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Using Structured Decision Making to Assess Management 
Alternatives to Inform the 2024 Update of the Minnesota 
Invasive Carp Action Plan

By Max Post van der Burg and Michael E. Colvin

Abstract
This report summarizes the results of a structured deci-

sion making process started by the Minnesota Department 
of Natural Resources to develop and evaluate various inva-
sive carp management strategies to inform a 2024 update of 
the Minnesota Invasive Carp Action Plan. The Minnesota 
Department of Natural Resources invited State, Federal, 
Tribal, and nongovernmental organization partners to par-
ticipate in online and in-person workshops to elicit concerns 
and perform an expert-based assessment of potential invasive 
carp management strategies to address those concerns. The 
participatory group divided into two subgroups: the val-
ues team and the technical team. The values team specified 
12 management objectives that captured the major interest 
group concerns. The technical and values teams developed 
18 different invasive carp management strategies to compare. 
The technical team then scored each strategy in terms of how 
well it met each management objective. The values team 
weighted the management objectives to assess where tradeoffs 
might need to be made. The results of this process captured the 
wide range of partner concerns and technical opinions using 
a transparent, repeatable, and rigorous method. The analyses 
suggest that tradeoffs between management efficacy and cost 
are likely. Furthermore, considerable uncertainty exists among 
the technical experts regarding which strategy is likely to be 
most effective or cost-efficient. Followup analyses were done 
to assess how resolving uncertainty among experts could affect 
decision making and guide future monitoring efforts.

Introduction
The Minnesota Department of Natural Resources 

(MNDNR) Invasive Carp Action Plan (hereafter “plan”) 
guides management actions to control bighead carp 
(Hypophthalmichthys nobilis), black carp (Mylopharyngodon 
piceus), grass carp (Ctenopharyngodon idella), and silver carp 
(H. molitrix; hereafter “invasive carp” refers to the four carp 
species collectively). The plan was first developed in 2011 by 

the MNDNR, Federal and State management partners, and 
interest groups (for example, advocacy organizations) to limit 
the spread and effect of invasive carp in Minnesota waters. 
The plan was revised in 2014, and an addendum was added in 
2020 to provide additional detail on the status of invasive carp 
in Minnesota waters and recent scientific developments.

The original plan was written when invasive carp cap-
tures numbered less than (<) 10 individuals yearly. In recent 
years, captures of invasive carp in Minnesota have increased, 
likely because of hydrological events in the Mississippi River. 
For example, flooding in 2019 likely facilitated the upstream 
movement of invasive carp in the Mississippi River, and 
recent captures indicate that many of these fish are now sexu-
ally mature. However, no reproduction has been detected in 
Minnesota waters, but aggressive management actions may be 
needed to prevent reproduction from occurring and popula-
tions becoming established in Minnesota waters.

The MNDNR would like input from decision makers 
from other management agencies, interest groups, and the 
public about how to enhance their current efforts to control 
invasive carp. Developments in invasive carp monitoring 
and control techniques provide new opportunities that should 
be considered for application by the MNDNR in Minnesota 
waters. Because of the changing status of invasive carp in 
Minnesota waters and the potential availability of new inva-
sive carp management actions, the plan urgently needs updat-
ing. This report outlines the results of a structured decision 
making (SDM) process that incorporates diverse values and 
expert opinion about invasive carp from within and outside of 
the MNDNR to evaluate options for managing invasive carp in 
Minnesota in a transparent and repeatable process. The result 
of this process was a synthesis of input from MNDNR partners 
and a set of analyses that the MNDNR can use as they update 
the plan.

Structured Decision Making Process
The MNDNR coordinated the workshops and invited 

more than 60 participants from 27 State, Federal, Tribal, or 
nongovernmental organizations:
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○ Commercial fishing businesses

○ Friends of Pool 2

○ Friends of the Mississippi Rvier

○ Great Lakes Fishery Commission, Michigan State 
University

○ Goodhue County

○ Iowa Department of Natural Resources

○ Iowa State University

○ Lake City, Minnesota

○ Lake Pepin Legacy Alliance

○ Lower Sioux Indian Community

○ Minnesota Conservation Federation

○ Minnesota Department of Natural Resources

○ Minnesota House of Representatives

○ Minnesota State Senate

○ Minnesota Sportfishing Foundation Coalition

○ National Park Service

○ Prairie Island Indian Community

○ Shakopee Mdewakanton Sioux Community

○ Stop Carp Coalition

○ University of Minnesota

○ University of Minnesota, Minnesota Aquatic Invasive 
Species Research Center

○ University of Minnesota-Duluth

○ Upper Sioux Community

○ U.S. Army Corps of Engineers

○ U.S. Fish and Wildlife Service

○ U.S. Geological Survey

○ Wild Rivers Conservancy

○ Wisconsin Department of Natural Resources.
The workshop coordinators divided participants into 

two working groups based on their expertise and reason for 
involvement. The first group, the “values team,” represented 
the concerns of various interest groups, rightsholders, and 
regulatory agencies. The second group, called the “technical 
team,” consisted of people with technical expertise in inva-
sive carp biology and control but did not represent regulatory 

or interest groups. The MNDNR coordinators invited two 
U.S. Geological Survey (USGS) decision analysts (the authors 
of this report) to facilitate the workshops. The coordinators 
and decision analysts made up the “core team.” See table 1 for 
the meeting schedule used in this process.

We used the SDM process outlined by Keeney (1992), 
Gregory and Keeney (2002), and Runge and others (2020), 
which breaks a decision down into components, analyzes the 
components, and reassembles the components into a more 
coherent structure. The first step in the process is for the deci-
sion makers and stakeholders to develop a consensus state-
ment of the decision to be made and the considerations that 
should be included when making the decision. After develop-
ing the statement, the interest groups, rightsholders, and deci-
sion makers specify the objectives they would like to achieve 
by making the decision and assign measureable attributes to 
the objectives. Next, the participants develop a set of alterna-
tive actions or combinations of actions (strategies) to meet 
their objectives. The consequences of the alternative actions 
are then expressed in terms of the measureable attributes. 
The final step is to formally analyze tradeoffs and uncertainty 
regarding the best set of management strategies. In the follow-
ing sections of this report, we detail how we used this process 
to help the MNDNR with soliciting input for updating their 
invasive carp management plan.

The process we used is a recognized method for enagaing 
with multiple values in the context of group decision making 
(Kurth and others, 2017). Furthermore, others have concluded 
that intensive engagement in processes, like SDM, improves 
decision quality because it provides a framework for integrat-
ing new ideas and provides others access to technical informa-
tion (Beierle, 2002).

Problem Statement

All workshop participants had input into the formation of 
a coherent description of the decision problem to solve with 
this SDM process.

Problem Trigger and Background
The plan was developed in 2011 by the MNDNR, 

partners, and stakeholders to limit the spread and effects of 
invasive carp. The plan was revised in 2014, and an adden-
dum was added in 2020 to document invasive carp status in 
Minnesota and scientific developments. An updated plan was 
triggered because of an increase in invasive carp abundance 
in Minnesota, the availability of new invasive carp monitor-
ing and control techniques, political interest in the issue, and 
additional funding opportunities. The geographic scope of the 
plan includes the Upper Mississippi River Basin in Minnesota 
and watersheds at risk of invasion through high streamflow 
connections (fig. 1). The plan aims to guide MNDNR’s imple-
mentation of invasive carp management actions over the next 
10 years by doing the following:
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Table 1. The timeline of virtual and in-person meetings needed to scope the problem, elicit objectives, develop invasive carp 
management strategies, and present preliminary findings.

[Dates shown as year-month-day]

Date Interest group attendees
Meeting

Type Duration

2023-05-10 Core team Virtual 1 hour
2023-05-26 Core team Virtual 1 hour
2023-05-30 Core team Virtual 1 hour
2023-06-12 Core team Virtual 1 hour
2023-06-13 Core, technical, and values team Virtual 1.5 hours
2023-06-26 Core team Virtual 1 hour
2023-06-27 Core, technical, and values team Virtual 2 hours
2023-07-10 Core team Virtual 1 hour
2023-07-11 Core, technical, and values team Virtual 2 hours
2023-07-14 Core team Virtual 1 hour
2023-07-18 Core, technical, and values team Virtual 2 hours
2023-07-27 Core team Virtual 1 hour
2023-08-03 Core and technical team Virtual 2 hours
2023-08-18 Core and technical team Virtual 2 hours
2023-08-23 Core team Virtual 1 hour
2023-08-31 Core and technical team Virtual 2 hours
2023-09-14 Core, technical, and values team Virtual 2 hours
2023-09-15 Core team Virtual 0.5 hour
2023-09-22 Core team Virtual 1 hour
2023-09-26 Core, technical, and values team In person 2 days
2023-09-29 Core team Virtual 1 hour
2023-10-06 Core team Virtual 1 hour
2023-11-20 Core team Virtual 1 hour
2023-11-27 Core team Virtual 2 hours
2023-12-01 Core, technical, and values team Virtual 2 hours
2023-12-15 Core team Virtual 1 hour

○ evaluating potential management actions;

○ considering uncertainties associated with the effective-
ness of an action, current invasive carp status, imple-
mentation logistics, implementation authority, and 
public perception; and

○ identifying and acknowledging constraints associated 
with funding, permitting, long-term operation and 
maintenance, and personnel.

Supporting Action Plan Development

The SDM process detailed in this report was used to 
(1) determine the values of interest groups (values group), 
(2) identify potential management actions (technical group), 

(3) identify key uncertainties (values and technical groups), 
(4) evaluate the expected consequences of implementing a 
management action, and (5) evaluate tradeoffs among values 
elicited from the interest groups. The SDM process aims to be 
inclusive and to build trust among the many interested parties 
through facilitated virtual and in-person meetings. The process 
also aims to provide a transparent and repeatable science-
based decision making process that can be used to inform 
subsequent updates of the plan. Additionally, the SDM process 
usually requires evaluation of potential decisions given inter-
est group values framed as management objectives, makes 
clear the role of constraints like management action cost, and 
helps identify decision-relevant uncertainties and monitoring 
efforts. MNDNR authors plan to use the outcomes of the SDM 
process to draft a revised plan.
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Figure 1. The Upper Mississippi River Basin and the location of lock and dam systems.
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Process Goals
The goals that participants hoped to achieve include the 

following:
1. Evaluate potential management actions that may be 

implemented by nearby and downstream natural resource 
agencies and that may effect the tradeoffs between non-
target species, ecological considerations, recreational 
activities, and short-term and long-term costs.

2. Consider uncertainties associated with inaction, action 
effectiveness and implementation (including logistics 
and authority), species history, location-specific inva-
sive carp population status, invasion risk, and public 
perception.

3. Identify tradeoffs and uncertainties associated with 
implementing management actions in aquatic systems 
that are unoccupied by invasive carp; occupied by inva-
sive carp where reproduction is not occurring (invaded); 
or are occupied by invasive carp and reproduction occurs 
consistently (established).

4. Determine invasive carp management action imple-
mentation constraints associated with, but not limited 
to, funding, permitting, long-term operation and main-
tenance, personnel, and agency capacity to execute 
available funds, and how these constraints could be 
overcome.

Management Objectives

We began the process of developing objectives by asking 
the values team to list their main concerns about choosing an 
invasive carp strategy. We then worked with the values team to 
reframe each concern as a desired outcome (noun) and a direc-
tion of preference (that is, “increase” or “decrease”). Next we 
sorted the objectives into means, which specify how a deci-
sion maker would like to influence their objectives, and ends, 
which are the outcomes that the decision maker is ultimately 
trying to influence. From this point forward, when we refer 
to “objectives” we are referring to the ends we elicited in this 
exercise.

The values team developed 12 objectives that spanned a 
range of concerns about the ecological, social, and financial 
consequences of taking action (table 2).

The technical team discussed developing metrics to 
measure how strategies would influence these outcomes, but 
due to a lack of data and time, the group felt it necessary to 
develop a scoring rubric to conduct the invasive carp strategy 
assessment. The technical team used this rubric to assess how 
effective alternative invasive carp management strategies may 
be at achieving management objectives using expert opinion. 
The scale was intended to represent a gradation of potential 
effect with 10 being the best, 5 being moderate or minor, and 0 
being the worst.

Alternative Invasive Carp Management 
Strategies

Before the in-person workshop, we worked with the tech-
nical team to generate a wide-ranging list of alternative actions 
to be considered by the group and then organized these actions 
into themes. Table 3 shows how we organized the alternative 
actions and is often referred to as a “strategy generation table” 
(Clemen and Reilly, 2001). Participants can use this table to 
explore different combinations of actions, which we refer to as 
“strategies.”

At the in-person workshop, the group developed a set 
of invasive carp management strategies to be assessed by the 
technical team. Participants in the workshop included mem-
bers from the values and technical teams; however, those 
who could attend the in-person workshop were a subset of 
all the participants in the virtual component of the process. 
Workshop participants began by identifying a “no action” 
alternative, assuming nothing was done to monitor or control 
invasive carp abundance or movement in Minnesota waters. 
They next identified the “current strategy,” which describes 
the actions the MNDNR is currently taking. For comparison, 
they developed an “unconstrained” strategy including all the 
management actions the group considered worthwhile regard-
less of feasibility or other tradeoffs. Lastly, they developed a 
“targeted investment” strategy, which includes only the basic 
management actions needed to begin controlling invasive carp 
movement and abundance within State waters. The “targeted 
investment” strategy has more actions than the current strategy 
(app. 1), and several of the strategies considered also con-
tained the application of deterrent technologies at lock and 
dam systems to prevent invasive carp movement through the 
Mississippi River system (fig. 1). For the purposes of this 
effort, we did not specify a type of deterrent technology. We 
built the remaining 14 strategies out of the components of the 
first 4 strategies and the combination of deterrents (table 4; 
app. 1).

Evaluating Consequences and Tradeoffs Among 
Strategies

After the in-person workshop, we asked the technical 
team to use their expertise to apply the rubric in table 2 to the 
18 invasive carp management strategies in table 4. In total, 
we received scores from eight technical team experts (mean 
scores are in table 5). We highlighted the best-performing 
strategy under each objective in yellow and the worst-
performing strategy in red. When inspecting the highlighted 
cells, it became clear that there were tradeoffs between the 
first 7 and the last 5 objectives. The tradeoffs suggested that 
selecting a single preferred strategy may involve balancing 
these tradeoffs. To assess this balance, we asked the values 
team to perform a swing weighting exercise for the objectives 
(Clemen and Reilly, 2001). For the swing weighting exercise, 
we used the range of values from the experts to construct 
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Table 2. Values team objectives, descriptions of the effects they represent, and how they are measured.

Objective number Objective name Objective description Objective metric

1 Decrease invasive carp 
abundance

Effect on carp abundance in the 
Mississippi River Basin in 
Minnesota over a 10-year period. 
This considers abundance over all 
pools and tributaries.

0=Carp abundance very high within the State 
3=Carp abundance high within the State 
5=Carp abundance moderate within the State 
10=Carp are absent from the State

2 Minimize negative ef-
fects on native mussel 
species

Effects on mussel diversity, condition, 
and abundance in the Mississippi 
River Basin in Minnesota over a 
10-year period.

0=Significant negative effects 
3=Some negative effects 
5=Minor negative effects 
10=No effects

3 Minimize effects to na-
tive fish

Effects on fish diversity, condition, and 
abundance in the Mississippi River 
Basin in Minnesota over a 10-year 
period.

0=Significant negative effects 
3=Some negative effects 
5=Minor negative effects 
10=No effects

4 Minimize effects to na-
tive flora

Effects on plant diversity, condition, 
and abundance in the Mississippi 
River Basin in Minnesota over a 
10-year period.

0=Significant negative effects 
3=Some negative effects 
5=Minor negative effects 
10=No effects

5 Maintain recreational 
opportunites

Effect on the public’s access to 
recreational opportunities in 
the Mississippi River Basin in 
Minnesota over a 10-year period.

0=Many opportunities severely limited 
3=Some opportunities limited 
5=Few opportunities limited 
10=Opportunities unaffected

6 Minimize negative 
effects to Minnesota 
river-based economies

Effect to local economies that rely 
on the Mississippi River Basin in 
Minnesota over a 10-year period.

0=Economic activity severely limited 
3=Economic activity somewhat limited 
5=Minor economic limitations 
10=Economic activity unaffected

7 Minimize carp threats to 
public safety

Effect to public safety threats from carp 
over a 10-year period.

0=Serious risks 
3=Some risks 
5=Some risks, but manageable 
10=No risk

8 Minimize management 
threats to public safety

Effect to public safety threats from 
management actions over a 10-year 
period.

0=Serious risks 
3=Some risks 
5=Some risks, but manageable 
10=No risk

9 Minimize negative effect 
to cultural practices 
and values

Effect to cultural practices (for exam-
ple, wild rice harvest) and cultural 
views (for example, sacredness of 
plants and animals) in Mississippi 
River basin in Minnesota over 
10-year period.

0=Cultural practices severely limited 
3=Cultural practices somewhat limited 
5=Minor effects to cultural practices 
10=Cultural practices unaffected

10 Maintain access for un-
derserved populations

Effect to the ability of underserved 
populations (for example, Americans 
with Disabilities Act [42 U.S.C. § 
12101] or low-income communities) 
to access river resources.

0=Access severely limited 
3=Access somewhat limited 
5=Access somewhat limited, but accommo-
dations available 
10=Access unaffected

11 Minimize prevention and 
control costs of the 
action

Effect on implementation costs over a 
10-year period.

0=Very high cost 
3=High cost 
5=Moderate cost 
10=No cost

12 Minimize implementa-
tion time

Effect on time to implement over a 
10-year period.

0=Over 10 years 
3=5 years 
5=2 years 
10=Less than 2 years
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Table 3. Table used to generate strategies for managing invasive carp.

[USACE, U.S. Army Corps of Engineers; eDNA, environmental DNA; BAFF, bioacoustic fish fence; MNDNR, Minnesota Department of Natural Resources]

Barriers to 
movement

Deterrent  
configuration

Deterrent 
Operation

Deterrent siting
Facilitate native  
fish and mussel  

movement

Native habitat 
management

Water  
management

Prevention  
coordination

Targeted 
removal

Removal 
timing

Reproduction 
disruption

Optimize exist-
ing barriers 
to reduce 
upstream 
migration 
(USACE 
Lock and 
Dam)

Doubling up Temporary Lock and Dam 5 Fish bypass/eleva-
tor; fish sorting 
(removal of 
carp)

Increase native 
habitat diversity

Consistency of 
waterflow veloc-
ity of a pool by 
manipulating the 
gates

Work with 
neighboring 
states to prevent 
movement into 
Minnesota

Development 
of enhanced 
capture 
techniques 
for invasive 
carp for a 
low-density 
environment

Early 
spring

Directing carp 
to spawn in 
location where 
recruitment is 
not possible

Spillway gate 
adjustments 
to minimize 
passage of 
invasive carp

Combinations of 
technologies

Permanent Backwater Salmon Cannon Increase habitat 
redundancy

Mimic natural river 
hydrograph (in 
other words, 
natural fluctua-
tions) to disrupt 
i-carp spawning

Outreach to prevent 
movement of 
invasive carp by 
human-mediated 
introductions 
(bait bucket or 
intentional)

Agency 
encouraged 
targeted fish-
ing efforts 
by citizens; 
tournaments, 
snagging

Late fall Harassing spawn-
ing aggregations

Block off 
intermittent 
connections 
between 
the Upper 
Mississippi 
and 
Mississippi 
River Basins

-- Ajdusting 
spillway 
gate opera-
tions during 
spawning

Side channel Selective opera-
tions of barriers 
to movement

Mimic natural 
lateral con-
nectivity

Reduce total sus-
pended solids

Outreach to in-
crease reporting 
of invasive carp 
sightings and 
captures to help 
direct capture 
efforts

Traitor fish to 
enhance 
removal 
efforts

Winter Use bubble curtains 
to disrupt egg 
drift

Deterrents on 
spillway 
gates/whole 
river deter-
rent

-- Lock and dam 
operation 
adjustments 
during 
spawning

Pool 6 Rock ramp passage 
at dams

Native egg /
larval predators 
(paddlefish) can 
also be man-
aged to remove 
any possible 
carp eggs.

Equalize flows and 
velocities to 
make spillway 
unpassable

Support for bar-
rier at Lock and 
Dam 14

Trap and 
remove

-- Limit movement of 
eggs and larvae 
upstream



8 
 

M
anagem

ent Alternatives to Inform
 the 2024 Update of the M

innesota Invasive Carp Action Plan
Table 3. Table used to generate strategies for managing invasive carp.—Continued

[USACE, U.S. Army Corps of Engineers; eDNA, environmental DNA; BAFF, bioacoustic fish fence; MNDNR, Minnesota Department of Natural Resources]

Barriers to 
movement

Deterrent 
configuration

Deterrent 
Operation

Deterrent siting
Facilitate native 
fish and mussel 

movement

Native habitat 
management

Water management
Prevention  

coordination
Targeted 
removal

Removal 
timing

Reproduction 
disruption

Sound -- -- Pool 4 Ajdusting spillway 
gate operations 
during spawning

Enhancing native 
predators

Dam point control Reducing propa-
gule pressure 
outside of 
Minnesota

Commercial 
fishing

-- Genetic engineer-
ing

Bubbles -- -- Spatial integra-
tion along 
the Upper 
Mississippi 
River

Lock and dam 
operation ad-
justments during 
spawning

-- Hinge point control -- Chemical at-
tractants

-- Pheromones

Carbon dioxide -- -- Lock and Dam 
14 (pinch 
point)

-- -- -- -- Food attractants -- --

Electric barrier -- -- LD 19 (pinch 
point)

-- -- -- -- Using technolo-
gies (eDNA, 
Drones, 
telemetry) 
to increase 
efficiency

-- --

BAFF -- -- Pool 5a (pinch 
point)

-- -- -- -- Bounties or 
harvest 
incentives

-- --

Look for and 
eliminate 
man-made 
watershed 
basin connec-
tions

-- -- Pool 3 -- -- -- -- Targetted 
removals-
MNDNR

-- --

Combinations of 
barriers

-- -- LD 2 -- -- -- -- Herding using 
technologies

-- --

Light barrier -- -- Overwinter 
habitats

-- -- -- -- Salmon cannon -- --
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Table 3. Table used to generate strategies for managing invasive carp.—Continued

[USACE, U.S. Army Corps of Engineers; eDNA, environmental DNA; BAFF, bioacoustic fish fence; MNDNR, Minnesota Department of Natural Resources]

Barriers to 
movement

Deterrent 
configuration

Deterrent 
Operation

Deterrent siting
Facilitate native 
fish and mussel 

movement

Native habitat 
management

Water management
Prevention  

coordination
Targeted 
removal

Removal 
timing

Reproduction 
disruption

Closing locks -- -- Pool 8 (site 
fidelity)

-- -- -- -- Sound attrac-
tants

-- --

Reduce number 
of lockages

-- -- -- -- -- -- Regulation 
changes that 
would facili-
tate public 
harvest

-- --

Chemical deter-
rents

-- -- -- -- -- -- Encouraging in-
terest in fish 
consumption 
by people

-- --

Temperature -- -- -- -- -- -- -- --
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Table 4. Strategies considered in the structured decision making process.

Strategy Name

1 No action
2 Current strategy
3 Unconstrained
4 Targeted investment
5 Targeted investment + deterrent at Lock and Dam 5
6 Targeted Investment + deterrent at Lock and Dam 8
7 Targeted investment + deterrent at Lock and Dams 4 and 5
8 Targeted investment + deterrent at Lock and Dams 5 and 8
9 Targeted investment + research and development
10 Targeted investment + research and development + deterrent at Lock and Dam 5
11 Targeted investment + maximize removal
12 Increase resiliency
13 Targeted investment + deterrent at Lock and Dam 15
14 Maximize removal + research & development
15 Maximize removal + deterrent at Lock and Dam 5
16 Maximize removal + deterrent at Lock and Dam 8
17 Maximize removal + deterrent at Lock and Dams 4 and 5
18 Maximize removal + deterrent at Lock and Dams 5 and 8

two hypothetical strategies that resulted in the worst and best 
performance for each objective. We then asked members of 
the values team to imagine that they could pick one objective, 
which they could “swing” from worst to best performance. 
The swing they preferred the most was assigned a rank score 
of 1. The values team members then ranked the remaining 
objectives 2–12 in descending order in terms of how much 
they preferred improving performance on each objective. 
Next, they assigned their top-ranked objective 100 points and 
the rest of the objectives a value between 0 and 100 to reflect 
their relative preference for each remaining objective. These 
points were then normalized to weights, which summed up 
to 1, by dividing the points assigned to each objective by the 
total points for each respondent. These weights can be inter-
preted as relative preference for or strength of an objective. 
We received input for the swing weighting exercise from six 
values team members. Mean weights (in other words, aver-
aged over all values team participants) are shown in table 5. 
Next, we developed a scoring function that took the form of 
a weighted sum. We multiplied an objective’s score by its 
corresponding weight for each invasive carp management 
strategy. We then summed the weighted scores into a total 
score for each invasive carp management strategy (table 5). 
From an optimization point of view, the invasive carp manage-
ment strategy that best meets the objectives is the one with the 
highest total score. The optimal strategy given the scoring was 
strategy 11, closely followed by strategies 3, 14, and 15.

Analysis of Uncertainty

Score and objective variability among technical and 
values team respondents could affect the consequences and 
tradeoff analysis results. Figure 2 illustrates the coefficient of 
variation (CV) for the scores associated with each strategy and 
management objective. The CV is a normalized measure of 
the standard deviation of the scores calculated as the standard 
deviation divided by the mean. The CV can be interpreted as 
the percentage of variation relative to the mean. For instance, 
a CV of 0.5 means that the variation is 50 percent of the mean, 
whereas a CV of 2 means that the variation is 200 percent 
greater than the mean. Another way to interpret the CV is the 
amount of spread around the mean. A lower CV value means 
less spread and a greater CV value means more spread. Scores 
with more spread indicate disagreement among technical 
experts about the presumed effects of the invasive carp man-
agement strategy.

Strategy three, which is one of the top three strategies 
(11, 3, and 15; table 5), had more score variation on average 
compared with other strategies. This is likely due to the con-
siderable variation in expert opinion associated with costs and 
time to implementation with strategy 3. These comparisons 
also suggest that although strategy 11 seems to marginally out-
perform similar strategies, experts expressed uncertainty about 
how well these strategies would perform.

The uncertainty in assessing these strategies is important. 
Suppose we assumed each expert’s opinion was a hypoth-
esis or prediction of what may happen when each invasive 
carp management strategy is implemented. In that case, we 

w
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Table 5. Consequences table showing the average objective weights, average performance scores, and average total scores for the structured decision-making analysis of 
strategies for managing invasive carp.

[Refer to table 4 for descriptions of strategies. The strategy columns are sorted from left to right in order of increasing total scores]

Objective
Mean 

weight

Strategy

1 8 12 5 7 6 9 10 2 4 18 13 17 16 14 15 3
11 (optimal 
strategy)

Decrease invasive 
carp abundance

0.13 1.75a 6.31 3.84 5.56 6.25 5.28 4.94 5.94 3.44 4.63 7.69 6.22 8.23 6.94 6.38 7.13 8.63b 6.56

Minimize negative 
effects on native 
mussels

0.07 4.38a 6.50 7.13 6.75 7.38 6.56 6.00 6.69 5.19 6.56 7.38 7.13 7.63 6.97 7.50 6.94 8.50b 6.88

Minimize effects 
to native fish

0.13 3.63a 5.56 6.50 5.50 5.81 5.44 5.38 5.75 4.44 5.41 6.56 6.22 6.69 6.34 6.56 6.44 7.38b 6.31

Minimize effects 
to native flora

0.07 6.25a 6.81 7.81 6.56 6.88 7.06 6.88 7.22 6.69 6.56 7.63 7.56 7.72 7.72 7.44 7.84 8.19b 7.56

Maintain recre-
ational opportu-
nities

0.09 4.00a 5.38 5.03 5.03 5.50 5.34 5.63 5.38 5.41 5.88 6.56 7.09 6.69 6.81 6.81 6.81 7.48b 6.50

Minimize nega-
tive effects to 
Minnesota 
river-based 
economies

0.07 3.75a 6.63 5.22 5.56 6.38 5.47 5.81 6.38 5.03 5.19 7.25 7.16 6.94 6.75 6.13 6.63 8.48b 6.75

Minimize carp 
threats to public 
safety

0.08 4.00a 6.44 4.97 5.91 6.19 6.16 6.00 6.63 5.16 5.56 7.88 6.91 7.75 7.13 6.88 7.13 8.04b 6.75

Minimize manage-
ment threats to 
public safety

0.07 9.25b 7.63 8.13 7.50 7.50 7.75 7.75 7.50 8.88 8.25 7.38 8.50 7.50 7.38 7.69 7.50 5.94a 8.25

Minimize negative 
effect to cultural 
practices

0.07 5.63a 6.75 5.81 6.75 7.13 7.13 6.88 6.94 7.25 7.25 6.88 7.38b 7.00 7.13 7.38b 7.13 7.38b 7.00

Maintain access 
for underserved 
populations

0.06 7.13a 8.00 7.91 8.31 8.25 8.50 8.44 8.50 8.38 8.75b 8.13 8.63 8.25 8.50 8.25 8.63 8.38 8.50

Minimize preven-
tion and control 
costs of the 
action

0.07 8.75b 2.25 5.57 4.44 2.00 4.13 5.56 3.16 7.81 6.50 1.64 4.38 1.64 3.29 5.07 3.29 0.50a 5.21

Minimize imple-
mentation time

0.10 10.00b 2.31 3.81 3.63 2.13 3.31 3.56 2.88 10.00b 6.75 2.13 2.38 2.00 4.13 3.88 4.44 1.13a 7.13
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Table 5. Consequences table showing the average objective weights, average performance scores, and average total scores for the structured decision-making analysis of 
strategies for managing invasive carp.—Continued

[Refer to table 4 for descriptions of strategies. The strategy columns are sorted from left to right in order of increasing total scores]

Objective
Mean 

weight

Strategy

1 8 12 5 7 6 9 10 2 4 18 13 17 16 14 15 3
11 (optimal 
strategy)

Total score -- 5.41 5.75 5.76 5.79 5.81 5.81 5.85 5.91 6.22 6.23 6.36 6.44 6.46 6.50 6.54 6.58 6.66 6.86

aMaximum score of an objective (shaded yellow).
bMinimum score of an objective (shaded red).
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Figure 2. Coefficient of variation value for technical team expert scores on each invasive carp management strategy and objective.

are interested in whether resolving the correct expert would 
result in a different strategy being optimal. However, resolv-
ing uncertainty does not always result in making a different 
decision (Runge and others, 2011). Generally, although sci-
entific value likely reduces uncertainty, sensitivity analyses in 
decision models help identify decision-relevant uncertainties 
(Moore and Runge, 2012). If resolving an uncertainty does not 
change the ranking of the invasive carp management strategies 
from table 5, then that uncertainty is not decision relevant.

Decision-Relevant Uncertainties—Value of 
Information

Value of information (VOI) analyses can be thought of 
as sensitivity analyses that measure the decision relevance of 
an uncertainty and assist decision makers in discerning what 
information is worth obtaining (Runge and others, 2011). 
However, we were interested in how sensitive the invasive 
carp management strategy rankings were to uncertainty about 
each expert score. We cast the problem as one in which we 
are resolving which expert scores are closer to the truth and 
whether this results in a different invasive carp management 
strategy being optimal.

The first VOI analysis we performed was the expected 
value of perfect information (EVPI; Clemen and Reilly, 2001). 
In this analysis, we iteratively assumed each expert’s scores 
were correct. For each set of expert scores, we determined the 
optimal strategy and its associated score. We then averaged 
those scores together to get the average optimal score given 
certainty about each set of expert scores. Next, we averaged 
all the sets of expert scores and arrived at the optimal strategy 
and its associated score, as reported in table 5. We refer to this 
value as the optimal score under uncertainty. The difference 
between the average score under certainty and uncertainty 
is the EVPI. A value greater than zero indicates the value in 
resolving uncertainty about which set of expert scores is closer 
to truth. For this analysis, the EVPI value was 0.79, suggesting 
that resolving uncertainty about the expert scores is likely to 
affect which strategy is optimal.

EVPI is a general measurement that gives an initial indi-
cation of whether further analysis is warranted. For example, 
if the EVPI value is zero, this would indicate no value in 
resolving uncertainties. Because our analysis indicates there 
would be value, we performed an additional analysis of the 
expected value of partial information (EVPXI; Moore and 
Runge, 2012). This analysis evaluates whether resolving only 
a select set of uncertainties affects a choice and is performed 
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similarly to the EVPI analysis. However, instead of assuming 
that all scores given by an expert were certain, we assumed 
that some scores were certain and the others were uncertain. 
We began the analysis by cycling through each set of expert 
scores assuming certainty for each set, but only on the first 
objective (decreasing carp abundance). We assumed that 
scores on the other objectives were uncertain. We then found 
the optimal strategy and the associated score for each set of 
expert scores, as we did before, and averaged the scores. We 
then calculated the difference between the averaged scores and 
optimal score under uncertainty. The difference represents the 
amount of the EVPI we can account for by resolving only one 
source of uncertainty at a time. We expressed EVPXI as the 
percentage of the EVPI we could account for by resolving a 
single uncertainty. Table 6 shows these percentages. The yel-
low highlighted rows show the top three most important single 
uncertainties. We then asked how much of the EVPI we could 
account for if we resolved the top three uncertainties simulta-
neously. This is represented by the orange highlighted row in 
table 6.

From an adaptive management perspective, decision 
makers often cannot afford to wait for new information to 
become available before deciding on a strategy (Williams and 
others, 2009). However, if they are engaged in an adaptive 
management process, the EVPI and EVPXI analyses sug-
gest that learning about the effectiveness of an invasive carp 
management strategy on decreasing invasive carp abundance, 
reducing negative effects to native fish, and the time it takes 
to implement a strategy could improve the ability to select 

an effective invasive carp management strategy. Note that 
improving the ability to select the most effective action does 
not necessarily mean that new information will improve the 
performance of a particular action. Rather, learning may only 
help the decision maker better distinguish between decision 
alternatives.

As a reminder, values team members varied regarding 
how they weighted their objectives. Figure 3 shows the CV 
among the objective weights. Overall, variation was less than 
we expected. We also examined whether using a particular 
set of weights from a member of the values team resulted 
in choosing a different strategy. Regardless of which set of 
weights were used, the same strategy was chosen, indicating 
that variation among objective weights had little effect on the 
choice of a strategy.

Assessing Robustness to Uncertainty

VOI analyses provide insight into which uncertainties 
are most important to resolve in the context of choosing an 
optimal strategy. However, optimal strategies are typically 
based on single values (such as, means or individual scores) 
and usually do not factor error into the calculation of those 
scores. Furthermore, errors may exist in the assumptions that 
technical team experts made, that may have exacerbated the 
differences among experts. These errors call into question 
whether the optimal strategy per our analysis will provide the 
benefits expected by the technical team experts. One solution 
to this problem is to focus less on the optimal strategy and 

Table 6. The percentage of the expected value of perfect information (EVPI) that is accounted for by the expected value of partial 
information (EVPXI).

[EVPI, expected value of perfect information]

Percentage of EVPI Source

0.07a Decrease invasive carp abundance
0.01 Minimize negative effects on native mussel species
0.09a Minimize effects to native fish
0 Minimize effects to native flora
0.05 Maintain recreational opportunities
0.02 Minimize negative effects to Minnesota river-based economies
0.01 Minimize carp threats to public safety
0 Minimize management threats to public safety
0 Minimize negative effect to cultural practices/values
0 Maintain access for underserved populations
0 Minimize prevention and control costs of the action
0.11a Minimize implementation time
0.35b Decrease invasive carp abundance + minimize effects to native fish + minimize implementation time
0.29 Other combinations

aRow (shaded yellow) contains one of the top three most important single uncertainties as measured by the percentage of EVPI.
bRow (shaded orange) represents the case where the top three most important uncertainties are reduced simultaneously.
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Figure 3. Coefficient of variation of objective weights set by the values team.

focus more on finding a strategy that is robust to uncertainty. 
In other words, focus on finding a strategy that is expected to 
perform well across a wide range of uncertainty.

We used an approach known as information gap deci-
sion theory (also known as info-gap decision theory; Ben 
Haim, 2023). Info-gap analyses tend to focus on measur-
ing how the choice of strategy changes as uncertainty is 
increased. Under an info-gap analysis, uncertainty can either 
positively or negatively affect performance; the goal of a 
decision maker in this context is to select the strategy with 
the highest performance after accounting for the effects of 
uncertainty. Here, we focus on the negative affect of uncer-
tainty; in other words, the case where the actual performance 
might be worse than our experts were assuming. In info-gap 
terms, we refer to this measurement as “robustness.”

To perform an info-gap analysis, the following are 
needed: a model that describes the performance of a strategy, 
a model that describes how uncertainty affects model param-
eters, and a horizon of uncertainty over which performance 
will be evaluated. In our case, the model of performance was 
our consequences table. Our model of uncertainty can be 
summarized as:

     
_
s  i,j   −  σi,j *α, (1)

where

_
 s     is the average score for strategy i and 

objective j,

 σ is the standard deviation of the score, and

 α is the horizon of uncertainty.

For each value of α, we computed new scores and total 
scores as we did in our consequences table analysis. Figure 4 
shows the application of our uncertainty model to our conse-
quences table.

Our robustness analysis suggests that strategy 11, the 
optimal strategy, is not as robust to uncertainty as strategies 
3, 17, or 15. However, strategy 11 does seem to fall within a 
group strategies that are somewhat similar in terms of robust-
ness. Still, overall, it would seem that strategies that add some 
level of deterrent in addition to maximizing removals is more 
robust than either one alone.
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Figure 4. Strategy scores computed for a range of levels of robustness.

Conclusions
Our initial consequences analysis found that strategy 11 

was optimal when considering tradeoffs between the objec-
tives. We determined that strategy 3 had the second-highest 
score because it likely outperformed the other strategies on 
several ecological and interest group objectives. However, 
strategy 3 scored low in terms of cost and time to implement. 
Other strategies that ranked near the optimal strategy included 
some actions of the optimal strategy (that is, maximizing 
removals) but mixed additional actions like deterrents at vary-
ing lock and dam systems.

Our VOI analysis indicated that if strategy selection was 
based on a single set of expert scores, then a different rank-
ing for invasive carp management strategies may be expected. 
This implies that there is uncertainty in terms of which 
strategy is actually optimal. Resolving this uncertainty could 
be key to determining which strategy will be best in the long 
term. How MNDNR will go about resolving this uncertainty 
still needs to be developed, but one possible approach would 
be to develop an adaptive management program (Williams and 
others, 2009; Runge and others, 2011).

Setting up such a program would be possible if each 
set of expert scores could be conceptualized as one of many 
competing hypotheses describing how invasive carp popula-
tions will respond to a management strategy. At least two 
different approaches to implementing an adaptive manage-
ment program exist (McFadden and others, 2011). Under 
the decision-theoretic school of adaptive management, one 
could adopt a top-ranking invasive carp management strategy 
given uncertainty (table 5) and then implement the strategy’s 
actions. One would then need to monitor metrics associated 
with key uncertainties needed to determine which hypothesis 
(that is, the set of expert scores) is closer to the truth. As more 
evidence accrues in favor of one or more hypotheses (that 
is, learning), one may need to adjust or adapt to a different 
strategy. Another way to implement adaptive management 
is through the experimentalist-resilience approach. Under 
the experimentalist-resilience approach, one would design 
a management experiment in which attributes of disparate 
strategies are tested in the field with an aim toward maximiz-
ing learning, rather than management performance, per se. 
The information gained from the experiments could be used to 
test critical hypotheses and help resolve which invasive carp 
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management strategy performs better. Both adaptive manage-
ment approaches advocate for collective learning rather than 
allowing a single set of expert scores to drive the invasive 
carp management strategy selection. There are also additional 
complications related to the permanence and scale of differ-
ent actions that the MNDNR would ideally be aware of when 
implementing an adaptive management program. For instance, 
it would be relatively easy for the MNDNR to adapt their carp 
removal strategies if they discover that a particular course of 
action is not working. Installing barriers or other deterrents, 
on the other hand, requires high upfront costs and placement 
of infrastructure that is considerably more difficult to adapt. 
We suggest that a deeper analysis of this tradeoff that provides 
more explicit guidance about managing these risks is likely 
warranted before implementing such an action. It is also pos-
sible that future experimental or field assessments of barrier 
technologies could also be folded into such an analysis.

Irrespective of the approach, both adaptive management 
schools require a method to collect data, monitor the outcomes 
of implemented management actions, and test critical uncer-
tainties. Often, little thought is given to which uncertainties are 
most critical to resolve, and many programs develop a “shot-
gun approach” to monitoring and data collection (Johnson, 
1999). Such an approach can be inefficient, especially if 
limited funding induces tradeoffs between management and 
monitoring. Our analysis suggests that it may be unnecessary 
to resolve all uncertainties to improve decision making and 
management performance. Although other uncertainties are 
potentially scientifically interesting, those uncertainties do not 
necessarily help a manager reduce uncertainty associated with 
selecting an invasive carp management strategy. In particular, 
the analysis identified that resolving uncertainty about the 
effects of invasive carp management strategies on carp abun-
dance and native fish populations, as well as the time needed 
to implement an effective invasive carp management strategy, 
may be critical to making better carp management decisions in 
the state of Minnesota.

If such a program is not feasible, other options for mov-
ing forward might be available. Our info-gap analysis provides 
an example of how one might consider making a decision 
under uncertainty about future performance. In this case, a 
decision maker needs to take into account the potential trad-
eoff between a strategy that maximizes expected performance, 
and one the remains robust over a wide range of uncertainty. 
Our analysis suggested that a strategy based on physically 
removing carp maximizes average expected performance, but 
when variation in expert scores and potential errors in reason-
ing were introduced, that strategy was not as robust. Instead, 
strategies that combined removals with deterrents on lock and 
dam systems in the Mississippi River appeared more robust 
over a wide range of uncertainty.
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Appendix 1. Detailed Descriptions of Invasive Carp Management Strategies
The management strategies used in this report are 

described in more detail in appendix table 1.1, available for 
download at https://doi.org/ 10.3133/ ofr20241020.

https://doi.org/10.3133/ofr20241020 
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