THE CONSEQUENCES OF CONNECTIVITY: INFORMING FISH PASSAGE AND
RESTORATION DECISIONS WITH DECISION ANALYSIS

By

Shane Alexander Flinn

A DISSERTATION

Submitted to
Michigan State University
in partial fulfillment of the requirements
for the degree of

Fisheries and Wildlife—Doctor of Philosophy

2024



ABSTRACT

Dams have dramatically altered riverine systems and are a major contributor to native
fish population declines. Dam removal is now a common stream rehabilitation practice in the
United States; however, many dams serve important ecological, social, and economic functions,
such as flood control, invasive species control, and provision of recreational opportunities.
Therefore, dam removal is often contentious among stakeholders and involves making tradeoffs
among multiple competing objectives. Decision makers benefit from a thorough evaluation of
the ecological, economic, and social consequences and tradeoffs of changes to connectivity using
decision analysis and predictive models, yet few examples exist in the literature. The objectives
of this research were to use a decision analytic framework and predictive models to evaluate the
ecological, economic, and social consequences and tradeoffs of enhancing connectivity for
migratory fishes in the Great Lakes basin.

In Chapter 1, I used structured decision making to engage a diverse group of stakeholders
and rightsholders to evaluate the ecological, social, and economic consequences and tradeofts of
enhancing connectivity for migratory fishes in the Boardman-Ottaway River watershed. The
optimal management alternative was passage of native fishes only; however, the optimal
alternative varied based on the weight stakeholders might place on each objective. Four
weighting scenarios were developed to evaluate the change in optimal management alternative
with changes in objective weights.

In Chapter 2, an individual-based model framework was developed to forecast the
response of migratory fishes to changes in connectivity and applied to predict the change in
abundance and growth of six species under various fish passage scenarios on the Boardman-

Ottaway River. Population response to barrier removal was species-specific and varied based on



initial population size and distribution within the watershed, the number of fish passed upstream,
and species life history traits. Species that were found only below the barrier prior to removal
benefitted most. Non-native species were found to have greater production potential than native
Great Lakes basin species under full passage scenarios.

In Chapter 3, I evaluated stocking scenarios for lake sturgeon Acipenser fulvescens to aid
decision making in the rehabilitation of an imperiled native Great Lakes basin species. Using the
model from Chapter 2, several lake sturgeon stocking scenarios were simulated to forecast the
potential time to reach a recovered lake sturgeon population. Sensitivity analysis and expected
value of perfect information were used to elucidate key areas of uncertainty. The median time to
reach the target abundance was estimated to take between 31 and 91 years, depending on the
stocking strategy. The results of this research will help inform decision-makers in the Great
Lakes basin on management alternatives for fish passage and restoration that are preferred by

stakeholders and that are likely to achieve their objectives.
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INTRODUCTION

Barriers to stream connectivity, specifically dams, are ubiquitous throughout the United
States and have dramatically altered stream ecosystems. Dams have contributed to decreases in
migratory fish populations through habitat fragmentation and flow alteration. With increasing
awareness of the negative ecological effects of barriers to stream ecosystems, barrier removal has
become a common stream rehabilitation action (Pess et al. 2014; O’Connor et al. 2015). In the
United States, 2,025 barriers have been removed since 1912 (American Rivers 2024).
Oftentimes, increasing access to spawning habitat for migratory fishes is a major impetus for
dam removal, and barrier removal has been shown to positively affect lotic fish communities by
increasing species richness and promoting recolonization of upstream habitats (Catalano et al.
2007; Brenkman et al. 2019). Barrier removal also restores physical stream processes and
conditions (i.e., temperature and instream flow) and increases access to critical life-stage habitats
for migratory fishes, as well as energy and nutrient transport from lake and marine systems to
stream habitats (Flecker et al. 2010; Childress and Mclntyre 2016). Although increasing
connectivity is beneficial to stream systems and migratory fishes, barrier removal and
remediation decisions often have multiple, competing objectives that can lead to tradeoffs
between the benefits to desirable species and the potential increased production of undesirable
and invasive species, alongside myriad other concerns (Kuby et al. 2005; Zheng et al. 2009;
Zheng and Hobbs 2013).

Dams fragment stream habitats, disrupt physical stream processes (i.e., stream flow and
temperature), and have led to the decline of migratory fish populations; however, many dams
simultaneously serve important ecological, social, and economic functions, such as flood control,

invasive species control, and provision of recreational opportunities. Therefore, dam removal is



often contentious among stakeholders and involves making tradeoffs among multiple competing
objectives (Zheng and Hobbs 2013; Fox et al. 2016). Ding et al. (2019) noted a disparity in dam
removal trends between developing and developed countries, due to developing countries
prioritizing economic development over environmental conservation. In some situations
intentional fragmentation could be preferred to produce positive ecological outcomes by
reducing the production or spread of an invasive species (McLaughlin et al. 2013; Rahel 2013;
Jensen and Jones 2018). In the Great Lakes, a “connectivity conundrum” (Zielinski et al. 2020)
exists where barriers provide the most effective control for invasive sea lamprey Petromyzon
marinus populations, yet limit access to spawning habitat for native fishes such as lake sturgeon
Acipenser fulvescens, and walleye Sander vitreus, thereby reducing production and leading to
population declines.

A solution to the connectivity conundrum is selective connectivity, or the ability to
control which species—and how many—pass through a barrier to stream connectivity. Pratt et al.
(2009) contains perhaps the first use of the term “selective connectivity” related to fish passage
and the control of sea lamprey in the Great Lakes; however, what the paper describes as selective
connectivity is manual sorting of fishes at a barrier. Similarly, translocation has been used to pass
species such as white sturgeon Acipenser transmontanus (Jager 2006a) and lake sturgeon
Acipenser fulvescens (Koenigs et al. 2019) over barriers, without barrier removal or
improvements to passageways. However, for many years now, engineers, biologists, and others
have been working to achieve selective connectivity without the need to manually sort and pass
fishes. The Great Lakes Fishery Commission FishPass project will renovate the existing Union

Street Dam on the Boardman-Ottaway River in Traverse City, MI and develop a bi-directional,



selective fish passage facility to allow passage of desired species (e.g., lake sturgeon), while
excluding non-desired species (e.g., sea lamprey; Zielinski et al. 2020).

The positive ecological outcomes of rehabilitation actions that improve stream
connectivity (e.g., FishPass) are usually at the forefront of decision making; however, managers
should also ideally consider social and economic consequences of changes to connectivity.
Barrier removals have notoriously been contentious among stakeholders (Fox et al. 2016);
therefore, a decision analysis framework such as structured decision making (SDM; Hammond et
al. 1999; Clemen and Reilly 2001) can be particularly useful to increase transparency and
improve stakeholder and rightsholder relations through engagement. Structured decision making
is a facilitated and collaborative decision analysis framework that helps decision makers make
more robust and transparent management decisions by incorporating the values and objectives of
stakeholders. Stakeholders and rightsholders will value stream connectivity differently, have
differing objectives, and potentially have species-specific preferences.

Migratory fishes have not accessed habitat upstream of Union Street Dam in over 150
years, and the response of fish populations is highly uncertain. A modeling framework to aid
decision makers in predicting the response of fish populations to increases in connectivity before
the change occurs would be an invaluable tool to fisheries managers, but is not currently
available. There is a paucity of studies that predict fish population response to barrier removal
before a removal occurs and much of the existing barrier removal literature documents changes
to species assemblages post-barrier removal (Cooper et al. 2017; Whittum et al. 2023).
Furthermore, monitoring efforts typically are not conducted over a long enough time frame to
document the response of fish populations to changes to connectivity (Magilligan et al. 2016a,

2016b; Foley et al. 2017). However, available data suggest that fish populations are quick to



colonize newly available habitats following barrier removal (Catalano et al. 2007; Burroughs et
al. 2010; Whittum et al. 2023), but changes in abundance have been species-specific and the
benefits of increased connectivity may take many years to develop (Sun et al. 2022). Prior to
making changes to connectivity, decision makers should ideally weigh the ecological, economic,
and social consequences of connectivity using predictive models and stakeholder engagement to
make the most informed decision; yet few barrier removal or renovation projects include these
considerations.

My dissertation used the Great Lakes Fishery Commission FishPass project as a case
study to evaluate the ecological, economic, and social consequences and tradeoffs of enhancing
stream connectivity in the Great Lakes region. The overarching goal of my research was to use
structured decision making and predictive modeling to help inform fisheries managers when
making management decisions surrounding novel connectivity regimes which have the potential
to affect stakeholders and rightsholders. In my first chapter, I organized a working group of local
stakeholders and rightsholders to work through the PrOACT framework (Hammond et al. 1999)
of structured decision making. I elicited stakeholder and rightsholder objectives for enhancing
connectivity on the Boardman-Ottaway River and estimated the consequences of different
management alternatives to help decision-makers, stakeholders, and rightsholders make tradeoffs
among multiple competing objectives. I used a simple multi-attribute ranking technique to
determine the optimal management alternative under differing objective weighting schemes to
better understand how the optimal management alternative may vary by stakeholder type. In my
second chapter, I focused on predicting the response of fish populations to changes in
connectivity and more thoroughly detail the modeling process I developed and used to model the

consequences in the first chapter. Based on the desires of the working group, I developed an



individual-based model (IBM) framework to predict the response of six species to various
selective connectivity alternatives that were identified by the working group during the SDM
workshops in Chapter 1. The modeling framework I developed is generalized and highly
flexible; therefore, this framework can be improved upon and updated in the future, as well as
applied to additional regions of the Great Lakes and beyond. Finally, in my third chapter, I
consider what happens when connectivity is not expected to restore populations of some species.
To address this question, I modified the IBM framework from Chapter 2 to forecast outcomes of
different lake sturgeon stocking strategies and reduce uncertainty in lake sturgeon stocking
decisions. The Grand Traverse Band of Ottawa and Chippewa Indians are interested in stocking
lake sturgeon in the Boardman-Ottaway River to improve restoration efforts, and this model was
used to identify potentially successful stocking strategies, elucidate areas of critical uncertainty
in lake sturgeon life history, and help set expectations for the rehabilitation process.

In total, my dissertation is a comprehensive evaluation of the consequences of
connectivity —or the possible outcomes of barrier removal or renovation— as well as the
development of a decision tool to inform future fish passage decisions on the Boardman-Ottaway
River and beyond. First, I used structured decision making to incorporate economic and social
objectives of barrier removal into the decision process. I then developed a modeling framework
to forecast changes to fish production pre-barrier removal to improve decision making and be
iteratively improved upon in the future. Finally, I evaluated stocking scenarios for lake sturgeon
to inform additional management action when enhanced connectivity is predicted to be
inadequate in reaching objectives for population restoration. Overall, this research will aid

decision-making when changes to stream connectivity are considered, which is timely and



important because barrier removal and renovation will likely increase in the future in the United

States and Europe (Ding et al. 2019).
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CHAPTER 1: ASSESSING THE OUTCOMES OF SELECTIVE FISH PASSAGE WITH
STRUCTURED DECISION MAKING

Abstract

Dams have dramatically altered riverine systems and are a major contributor to native
fish population declines. However, many dams serve important ecological, social, and economic
functions, such as flood control, invasive species control, and provision of recreational
opportunities. Therefore, dam removal is often contentious among stakeholders and involves
making tradeoffs among multiple competing objectives. This research used Structured Decision
Making to evaluate the ecological, social, and economic consequences and tradeoffs of
enhancing connectivity for migratory fishes in the Great Lakes basin. We describe our efforts to
engage a diverse group of stakeholders and rightsholders to elicit their objectives under various
fish passage alternatives. We developed predictive models to help stakeholders weigh the costs
and benefits of enhancing connectivity for several fish species with varying life history traits and
initial distributions. We found that the optimal management alternative was passage of native
fishes only; however, the optimal alternative varied based on the weight stakeholders might place
on each objective. We created four weighting scenarios to evaluate the change in optimal
management alternative with changes in objective weights. The results of this research will help
inform decision-makers on fish passage alternatives that are preferred by stakeholders and that

are likely to achieve their objectives.

Introduction
Dams have dramatically altered rivers throughout North America by changing flow and
fragmenting habitat (Dynesius and Nilsson 1994; Cooper et al. 2017). Habitat fragmentation and

flow alteration by dams have affected fish assemblages at least as much as other anthropogenic
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stressors (Cooper et al. 2017), and enhancing connectivity (e.g., dam removal) is important for
rehabilitation of migratory fish populations (Pess et al. 2014; Watson et al. 2018). Enhancing
connectivity can restore physical stream processes and conditions (i.e., temperature and flow
regimes), improve accessibility of spawning habitat to migratory fishes, and increase nutrient
transport from marine and lake systems to rivers. Due to increasing awareness about the negative
effects of dams on migratory fish populations, a desire for free-flowing rivers, and aging
infrastructure (Zheng and Hobbs 2013), many dam removal projects have recently been
undertaken in the United States (Foley et al. 2017).

The majority of dam removals have occurred in North America and Europe (Ding et al.
2019), with migratory fish passage being a major impetus for these removals. For example, dam
removals in the Pacific northwest USA have typically been aimed at rehabilitating salmonid
populations Oncorhynchus spp. (Pess et al. 2008) and in the northeast USA at rehabilitating
populations of Atlantic salmon Salmo salar (Nieland et al. 2015), American eel Anguilla rostrata
(McCleave 2001), American shad Alosa sapidissima (Pess et al. 2014), and endangered
shortnose sturgeon Acipenser brevirostrum (Johnston et al. 2019). Dam removals have been
shown to be a viable stream restoration technique to restore fish populations (Birnie-Gauvin et
al. 2018; Brenkman et al. 2019), and even small dam removals have resulted in positive shifts in
lotic fish communities indicated by increased species richness, decreases in proportion of species
tolerant to environmental disturbance (e.g., common carp Cyprinus carpio), increased abundance
of intolerant species (e.g., brook trout Salvelinus fontinalis), and recolonization of upstream
habitats by species that were previously found only downstream of—or rarely above—dams

(Catalano et al. 2007).
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Although dams can negatively affect river habitats and fish populations, the decision to
remove them is not always straightforward or uncontentious (Fox et al. 2016; Brummer et al.
2017; Rahel and McLaughlin 2020). Dams serve important socio-economic functions and can
provide recreation, hydropower generation, and flood control (Pejchar and Warner 2001; Kuby et
al. 2005; Song et al. 2019). Furthermore, dam-affected river systems have 25-times greater
economic output per unit water than undammed systems (Nilsson et al. 2005). Therefore,
decision makers should ideally consider the values and objectives of a diverse group of
stakeholders and rightsholders (hereafter “stakeholders,” but we recognize some groups are
rightsholders, including Indigenous communities and governments) and make potentially
difficult tradeoffs among values and objectives related to maximizing abundance of fish
populations, restoring ecological processes and cycles, dam safety, energy production,
recreational uses, among others (Zheng et al. 2009; Zheng and Hobbs 2013; Song et al. 2019).
Additionally, dams can block upstream movement of non-native and invasive species, which
further complicates decision making surrounding dam removal (McLaughlin et al. 2013; Rahel
and McLaughlin 2020; Zielinski and Freiburger 2021). In fact, in some instances it may be
beneficial to keep an aquatic system intentionally fragmented to preserve native fish populations
or stop the spread of invasive species (Peterson et al. 2008; Rahel 2013; Milt et al. 2018;
Zielinski and Freiburger 2021).

The Laurentian Great Lakes of North America are among the planet’s most invaded
systems (Ricciardi 2006), and invasive species have profoundly affected Great Lakes fish
communities. Sea lamprey Petromyzon marinus is an invasive species first detected in the Great
Lakes in the 1830s that preys on economically important fishes, such as native lake charr

Salvelinus namaycush and lake whitefish Coregonus clupeaformis, as well as non-native Pacific
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salmon. Sea lamprey populations are currently controlled by treatment of rivers with lampricide
to kill larvae and barriers to prevent adults from accessing spawning habitat (Siefkes et al. 2021).
Dams and natural barriers are the most effective control mechanism for sea lamprey in the Great
Lakes because they prevent adult sea lamprey from accessing quality spawning habitat without
the need for lampricide treatments that are costly and can be harmful to other desirable aquatic
organisms (Hrodey et al. 2021). Jensen and Jones (2018) found that when new habitat becomes
available to sea lamprey—given a fixed lampricide budget—sea lamprey populations would
increase and control by lampricide treatment would become less effective. Therefore, when
considering barrier removal and remediation in the Great Lakes, the benefit of opening new
habitat to native migratory fishes must be weighed against the cost associated with increased sea
lamprey abundance and subsequent harm they inflict on valuable fisheries.

An additional ecological concern when considering changes to connectivity is the
existence of desirable non-native species. Native fish populations in the Great Lakes region such
as lake charr, lake sturgeon Acipenser fulvescens, walleye Sander vitreus, white sucker
Catostomus comersonii, smallmouth bass Micropterus dolomieu, and brook trout have been
negatively affected by barriers (Bednarek 2001; Burroughs et al. 2010), but also by the
introduction of non-native species such as Pacific salmonids (Fausch and White 1986; Huckins
et al. 2008). Pacific salmon, the most common being Chinook Oncorhynchus tshawytscha and
coho O. kisutch, were introduced to Lake Michigan in the 1960s to control invasive alewife
Alosa pseudoharengus and provide open-water sport fishing opportunities. The stocking of non-
native species has resulted in increased competition with native species for food and spawning
habitat, increased predation on native species by non-native salmonids, introduction of non-

native diseases and parasites, and genetic alteration such as hybridization (Crawford 2001;
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Kornis et al. 2020). Furthermore, the construction of fish ladders has improved connectivity for
some fishes, but their design allows for the passage of only strong swimming fishes with leaping
ability (i.e., salmonids) and may still block the passage of weak swimming or non-leaping native
fishes (Mallen-Cooper and Brand 2007). Therefore, in the Great Lakes, fish ladders may provide
a negative feedback loop whereby native fishes are restricted to spawning habitat below a dam
while non-native Pacific salmonids are allowed upstream, possibly resulting in further declines
of native fishes (Mallen-Cooper and Brand 2007).

Ecological concerns, such as control of invasive species and native fish population
rehabilitation, are usually at the forefront of decision making when enhancing connectivity in
rivers, often called the “connectivity conundrum” (Zielinski et al. 2020); however, social and
economic concerns should ideally also be considered (Zheng and Hobbs 2013; Fox et al. 2016;
Brummer et al. 2017). Although enhanced connectivity is often beneficial for stream ecosystems,
some stakeholders may value reduced connectivity for a variety of reasons (McLaughlin et al.
2013; Rahel 2013; Milt et al. 2018). Therefore, barrier removal and remediation decisions should
incorporate local stakeholders’ desires and fish community objectives. Complex issues such as
these will likely be contentious among stakeholders and are best handled using a process that
involves consideration of stakeholders’ values and objectives through collaboration of diverse
stakeholder groups.

Structured decision making (SDM; Hammond et al. 1999; Clemen and Reilly 2001) is a
facilitated and collaborative decision analysis framework that helps decision makers make more
robust and transparent management decisions by incorporating the values and objectives of
stakeholders. It is built on the PrOACT acronym where decision makers and stakeholders frame

the problem (Pr), determine objectives (O), develop alternative management actions (A),
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estimate the consequences of alternative management actions (C), and evaluate tradeoffs (T;
Figure 1.1; Hammond et al. 1999). SDM is increasingly being used in natural resource
management (Wright et al. 2020), including the management of recreational fisheries (Peterson
and Evans 2003; Irwin et al. 2011), endangered species (Gregory and Long 2009), and invasive
species (Blomquist et al. 2010); managing risk of disease (Sells et al. 2016); and creating
regulations for wildlife harvest (Robinson et al. 2017). In the Great Lakes, an SDM process
involving fisheries managers and stakeholders representing recreational and commercial fishing
interests was used to develop harvest control rules for Lake Erie percids (Jones et al. 2016); more
recently, SDM was used to identify methods for reducing densities of invasive grass carp

Ctenopharyngodon idella in Lake Erie (Robinson et al. 2021).
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Figure 1.1. The structured decision making (SDM) process and PrOACT framework used to
evaluate the decisions regarding fish passage at FishPass on the Boardman-Ottaway River,
Traverse City, Michigan. The PrOACT framework begins at the top left (i.e., problem definition)
and moves clockwise along the thick black lines. The dashed gray line is meant to emphasize the
iterative nature of SDM and the ability to revisit previous steps as necessary.
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Decision makers benefit from SDM because it is a thorough, deliberative process that
considers uncertainty, which makes decision-making more transparent, defensible, and robust. In
addition, it is a values-focused approach that directly considers objectives associated with
management decisions (Keeney 1992). For these reasons, SDM is an ideal framework when
considering barrier removals because these decisions involve diverse stakeholder groups and
require making tradeoffs among multiple competing objectives (Lin et al. 2019a). Many studies
have used decision analysis frameworks (e.g., decision support tools) to analyze optimization
and prioritization strategies for barrier removals in a watershed (Kuby et al. 2005; Moody et al.
2017; Lin et al. 2019b); however, we are not aware of any published studies that use SDM to
elicit the values and objectives of stakeholders, estimate consequences, and make tradeoffs for a
single barrier removal or renovation project.

We present a case study describing how we used SDM to evaluate the ecological, social,
and economic consequences and tradeoffs of different methods of enhancing connectivity for
migratory fishes in the Great Lakes basin, using the Boardman-Ottaway River, Michigan, USA
and Great Lakes Fishery Commission (GLFC) FishPass project
(http://www.glfc.org/fishpass.php) as a case study, to better incorporate stakeholder views into
the decision-making process for fish passage on the Boardman-Ottaway River. The goal of our
SDM case study was to aid the Michigan Department of Natural Resources (MDNR) and Grand
Traverse Band of Ottawa and Chippewa Indians (GTB) in their decision-making process for fish
passage on the Boardman-Ottaway River. Barrier removal and renovations will probably
continue and perhaps even increase in prevalence in the future. Therefore, the SDM case study
described herein should be considered by fisheries managers and agencies as a way to defensibly

and transparently make management decisions when multiple stakeholder objectives and goals
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should ideally be considered, which is a reality for nearly all barrier removal and renovation

projects.

Study Area

The Boardman-Ottaway River is in the northwest lower peninsula of Michigan, USA
(Figure 1.2). The watershed drains 743 km? of land in Grand Traverse and Kalkaska counties
(Kalish et al. 2018), and the river discharges into West Grand Traverse Bay in Traverse City, MI.
The Union Street Dam is a terminal barrier about 1.8 km upstream from the river’s outlet to West
Grand Traverse Bay. The Union Street Dam was constructed in 1867 (renovated in the 1960s)
and soon after, three additional major dams were constructed on the river, Boardman (Keystone)
Dam (1894), Sabin Dam (1906), and Brown Bridge Dam (1921). However, the Boardman-
Ottaway River has recently been the site for multiple dam removals. Since 2012, Brown Bridge,
Boardman (Keystone), and Sabin dams have been removed. The only remaining major dam on
the mainstem of the river is the Union Street Dam, although there are about 20 dams with greater
than six feet of head, and many small, private dams that still exist in the watershed (Kalish et al.
2018). The complete removal of Union Street Dam is not currently being considered because it
operates as a barrier to invasive species, namely sea lamprey, as well as maintaining the water
level in Boardman Lake (Kalish et al. 2018).

The Union Street Dam is the site for the GLFC FishPass project that aims to develop a bi-
directional, selective fish passage facility to allow passage of desired species (e.g., lake
sturgeon), while excluding non-desired species (e.g., sea lamprey; Zielinski et al. 2020). FishPass
is coordinated by the GLFC, which is a binational organization established under the

Canadian/U.S. Convention on Great Lakes Fisheries to coordinate fisheries research, control sea
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lamprey, and facilitate cooperative fishery management in the Great Lakes. Access to the habitat
above Union Street Dam has been blocked for many migratory fishes for nearly 150 years, and
there is substantial uncertainty regarding how fish populations will respond to selective passage
at the Union Street Dam. Additionally, local stakeholder values vary among user groups of the
watershed, and their concerns and desires regarding enhanced connectivity should ideally be
considered in the decision-making process (Fox et al. 2016; Brummer et al. 2017). Therefore, a
thorough evaluation of the ecological, social, and economic consequences and tradeoffs of
enhanced connectivity was necessary to facilitate an informed decision-making process and

measure success of the FishPass project.
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Figure 1.2. The Boardman-Ottaway River watershed and Grand Traverse Bays (Lake Michigan).
Top inset showing the lower Boardman-Ottaway River, Traverse City (red triangle with city
limits filled in gray), and Boardman Lake. Stars and letters (A—F) indicate points of interest
within watershed; A=Union Street Dam; B= former Sabin Dam site; C= former Boardman Dam
site; D= Beitner Rd.; E= former Brown Bridge Dam site; F= the Forks. Black dots are dams
currently in the watershed with >6 ft of height. Red triangles are cities; Traverse City near West
Grand Traverse Bay and Kalkaska along the North Branch. Bottom inset shows study area in
relation to lower peninsula of Michigan, USA.
Methods

Overview of the FishPass SDM Process

To evaluate the ecological, social, and economic consequences and tradeoffs of
enhancing connectivity for migratory fishes in the Boardman-Ottaway River via the FishPass

project, we formed a group of local and regional stakeholders to participate in a series of SDM

workshops (hereafter, the “working group”). Stakeholders defined the problem statement,
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defined their objectives, and developed potential management alternatives. We built simulation
models that predicted changes in abundance, spatial distribution, and growth for six species to
estimate ecological consequences and used constructed scales to predict social and economic
consequences to evaluate the outcome of each management alternative. The results are used to
better understand the potential consequences of each alternative and provide a means for
choosing the optimal alternative. After the estimation of consequences, decision makers and
stakeholders can make tradeoffs among objectives and determine which alternatives best meet

their objectives.

Working Group

We included representatives of the decision makers in our case study, the MDNR and
GTB. Additional stakeholders represented recreational fishing groups, local conservation groups,
the Traverse City government, and the general public (Table 1.1). We aimed to have equal
representation within recreation- and sustainability-focused groups versus all other groups (e.g.,
public), and furthermore, among native species (brook trout and walleye) and non-native species
advocates (e.g., Pacific salmonids). Our final SDM working group was well-balanced, with
stakeholders representing a variety of values and objectives (Table 1.1). In total, five virtual
SDM workshops were held between October 29, 2020, and August 2, 2021. Workshop
participation averaged nearly 13 people per workshop, with 12 people attending three or more
workshops, and four people attending all five workshops (Table 1.1). The workshops with the
working group were focused on scoping the problem, determining objectives, and describing a

set of alternatives.
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Table 1.1. The number of attendees and affiliations for seven focus groups of 21 total attendees
of the five virtual structured decision-making workshops held between October 29, 2020 and
August 2, 2021. NS = native species; NNS = non-native species.

Focus group Number of Affiliation
attendees
Decision maker 4 Grand Traverse Band of Ottawa and Chippewa Indians
and Michigan Department of Natural Resources
Facilitator 2 Michigan State University
General 2 Traverse City Public Services and Contractor with GLFC
Public 5 Traverse City Residents and Boardman-Ottaway River
Property Owner
Recreation (NS) 4 Brook Trout Coalition, Adams Chapter Trout Unlimited,
and NWMI Fishing Club
Recreation (NNS) 2 Traverse City Area Steelheaders Club and Michigan
Steelhead and Salmon Fishermen’s Associations
Sustainability 2 Grand Traverse Conservation District and Conservation

Resource Alliance

Problem Statement

In SDM, the problem statement captures the overarching problem that the workshops are
meant to address and guides the rest of the decision process (Hammond et al. 1999; Gregory et
al. 2012). The problem statement for this case study contains information about important factors
in the decision process for increasing fish passage at FishPass. For this project, the working
group defined the problem statement as a need “to develop recommendations for fish passage on
the Boardman-Ottaway River that account for ecological concerns ranging from the sub-
watershed to the Great Lakes, and economic and social concerns that include stakeholders within
the watershed and throughout the state of Michigan, while also accounting for uncertainties in
social and ecological outcomes.” The problem statement was revisited in later workshops but
remained unchanged. Ultimately, decision-making authority regarding fish passage on the
Boardman-Ottaway River lies with the MDNR and GTB; however, decisions made on the
Boardman-Ottaway River may affect stakeholder objectives on a larger-scale, for example, if
riverine production were to increase to a point that export to Lake Michigan occurred. Finally,

stakeholders wanted to explicitly acknowledge uncertainty in potential outcomes. The
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uncertainties raised by stakeholders included the spread of invasive species, the effect of the
nutrient-poor state of the Boardman-Ottaway River on native fish rehabilitation, the recreational

user capacity of the watershed, and the potential for rare and unconsidered outcomes.

Objectives

After developing the problem statement, stakeholders described their fundamental and
means objectives. Fundamental objectives are the outcomes that stakeholders specifically want to
achieve, and means objectives are the ways to achieve those fundamental objectives (Keeney
1992; Gregory et al. 2012). Process objectives, which are objectives about how a decision is
made, can also be included in an SDM framework. The working group also defined measurable
attributes for their objectives to measure the level of achievement of each objective.

The working group identified two fundamental objectives and several means objectives
regarding fish passage on the Boardman-Ottaway River that were arranged into an objectives
hierarchy (Figure 1.3). The two fundamental objectives were to: (1) maximize the integrity and
ecological health of the Boardman-Ottaway River, and (2) maximize user and public satisfaction.
The means objectives for maximizing integrity and ecological health of the Boardman-Ottaway
River were to maximize connectivity of the river, maximize native and coldwater species
protection and rehabilitation, minimize the ecological effects to the river by increased human
use, minimize negative human effects to the watershed as a result of tourism, minimize
introduction of contaminants from migratory Great Lakes fishes, and minimize access to aquatic
invasive species (Figure 1.3). The means objectives for maximizing user and public satisfaction
were to maximize sustainable catch of brook trout and other naturalized resident trout (i.e.,

brown trout Sal/mo trutta), maximize sustainable catch of native species from Lake Michigan and
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Boardman-Ottaway River for Tribal and non-Tribal fishers, maximize sustainable harvest of
Pacific salmonids for recreational and commercial fishers, minimize user conflict, and minimize
negative effects to resident riverfront homeowners (Figure 1.3).

The performance measures we used to measure the level of achievement of each means
objective varied among the objectives but largely revolved around the abundance of six
migratory species found in the watershed; brook trout, Chinook salmon, lake sturgeon, steelhead
(migratory form of rainbow trout Oncorhynchus mykiss), sea lamprey, and walleye, as well as the
quality (measured in average length) of brook trout and walleye. The working group chose these
species because they were important to stakeholders, and they represented larger guilds of
species found in the watershed. Some objectives required the use of constructed scales to relate
the modeled outcomes to non-fish objectives (e.g., quality of life). The full list of performance
measures for each means objective is given in Table 1.2. The working group also identified a
number of process objectives including management by science, maximizing Tribal knowledge
and perspective in the decision process, considering the seventh generation philosophy,
accounting for unintended consequences, and considering the rights of the river itself (Figure

1.3).
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Table 1.2. Consequence table with predicted outcomes for each management alternative of fish passage on the Boardman-Ottaway
River at FishPass. Predicted outcomes associated with the 5 management alternatives are scaled from 0 to 1 (0 being worst and 1
being best). Bold numbers and blue filled cells indicate the best scoring management alternative for a given means objective and
italics and magenta filled cells indicate the worst scoring alternative; orange filled cells are intermediate alternatives. Wro =
fundamental objective, Wmo = means objective. Description of management alternatives is given in Table 1.3. Min. = minimize, max.

= maximize.

Management Alternatives
Fundamental  Means Objective Measurable Attribute Status Native Low Low Full  Weo Wwmo
Objective Quo Only Steel Salmon Salmon

Max. integrity
and ecological
health of river

Max. connectivity of Boardman-Ottaway
River watershed

Length of river km available
for migratory fishes

Max. native species protection

Lake sturgeon abundance
Brook trout abundance
Walleye abundance

0.444
0.5

0.444
0.5

0.415

Max. coldwater species protection

Chinook salmon abundance
Steelhead abundance

0.533
0.442  0.442

Min. ecological effects on stream banks

Constructed scale for level
of foot traffic and trash

0.5 0.25

Min. negative human effects on watershed
as a result of tourism and development

Constructed scale for level
of tourism and outdoor
recreation (e.g., fishing)

0.50 0.25

Min. Great Lakes contaminant introduction

Abundance of species that
carry contaminant loads

Max.
rightsholder,
stakeholder,
and public
satisfaction

Max. sustainable catch and quality of brook
trout (and other naturalized resident trout)

Brook trout abundance
Brook trout quality

1) Max. sustainable catch and quality of
native species
2) Max. sustainable harvest (Tribal)

Walleye abundance
Walleye quality

0.711 0444  0.444 05 0.1
%- 0.488  0.488 - 0.1
0415 05 05 0.1
0.059 0.875 0.1

Max. sustainable harvest of Pacific
salmonids
(recreational and commercial)

Pacific salmon abundance

Min. user conflict

Constructed scale for level
of conflict with user groups
(boaters, anglers, etc.)

Min. effect to resident homeowners

Constructed scale for level
of effect to homeowners,
quality of life, and
protection of property rights
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Maximize integrity and ecological health of river Maximize user and public satisfaction

Min. user Min. effect to
conflict resident
homeowners

Max. native species Max. sustainable
protection and harvest (Tribal)
rehabilitation

Min. ecological
effects on
stream banks

Min. introduction Max. connectivity of Max. naturalized Max. sustainable harvest Max. sustainable catch
of contaminants Boardman-Ottaway coldwater species of Pacific salmonids and quality of Brook
from Great Lakes River watershed protection (recreational and Trout (and other
commercial) naturalized trout)
Process Objectives Min. negative
*  Management by science human effects
*  Maximize use of tribal knowledge and perspective on watershed as Max. sustainable catch
e Seventh generation philosophy a result of and quality of native
*  Maximize options for future generations tourism species (non-Tribal)
*  Account for unintended consequences
e Consider the rights of the river itself

Figure 1.3. Objectives hierarchy showing the fundamental (light gray boxes), means (white boxes), and process objectives (dark gray
box) for the decision analysis of the FishPass project, based on discussions with the structured decision making (SDM) working group
during the first four virtual workshops (October 29, 2020 — April 8, 2021). The hierarchy represents the working group’s input as well
as refinement by the authors as part of the iterative SDM process. Min. = minimize, max. = maximize.
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Alternatives

The MDNR, one of the decision makers for this project, requested that five management
alternatives be included in the SDM evaluation (Table 1.3). Additional alternatives that were
elicited from the working group were not alternatives that could be included in modeling.
Examples of the types of additional alternatives suggested by stakeholders included the stocking
of Atlantic salmon and Arctic grayling Thymallus arcticus into the watershed, and the
construction of upstream barriers to allow Pacific salmonids partial access to the watershed. The
implementation of these additional alternatives was highly uncertain (e.g., introducing new
species) or improbable (e.g., building new barriers upstream), and therefore they were not
included in modeling. The working group felt the five alternatives first suggested by the MDNR
would provide measurably different outcomes. The five alternatives we evaluated for FishPass
were: (1) no passage of any species (referred to as status quo); (2) allowed passage of only native
Great Lakes basin species (referred to as native only); (3) allowed passage of 800 to 1000
steelhead and all native species (referred to as low steel); (4) allowed passage for 500 to 800
Chinook salmon, 800 to 1000 steelhead, and all native species (referred to as low salmon); (5)
allowed passage for all species except aquatic invasive species (referred to as full salmon; Table
1.3).

As is common for many barrier removal projects, our case study included a great deal of
conflict and differing opinions among stakeholders. Additional challenges were faced due to the
Covid-19 pandemic, which forced us away from in-person workshops, instead requiring us to
conduct a series of remote workshops. Ultimately, we were able to work through the first three
steps of the SDM process (problem, objective, and alternatives) at which time the FishPass

project was paused for litigation. The authors continued estimating consequences but determined
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constructed scales for some objectives and evaluated tradeoffs without input from the working
group. Discussions with the working group during our SDM workshops were used to inform the
tradeoffs step and evaluate the optimal decision under several different scenarios of preference.

Table 1.3. Set of management alternatives proposed by the Structured Decision-Making working
group for fish passage on the Boardman-Ottaway River at FishPass.

Alternative Action Type Fish Passage Allowed

1-Status Quo No passage No passage, but FishPass facility is still constructed

2—Native Only Native species Allowed passage for only native Great Lakes basin species
passage

3-Low Steel Reduced salmonid Allowed passage for 800 to 1000 steelhead and all native
passage Great Lakes basin species

4-Low Salmon  Reduced salmonid Allowed passage for 500 to 800 Chinook salmon, 800 to
passage 1000 steelhead, and all native Great Lakes basin species

5-Full Salmon Full salmonid Full passage allowed for all species except aquatic invasive
passage species

Consequences

The estimation of consequences involves predicting the relative achievement of each
objective by each management alternative. Predictive models were developed for the objectives
that had measurable attributes related to species’ population changes, and constructed scales were
developed to predict the effects of the management alternatives on social and economic
objectives. We modeled six species: brook trout (resident or native trout), Chinook salmon (non-
native semelparous Pacific salmonid), lake sturgeon (long-lived native species), steelhead (non-
native iteroparous Pacific salmonid), sea lamprey (invasive species), and walleye (short-lived
native species). Sea lamprey was included to evaluate the risk associated with the possibility of
sea lamprey gaining access to habitat above the barrier but was not considered for passage
among the management alternatives. Individual-based models (IBMs) were developed to predict
each species’ abundance, spatial distribution and density, and juvenile migration to West Grand
Traverse Bay (Lake Michigan). Here, we give a brief overview of the IBMs; however, for more

detail on the IBMs used for estimating the consequences of management alternatives see Chapter
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2. The model outcomes, or consequences, were used to make tradeoffs among the different

management alternatives and identify an optimal management action.

Population model— We developed an IBM framework to evaluate the outcomes of the five fish
passage alternatives on population abundance, length-at-age, and spatial distribution and density
for six migratory species. In general, each of the species-specific IBMs began by initializing a
simulated population; a pre-spawn mortality event then occurred, and spawners were allocated to
stream reaches within the Boardman-Ottaway River watershed based on species-specific
movement functions. Recruitment then occurred through species-specific Ricker stock-
recruitment functions, after which a post-spawn mortality event occurred. Recruits hatched at
spawning locations and moved downstream or stayed in stream reaches and grew until mature
based on species life history. Simulations were run for 50 years and 1000 simulations for all
species except lake sturgeon, which ran for 250 years due to their long life history (up to 154
years; Bruch et al. 2016). The IBM simulation and evaluation of results was performed using R
(R Core Team 2023).

The IBMs were built in a hierarchy of complexity based on data availability,
understanding of current species population statuses in the watershed, and the interests of
stakeholders. Age- and sex-specific abundance were estimated for all species; spatial distribution
and density were estimated for Chinook salmon, steelhead, and sea lamprey; and length-at-age
were estimated for brook trout and walleye (see Table 1.2 for measurable attributes). Each
species-specific IBM had unique variations. For example, the lake sturgeon model predicted age-
and sex-specific abundance over 250 years from nine combinations of three initial population

sizes and three demographic rates, and the walleye model included three distinct populations
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based on recent genetic work in the watershed (Gehri et al. 2021), with two Great Lakes walleye
populations and one inland Boardman Lake walleye population.

The IBMs were single-species models but included inter-species interactions by varying
demographic parameters among the management alternatives, based on literature review. We
assumed that passage of Pacific salmonids would positively affect walleye abundance and
length-at-age due to increased forage availability for walleye (Krueger et al. 2013). However, we
assumed passage of Pacific salmonids would negatively affect brook trout abundance and length-
at-age due to competition with juvenile Pacific salmonids (Fausch and White 1986; Peck 2001;
Zorn et al. 2020) that restricted their populations towards the headwaters and tributaries (Janetski
et al. 2011). Stochasticity was incorporated into the model by drawing demographic parameters
(e.g., mortality rate) from assumed probability distribution functions across different iterations
rather than assuming a single value.

Some of the ecological means objectives did not require modeling to estimate
consequences. The objective for maximizing connectivity of the watershed was calculated as the
amount of river kilometers available for fishes below the barrier and was 1.1 km for the status
quo alternative and 131.7 km for all other alternatives. Some stakeholders expressed concern
about the introduction of contaminants from Great Lakes migratory fishes to the Boardman-
Ottaway River. To estimate contaminant introduction from Great Lakes species, we used the
estimated Chinook salmon abundance as a proxy because they are considered a major contributor
to contaminant transfer due to their semelparous life cycle (Janetski et al. 2012; Gerig et al.
2020). We assumed the other species would not greatly contribute to the transfer of

contaminants.
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Social and economic outcomes.— To incorporate social and economic considerations into the
decision-making process, we used constructed scales that were tied to ecological outcomes. The
objectives for minimizing ecological effects on the stream banks, minimizing negative human
effects on the watershed as a result of tourism, minimizing user conflict, and minimizing the
effect to riverfront resident homeowners were tied to fish passage with constructed scales from 1
(best) to 5 (worst) for each fish passage alternative. We created the scores for social and
economic outcomes to approximate stakeholder concerns that were expressed during our
workshops; however, we did not work through the consequences or tradeofts step with the
working group. These measures are provided as an example of how these objectives could be
scored, and we expect that future applications of SDM for the Boardman-Ottaway River and
other fish passage decisions would include discussions of these measures with the full working
group.

The means objective to minimize ecological effects to the stream banks was measured in
terms of the amount of foot traffic (a proxy for bank erosion) and trash left by those walking
along stream banks. The means objective to minimize negative human effects to the watershed
due to tourism was measured as the relative number of tourists, including all users of the
watershed (e.g., fishers, kayakers, visitors of Traverse City but not specifically the river) and
development of land in the watershed. Some stakeholders voiced concerns that increased
connectivity and fish passage, as well as the FishPass site as an attraction, could increase tourism
and development in Traverse City and reduce the amount of vacant land in the watershed. The
means objective to minimize effects to riverfront resident homeowners was measured in the
“quality of life” of riverfront homeowners and protection of their property rights. Stakeholders

expressed concerns that passage of Pacific salmonids would reduce their quality of life, increase
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trespassing by anglers, and erode the sense of community by increasing the number of short-term
rentals (e.g., AirBnB) and reducing the number of permanent residents. Finally, the means
objective to minimize user conflict was an important objective for stakeholders. The two sources
of user conflict that stakeholders were concerned about was among fishers, and between fishers
and riverfront property owners. As more anglers become concentrated in a watershed, instances
of arguing over fishing spots and trespassing on private property to access new areas may
increase, whereas enjoyment of a fishing experience would probably decline. The fall Chinook
salmon fishery is known to result in a high level of negative interactions among fishers, law

enforcement, and riparian owners in Michigan (e.g., trespassing complaints; Lofton 2020a,b).

Tradeoffs

Due to the multi-objective nature of our case study and barrier removal problems more
broadly, tradeoffs were considered among objectives to select an optimal management
alternative. To make tradeofts among the many objectives and identify an optimal alternative we
arranged our modeling results (or consequences) into a consequence table with normalized
scores ranging from 0 to 1 for each means objective (Table 1.2). Tradeoffs among objectives
were made with multi-attribute tradeoff methods—specifically, the simple multi-attribute ranking
technique, SMART—and additive utility value modeling (Equation 1.1) to calculate weighted
scores for ranking each alternative (Keeney 1992; Gregory et al. 2012). The scores (U) were
normalized from 0 to 1 for each objective and each of the w values represent the weight that
stakeholders might place on a given objective (both fundamental and means). We assumed equal
weighting between the two fundamental objectives (maximizing ecological health and

maximizing user satisfaction) and among all of the means objectives within each fundamental
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objective. When a means objective had multiple performance metrics the objective weight was
split equally among the performance metrics to create a weighted index (Gregory et al. 2012).
The alternative with the greatest calculated expected utility value, E(U), was considered the
optimal alternative for fish passage on the Boardman-Ottaway River.

Equation 1.1:
E(U) = Weco. health [(Wconnectivity * Uconnectivity) + (Wnative spp * Unative spp)
+ (Wcoldwater spp * Ucoldwater spp) + (Wstream banks * Ustream banks)
+ (Wtourism * Utourism) + (Wcontaminants * Ucontaminants)]
+ Wsatisfaction[(WBKT catch * Upkr catch)
+ (Wnative spp catch * Unative Spp catch) + (Wsalmon catch * Usalmon catch)

+ (Weonfiict * Uconsiict) + (Whomeowner impact * Unomeowner impact) |
Uncertainty and Sensitivity.— We were interested in evaluating how robust the decision was to
uncertainty in the model results. There was uncertainty regarding demographic rates and
environmental variables used in the IBM framework (see Chapter 2); however, we were only
interested in the uncertainties that could influence which alternative was found to be optimal.
Therefore, we varied the model results from the estimated median values to the 25th and 75th
quantile values to evaluate the sensitivity of the decision with respect to the model results.

We used indifference curves (Conroy and Peterson 2013) to evaluate the sensitivity of the
final decision to objective weights by varying the fundamental objective weights and
recalculating the expected utility values to evaluate how sensitive the decision was to the
weighting of objectives. Weights were not elicited directly from the working group during this
case study, so we developed four scenarios to describe different weighting schemes and

evaluated the sensitivity of the decision to these scenarios. The first scenario was the reference
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scenario with equal weights for fundamental and means objectives. The second scenario was a
pro-salmon weighting scenario where weights for native species protection, contaminant
introduction, brook trout catch, and native species catch were reduced to zero and the residual
weight was distributed equally among the objectives for Pacific salmonid abundance. The
weights for the other objectives were held at the values used for the reference scenario. The third
scenario was the pro-trout scenario (e.g., resident trout such as brook trout) and the objective
weights for lake sturgeon and walleye abundance, coldwater species protection, native species
catch, and salmonid catch were reduced to zero and residual weight was distributed equally
among the objectives for brook trout abundance and quality. The fourth scenario valued social
objectives more than species abundance and quality. The objective weights were reduced to zero
for all objectives except minimizing effects to stream banks, minimizing effects as a result of
tourism, minimizing user conflict, and minimizing effects to resident homeowners and were

distributed equally among these means objectives.

Results
Consequences
Population model.— Populations of all species increased as more individuals gained access to
spawning and rearing habitat (see Chapter 2; Figure 1.4). Brook trout abundance declined with
increasing passage of Pacific salmonids, and brook trout was predicted to be the dominant
species for all alternatives except the full salmon alternative, in which steelhead became the
dominant species (Figure 1.4). Walleye abundances increased for all passage scenarios; however,
the increase was greater for Great Lakes populations than for the inland Boardman Lake

population (Figure 1.4). For lake sturgeon, population abundance for the status quo was assumed
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to be 0 and for all other alternatives was predicted to between 0—856 in year-250, depending on
demographic parameters. Estimated lake sturgeon abundance from “high growth, low initial
abundance” lake sturgeon model scenario (N = 352 at year 250) was used in the consequences

table. This was the lowest estimated abundance for all species considered in this study.

[l Brook Trout
o
8 | € Chinook Salmon
O 9 Lake Sturgeon
'S} 0
c Steelhead
0 o A Walleye (Boardman Lake)
'CC) 8 o A Walleye (Great Lakes)
S5 3
o)
=g
o g
-
8 5
2 & -
o &
ol A A s A g Aga s
T T T T T
Status Quo Native Only Low Steel Low Salmon Full Salmon

Management Alternative

Figure 1.4. Predicted median population abundance and interquartile range in the last five years
of simulation of lake sturgeon Acipenser fulvescens, Chinook salmon Oncorhynchus
tshawytscha, steelhead Oncorhynchus mykiss, walleye Sander vitreus, and brook trout Salvelinus
fontinalis for each management alternative at FishPass on the Boardman-Ottaway River,
Traverse City, Michigan, USA. Points are jittered along the x-axis.

The predicted length-at-age for brook trout and walleye were similar to the trends in
abundance. Walleye length-at-age was predicted to be greatest for the alternatives that allowed
Pacific salmonid passage, and lowest for the native only and status quo alternatives. For brook
trout the opposite was true, length-at-age declined with increasing passage of Pacific salmonids.
The highest brook trout length-at-age was predicted for the native only alternative and the lowest
for the full salmon alternative (see Chapter 2).

Social and economic outcomes.— Based on discussions with stakeholders during the SDM

workshops, the status quo was assumed to have the least amount of effects to stream banks,
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tourism and development, homeowners’ quality of life, and user conflict, and the full salmon
alternative was assumed to have the greatest effects (Table 1.4). The status quo performed best
amongst all social and economic outcomes, and the total score of the constructed scale means
objectives was equal to 4, the lowest possible score out of 20 (Table 1.4).

The native only alternative performed similar to the status quo except for the small
increase in angling for native species and tourism as a result of a public perception of an
improved watershed (total score = 5; Table 1.4). For the native only alternative, we assumed foot
traffic and trash would not increase because many native fishes are protected by fishing closures
while in the river (e.g., walleye) or are not highly sought after by anglers (e.g., white sucker).
With native only passage, we assumed tourism would increase to the FishPass site and there
would be a slight increase in the amount of development and outdoor recreation in the watershed.
Novel fisheries of native fishes would probably attract new anglers to the watershed; however,
many of the native migratory species in the watershed would either be protected by regulations
from fishing pressure while in the river or are not highly desirable to fishers. Our constructed
scale for minimizing the effect to resident homeowners assumed the lowest effect for the status
quo and native only alternatives, and we assumed homeowners were unlikely to experience novel
effects due to increased fishing pressure. For minimizing user conflict—for reasons previously
described—we assumed that increases to fishing pressure and number of anglers would not occur

under the status quo and native only alternatives.
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Table 1.4. Scores for the means objectives that used constructed scales and were not modeled or
tied to the modeling results. The best score is 1 and the worst score is 5 because the goal was to
minimize each of the objectives.

Status Native  Low Low Full
Means Objective Quo Only Steel Salmon  Salmon
Minimize effects to stream banks 1 1 3 4 5
Minimize effect of tourism and development 1 2 3 4 5
Minimize effect to homeowners and quality of life 1 1 2 4 5
Minimize user conflict 1 1 3 4 5

For the alternatives allowing Pacific salmonid passage, we assumed increases in effects to
stream banks, tourism, outdoor recreation, and user conflict. Additionally, we assumed that
salmon and steelhead fishers would consider buying riverfront property as connectivity and
number of salmonids passed increased, thereby increasing the amount of development in the
watershed. For alternatives that included passage of Chinook salmon we assumed the highest
effects. The low steel alternative performed moderately for all social and economic outcomes
(total score = 11; Table 1.4). The upper Boardman-Ottaway River is currently closed to fishing
during much of the steelhead run (October 1-last Saturday in April) and therefore, a novel
steelhead fishery would probably result in increases in tourism and vacationers for a longer
period of the year (an additional 7 months); however, much of the season is in the winter, which
results in fewer fishers and less fishing pressure than the fall Chinook fishery. Additionally, due
to the reduced number of fish passed we assumed user conflict and effect to homeowners would
only moderately increase because nearby rivers (e.g., Betsie River) receive larger runs of
steelhead that would attract more anglers.

The low salmon alternative performed worse than the low steel alternative for all
objectives, because the Chinook salmon run attracts large numbers of anglers and observers
(total score = 16; Table 1.4). The full salmon alternative performed worse than the low salmon

alternative in terms of effect to homeowners, effects to stream banks, and user conflict because
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increasing fish passage would probably result in greater fishing pressure and thus, greater effects

to resident homeowners, stream banks, and increases in user conflict (total score = 20; Table 1.4).

Tradeoffs

The native only alternative scored the highest (expected utility value, E(U) = 0.70; Figure
1.5) and the full salmon alternative scored the lowest (E(U) = 0.42) when all objectives were
weighted equally. The low steel alternative was the second highest scoring (E(U) = 0.60), the low
salmon alternative ranked third, and the status quo ranked fourth. When the expected utility
value scores were decomposed by fundamental objective (Figure 1.5), maximizing integrity and
ecological health of the river scored higher than maximizing user and public satisfaction for all
alternatives. The native only alternative scored highest amongst all alternatives for maximizing
ecological health (E(U)= 0.38) and user satisfaction (E(U)= 0.32). The lowest scoring alternative
for both fundamental objectives was the fu/l salmon alternative, and the low steel alternative
scored higher than the status quo for both fundamental objectives (Figure 1.5).

The means objectives that were most influential on the fundamental objective for
maximizing integrity and ecological health of the river were minimizing ecological effects to
stream banks, minimizing effects of tourism, and minimizing the introduction of contaminants
from the Great Lakes (Figure 1.5). The means objectives for maximizing connectivity and native
species protection were similar across all alternatives, except the status quo. The low salmon and
full salmon alternatives scored high on coldwater species protection; however, this was not

enough to offset the losses in utility from the effects to stream banks, tourism, and contaminants

(Figure 1.5).
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Figure 1.5. Expected utility values for the five management alternatives for fish passage on the
Boardman-Ottaway River. The top panel (A) shows the two fundamental objectives.
Fundamental objective 1 is to maximize ecological health and integrity of the Boardman-
Ottaway River watershed and fundamental objective 2 is to maximize user and public
satisfaction. Expected utility value scores comprise the weighted normalized score for each mean
and fundamental objective. A score of 1 is perfect achievement of all objectives and 0 is
achieving none of the objectives. Intermediate scores represent the tradeoffs among objectives.
Values inside the boxes are the score for the fundamental objectives. The total expected utility
value for each alternative is the sum of the two values. The bottom panels (B and C) decompose
the means objectives expected utility value for both fundamental objectives and all five
management alternatives. B = fundamental objective to maximize ecological health of the river,
C = fundamental objective to maximize user and public satisfaction.

The means objectives that were most influential on the fundamental objective for
maximizing user satisfaction were maximizing sustainable brook trout catch, minimizing user
conflict, and minimizing effects to homeowners, and the native only alternative scored highest on
all three (Figure 1.5). The full salmon alternative scored highest for maximizing sustainable
native species catch and maximizing sustainable salmonid catch but had a score of zero for all

other means objectives. The increases in utility of salmonid catch and native species catch for the
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full salmon alternative we