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Researchers gathered sediment cores from lakes in 16 major
watersheds in southwestern Alaska. Lauren Rogers/U of

Washington

Cycles lasting up to 200 years were found
while examining 500-year records of
salmon abundance in Southwest Alaska.
Natural variations in the abundance of
spawning salmon are as large those due
to human harvest.
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Effects on fish & fisheries

Fishery closures
Movement of fish stocks
Disease

And more...
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Prespanwing n

Prespawning mortality (PSM)
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PSM and thermal exposure
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Structured decision making approach

1.
2.

A decision framework

Simulation model
Decision model
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How do we decide?
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What is the optimal decision?
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WHTEE RESOURCE DECISION MAKING TODAY.
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WHAT IS DECISION ANALYSIS?

A management decision is an irrevocable commitment of resources!



There is uncertainty surrounding
most decisions!

DECISIONS )
AHEAD




A decision model assimilates:

e Decision
Alternatives

 Understanding
 Uncertainty

e Utility/Reward/
Value/Objectives




fisheries management
feature
ABSTRACT

This is called structured

decision making.

Quantitative Decision Analysis for
Sport Fisheries Management

Fisheries managers often are faced with difficult decisions on how ta satisfy needs of the
public while maintaining or restoring important sport fisheries. Such decisions are
fraught with complexity and uncertainty associated with both ecological systems and
multiple management objectives and alternatives under consideration. Quantitative
decision analysis provides a means to formalize these complexities into a framewark
consisting of probabilistic relationships among management actions, sources of uncer-
tainty, and management outcomes. We present an example of gquantitative decision
analysis for managing largemouth bass (Micropterus salmoides) in West Point Reservoir,
Georgia. We developed the decision model to choose among four length limit alterna-
tives: no minimum, 305-mm, 356-mm, and 406-mm minimum total length limits. The
model consisted of population dynamics components from published studies, estimates
of future reservoir trophic status, and a composite angler satisfaction score. The model
indicated that a 305-mm length limit would result in the greatest angler satisfaction, but
the model was very sensitive to estimates of angling mortality. To minimize the poten-
tial risks of error in the angling mortality estimates, we suggested a 356-mm length limit
that was adopted by the Georgla Department of Natural Resources. The model trans-
parency also helped biclogists illustrate the decision-making process to the public,
garnering support for the length limit change. We believe that decision analysis is a use-
ful tool for fisheries management and encourage its use by fisheries biologists.

Introduction

Fishery managers often are faced with difficult decie
sions on how to satisty the sociceconomic need of the
public while mainmining cr restoring properly func-
rioning aquatic systems, Such decisions are fraught
with the complexity and uncerainry asociated with
ecological systerns, multiple management objectives,
and the alternatives under consideration (Varis and
Kuikka 1969). To aid the decision-making process,
managers need wools that formalize these complexities
into a commen framework consisting of relaticeships
AMONg MAanagement actions, sources of uncertainty,
and management cutcomes. Decision analysis is one
such roal

Decision analysis is the use of

James T. Peterson
James W. Evans

explicit, quantitative methods o exam-
ine the influences of various sources of
uncertainey on (management ) decisms
(Clemen 1996). Ir allows natural
resounce  managers to examine the

Pederson |5 assstant unit keader and
aasistant professor at the LLS,
Geolegical Survey, Georgia
Ceoperative Fisk and Wildlite Research
Unit, Warnell Schoal of Forest
Resources, University of Georgia,
Athens, He can be comtactad at
peterson@smokey forestry.uga edu.
Evans is senlar baologist in Fisheries
Management, Wildlife Resources
Division, Georgia Department of
Matural Resources,Fort Valley.
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expected effects of different manage-
ment strategies, incofporare multiple
objectives and values of stakehaolders,
determine the relative influence of vari-
ous sources of uncertainty, and estimare
the value of collecting addivicnal data
(eg, monitoring). Additiomal advan-
tes of wing decision analysis include
the shility to incorporate empirical
models, meea-da, and subjective prob-
abilities from experts into a single model
(e, Hans 2001}, inregrare information

from several disciplines (eg., Rieman et al. 2001),
incorporate  multiple managemens cohjectives (eg.,
Waris and Kuikka 1999), and quantitatively incompo-
rate humam dimensions. Decision analysis provides a
framewark for interdisciplinary research and manage-
MEn TEAms o cooperate 1o create the most effective
manEEenent sirategies,

Desprite its potential advantages, decision analysis s
not wsed widely in namural rescurce management {but
see Reckhow 1999 barcot et al. 2001 Rieman et al
2001}, Therefare, most narural resource professionals
have never been exposed o the conceprs. Here, we
describe the development and use of a quantitarive
decision model as applied to typical decision faced by
sport fisheries managers, Owr objective (s o demon-
strace the general urilivy of decision analyss for sporc
fich management.

A length-limit decision for
largemouth bass in West Point
Reservoir, Georgia

Background

West Point Reservoir in Georgia and Alabama
was once & highly productive largemouth bass
(Microperis salmoides) fishery, Largemouth bass
(LMB) angler harvest rates during the early 1990s, 10
kgha, excesded those of most reservoirs in the
Unired States (Ager 1992). High productivity was
avtribured o accelerared anthropogenic eutrophica-
tiom, msociated with the growth of the Adane
metropolitan area during the 1980s (Maceina and
Bayne 2001}, In 1990, increased water quality con-

Fisheries | www fisheries.org | wal 28 no 1



West Point Lake, GA




Problem

* Declining catches and size structure-Clean
water act reduced reservoir productivity
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Decision alternatives

No limit
12 inches
14 inches

16 inches



Model to predict outcomes

Figure 4. Flow chart of basic structural relationships of the largemouth bass poowlation model wsing conventional symbals for rates, levels, sinks,
and variables. 5cld lines represent flow of materal, and broken lines represent information links.
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Influence of decision

Figure 5. Influence diagram of West Paint Reservoir largemauth bass length limit decsion using the notation of Clemen (15%6). The description of
tha model comgonent states and their valeas are in Table 4. Matural mortality rates were modeled separately for fry, juvende, and adult age classes
but are reprezented a5 a single node for simplicity
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Human dimensions

Fercent of Respondants
Toumament  Heoeational
anglers anglers
Herew many firmss peer yesar oo you ish Wt Point? ke than 10 222 21.4
g than 20 45 1 429
If thie s lemgth it wene reguced, hosad midch mofe (35 8 perentage)
would you fish at West Point? i bR S g7
10 1.1 7
£ i7 24
al 148 45
100 15 0.0
Yihat percentage of harestable bass {-16 in.) do you currently kesp? { 76 TES
10 148 4.2
50 QuD 24
100 56 4
If the length limit wene reduced, would you kesp: fewer bass 15 24
SITIE Nimiber 807 a2
miore bass T4 1.4
Hank in onder of mmpartance to you the folloveng qualites of & bass
fishery (3 = most imponant, 1 = least)’. Consstency in the fsheny year after year 255(01) 259000
More bass above the kength limit,
bt feswer vary large bass 181 {0040} 1.66 {0.08)
More large bass, but fewer bass overall 1.64 i0.12] 1.74{0.09)

awerase ranks and sandard enror (in pameihes),




Dealing with uncertainty

Probability of future growth

Trophic status  Density dependence  Unchanged Increased
Oligotrophic Yes 40 60
No 100 0
Mesotrophic Yes 30 70
No 50 50
Eutrophic Yes 0 100

No 20 80

————




Stakeholder values
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Decision uncertainty

Angler Satisfaction (%)

Angler Satisfaction (%)
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What is important to know

Angling mortality Ty ——
Fry carrying capacity ]
Natural acut mortaity [EEEET)
Juvenile mortality -
Inftial aduft abund Results of a ]
Age 0 overwinter montality | sensitivity B
Future growth | analysis- )
Egg hatching success informs m
) research and I
Future trophic state monitoring A J
Fry mortality | efforts = Least sensitive
Density depandeant growth I
12.5 25.0 375 50.0 62.5 75.0 87.5

Angler satisfaction




Another natural resource
example

Suppose your agency is going to
stock rainbow trout into a lake to
provide a new opportunity to
anglers...




Management objectives

1.  Minimize predation of native amphibians
2.  Maximize angler satisfaction
3. Maximize filling bag limits
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1. Stock 100 Trout
2. Stock 300 Trout
Stock 1000 Trout



Uncertainty - return to creel

Return to creel — completely uncertain
Low (O to 25% creeled) — 0.33%
Medium (25 to /5% creeled) — 0.33%
High (/5%+ creeled) — 0.33%

New system to stock-we have no idea what the return to creel
might be!



Visualizing the

decision
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Outcomes
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Ranking the outcomes

1 | Min Predation Angler Satisfaction Bag limit
Ti I\ 8. Low High High
T RY(NICE ‘%: 9. Low High High
7. Low High Medium
6. Medium Medium Medium
1. High Low Low
2. High Low Low
3. High Low Low
4. Medium Low Low
5. Medium Low Low




Scoring the outcomes

Min Predation Angler Satisfaction Bag limit  Score
8. Low High High 100
9. Low High High 100
7. Low High Medium ?777?
6. Medium Medium Medium ?777?
1. High Low Low 2777
2. High Low Low 2777
3. High Low Low 29777
4. Medium Low Low 0

5. Medium Low Low 0




Scoring the outcomes

Min Predation Angler Satisfaction Bag limit  Score
8. Low High High 100
9. Low High High 100
7. Low High Medium 85
6. Medium Medium Medium 50
1. High Low Low 30
2. High Low Low 30
3. High Low Low 30
4. Medium Low Low 0
5. Medium Low Low 0



Visualizing the

decision
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Outcome Score Expected value
1. 30 0.33*30=9.9
2. 30 0.33*30=9.9
3. 30 0.33*30=9.9
4. 0 0.33*0=0

5. 0 0.33*0=0

6. 50 0.33*50=16.5
7. 85 0.33*85=28.05
8. 85 0.33*85=28.05
9. 100 0.33*100=33
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