest) dependent on
s t a t e

optimal strategy generally depends on
t ime hor izon

multiple tools -most common is
stochastic dynamic programming
DP can provide optimal solutions
under most types of uncertainty

K i l l

■J -

J U i i . N i m i s

typical harvest model

Nm =^Nf-E

E=number harvested per
projection interval

scalar models -assume all individuals are the same

- 5 7 -
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h o w e v e r . . .

t h e r e a l w o r l d i s n ' t s c a l a r ! !

many populations have significant 'stage'
s t r u c t u r e

individuals in different stages contribute differently
to population growth
since our purpose is to control population growth,
harvest and harvest models must account for
these differences! (harvesting abig fish is not
afe/770^/ap/7/c3///equivalent to aharvesting asmall
fish)

dual problem

1. how can we measure the relative value of an
individual?

2. can we find the optimal harvest that accounts for these
differences in relative value?

1 2

- 5 8 -
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0

...a ~5% decline In population
size before stabilizing to X=1.0

^great . . . r ight?

^assumption:= S A D

^what if Hq <> SAD??

-1

V

,.2[
I

, - 3

- 4

- 5

- 6 -
0 2 64 8 1 0

t i m e

expected change in population size: n^ <> SAD

6 0 1
I

Mean =22.12 (Cl: 1.23-40.2)

5 0

4 0 i

Given uncertainty in n^,, expectation following
harvest is for a~22% increase in population
before stabilization, not adecrease!

t
Q
●2 0 - 1 0 0 1 0 2 0 3 0 4 0 5 0

%change in population size before stab(iizalion
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A b u n d a n c e

1 2 0 0 0 0 0

1 0 0 0 0 0 0 T

800000]( A

0 )
n

£600000 ~
3
z

4 0 0 0 0 0 1 r

2 0 0 0 0 0

0
2 0 0 1 2 0 0 2 2 0 0 3 2 0 0 4 2 0 0 5 2 0 0 6

■2 0 0 4 M o d e l a 2 0 0 3 M o d e l

Some MNR Objectives

^Ensure long term sustainability of the
ecosystem so that we:
●Protect biodiversity
●E n h a n c e a n d m a i n t a i n s o c i o - e c o n o m i c

benefits,

^ U s e s o u n d s c i e n c e

^Be transparent and encourage democracy
in decision making

j

5

- 1 5 1 -
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example: age-structured model

arbitrary structured species X

f05.F2 i
5. 0
0 S s
0 0

0 L

0 h , L
M M O

"projection mai

FMi uncertainty >Octdia'. 2005

simple example: 2age-class model

"both classes can reproduce
■offspring survival (0-1): 0.4
■yearling survival (1-2): 0.5
■adult survival (2+): 0.65
■ = 0.75, ^2+ =1.5

0 . 6

- 6 1 -
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simple example: 2age-classes

0 . 6

. 5

.. . the harvest of 1

adult is equivalent
to the harvest of
1.5 juveniles...

/ f

A = 1 . 0 5

ro.4440 . 3 0 . 6

0 . 5 0 . 6 5

w =

A =

v =
1 . 5 0

...the harvest of 1
adult is equivalent
to the harvest of
1.5 juveniles...

\ \

1 . 0 0
v =

1 . 5 0
f f

This equivalence means that the equilibrium
harvest Is avector of different proportions
of adults and juveniles

- 6 2 -
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H u d s o n R i v e r W a t e r s h e d

Application of EE Approach

■“Tytannv ot sirinll decisions” leads to vuban sprawl
and resulting ecological change (scale): URGENT

■Baseline data on the ecosystem is spotty, researcli is
on-going and slow: UNCERTAINTY"

■It feeds into the NYC watershed and provides
b e n e t i t s t o r l o c a l c o n m i u n i t i e s : H I G H S I ' A l v E S

■System meet needs of many difierent stakeholders in
diilerent ways: V A L U E S M A T T E R

H u d s o n R i v e r W a t e r s h e d
CM 5taiMbrooK.* ’I D . E i i . k j n . * K a r u i L L

vosieliki/ Corolino Hcrmaio.* jn<l Jolui Polii
( l o w d v / K

A u d r a . M

R u b . K i i i k I N . fi s i l V I I I V i

al Si i»ti<» Hill Fiif.vnv, Svi iriB»,
dc9, R»Rts«Uti Polvi*claQc tnniniit, I>ov, btS' 121%

il ItM'iMBri-v, I I . H u l t n u i i i i i .
N v m i aI>Hii'fU-ii> »l Nm O i l i - i

D » p n o i u r a o t

S9

- 1 6 8 -
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2. Value-specific harvest

■optimal harvest will be structured

■more uncertainty:
we don't know population structure
for some taxa, we can't choose who to harvest
human d imensions

j a v e w a n s

/

- 6 4 -
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suboptimal ‘rule-of-thumb’ approach

minimizing uncertainty: nonoptimal 'ruie of thumb'

m i n i m u m h a r v e s t s e t

0 . 0 6 5 0

' 0 . 1 30

conservative strategy set

‘>0.13 proportional harvest rate (unknown age),
population decline

<0.065 in bag (unknown age), population increase

/ /

n

- 6 5 -
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optimal control -vulnerability vector

,■differential vulnerability based on size (or other structuring
factor)

■structure of harvest determined by vector
/

2 S M M 2 8 M M

^ m H M 1 9 N B C r 3 / 0

5 f t H M 1 6 N B

HOSOJ! MUSTO^̂ ^
m H M 2 2 N B

I

4 / 0

^ CH M M N B

5 / 0M M 2 3 N B

C H M 1 2 N B

1 S M M 3 4 M M

r e s u l t s f r o m r u l e - o f - t h u m b h a r v e s t

1 0 3 0

1020 ●

adults only harvest
1010 ●

u

C1000 -
h a r v e s t b o t h. 2

990 ●3

t \

9 8 0

S

j uven i l es on l y ha rves t9 7 0

9 6 0 T

0 2 4 6 8 1 0

t i m e
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driving the big ship: problem of momentum

«

Significant empir ical needs

●derivation of functional form for density-dependence

●derivation of state-dependent models for geese
W h a t a r e e n v i r o n m e n t a l d r i v e r s

● h u m a n d i m e n s i o n s i s s u e s
acceptable, maximum to lerable —what const i tu tes
upper l imit

d e r i v a t i o n o f m i n i m u m

✓v u l n e r a b i l i t y v e c t o r

- 6 7 -
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D e fi n i t i o n o f m o m e n t u m

N Population size at time ttM = l i m
/->oo ]\ Population size at time 00

● 1.1: equil. population is 10% larger

●M= 1.0: equil. population is same size

●M= 0.9: equil. population is 10% smaller

M =
r ^ R o

Example: reducing growing population

0 0.65 0.75 0.85 0 . 9 5

0.4 0 0 0 0

0 0.75 0 0 0

0 0 0.75 0 0

0 0 0 0.75 0 . 7 5

AoW —

\ = 1 . 0 5 6

- 6 8 -
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example: reducing growing population

0 0.65 0.75 0.85 0 . 9 5

0.4 0 0 0 0

0 0.75 0 0 0

0 0 0.75 0 0

0 0 0

Ao/c/

0 0.607 0.700 0.793 0 . 8 8 8

0.4 0 0 0 0

0 0.70 0 0 0

0 0 0.70 0 0

0 0 0 0.70 0 . 7 0

\ = 1 . 0 5 6

Aneiv

r e d u c e
a d u l t

s u r v i v a l

CharvestO X = 1 . 0 0 0

expected change in population size

0 0.607 0.700 0.793 0 . 8 8 8

0.4 0 0 0 0

0 0.70 0 0 0

0 0 0.70 0 0

0 0 0 0.70 0 . 7 0

^new~

X = 1 . 0 0 0

M = 0 . 9 5 3 8 ... expected ~5% reduction in population
size before stabi l izat ion

- 6 9 -
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1; 1

I

OiI

'Z ...a ~5% decline in population
size before stabilizing to X=1.0

Zgreat...right?

^assumption:= S A D

Zwhat if Oq <> SAD??

- 1 r
N

Oi '2\
S i

, - 3

I

●4

- 5

- 6 ^
0 2 4 6 8 1 0

l i m e

expected change in population size: n^ <> SAD

6 0

Mean =22.12 (Cl: 1.23-40.2)

50

4 0

Given uncertainty in n^, expectation following
harvest is for a~22% increase in population
before stabilization, not adecrease!

j0
20 3 0 4 0 5 0●2 0 - 1 0 0 1 0

%Change in population size before stabilization

- 7 0 -
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t a r g e t m o m e n t u m

Fish uncertainty -October, 2005 3 7

ta rget momentum: p laus ib le bounds

3 5 0 4 0 0 4 5 0 5 0 0

juveniles

- 7 1 -



Managing and Communicating Fisheries Uncertainties Final Report

T h e o r e t i c a l r e s u l t s t o d a t e . . .

^If system completely identified (observed), SDP will
provide an optimal solution to achieve point objective

'Z The optimal decision space if objective is to achieve
point objective with momentum constraint very small

^If system only partially observable, achieving optimal
control, especially given momentum constraint,
probably not possible

f u t u r e t h e o r e t i c a l w o r k . . .

■other kinds of structure (especially spatial)

*addition of time constraint, and different objectives (e.g.,
mean/variance)

■'model' complexity -how much is needed
population models, vunerability vectors

the graphs are difficult to visualize
^the math gets harder

observation gets more difficult/costly
■frequency-dependence of stage-structure

timing of decisions

- 7 2 -
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Timing of management decisions

most management based on annual decisions (annual
harvest regulations)
is this optimal for structured (non-Markovian)
populations?
non-linear response -'oversteering'

●*" ■- I -

V -
j .

L : . J
m s k

a\

Fish unoertaifty -1 r. 2 0 0 5 4 1

Significant empirical needs

/derivation of functional form for density-dependence

derivat ion of state-dependent models
w h a t a r e e n v i r o n m e n t a l d r i v e r s

h u m a n d i m e n s i o n s i s s u e s

vulnerability vector

- 7 3 -

r



Managing and Communicating Fisheries Uncertainties Final Report

juvenile survival: density-dependence

N(densHV/ abundance)

reproduction: density-dependence

AT(den^ abundance)

- 7 4 -
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Significant empirical needs

●derivation of functional form for density-dependence

✓der ivat ion of of s tate-dependent models —
w h a t a r e e n v i r o n m e n t a l d r i v e r s

● h u m a n d i m e n s i o n s i s s u e s - d e r i v a t i o n o f m i n i m u m

acceptable, maximum tolerable —what constitutes
upper limit

●vulnerabi l i ty vector

Significant empirical needs

●derivation of functional form for density-dependence

●derivation of of state-dependent models for geese —
w h a t a r e e n v i r o n m e n t a l d r i v e r s

/ h u m a n d i m e n s i o n s i s s u e s

●vulnerabi l i ty vector

- 7 5 -
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Appendix G.
Comparative Ecosystem Modelling in the Bay of Quinte and
O n e i d a L a k e

Comparative Ecosystem Modelling in the
Bay of Quinte and Oneida Lake

Marten A. Koops
Great Lakes Laboratory for Fisheries and Aquatic Sciences

F i s h e r i e s a n d O c e a n s C a n a d a

NY Sea Grant Workshop
October 24, 2005
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Upper Boy of Quinte
Area : 133 .4 km^

Mean Depth: 2.5 m
Max Depth: 14.1 m

I

i

Oneida Lakt
A r e a : 2 0 6 . 7

Mean Depth
Max Depth:

« ? . ,

h

r

Phytoplankton Biomass (t/km^)

Boy of Quinte O n e i d a L a k e
4 0 ' 4 0 '

1!
T
I

IUl3 0 - 3 0 -

2 0 -2 0 -

1 0 -1 0 -

1 0O ’ T TT T T T T

1970 1975 1900 1985 1990 1995 2000 2005

y « a r

1970 1975 1980 1985 1990 1995 2 0 0 0 2 0 0 5

y « a r
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A

Macrophyte Biomass (t/km^)K
f K

Boy of Quinte Oneida Lake
7 07 0 ' T

6 0 . 6 0 .

5 0 -5 0

4 0 4 0 .

3 0 3 0 -

20 2 0 -

10 1 0 -

0 0T T T

1970 1975 1980 1985 1990 1995 2 0 0 0 2 0 0 5

Y e a r

1970 1975 1980 1985 1990 1995 2 0 0 0 2 0 0 5

Y e a r

Dreissenid Biomass (t/km^)

Bay of Quintc O n e i d a L a k e
1 5 0 0 ' 1 5 0 0T T T

1 0 0 0 - 1000 .

5 0 0 . 5 0 0 -

fA/A
0 . 0T T

1970 1975 1980 1985 1990 1995 2 0 0 0 2 0 0 5

Y e a r

1970 1975 1980 1985 1990 1995 2000 2005

Y e a r
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Cormorant Biomass (t/km^)

Boy of Quintc O n e i d a L a k e
0 . 0 1 5 - 0 . 0 1 5

O . O l - 0 . 0 1 -

0 . 0 0 5 - 0 . 0 0 5 -

0 0 T T

1970 1975 I960 1 9 8 5 1990 1995 2000 2005 1 9 6 5 1 9 7 0 1 9 7 5 2 0 0 5

Y e a r

Walleye Biomass (t/km^)

O n e i d a L a k eBay of Quinte
■4.5 'I

I
I

4 -

I
I

3 . 5 -I

I

K
3 -1 0 -

2 . 5 -

2

1 . 55 -

1

Ld 0 . 5 .

0 .0
1970 1975 1980 1985 1990 1995 2000 2005

Y e a r

1970 1975 1980 1985 1990 1995 2000 2005

Y e a r

- 8 0 -



f

r Managing and Communicating Fisheries Uncertainties Final Report

r Bay of Quinte and Oneida Lake Milestones:

Phosphorus loodings
Eutrophication

Phosphorus control

Reduced phosphorus
More macrophytes

Zebra mussel invasion
Increased waiter clarity
Benthificat ion

1 9 5 0 s - 1 9 7 0 sf

f mid- la te 1970s

1 9 8 0 s

r
early 1990sr

r thru 1990s I n c r e a s e d c o r m o r a n t s

Decreased M/alleye

Quinte invaded by.
-Cercopagis
-round goby

r
late 1990s

f

r Approach

r Build Ecopath models os snapshots of each
ecosystem in each time period:

2ecosystems X3time periods =6Ecopath modelsr

r

f Use Ecosim to explore the effects of

dreissenids, cormorants, and fishing

on the decline of walleye
r
f

r
- 8 1 -
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E C O PAT H
Mass Balance Model

Routines for entry of key data on the biology
and exploitation of ecosystem groups and for

establishing mass balance.

u/u/w.ecopath.org

Ecopath mass balance is achieved by solving:

P r o d u c t i o n =

Predation Mortality

+ F i s h e r i e s C a t c h e s

+B iomass Accumu la t i on

+Net Migrat ion

+Other Mor ta l i ty

- 8 2 -
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Ecopoth Inputs

Mandatory User Inputs:
*DC =Diet Composition (proportions)
●BA =Biomass Accumulation (t km'^)
●y=Fishery Catches (t -km'^)
●E=Net Migration (t km‘^ =emigration -immigration

User Inputs 3of 4:
●P/B =Production/Biomass (yr-^)
●Q/B =Consumption/Biomass (yr*^)
●B=Biomass (t km
●EE =Ecotrophic Efficiency (proportion)

t.I A g e 1 , 2 . 3 , 4 . Wa l l e y e

^nnorsnts^
O t h e r P i s c i v o r e s

Age-0 Walleye

4

(
Alew i f e

ige-0 White Perch'
S m a l l m o u t h B o s s

O t h e r P l o n k t i v o r e s

Age-0 Vetlow PerchAge-0 Parrish l u l t W h i t e P e r c l

A d u l t Y e l l o w P e r c h

fA d u l t P o n F i s h O t h e r
I n v e r t } v o r e sr .

«

I
X

I G i z z a r d S h o d

SortropodsO t h e r

B e n t h o s
Anphipods-B i v a l v e s

Oligochoetes-
C h i r o n o n i d s

Isopods D r e t s s e n t d s

2

7 I : -
\

Periphyton Epiphyton Phytoplankton Mocrophytes
S e d i m e n t e d

D e t r i t u s
P e l a g i c D O C

D e t r i t u s
1
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E C O S I M

Time Dynamic Mode!

Dynamic simulation of the effect that changes
may have on fisheries catches and the

abundance of various groups in the ecosystem.

U n c e r t a i n t i e s

1. Input values
●Sensitivity analyses (B, P/B, Q/B)
●Die t va l i da t i on

2. Model output
●Time series replication
●Monte Car lo s imulat ions

Uncertainty about input values (B, P/B, Q/B):
●B e s t i m a t e d f r o m d a t a
●P/B estimated from data or allometry
●Q/B estimated from literature

- 8 4 -
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Quinte: Post-ZAA
1 0 0 0

1 0 0

10

f .ft ●I 1 f
. i : ● f f ●

i0.1

f .f{0 . 0 1

r
1 0 0 0

0 . 0 0 1

D r e i s s e n i d s ● o0 10 2 0 3 0 4 0
1 0 0

1 0

I

y o y P a n fi s h
0 . 0 1

0 . 0 0 1

0 , 0 0 1 0.01 0.1 10 1 0 01

I n i t i o l fi

Oneida: Post-ZM
1 0 0 0

1 0 0

1 0

* .

f * ^
I

f1

t
f* .ff{;0,1

C A

I fi0 . 0 1

0 . 0 0 1

1 0 0 0

1+ Panfish0 . 0 0 0 1

0 10 2 0 3 0 4 0 1 0 0

10

fi A O
1

o
0 . 1

0*

Y O Y P a n fi s h
0 . O t h e r B e n t h o s

0 . 0 0 0 1

Lake Sturgeon 0 . 0 0 0 1 0 . 0 0 1 0 . 0 1 0 . 1 1 1 0 1 0 0 1 0 0 0

I n i t i a l B
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Uncertainty about input values (B, P/B, Q/B);
●B e s t i m a t e d f r o m d a t a

●P/B estimated from data or allometry
●Q/B estimated from literature

Sensitivity analyses*.
●vary inputs by aset amount (e.g. 107o or 507o)
●examine response of Ecopath estimates

+10% OP -10% Biomass (t/km^)

Bay of Quinte O n e i d a L a k e

1 5 % - 1 5 % ~

1 0 % . . 1 0 %

t}
5 % . 5 % .I

0 % 0 %

- 5 % .- 5 % . .

- 1 0 % - 1 0 %

- 1 5 %- 1 5 % I

- 8 6 -
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+30% or -30% Biomass (t/km^)

Bay of Quinte O n e i d a L a k e

5 0 %50% T

i l l lHllIl HI i I
4 0 %4 0 % . .

3 0 % 3 0 %

■T2 0 % 2 0 %

I
1 0 %1 0 %

i

0 % 0 %
pr j i

- 1 0 % - 1 0 %

1- 2 0 % - 2 0 %

● 3 0 % . . -30% ... »

-40% 1 -40% X

+50% or -50% Biomass (t/km^)

Bay of Quinte O n e i d a L a k e

120% T 1 2 0 % -

1 0 0 % . . 1 0 0 % . . .

M V8 0 % . . 8 0 % . .

6 0 % . . 6 0 % . .

40% ... 4 0 % . .

2 0 % 2 0 % .

l i0 % 0 %

I- 2 0 % - 2 0 % .

- 4 0 % - 4 0 % . .

- 6 0 % -60% 1
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+50% or -50% P/B

Bay of Quintc Oneida Lake

1 2 0 % 120% T

1 0 0 % . . 1 0 0 %

A ' m8 0 % 8 0 %

6 0 % 6 0 %

LLJill̂ZZ
4 0 % . .

2 0 % . .

0 %

- 2 0 % . .

- 4 0 % . .

- « 0 % - 6 0 %

+50% or -50% Q/B

Bay of Quinte O n e i d a L a k e

C o r m o r a n t s Copepods C o r m o r a n t s Copepods
5 0 % - 6 0 %

4 0 % . .

4 0 %
3 0 % . .

2 0 %

1 0 %

0 %0 %

- 1 0 % . .

- 2 0 %
- 2 0 % . . ^1+ panfish

Age 1walleye- 8 0 % . .

\
- 4 0 % . .

Herb Zoop- 4 0 % . .

i \- 5 0 % - 6 0 %

/ Copepods
Age 2&3walleye

Age 1walleye R o t i f e r s
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Uncertainty about the diet matrix:
*some general literature diets (e.g. Scott <& Crossman)
●some presence/absence diet data
●little system-specific quantification of diets
● initial diets modified to achieve mass balance

Diet val idat ion:
●stable isotope analysis of fishes in both systems
●use diet matrix to predict predator isotope signatures
●compare and test actual and predicted signatures

Quinte: R e s u l t s
a t

^ - 2 0
ca

O )
- 2 4( 0

c
o

■S -28
( 0

O

? - 3 2
■5
X I
a t

t - 3 6
-34 -32 -30 -28 -26 -24 - 2 2

Actual Carbon Signature

Slope not significantly different than 1
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Quinte: R e s u l t s

1 8

O) 16
( 0

1 4
0)

1 2S )
o

£ 1 0

8
■O

S 6
® 4

5 7 9 11 1 3 1 5( L

Actual Nitrogen Signature

Slope not significantly different than 1

Oneida: R e s u l t s
01

3 - 2 0

g-22
S’ -24 -

o - 2 8

” ^ 0 - .

( 0 Trcku t pe rch

O
- 3 2

■ o
« - 3 4 -

■5 -36
d j
2-38 LQ .

-34 -32 -30 -28 -26 -24 - 2 2

Actual Carbon Signature

Slope not significantly different than 1
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Oneida: R e s u l t s
r

-i 19CQ
C

.S’ 17
( 0

c 1 5
0 1
O )
O 1 3

^11A S

r
T 3
U q

^ 70) 7
L 8 1 0 1 2 1 4 1 6 1 8

Actual Nitrogen Signature

Slope significantly different than 1(f^O.019)

Uncertainty about model performance:
●is the model output "reasonable"?r

Historical replication:
●run the model through known historical perturbations
●does the model replicate historical time series

r

p

- 9 1 -
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Bay of Quinte
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●What arc the ecosystem Impacts of recent
i n v a s i o n s ?

●Why did walleye decline through the 1990s
In both the Bay of Quintc and Oneida Lake?

Hypotheses:
●Decreased walleye habitat due to increased water clarity and
increased macrophyte coverage

●Increased mortality on walleye from cormorant consumption

●Increased mortality on walleye from increased exploitation

Walleye Biomass -Ecosim Scenarios

Bay of Quintc O n e i d a L a k e

No Fishery

N o b r e i s s e n i d s

No Fishery

S t a t u s Q u o

N o C o r m o r a n t s

N o b r e i s s e n i d s

N o C o r m o r a n t s

Status Quo

- 9 3 -
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Uncertainty about Ecosim output:
●Ecosim is based on the Ecopath snapshot
●If Ecopath model changes does Ecosim output?

Monte Car lo s imu la t i ons :
●specify uncertainty in Ecopath inputs (B, P/B, Q/B)
●randomly draw input values
●test for mass balance
●if balanced then run Ecosim simulation
●if unbalanced, discard Ecopath inputs and re-draw

Bay of Quintc
No fishing

- 9 4 -
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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

E v a n C o o c h

Department of Natural Resources
Cornell University

NY Sea Grant Workshop
October 24, 2005

A b s t r a c t
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. Iwill 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 alimited number of system components from a
surveillance monitoring program. Preliminary research suggests that these methods will
provide abasic 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 atheoretical 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 asmall subset of
system components.

- 9 6 -
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why do assessment?

^ s c i e n c e

●understand ecological systems
● l e a r n ' s t u f f '

^managemen t / conse rva t i on
●apply decision-theoretic approaches
●make smart decisions 

how do we assess system dynamics?
study designs

^use design that imposes, or takes advantage of, a
manipulation of some sort
●manipulative experimentatton (randomization, replication,

controls) -Press/Pulse experiments
●impact study (lacks randomization and perhaps replication,

but includes time-space controls)

^no manipulation -observational study Csurveillance')
●prospective (confrontatbn with predictions from apriori

hypotheses)

●retrospective {a >oo5te/7i7A/story-telling)

- 9 7 -
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surveillance assessment monitoring:
aproposed scient ific framework

^despite inherent inefficiency: attempt to develop a
reasonable approach to retrospective analyses

^v iew t ime ser ies as sources of in format ion and
cons ider methods o f ex t rac t ion

^conceptual underpinnings reside in methods of
nonlinear dynamics and information theory

^cons ide r i nduc t i ve i n f e ren t i a l me thods f o r :

●system identification
●characterization of interactions among system components
●detection of system change and degradation

system attractor: closed set of points in state
space, such that atrajectory starting on or near
attractor will converge to it

1selective predator, 2competing prey

d H ^ _ H^(r^-ruH^-r22H2-r^fF)

^H2{r2-r22H2-r̂ ^H -̂r2FP)

p(rpH^+rp2H2-rp)

d t

d H 2 _
d t

d P

d t

Y21^Yi2 Yp1^Yp2

- 9 9 -
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moderate selectivity for prey 1-stable attractor (fixed point)
high selectivity for prey 1-chaotic attractor

A S t L

1.0^

IWlIll
£

i

\
0 . 0

0 2 0 0 4 0 0 6 0 0 8 0 0 1000 1200 1400

Time (t)

what if you can only monitor one species?

1.0

h

0 . 0
0 2 0 0 1 0 0 6 0 0 3 0 0 1000 1200 HOO

Time (t)

Could you reconstruct underlying dynamics?

- 1 0 0 -
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Takens 'Theorem (1981)

any dynamical system can be reconstructed
from asequence of observations of the
state of the dynamical system

if you have atrajectory from achaotic
system (e.g., the Lorenz system) and you
only have data from one of the system
variables (e.g., the Zvariable), reconstruct
adiffeomorphic copy of the attractor of the
system by lagging the time-series to embed
it in more dimensions

r
3
V' x ^

<another realy s inar t guy. . .>

d i ffeomorphic? say...what?

Clear as mud, eh? In other words, if we
have apoint f(x,y,z,t) which is wandering
along some strange attractor (like the
Lorenz), and we can only measure
we can plot f(z,z+A/,z+2A/,t), and the
resulting object will be topologically
identical to the original attractor.

diffeomorphic =topological =dynamical equivalence

- 1 0 1 -
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skipping some of the technical details...

1

1\
\

\ "1

\

\

\

1

✓attractor reconstruction: based on delay
coordinates of state var iable x

x ( t ) =x( t +7) , . . .x { t +{d-1 ]7) )

7=delay or lag d= embedding dimension
\
\

m u t u a l i n f o r m a t i o n faise nearest-neighbours
1

1

- 1 0 2 -
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✓embedding dimension: interesting on its
o w n . . .

x(0 =(x(0, X{t +T),.. x{t +{d- Ijr))

dimension conveys information
about the number of state
variables or groups of state
variables (e.g., guilds, trophic
levels) that are active determinants
of system dynamics...

-< d=embedding dimension

example reconstruct ion:

L o r e n z a t t r a c t o r

d x
= c r ( y - x )

d t

dy
= x ( r - z ) - y

d t

d z
= x y - p z

d t

1 0 3 -
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a t t r a c t o r r e c o n s t r u c t i o n

a c t u a l a t t r a c t o r r e c o n s t r u c t e d a t t r a c t o r

+
a

!><

x(n) x(n)

diffeomorphic =topological =dynamical equivalence

A f o r m a l f r a m e w o r k : f u n c t i o n a l
relationships and dynamical

interdependence

^ D a t a : t i m e s e r i e s o f 2 d i f f e r e n t s t a t e v a r i a b l e s

yQues t ions :
●are they functionally related?
●what can we learn about 1state variable by following or

knowing another?

/Ecological applications:
●monitoring program design (indicator species, etc.)
●population synchrony and its cause(s)
● food web con necta nee

●competitive interactions
●detection of system change and degradation

- 1 0 4 -
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dynamical interdependence:
methodological approaches

^ l i n e a r c r o s s - c o r r e l a t i o n :
●Compute pin usual manner based on the 2time series,

and “standard approach

^attractor-based methods (no restriction to linear
systems):
●if 2state variables are dependent and betong to same

system, their attractors should exhibit similar geometries
●e.g., mutuai prediction: degree to which dynamics of 1

attractor can be used to predict dynamics of the other
^information-based methods (mutuai information,

transfer entropy)

example numerical study

^Spatial predator-prey model of Pascual (1993; also
Little et al. 1996)
●100 patches with linear gradient in prey resource

abundance, decreasing from location 0.01 to 1.00
●Prey ris function of resources
●both prey and predator disperse via diffusion

I * . .

N
V .

f ' L
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Pascual (1993) model

dp a p=r[x)p{\-p)- h + D
dx^d t \ + b p

d^hd h a p h - m h + D
dx^d t \ + h p

Prey: p =abundance
/(a) =instantaneous growth rate at location x
b=prey carrying capacity
a=coupling parameter (predation rate)

h = a b u n d a n c e
m = d e a t h r a t e

Z? =diffusive coupling coefficient

P r e d a t o r :

Prey &Pred:

Pascual (1993) model:
resource gradient &attractors

2
si te 20s i te 10

0 0
e

- 2 - 2

- 2 0 2 - 2 0 2

2 2 s i t e 5 0s i te 30

Linearly decreasing resource gradient 0 0 ; i
J _ L j - 2 - 2

0- 2 2 - 2 0 2Latt ice si te iOO1 2 3

^ 2 20 9 0
S

O '0
Ji.^ - 2 - 2

2- 2 0 2 - 2 0

Proy
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Compare Mutual Prediction
t o S t a n d a r d C r o s s - c o r r e l a t i o n

■Cross-correlation: standard technique in Ecology

W - J c1 Normalize so that value of 0implies
strong coupling, 1implies v/eak couplingCg,(*) = 2(jc(j)-^)Cv(‘+*)->')N - k i - \

●M u t u a l P r e d i c t i o n : L e t o n e l a t t i c e

site predict the dynamics of the
others. Good pr̂ ictions imply
strong coupling

"Moder cell forecest ^ 'Tredicted” cell
^ ● ^ ) l l

skipping some of the technical details ■ ■ ■

- 1 0 7 -
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Comparative Coupling Metrics

closer coupling indicated by smaller values (blue)\ \ n

C r o s s - c o r r e l a t i o n M u t u a l P r e d i c t i o n

I 0 . 8

0 . 6

155
3 4 5

0 . 4

0 . 2

0
5 1 S 2 5 3 5 4 5 5 5 6 5 7 5 8 5 9 5

Model Cell UcallonL o c a t i o n 1

Asymmetry cannot (by definition) be
seen using cross-correlation function

Information about higher resource dynamics
is contained in lower resource dynamics but
the reverse relationship is /?oftrue

Nichols etat. TPB (20C6)

i n fo rmat ion theory approaches ■ ■ ■

^at t rac tor -based methods -good, bu t
o ther methods ava i lab le

^ in fo rma t ion theo ry app roaches -
particular advantages -formal
character izat ion of d i rect ion of in format ion
fl o w

^sporadic use in ecological applications
most familiar use is measures of species
diversity -convenient summaries of
amount of'information' content (i.e.,
number of species)
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m u t u a l i n f o r m a t i o n

●i( Y,Z) =mutual information =average amount of
information (in bits) about 1state variable gained by
knowing the value of the other state variable

●Yj, Zj =discrete random variables at time /
●pdfs p{Yi, Z/)] estimated empirically based on

"bin counting" approaches
N u m e r a t o r c o n t a i n s t h e

al ternat ive

^pUdpUi)UX,Z) =Y,p(y,,z,)\0i

/
D e n o m i n a t o r c o n t a i n s n u l l

hypothesis -assumption of
statistically independent
p r o c e s s e s

t ime-delayed mutual information

y z

●focus on directionality of information flow
●search to find delay, T, at which i( Y, is a

m a x i m u m

●r>0 suggests information transport from Yto Z
● 7<0 suggests information transport from Zto K

- 1 0 9 -
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m u t u a l i n f o r m a t i o n a s a f u n c t i o n o f
spatial separation: Pascual model

i{p T)1=0.7,0.75 0.94 ’/̂ x=0.96’
●The first location (;r) is varied between
0.7 and 0.94, whereas the target
location is fixed at >r=0.96.

●As distance between data increases,
peak of resulting curves shifts to the
right (positive lag) -information moving
from areas of high resource to low
r e s o u r c e

●plots such as this can be used to
determine critical distance scales of
interactive influence, as prey
populations at sites separated by Lx >
0.25 have low mutual information and
show little information exchange.

1 . 5

B

S 1

2
E
£
c

10.5

-§50 -250 -150 -50 50 150 250 350

Delay T

=Prey dynamics recorded
from spatial location
x = 0 . 9 6

/*x=0.96N o t a t i o n :

Transfer Entropy

yTime-Lagged Mutual Information represents an
a<3^/7C7c approach to inferences about information flow

^Transfer Entropy (Schreiber 2000) represents a
formal approach that measures the degree of
dependence of one system variable on another

- 1 1 0 -
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transfer entropy results
1

Examine transfer entropy between spatial
locations x=0.92 and x=0.96 using prey
abundance as the obse rved t ime se r i es

1 , 2

1

0 . 8
U J

0 . 6

Over arange of delays, the prey dynamics
K^bserved at site x=0.96 carry more additional

n f b r m a t i o n a b o u t s i t e x = 0 . 9 2 t h a n v i c e - v e r s a

0 . 4

0 . 2

- 5 0 5 1 0
Odiay

i C a n a l s o c o n s i d e r s h a r e d i n f o r m a t i o n b e t w e e n 1 , 2

r̂edator/prey dynamics. 1

\ 0 . 8
l U

Predator dynamics carry nrxire additional
infor̂ tion than do the prey dynamics. Possibly
define indicator species?

0 . 6

0 . 4

0 . 2

- 1 0 0 1 0 2 0
Delay

Information, Information Flow, and
Ecological Monitoring

v \

Surveillance monitoring programs
●Want to infer stuff about nature of system and system "

change (e.gi, damage/degradation)
●Problem: cant measure all state variables at all places

\

●.Lots of 'arm-wavy' definitions (most not based on aTiy^^^.
rigorous criterion...)

hi-
’cr:

Indicator species:
\ ’ j

i f V J

●Consider operational definition: species such that a;time ;
series of abundances (or whatever) provides more
information about dynamics of overall system, oi; of a

j, defined subset of system, than that of any other species

\

\

- I l l -



Managing and Communicating Fisheries Uncertainties Final Report

Information, Information Flow, and
Ecological Monitoring

Sampling spate: select sample locations that provide^
the most information about dynamics of entire system, or
of adefined subset of system

Detection of change, damage, degradation,
●structural health monitoring analogy
●Use o f a t t r ac to r -based o r i n f o rma t i on -based

approaches for detecting system-level differences
based on measurement of one or a few state var iab les

▶

\
\

\ ● - 3 u ‘

Information, Information Flow, and
Ecological Monitoring

Proposal: reasonable conceptual framework for
surveillance monitoring should perhaps consider —
●information flow between state variables (e.g., Time-

delayed mutual information, transfer entropy)
●prediction of trajectories of system state variables '
'using information from other state variable(s) (rnutual̂
prediction, mutual information, transfer entropy)
detection of change in system dynamics (e.g.
continuity, mutual prediction, mutual information,
transfer entropy)

\

r

-

- 1 1 2 -
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Information, Information Flow, and
Ecological Monitoring

many of these methods not yet ready for. ecological x
prime-time ?' ^ :
approaches to nonlinear analysis of time series that
are noisy, nonstationary and short include:
●surrogate data sets for bootstrap-type approach to inference
●kernel density estimation approaches instead of "bin

counting"
●use of symbolic dynamics /
●information-based approaches for deterministic signal

extraction in the presence of noise

p

p

p

- 1 1 3 -
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Appendix I.
Assessing Risk of Predator-Prey Imbalance in the Upper Pelagic
F o o d W e b o f L a k e O n t a r i o

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

Don Stewart speaking
T e a m m e m b e r s :

Peter Rand, Robert O’Gorman, Jana Chrisman
NY Sea Grant Workshop

October 24, 2005

N e w R e s e a r c h D i r e c t i o n s

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 d i rec t ions for research

- 1 1 4 -



Managing and Communicating Fisheries Uncertainties Final Report

Time Line of aFishery Crisis
S t a k e h o l d e r s

Request Inci'easeCatastrophic
a l o v i f e d i e - o f f

Dec l ine in Prev F ish
*

B i o m a s s w h i l e

Salmon Fisliei*^'
Develops

A l e w i f e I n v a d e

L a k e O n t a r i o Slight
I n c r e a s e

G r a n t e d

1 9 7 2 1 9 8 2 1992 1 9 9 3 / 9 4

r 1 9 9 7 / 9 81 8 0 0 s ? 1 9 7 8 1 9 9 5

Stocking
Reduced by
5 0 %

B r e a k i n A l e w i f e

A b u n d a n c e P a t t e r n

Alewife go
t o L o w e s t
S i n c e 1 9 7 8

A l e w i f e

Increase,
S a l m o n

I n t r o t i u c e d

G L W Q A A l e w i f e

R e c o v e r

Development of
Food Web Mode
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M e t h o d s

■Parameterize age-structured population
matr ix models for alewife and smelt

■Identify sources of mortality:
»cfenMy-dependence vs. raf/Q-dependence
» c l i m a t e

»predation by salmon

■Develop alewife growth model
■Evaluate alewife population behavior by

projecting matrix

Food Web Forcing Functions
Flow of Eggs
Density-Dependent Effects
A l e w i f e

L a k e O n t a r i o F o o d W e b M o d e l

S m e l t/ Z o o p l , '■
/Prodijclioii '●

I ' N

V "

- 1 1 6 -
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Age-Structured Matrix Model

F , F , F , F , 'n n1 1
1

P. 0 0 0n o i t o1

( t + 1 ) (t)0 P , 0 0 n i

0 0 P, . i 0
\ / \ /\

F F E C U N D I T I E S
P ^ P R O B A B I L I T I E S O F S U R V I V A L

FUNCTIONS OF DENSITY, TOP DOWN &BOTTOM UP
EFFECTS, SO MODEL IS NON-LINEAR.

A l e w i f e G r o w t h M o d e l
L a k e O n t a r i o 1 9 8 1 - 9 0

Z P / A d u l t A l e w i f e B i o m a s s

- 1 1 7 -



Managing and Communicating Fisheries Uncertainties Final Report

D e n s i t y - D e p e n d e n c e R a t i o - D e p e n d e n c e

Yo u n g - o f - Ye a r

Yea r l i ngs

A d u l t s

Z P / A d u l t A l e w i f e B i o m a s sAdult Alewife Biomass (KT)

Salmon Foraging Model
1 . 0 0

X
( 0

\E 0 . 8 0
O n t a r i o 1 9 9 0O

● \ O n t a r i o 1 9 9 4

Ontario 1997(i antry &
S c h a n e r )

o 0 . 6 0
c
o
■= 0 . 4 0 Michigan 1980s
O
9- 0.20
O

a .
0 . 0 0

0 2 4 6 8 10 12 14 1 6

Alewife Biomass (g/m2)
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M o d e l C a l i b r a t i o n

P r e d i c t e d

S I M P L E M o d e l o f J o n e s e t a l . 1 9 9 3

Upper Food Web Risk Model

Y e a r

M o d e l A c c u r a c i e s
3 0 0

2 5 0 S I M P I . E<n
2 0 0v>

( 0 1 5 0

1 0 0, o
5 0

■O 0
Q>

50 100 150 200 250 3000
O

4 E M 1“S
<u R I S K3 E + 1 1
0 .

2 E + 1 1

♦

l E t 1 1 ♦ ♦

0

l E i I I 2 E ( 1 1 3 E H 1 4 E H I0

O b s e r v e d B i o m a s s
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R i s k A s s e s s m e n t

M e t h o d s

■Management objective is to maintain a
sufficient level of prey to siipport jalm^^

■Express output as aprobability of obsen ing
conditions like those in Lake Michigan -
establish arisk endpoint

■Est imate r i sk as a func t ion o f sa lmon

stocking levels and lower food web
production

- 1 2 1 -
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Why Avoid Risk Endpoint?

■In Lake Michigan, alewife collapsed in the
early 1980s and remained low for several
y e a r s .
- G r o w t h a n d s u r v i v a l o f C h i n o o k s a l m o n d e c l i n e d

-Sport fishery declined
-Diseases (e.g. BKD) became widespread in the

salmon population
- E f f e c t s i r r e v e r s i b l e ?

S tochas t i c E l emen ts
o f R isk Mode l

■Zooplankton production rate
■A l e w i f e s u r v i v a l r a t e

■Frequency of alewife die-offs [winter effects]
■S a l m o n s u r v i v a l r a t e

■S a l m o n r e a c t i v e d i s t a n c e

- 1 2 2 -
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“Food Web Forcing Functions
L a k e O n t a r i o R i s k M o d e l ■*■F i o w o f E g g s

Density-Dependent Effects
A l e w i f e

R i s k M o d e l S c e n a r i o s

■Stocking Rate
-“Status Quo” stocking (1992)
-Implemented stocking cuts (0.5*1992)
-2X, 3X &4X 1992 stocking regime

■Zooplankton Production Rate
-Mean (1985-90)
-0.25X, 0.5X &2X (late 1970s) mean

- 1 2 3 -
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Climate-Dependent Mortality
?3

8 0 0

2 6 ( X ) C O L D
* 0si, 400

^ 2 0 0
o

£ 0O )
0 )

Q
- 2 0 0!3)

. £
- 4 0 0

Q>
7 /^ - 6 ( ) 0

i r , l - r * ‘ ,

O v

I 0 - .r n
■ o L - l- CO C O

O nO ' O'- O N O N O' , O ' ,

Y e a r

Risk Model Projections
A d u l t A l e w i f e B i o m a s s Chinook Salmon Feeding Rate

1 . 0
£r - 4 0 0

QA
o

c 0 . 6

'£ 0,4
0̂.2

V

' r r 3 0 0 . . . . 41/1 A( / )
\r e , o Risk Endpoint£ 2 0 0

, o
ioQ 10(.)

/A o
i - ' i

1 / 4 ' ' 4\i-
l 0 .

0 0
U - , r - . — I r o l A i r - O N

C l r \ c \ c
v T j r - . o ^

c j C l c ) r i C l
1 * C ) r - 0 \ " 1 » r > r - o ^f -

Year of Simulation (Year 1=1978)
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R i s k A s s e s s m e n t

D e n s i t y - D e p e n d e n c e R a t i o - D e p e n d e n c e

Zoopl . Prod. :
0 . 2 3

0.50 ‘ fv lean
1 . 0 0 ‘ M e a n

2 . 0 0 * M e a n

●Approximate
Situat ion in
M i d - 1 9 9 0 * s

Stocking Rate Multiplier (1X =1992 Rate)

Sensitivity Anaiysis
[based on relative partial sums of squares]

V 2 X Z o o . P r o d .P a r a m e t e r s 1 X Z o o . P r o d .

W I N T E R W I N T E R

C H I N S Y R L S

Y R L . S R E A C T

R R A ( ' T Z P

A D L S

E G O SL T S

. A D L S

E G G S C H I N S

■0

C o r r e l a t i o n C o e f fi c i e n t
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C o n c l u s i o n s

(R/sfc Analysis)
mAnalysis indicates ahigh-level of future risk

of prey limitation for salmon (>30%), lower for
stocking rates below 1992 level

■Ratio-dependent survival model resulted in
higher probability of prey limitation events,
and dramatically longer recovery periods

■Model is sensitive to frequency of major prey
fi s h d i e - o f f s

- 1 2 6 -
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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.Sul l ivan

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

October 24, 2005

A b s t r a c t
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 ameasure of
absolute abundance over anumber 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 amore complex model to test our hypothesis that sub-adult walleye
mortality has increased in Oneida Lake during aperiod of increased presence of double-
c r e s t e d c o r m o r a n t s .

F u t u r e D i r e c t i o n s
1) Evaluate uncertainty around parameter estimates
2) Establish aprior distribution rather than afixed 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

- 1 2 7 -
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’■y .■
. { >

Background and Motivation >>j.y

/

I ' .

n t tp:/ /rapidfire.sci.gsfc.nasa.gov
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O n e i d a L a k e F o o d W e b

¥ \ v

Anglers
loxva

Walleye IS

n>
E m e r a l d S h i n e r

f
aGLF.Rb.

Y e l l o w P e r c h
Z o o p l a n k t o n

♦
Algae -Phytop lank ton

L̂oading♦
Nutrients -Totai Phosphorus

O n e i d a L a k e F o o d W e b

4
Anglers

C o r m o r a n t s

4
E m e r a l d S h i n e r

f 4
SbLERb-

Y e l l o w P e r c h
Zooplankton

♦
^Algae -Phytoplankton®Ontario ^ui«r>i r«^u/w

L̂oadingtZ e b r a
M u s s e l s

Nutrients -Total Phosphorus
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Densities of adult yellow perch and walleye
i n O n e i d a L a k e 1 9 5 8 - 2 0 0 3

3 0 0 T — — r 6 0

1 9 6 0 2 0 0 0

Oneida Sampling
Data Range: 1958-2003
1. Population Estimates for Adult Walleye

Age-4 through Age-7
Mark-recapture Estimates (N =21)
“In-between” Estimates (N=11)
Gillnets Estimates (N=13)
Fall Mark-Recapture (N=1)

2 . T r a w l C P U E
Age-1 through Age-7
1 0 s t a n d a r d s i t e s

Effort 113 to 272 hauls /year

3 . G i l l n e t C a t c h
Age-1 through Age-7
1 5 s t a n d a r d s i t e s

- 1 3 0 -
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Adult Walleye Age-4

Population Estimates
(Mark-Recapture)

Age-5

Age-6

Age-7

1980 1990 2 0 0 0

B o t t o m t r a w l

G i l l n e t s

Fisheries Techniques

iS '

♦l ‘ *M

m m
s t e r l i n g N e t a n d T w i n e
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E s t i m a t i o n

T r a w l sA d u l t

Mark-Recapture
N , + £

Gi l lnets

ciaN,+SC,, C' 7 G

AD Mode l Bu i l de r

Estimation (Density, Catchability, Mortality)
-Using multiple data sources

-Includes both active and passive gears

-Simul taneous est imat ion of parameters

-Constrain estimation with assumptions

- 1 3 2 -
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Weighting Coefficients
●Use none -all points have equal influence

Equal confidence
Not good for different sannpling units

●Relative weighting -1 /Y2

● 1 / V a r i a n c e
Down-weights high variability
Measuring variance of asannple
High variability nnay be an accurate representation

●Equal weighting

Assumptions

●Weight multiple sources of input data

●Catchability constant over time,
variable across ages

●Natural mortality =10%

●Cohorts display exponential decline over time

- 1 3 3 -
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Assumptions
●Two periods of mortality

1) 1958-1989
- N o s i z e l i m i t s f o r 1 9 5 8 - 1 9 7 4

- 1 2 ” o r 1 5 ” l i m i t f o r 1 9 7 5 - 1 9 8 9

2) 1990-2003
- 1 5 ” o r 1 8 ” s i z e l i m i t f o r 1 9 9 0 - 2 0 0 3

-Cormorants present 1990-2003
- Z e b r a M u s s e l e s t a b l i s h m e n t 1 9 9 2

Trawl CPUE-at-age
for 5Strong Cohorts

50 1

40 I 6 8
OJ

3 0
7 5 \

\ \
20 j 9 1 V

(/ )
c
0 ) 1 0 8 7

Q 8 7 ,

0

1 2 3 4 5 6 7

Age
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Gillnet Catch-at-age
for 5Strong Cohorts

4 0 0

77

3 0 0 ●
7 5o 7 &

05

o 7 7' V - l

2 0 0 ;

^ 8 7 \0 )
c \

- - 7 5 — '1 0 0 ^ W' m .
1 1

0 ■

1 2 3 4 5 6 7

Age

Year-class Strength
4 0 ^

N = 3 7
r - = 0 . 9 1 2

P < 0 . 0 0 1

y / t j
U J

C L ? 4

O 3 0 ^
I ' J M

■ c
o

l y ' j yO 1 9 7 0
o

2 0 ■ i o . l

0 5 yo.7-
y o

DC 196.:

$ 10 i 9 8 1
1 0 6 0

0 5 I ' 1 9 0
1'964

I ' l / /

1 0 7 6
I ' j h

0

0 1 0 2 0 3 0 4 0

Gillnet Rank (cohort total catch)
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T r a w l

Expected
Catchability

=proportion caught
G i n e t

Age

1 , 0 0
A) Trawl

0 . 7 5

0 . 5 0

0 . 2 5

0 . 0 0 '
1 2 3 4 5 6 703

12
o B) Gillnet
0 3 10 io

8 1

6

4

2

0 '
1 2 3 4 5 6 7

Age
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1.00 ! A) Trawl
N=18 years

0 7 5 I

0 . 5 0

I0 . 2 5 I L iI
0 0 0 —

12 3 4 6 70 5

4 0
o ,B) Gillnet

N=20 years
0 5

O 3 0 ^

2 0 ,

I !1 0

i I0 ‘
1 2 3 4 5 6 7

Age
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1.00 ! A) Trawl
N = 1 8 y e a r s

0 . 7 5

t
0 . 5 0

i t i - i
0 . 2 5

> .

0.00 J
- Q 2 3 4 5 6 7( 0
S I 4 0 ,
o ,B) Gillnet

N = 2 0 y e a r s
TO

O 3 0

2 0

i !10 1

0 '
1 2 3 4 5 6 7

Age

1.00 I A) Trawl
N=18 years

0 . 7 5

0 . 5 0

0 . 2 5
● ■ ■ ■> .

0 . 0 0
1 2 3 4 5 6 70 5

12o B) Gillnet
N=20 yea rs

0 5

10 Io
♦
♦

♦

♦6

4

2

0
1 2 3 4 5 6 7

Age
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E s t i m a t e d S u r v i v a l
(Multi-Z Model)

T l m p P p r i n d 1

0 . 6
1 2 3 4 5 6

Age
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Es t imated Surv iva l
(Multi-Z Model)

1 . 0

Time Per iod 1OJ

f 0 . 9
1 3

( f )

TO
3 0 . 8
c
c

<

0 . 7 i
Time Per iod 2

0 . 6 -
1 2 3 4 5 6

Age

Estimated Density
(Multi-Z Model)

^Est. Adult walleye7 0

6 0

03
5 0

t
>, 40 i t A

( / }
^ l \ i Ac 3 0 1 1 -

d i
03

AQ AA A A A ^ ^2 0 A
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0

1960 1970 1980 1990 2 0 0 0

- 1 4 0 -



Managing and Communicating Fisheries Uncertainties Final Report

Estimated Density
(Multi-Z Model)

Est Adult walleye

Est. Sub-adult walleye
7 0

f60 '
fOJ

I #
I ●%

^ f #
9

4 0 A

( / )
c 3 0

^tm* ●'A ^ A M
0 1

\ I n
“'i Ti. ●

AAQ A
2 0 ^ A a !

A

10 I A

i
0

1960 1 9 7 0 1980 1990 2 0 0 0

Summary
1) Synthesize long-term data from three distinct

sampling approaches

21 Years of Mark-Recapture Data for Age-4+

4 3 Ye a r s o f T r a w l s

4 5 Ye a r s o f G i l l n e t s
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Summary
1) Synthesize long-term data from three distinct

sampling approaches
7 0

Est. Adult v\/alleye
6 0(TJ

50 j
40 IUI 4 : \

4
t( / )

tc
(U 3 0 I 4Q A

4 ^
4 k♦ 4 - ^ ^

i * : A 4 \▲ AA2 0 4 A

S ! A4
A1 0 44 A

A
AaAA'^

0
1960 1970 1 9 8 0 1990 2 0 0 0

Summary
1) Synthesize long-term data from three distinct

sampling approaches
1

7 0
1

Est. Adult walleye

Old Adult walleye
6 0

5 0 /
4

4
i . .4 0

( / )

' ^ n
c

4 *0 3 0

l iW"Q
A « 4

* 1 V 'A ^ A
A

20 1 "1

,»A10 ■
4

0
1 9 8 0 1 9 9 0 2 0 0 01 9 6 0 1 9 7 0

1
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Summary
2) Estimate sub-adult walleye abundance and age-

specific catchability of two collection gears

6 0

I960 1970 1980 1990 2 0 0 0

Summary
2) Estimate sub-adult walleye abundance and age-

specific catchability of two collection gears
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Summary
3) Evaluate hypothesis that sub-adult walleye

mortality has increased overtime in Oneida Lake

L o w e r s u b - a d u l t s u r v i v a l
T i m e P e r i o d 1

during recent time period

T i m e P e r i o d 2

0.6 ‘
1
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Appendix K.
Assessing Risk of Whitefish Decline When Recruitment is Known

Assessing Risk of Whitefish Decline
W h e n R e c r u i t m e n t i s K n o w n

B r u c e J . M o r r i s o n

Ontario Ministry of Natural Resources
NY Sea Grant Workshop

October 24, 2005

A b s t r a c t
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 1million 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 6of the last 7years, 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 aunique opportunity to assess risk of
different harvest policies albeit using rather uncertain abundance estimates. Avery 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 amore conservative approach among the options presented
t o t h e m .

I n t r o d u c t i o n :

Background about whitefish fishing on Lake Ontario

Population dynamics of LO lake whitefish

Communicating the risk using simple graphs

C o n c l u s i o n s

- 1 4 5 -
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Changes in Distribution of Fish

L O M U - O M N R Uncertainty
Workshop -Syracuse

October 24, 2005

R e c r u i t m e n t I n d i c e s

D r e i s s e n a e s t a b l i s h e d

1 2 0

1 0 0

d ' ■b a y
' \ H l a k e ;

2 Q i —

uL. I J0 4 r r » -

1 9 7 2 1 9 7 6 1 9 8 0 1 9 8 4 1 9 8 8 1 9 9 2 1 9 9 6 2 0 0 0 2 0 0 4
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W h i t e fi s h S t a t u s - E a s t e r n L a k e O n t a r i o
G i l l n e t s

9 0 2 0 0 40 2 i

C 0 ^ 0 ●

8 0 O

t 0 . 1 b
o

%0.10
^ 70 I£ ODb
0 ) . . 1 . . .c O D O

6 0 1
1 3 5 7 9 11 13 15 17 19 21

O ) Age (years)5 0
( U

9- 40
c .
u

3 0 I

2 0 )

1 0

r

1972 1976 1980 1984 1988 1992 1 9 9 6 2 0 0 0 2 0 0 4

Converging Catch Data
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A b u n d a n c e

7 0 0 0 0 0 0

6 0 0 0 0 0 0

5 0 0 0 0 0 0
V )

« U 4 0 0 0 0 0 0
S i

E
5 3 0 0 0 0 0 0

2 0 0 0 0 0 0

1 0 0 0 0 0 0

A b u n d a n c e

1 6 0 0 0 0 0

1 4 0 0 0 0 0

1 2 0 0 0 0 0

( f> 1000000
0 )

I800000
3

6 0 0 0 0 0

4 0 0 0 0 0

2 0 0 0 0 0

0

2 0 0 0 2 0 0 1 2 0 0 2 2 0 0 3 2 0 0 4
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Selectivity

>That which 4.5 inch mesh or greater will
catch (Note:almost solely fish >age 6)

1.2 1
1

1 0 . 8
I 0 . 6
< / )

0 . 4

M l 1 1 1 r ■ 2 0 0 3

■ 2 0 0 4F I I I I I
I I I I I I

I I
0 . 2

0 h

3 4 5 6 7 8 9 10 11 12 13

A g e

H a r v e s t N u m b e r s

Catch data shows there are very few fish
less than age 9

12000 1
t 1 0 0 0 0

I8000
i 6 0 0 0
5 4 0 0 0
S 2 0 0 0

0

■ I M P O U N a G I L L
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Exploitable Biomass

Exploitable population estimate at Jan 1
2 0 0 5 i s a b o u t 1 9 0 K o r 7 3 0 K l b s .

J

4 0 0

3 0 0

2 0 0

1 0 0

I I
T TT T T T

5 6 7 8 9 1 0

□Number ■Weight (lbs)

2004 25% Exploitation Rate

c 7 0 0
P3

6 0 0o
3

Z ^ 5 0 0
s o

X§400 
^300 -

o ^

S3 ~200 f
. a

1 0 0

r . r

2 0 0 3 2 0 0 4 2 0 0 5 2 0 0 62 0 0 1 2 0 0 2

Y r a r

□A b u n t l a n c c Q u o t a
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A b u n d a n c e

1200000 [

1 0 0 0 0 0 0 1

800000 f
( / >

0 )

I600000i
3

4 0 0 0 0 0 r
H
.4

2 0 0 0 0 0

m0 ^
2 0 0 1 2 0 0 2 2 0 0 42 0 0 3 2 0 0 5 2 0 0 6

■2 0 0 4 M o d e l 0 2 0 0 3 M o d e l

Some MNR Objectives

>Ensure long term sustainability of the
ecosystem so that we;
●Protect biodiversity
●Enhance and ma in ta i n soc io -econom ic

benefits,
> U s e s o u n d s c i e n c e

^Be transparent and encourage democracy
in decision making

}

j
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To t a l A l l o w a b l e C a t c h 2 0 0 5

Exploitation Rate TAC (I000s lbs)
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3 3 % 2 4 0
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A b u n d a n c e
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W h i t e fi s h S t a t u s - C o n d i t i o n
i

- ■— S u m m e r

- ● - F a l l

,<u 2.2

2 . 0

1990 1992 1994 1996 1998 2000 2002 2 0 0 4

R e c r u i t m e n t I n d i c e s

1 2 0

1 0 0

</>

^ 80fr o

a : 6 0 1. ■bay:^lake
■h

i
- I
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W h i t e fi s h S t a t u s - G r o w t h

7 0 0

6 0 0

S 5 0 0 n : i
E

£ 4 0 0
O )
c

" 3 0 0

o 2 0 0

1 0 0

0

01 2 3 4567 8 9 1 0 1 1 1 2 1 3 1 4 1 5

(years)

C o n c l u s i o n s

>Without recruitment to fishery, risk of
fishery collapsing is fairly certain

^ T i m e w h e n t h a t o c c u r s i s n o t

>Whitefish being produced now may never
recruit to fishery

>Fishers accept shared responsibility and
know the consequences
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Appendix L.
Ecological Economic Approaches to Resource Management Under
Uncertainty

Ecological Economic Approaches to Resource Management
Under Uncertainty

V a l e r i e A . L u z a d i s

State University of New York College of
Environmental Science and Forestry

NY Sea Grant Workshop
October 24, 2005

A b s t r a c t
Ecological economics approaches issues of sustainability in away 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.

L i t e r a t u r e C i t e d :

●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: Aworkbook
for problem-based learning. Island Press, Washington, D.C.

●Funtowicz, S.O. and J.R. Ravetz. 1991. Anew scientific methodology for global
environmental problems. In R. Costanza, ed. Ecological Economics: the science and
management of sustainability. Columbia University Press, New York.

P

p
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Management Under Uncertainty:
N a t u r e o f t h e P r o b l e m

■Complex
■Pait f>i intercormected social and ecological syslerns

dial conlimially inleract with one another
■M i d i s t a k e s

o

■Potential loss ot species, hahitat destmetion

■LU'gent
■Many resonree issues need immediate attention

Sources of Uncertainty

■Complex Evolving Systems
■Positive cind negative feedback loops
■Higlil)^ nonlinear change
■Kmeigent phenomena
■Surprise
■C h a o t i c b e h a v i o r

■Co-evolving Systems
■Social and Ecological

- 1 5 6 -
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C o e v o l u t i o n
F r o ) N» i«4ard |19 '>4 - |

V A L U E S

^ O R G A N I Z A T I O NfK N O W L E D G E

^ T E C H N O L O G YENVIRONMENT ^

T r a d i t i o n a l E c o n o m i c W o r l d v i e w

Hotistrholds C i r cu la r F low Business

Goods &Serv ices
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Ecological Economics Worldview
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/
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/

Empty World-Full World
From: Daly and Farley 20i>l, p.lS
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Ecological Economic Principles
■P l u r a l i s m

■Draw on knowledge across disciplines
■Methodological and conceptual
■Accepts local, indigenous, tolk knowledge

■Openness
■To new ideas, new approaches
■Diftering types and sources of knowledge

■F lex i l ) i l i t \ '
■Prepared to adjust as change occurs
■Proactive management

The Precautionary Principle

■The view that policies and management
decisions should account for uncertainU^ by

j J

taking steps to avoid low-probability but
catastropliic events.

- 1 5 9 -
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Primary Focal Points
■S c a l e

■ccolugicdl objectives are olten reilected in spatial scale
i s s u e s

■D i s t r i b u t i o n

■social and ethie'al objectives
■A l l o c a t i o n

■narrowly delined economic ob ectives, efficiency

G e n e r a l G u i d e s f o r E E

■ParticipatoiY approaches to science and
management

■Reflective of values and methodologica

■Systems approach for synthesis
■P r o v n e t e s a m e a n s t o

■P o s t - n o r m a l s c i e n c e

■Suggests achans^e in the role of the expert in science and
management decisions

a h s m

arts into one picture

- 1 6 0 -
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P o s t - n o r m a l S c i e n c e
F t u m l - i . u i c l K . i t ' fi / ( 1 9 9 1

High

o i
<U

C3

CO

c
o
c / 5

o
O

Q Applied
Engineering,
P r o f e s s i o n a l

Consultancy,

P o s t N o n n a f' N o r m a l '

Applied
S c i e n c e

o r

S e c o n d O r d e r
S c i e n c ee t c .

L o w High
System Uncertainty

Ecological Economic Tools
■M u l t i - C r i t e r i a D e c i s i o n A i d s

■Dynamic Systems Modeling
■Input-Output Analysis
■E n v i r o n m e n t a l Va l u a t i o n

■ G I S

■Life Cycle Assessment

- 1 6 1 -
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E c o l E c o n To o l s :
M u l t i - C r i t e r i a D e c i s i o n A i d

■Ageneral approach to decision mailing in the
presence of multiple objectives

■Useful for multidimensional problems
issues (scale)

■socid and ediical objectives (distribution)
■narrowl)^ defined economic objectives (efficient

aU oca lion)

■l^sefid in conditions of per\^asive uncertainp^

■ C C O l O P I C J

M C D A
Farley

General Hierarchy of MCDA

GOAL

AlternativesAlternative Alternative 2

I
Criteria Critena Criteria Critena Cntena Criteria Crteria C n t e r ^ a C n t e r a

Ecological SocialEconomic Ecological SocialEconomic Ecological SocialEconomic

- 1 6 2 -
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MCDA Steps

1 Define the problem
2 Specify the evaluation criteria

Generate alternative actions or strategies
Evaluate dominance of decis ion a l ternat ives

5Apply criterion weights
Rank decis ion al ternat ives

7Perfomi sensitivity analysis to detemiine
robus tness

6 .

M C D A S o u r c e s

■MCDA Bibliography
■http:/ /wAvw.lamsade.dauphine.fr/mcda/biblio/
■Multi-Chateria Analysis Manual Prepared for the

UK Department of Transportation, Local
Government and Regions,
ittp:/ /\\̂ \AV. odpm.gov.uk/stc lie nt/ groups Zodp
m„ re scarc hail dsyiitsTdo cLuna ents Zp age ZQdpm_r c
search 60852T_hcsp/

1
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Dynamic Systems Modeling

■Alanguage to describe any system that changes
o v e r t i m e

■System stmcture based on stocks and flows
■Stocks —what is filled up and diawn down in your

system

■Hows —what flows into your stock, and what flows
o u t o f i t

Computer-Aided Systems
Modeling Process

Define problem and goals of the model
Designate state variables, indicate initkd status

Stocks (wiiiil IS filled up and drawn down in your system)
Determine what each is fil led with ;md how it is rneasnred

Designate control variables related to state variables
What flows into your stock, and out, and how to measure rates of flow?

j .

Select parameters for control variables
E x a m i n e m o d e l f o r face vabdity

Violate any physical laws? Dividing by 0? iUlowing for sponlancoiis
creation of mailer and energy?

7JJ

- 1 6 4 -
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Computer-Aided Systems
ModeKng Process Continued

loose an inilial lime Iioiixon and liy it
R u n a “ s a n i t y t e s t

Vaiy parametets witliin reasonable extremes
(Compare results to historical data, etc.
Revise parameters and model to reflect greater
complexity
Frame new questions

C l6 .

7

8 .

9 ,

10.

Modeling to Aid Decision Making

Mediated modeling brings together discussion and
modeling in aframework that can:

Increase the level ot shared understanding
B u i l d
its dynarnics

Provide astrategic and systematic loundation lor
management or policy alternatives

iServes as atool to disseminate insights gained by
participants

about the structure of acomplex topic andc o n s e n s u s

Fri'm voj’i -fen Felt, M. a'OiM Mediated M<:'delmg ASy^tenu Dynami-: Approa.';h ti:> Environmental Consensus Building, Wish,
and Pre- f t t .D C
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Input-Output Analysis

■Developed by Nobel laureate Wassily Leontief
■Asystem of accounting relations used to describe

ititeidependencies between various components of
a n e c o n o m y

■Expanded by Nobel laureate Richard Stone
■Socid Accounting Matrix that includes

interdependencies among industries and institutions
■iUlows accounting tor ecological resources in

re la t ion to soc id and economic fac tors

E n v i r o n m e n t a l V a l u a t i o n

■Attempts to assign amonetaiy value to
ecological sei*\dces

■Proponents sugges
aring ecological values into decision maldng
a r e n a

■Detractors suggest that valuation alone is not
enough, but should be used in conjunction with
other tools, such as NKiDA

:a l way toI S a

- 1 6 6 -
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H u d s o n R i v e r W a t e r s h e d

Application of EE Approach

■“Tyraooy of small decisions” leads to urban sprawl
and resLilling ecological change (scale): URGENT

■Baseline data on the ecosystem is spotty, research is
on-going and slow: UNCERTAINTY"

■It feeds inlo the NY"C watershed and provides
b e n e fi t s f o r l o c t i l c o m m u n i t i e s : H I G H S ' l A K E S

■System meet needs of many different stakeholders in
different ways: VALUES MATTER

H u d s o n R i v e r W a t e r s h e d
Jolt D. Erick ton,* Karin Idinburg.*' JoJtn Gowdy,* Karen Siainbrook.*’

Au dra Nowoi ie l i k i , ‘ Caro l i i H >,*ai idjoiui Polimcni'

S i l b c t t v i r m S i h i H i l

I t i m ' F i y i i v u t N >

I I K l N . j| RM'oiires, f d V n
i i i u i i t - i i u l S t

B i M i i i i u i o i i ,
i. m- mia>ii i i ) Ft i t-yt iy, Sys40

'DtpiTOnt inol Eooi ioni ics, R^ntst laer Polvt ichiuc Inni iu ie, ‘Ttev, 12190

C o l p ( F. i

a

- 1 6 8 -



Managing and Communicating Fisheries Uncertainties Final Report

To o l s U s e d

■Input-Output Analysis using Social Accountin
Mat r i ces

■GIS map layers to determine land-use, socio¬
economic, and biophysical attributes, including
an assessment of aquatic ecosystem health based
on indices of biotic integrity (IBI).

■Mul t i - c r i t e r ia dec is ion ana lys i s

c r

Managing Under Uncertainty
■W o r l d v i e w m a t t e r s

■Va l u e s m a t t e r

■Sca le and d i s t r i bu t i on ma t te r

■Integration Tools are necessary
■Pluralism, Openness, Flexibilit);, and the

PrecaLit io nary Princip le

- 1 6 9 -
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Appendix M.
Communicating Risk

Communicating Risk

C i i f f S c h e r e r
S o c i a i & B e h a v i o r a l R e s e a r c h U n i t

Department of Communication
Cornell University

NY Sea Grant Workshop
October 24, 2005

A b s t r a c t
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
w i t h t h e m e d i a .

- 1 7 0 -
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G)K\M I

●G r e a t e s t C o m m u n i c a t i o n C h a l l e n g e s ?

●Target Audiences?

●What do you want them to know/do?

●What is the greatest barrier?

C o n t e x t :
Lay audience is largely unin formed ab(J0

science, environment, health, W
disease, food supplies.

Interest in these issues is

generally low until they
become high profile or

become relevant to the individual.

- 1 7 1 -
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" G ) k \ r , i

Why is successful
C o m m u n i c a t i o ii

f > o

I M L I

G ) k \ h i

C o m m u n i c a t i o n i s n o t a

simple one-way process.

●P e r s u a s i v e m o d e l s
●One-way information models
●Interactive 2-way models
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People do not change
beliefs, knowledge,
or behaviors easily.
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I n f o r m a t i o n i s n o t
i s o m o r p h i c !

I n f o r m a t i o n i s n o t
ATHING. *
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Q ) k \ i : i i

Why is communication so difficult?
●R E S P O N S E R E S U L T

●Exposure
●A t t e n t i o n

● I n t e r e s t e d

●Understanding

●Believing it

●Remembering

●Recalling

●Using to decide

●Behaving on decision

G ) k \ m . i

Why is communication so difficult?
●R E S P O N S E R E S U L T

●Exposure
●A t t e n t i o n

● I n t e r e s t e d

●Understanding

●Beitevingit

●Remembering

●Recalling

●Using to decide

●Behaving on decision

1,000 X.5=500

5 0 0 X . 5 = 2 5 0

2 5 0 X . 5 = 1 2 5

1 2 5 X . 5 = 6 3

3 1 X . 5 = 1 6

1 6 X . 5 = 8

8 X . 5 = 4

4 X . 5 = 2
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Why is communication so difficult?

●R E S P O N S E

●Exposure

●A t t e n t i o n

● I n t e r e s t e d

●Understanding

●Beirevingit

●Remembering

●Recalling

●Using to decide

●Behaving on decision

R E S U L T

1.000 X.5=500

5 0 0 X 5 = 2 5 0

2 5 0 X . 5 = 1 2 5

1 2 5 X . 5 = 6 3
V r “ — ^ A

3 1 X . 5 = 1 6

1 6 X . 5 = 8

8 X . 5 = 4

4 X . 5 = 2

Q ) k \ h , i

What can we do

to improve
o t t r c h a n c e s

of success?
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Q ) R , \ h l l

Improve our
understanding of the

target audience.

G)r \ i - ; i . i Improve our understanding of the target audience.

C o n s t r u c t m e n t a l m o d e l s

Expert mode

V s .

A u d i e n c e m o d e l
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G)knf-:i.i
Improve our understanding of the target audience.

Expert mode

H o w d o e s t h e a u d i e n c e
model differ from Experts

Q)KNK1L

i n a
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T h e R o l e o f M e d i a i n C o m m u n i c a t i o n

Q)R. \h lJ

U N D E R S TA N D I N G P U B L I C P E R C E P T I O N O F R I S K

R o l e o f t h e m a s s m e d i a

Agenda Setting

The mass media set the agenda for
interpersonal conversations

U N D E R S TA N D I N G P U B L I C P E R C E P T I O N O F R I S K

R o l e o f t h e m a s s m e d i a

Framing

T h e m a s s m e d i a d e t e m r i i n e h o w t h e i s s u e

Is “framed” in the public mind

T
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G l R N l - l l

UNDERSTANDING PUBLIC PERCEPTION OF RISK

R o l e o f t h e m a s s m e d i a

Attitude &Value formation

Much hazard Is not within our daily
experience, thus the media call attention to
topics &events &help us focus our attitudes
& v a l u e s

Q ) k . \ e i j

U N D E R S TA N D I N G P U B L I C P E R C E P T I O N O F R I S K

R o l e o f t h e m a s s m e d i a

Manipulation of naive views

When we lack strongly held opinions or are
not knowledgeable about an issue, we are
easily influenced by the way information is
presented.
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G)kn i : i , i ,

U N D E R S TA N D I N G P U B L I C P E R C E P T I O N O F R I S K

R o l e o f t h e m a s s m e d i a

Creation of Antbigu ity
Media typically create situations with either
conflicting, insufficient or “information
ouerload” but little help for^indiuiduatactior

Ambiguiy occurs because people lack
I n f o r m a t i o n o r h a v e I n s u f fi c i e n t d e c i s i o n ¬
making tools to determine what the
I n f o r m a t i o n m e a n s t o t h e m .

G ) r \ h . i

UNDERSTANDING PUBLIC PERCEPTION OF RISK

R o l e o f t h e m a s s m e d i a

Resolution of Amhigu ity

Media sometimes offer simplistic
answers to complex issues.
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C o m m u n i c a t i n a R i s k
isGORNFU.W

Social and psychological factors
influence how individualsy groups and

communi t ies react to r isk events .

tG)RNHI.I
t : '
t
I -

UNDERSTANDING PUBLIC PERCEPTION OF RISK

affective viben

We o f t en /may / f r equen t l y f o rm
opinions based on affective
r e a c t i o n s .

Analytic vs. experiential
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Q)K \ i ; i . i .

U N D E R S TA N D I N G P U B L I C P E R C E P T I O N O F R I S K

S o c i a l & P s y c h o l o g i c a l

ajfective vihe''a

Analytic is slow, logical.

Affective vibe" is quick, emotional-
Words, images, looks, expressions
have emo t i ona l mean ing .

t s

G)k . \h i . i

U N D E R S TA N D I N G P U B L I C P E R C E P T I O N O F R I S K

S o c i a l & P s y c h o l o g i c a l

Probability fault reason in

I f R isk i s . . .

1 o u t o f 1 0 0

1 %o r
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UNDERSTANDING PUBLIC PERCEPTION OF RISK

Pr oh ability fault reason ing

If R isk is . . .

1 o u t o f 1 0 0

1 % is seen as Iiigo r } r v r

Q)R.\ki. i . .

J-

U N D E R S TA N D I N G P U B L I C P E R C E P T I O N O F R I S K

S o c i a l & P s y c h o l o g i c a l

Resistance to Change

Att i tudes and bel iefs change slowly even
in the face of contrary evidence.

Once formed, attitudes tend to focus the
way in format ion is in terpre ted.
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Q ) r \ r . i

U N D E R S TA N D I N G P U B L I C P E R C E P T I O N O F R I S K

S o c i a l & P s y c h o l o g i c a l

^Tendency of Association

People tend to assume that roughly
s i m i l a r a c t i v i t i e s o r i t e m s h a v e
t h e s a m e r i s k s .

Q ) K \ i ; i i

UNDERSTANDING PUBLIC PERCEPTION OF RISK

S o c i a l & P s y c h o l o g i c a l

Simplification Ten den cyj

People tend to reduce complex risk
issues to simple conclusions: “It Is
S a f e ” o r “ I t i s n o t s a f e ” .
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Factors influencing the Perception of Risk

Voluntary vs.
N a t u r a l v s .

Fami l ia r vs , Unfami l td i

No t d readed vs . D readed

Chronic vs. Catastrophic

K n o w ^ b l ¥ V s r P n ^ ,

Own control vs.c c n ' n © i .
c '

Trustworthy source vs.

Responsive process vs.

Low Media Attention vs. 5-^gh iv&dta
- ' ■ -

Q l K N L I l

P l a n n i n g c o m m u n i c a t i o n

A u d i e n c e

segment
G o a l W h a t d o

they need
Delivery
opportunit ies

E v a l u a t i o n
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Defining Important Audiences

r i
f

j .

- c m m

Q ) R \ i : i i

Perception
I s

Reality

Oxymoron of the day
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G)KNH1,1

T h e N a t u r e o f R i s k . . .

R i s k 1 v s . N o R i s k
Smoking Vs. not smoking

U')UNHl. l

T h e N a t u r e o f R i s k . . .

R i s k 1 v s . N o R i s k
Smoking Vs. not smoking

R i s k 1 v s . R i s k 2
Flying Vs. Driving
S m a l l P o x V s . I m m u n i z a t i o n
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G ) k \ h h .

T h e N a t u r e o f R i s k . . .

R i s k 1 v s . N o R i s k
Smoking Vs. not smoking

R i s k 1 v s . R i s k 2
Flying Vs. Driving
S m a l l P o x V s . I m m u n i z a t i o n

R i s k 1 v s . B e n e fi t

We tend to believe that high risk is relate< Ito
low benefit. Often, however, high risk is related to
high benefit.

T h e N a t u r e o f R i s k . . .

O f fi c i a l - V i e w

High Hazard L o w H a z a r d

High ^reernen^ D.!S agree men.t
H a z a r d (Focus public on (Reassure or focusC

c _

3 L o wCL

H a z a r d
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Pre-Crisis Communication Planning

●Develop sophisticated environmental scanniijig which
allows anticipation of issues

●Develop in-depth understanding of publics

●Work c loselv wi th the mass media

●Develop communication channels which do lot utilize
m a s s m e d i a

●Change perspective on the role of public in cecision
making and public health protection.

E f fec t i ve R isk Communica t im

●_Accept and involve the public as alegitimate pait tier

●Listen to public's concerns

●Be honest, frank and open

●C o o r d i n a t e a n d c o l l a b o r a t e w i t h o t h e r c r e d i b l e s o u r c e s

●Speak clearly and with compassion

a n d e v a l u a t e v o u r e f f o r t s» P l a n c a r e f u l l
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-I -pepU-:-rtG i k n k i i . , 1 f

Preparing:
Develop more in-depth understanding of publip,

V“i their needs, ways of reaching them.

Develop close working relationship with media— ̂
P a r t n e r w i t h t h e m .

V ■ . h

J. Develop
Utilize the mass media. Gives you more controi, you
can focus efforts.

c o m m u n i c a t i o n c h a n n e l s w h i c h d o n o t●,VJ.

t o n r - f -

. X *

P-f-ep-^.

If people are sufficiently
motivated, they are quite
capable of understanding
complex risk '

c o n c l u s i o n s .
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-rep-U-HiF---
I t ' i

● ● ●

’l“lf we think (the people) not
enlightened enough to exercise their

the remedy is not to take it from
them, but to inform their discretion.”

- - T h o m a s J e f f e r s o n

C o m m u n i c a t i n o R i s k
G~)RNF.1.I.

U N D E R S T A N D I N G P U B L I C P E R C E P T I O N O F R I S K

R o / e o f t h e m a s s m e d i a

B o t t o m L i n e : Y o u c a n ’ t d o

your job without the mass
m e d i a .

To do your job right requires prior
planning and work with the mass media.
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Appendix N.
Workshop Evaluat ion and Results

VI ' t i a i
I

New York

F i s h e r i e s U n c e r t a i n t y W o r k s h o p E v a l u a t i o n

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 aresearch agenda?

Y e s 8 5 % N o U n c e r t a i n 1 5 %
C o m m e n t s :

“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?
U n c e r t a i n 1 0 %Y e s 9 0 % N o

C o m m e n t s :
“A bit heavy on academics, but still good”

had ahard time following discussion summary, alittle too technical, although
content was interesting”

“the entire range”
“at this point the research agenda was not developed but the goal of sharing
i n f o r m a t i o n w a s m e t ”

“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
interest ing?

“Evan Cooch(‘s) first talk, but Ialso 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”

- 1 9 3 -
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Assumptions of bootstrap
procedure

●Assumes independent and identically
d i s t r i b u t e d d a t a .

●Performance can depend upon depend
sample size.

●Does not assume normality for data or for
statistic being evaluated.

Bootstrap advantages and
disadvantages

●Is not guaranteed to work for all cases.
●Can allow confidence intervals for complex

functions of the parameters that were
directly estimated.

●There are more sophisticated bootstrap
approaches that sometimes work better
but these are more complicated to
c a l c u l a t e .
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Asimple example
●Management objective; maximize cumulative

h a r v e s t

●Management options: alternative harvest
r a t e s

●Critical uncertainty: natural mortality
hypothesis (M fixed or Mdecreases when F
increases)

●P r o b a b i l i t i e s : w h o k n o w s ? 5 0 : 5 0

●Model: simple age-structured model, with
stock-recruitment relationship

●D e c i s i o n t r e e ; . . .

ASimple Decision Tree
O u t c o m e s

(cumulative haivest)
Management
options

S t a t e s o f n a t u r e

c o m p e n s a t o r y 1 3 , 3 0 0p = . 5

H a r v e s t

r a t e p3 not c&rnpensatory -11 800
0 . 4

1 4 , 3 0 0

0 . 5

1 1 , 5 0 0

0 . 6
1 4 , 5 0 0

3 , 2 0 0
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