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Historical approaches to natural resource management have largely viewed resource
managers, resource users, and the resources as distinct and separate components. This
perspective has highlighted the conceptual boundaries between management, social
systems and ecosystems. Recent failures in this normative approach however, such as
major declines in fisheries, have challenged this traditional perspective. Many
management institutions are now adopting a systems perspective which embeds resource
management within the human system, and the human system within the broader
ecosystem. This new paradigm has produced new frameworks like ecosystem-based
management and theoretical tools such as coupled social-ecological systems (SES).
These new frameworks are thought to be more beneficial for natural resource
management decision-making since they acknowledge important links between social
and eco- systems and include more complexity. This complexity, however, presents new
challenges as managers and researchers now seek ways to characterize the components,
relationships, and dynamics within these systems as a way to inform natural resource
policies. To address some of these challenges, this dissertation research seeks to better
understand the role that stakeholder knowledge plays in influencing natural resource
management in a model SES, mid-Atlantic marine fisheries. I begin by characterizing the

SES and outlining differences in knowledge systems by evaluating representations of

il



stakeholder mental models. Next, through interview data collected from fishery managers
and scientists, I categorize the conceptual risks within the SES to outline the goals of
management and what policies in SES seek to address. Then, I evaluate factors which
affect trust of fishery management institutions from the perspective of resource users.
Finally, I offer reccommendations on how to align knowledge systems between resource

users and resource management toward shared goals.

il



Acknowledgements

I would like to thank my close friend and mentor Rebecca, for helping me to
develop and reach my personal and academic goals over the last several years. I simply
cannot imagine having gone through a PhD program with anyone else at the helm. I am
truly in your debt. I am proud to be your student and friend and can never repay the time
and attention you have provided me. I would also like to thank my wife Lindsay who has
been unrelenting in her support of my academic and professional goals, I could not have
done this without your encouragement. I also thank my mother and father who have not
once questioned my decision to remain in school until the age of 30. It is a blessing to
never wonder whether or not your parents are proud of you. Finally, I would like to thank
Jonah whose arrival is adding the last bit of pressure needed to finish this research.

In addition, there are several others who have helped me along the way on this
journey. First to my committee, who have agreed to mentor and support my
interdisciplinary work while at the same time advising my professional development: I
appreciate you always having my best interests in-mind. Ravit Golan-Duncan has
provided countless suggestions since year one and I appreciate your comments, affability
and sense of humor. Josh Kohut is one of the most innovative and supportive scientists I
have ever met. Thank you for including me in so many projects. I have learned a great
deal and felt like a real contributor to your team. Caron Chess, you are not easily
satisfied- which increases the quality of my work. It is nice to have you in my corner and
there is no question that I have benefited from your teaching, support, and mentorship.
Also to David Howe, Wes Brooks, David Mellor, and Alicia Shenko, I appreciate your

suggestions and friendship and could not have asked for a better science family.

v



Further, in no particular order, I would like to thank Cindy Hmelo-Silver, John
Manderson, Rachel Shwom, Bonnie McCay, Karen O’Neil, James Scandol, Matt Ives,
Rabi Keiber, Irene Boland, Sharon McKenna, Jed Harrison, Priscila Walsh, and Peter
Smouse.

Finally, my gratitude goes to Marsha Morin. From the first time I walked into the
department offices you have- and continue- to help me in ways I know about and
countless ways I am unaware of. You and Peter make our department a success and all
student accomplishments, including this dissertation, are possible because of your

commitment to the students. I feel very blessed to have had your help along the way.



Table of Contents

JaN 0 5 ¢ 11 SRR 11
ACKNOWIEAZEMENLS. ...\ttt e e e v
INtrOAUCTION. ..ottt 1

Chapter 1: Stakeholder Conceptions of the Structure and Function of a Social-Ecological
Chapter 2: Categorizing the Risks in Fisheries
A TS 14 1<) | S 37

Chapter 3: Understanding factors which influence stakeholder trust of fisheries science
AN INSTIEULIONIS . .. ettt et 64

Chapter 4: Ecosystem-based Angling: Incorporating Recreational Anglers into

Ecosystem-based Management. ... .......ouiuiitiitii i 89
CONCIUSIONS. . . .ttt et e ettt e et et e et et et e e e e aeas 112
Curriculum Vita. . ... 129

vi



List of tables
Table 1. Stakeholder groups involved in Summer Flounder Fishery in the mid-
ARLANTIC. e e 34
Table 2. Mean and Standard Deviations by Stakeholder Group and Community
Table 3. Summary of risk categories and rank of by frequency of response. Transcribed
interviews yielded 3 main categories of risk in fisheries management and 12

subcategories. The risk category identified most often was the risk to the species being
managed (I1a) while the category mentioned least often was that of unarticulated risk

Table 4. Summary of latent variables, measurement instrument, question loadings,
validation and averages to questions responses for NJand RI............................... 85

Table 5. Summary of model fit indices, recommended, and obtained values for
hypothesized model............oooiiii i 86

Table 6. SEM coefficients, and standardized multiple regression coefficient ...............87
Table 7: Anlger survey included 3 question categories; angler perceptions, behaviors, and
comminucation. Dashes indicate open-ended responses which were coded and * indicates
scale response of (1) very knowledgeable to (5) not knowledgeable. All values reported

AS MEAN (St e 109

Table 8. Current and preferred information sources for recreational fishermen.......... 110

vii



List of illustrations

Figure 1. Conceptual diagram of elements of a social-ecological system..................... 2

Figure 2. Knowledge Systems both affect and are affected by human and ecological
451 1) 141 4

Figure 3. Model of Ecological literacy with Dissertation Chapters superimposed (Jordan
€Al 2000 . . i e e 7

Figure 4. Example of a FCM......ooiiiii e 31

Figure 5. Example of combining stakeholder maps were components and relationships
are TeINTOTCEA. .. ..ot 32

Figure 6. Community FCM for summer flounder SES, including all negative and positive
relationships between COMPONENTS. ... .....o.uiiiiiit i eaeaean 33

Figure 7. A schematic diagram of the risks associated with fisheries management as
perceived by managers and scientists in Australia and the U.S. Bar charts indicate the
counts of respondents for each risk subcategory by country and professional groups
including respondents that did not identify the particular risk subcategory

RN e e e 63
Figure 8. Hypothesized SEM. Rectangles indicate measured variables and ellipses

indicate latent variables...........o.oiuiiiii 88
Figure 9.Top ten threats to marine fishery resources by frequency of mention........... 111

viii



Introduction



Human societies and ecosystems are inextricably linked and comprise Social-
Ecological Systems (SES) (Dietz et al 2007). Linkages between ecosystems and the
human communities that rely upon them are often mediated by ecosystem services, i.e.,
the goods and services that are generated by functioning ecosystems (Daily 1997; Leslie
2009). The essential connection between these environmental goods and society are
individual and collective human actions and interventions (Lui et al 2007, Millennium
Ecosystem Assessment 2005; Resilience Alliance 2007). Human interaction with natural
systems is nothing new and the connections between these systems have long been
recognized (Daily 1997; Marsh 1864). Questions, however, about the complex patterns
and processes involved in such interactions have not been well characterized, let alone

fully understood (Dietz et al 2007).
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Human System
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Figure 1. Conceptual diagram of elements of a social-ecological system. Human systems,
comprised of individuals, groups, networks and institutions (rules, regulations and procedures)
intervene to obtain goods and services from ecosystems. Actions and interventions include the
removal or planting of vegetation, harvest of animals, irrigation of landscapes, and construction
of systems to control floods. These interventions directly and indirectly modify ecosystem
structure and function (from Resilience Alliance 2007)

This dissertation research seeks to understand how interactions within a SES are

shaped, influenced and determined by various stakeholder knowledge systems. A



knowledge system refers to a coherent set of mental constructs, cognitions, and practices
held by individuals within a community (Richards, 1985). These systems can be internal
representations of the external world (mental models) or can be a series of beliefs about
the external world or components within it (risk and trust judgments). Knowledge
systems are endemic to human systems and may offer a way to explain aspects of human
interactions with ecosystems since these systems guide some aspects of human decision-
making. Using Atlantic coast marine fisheries as a model SES, this research (1) evaluates
the differences in stakeholder knowledge systems involved in an SES (2) outlines risk
and trust as important beliefs which emerge from knowledge systems of resource
managers and resource users within an SES and (3) offers recommendations by which
resource managers and resource users knowledge systems might better be aligned to

collectively manage the SES toward shared goals.

Theoretical Framework

As Garret Hardin wrote in his famous Tragedy of the Commons paper in 1968,
individuals acting in their own self-interest have the ability to ultimately destroy
commonly held natural resource goods since individuals benefit from maximum
exploitation and do not benefit from harvesting restraint (Hardin 1968). The addition of
institutionalized management and participatory decision-making in SES has added layers
of complexity to commons theories since it expands the consideration of stakeholders
beyond those that actually harvest the resource to include others that capitalize on the
idea that these environmental goods are commonly held property. Stakeholder groups in

many SES now include harvesters, members of the pre- and post-harvest sectors,



assessment scientists, managers, and environmentalists that lobby on behalf of resources.
Each of these groups generates their own conceptions of the dynamics between social and
ecological systems as they interact within their communities and within the ecosystem
over long periods of time (Folke 2004). The result is multiple, often competing,
stakeholder interests (Nelson and Wright 1995) which have their roots in the distinct

knowledge systems (Figure 2).
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The ways in which these different knowledge systems are organized, socially
influenced and useful for institutional resource management has seen increasing attention
in recent years (Kellert et al. 2000, Gadgil et al. 2000, Armitage 2003, Brown 2003,
Davis and Wagner 2003). Researchers generally agree that promoting the integration of
diverse knowledge systems leads to more resilient outcomes since it makes knowledge
structures less rigid and more malleable (Folke 2004; McLain and Lee 1996, Ludwig et
al. 2001). Ecosystems are complex adaptive systems, and their management requires
similar flexibility, continuous learning and knowledge acquisition for institutions,
organizations, and individuals to remain adaptable in the face of unforeseen changes in

SES (Berkes et al. 2000, Dietz et al. 2003, Folke 2004).



However, establishing SES management around the integration of stakeholder
knowledge systems is not without its difficulties. Integrating distinct and valid
perspectives into decision-making may slow down the management process and can
promote hostile relationships between groups (Banjade et al 2007; Folke 2004). In many
cases, the actual deliberative interface has been negatively affected by conflicts among
different knowledge systems which have developed historically and independently from
one another (Ojha 2008). Although many stakeholder groups may share some similar
goals, their individual agendas, time-frames, focus within the system and proposed
management policies may vary considerably. This variation is reflected by differing
valuations of the components within the SES, how the SES operates, and what they
ultimately derive from SES operation (Edmunds and Wollenberg 2001; Leeuwis 2000,
2004). For example, in a summary of six case studies of the management of forest,
agriculture and water SESs in Nepal, Ojha (2008) found four typologies of knowledge
systems; formal political agents, civil society groups, techno-bureaucrats, and
development agencies/processionals. Depending on the context of SES, these groups
utilize different information and offer separate perspectives on the system which can
result in positive incremental change within the system. However, as Ojha points, out,
this progress may be hindered by power struggles, problems in communication, and a

history of antagonistic relationships between groups.

Social-Ecological Systems, Knowledge Systems and Marine Fisheries
Marine fisheries offer an ideal opportunity to evaluate different knowledge

systems, decision-making, and conceptions of both social and ecological systems.



Fisheries management in the United States is a hybrid of federal and state-level
management, guided by legislation which integrates various aspects of stakeholder
participation throughout the decision-making process. Since these decisions are made in
open and transparent forums where stakeholder groups articulate competing viewpoints
and values, understanding the knowledge systems that individuals and groups bring into
the decision-making process are relevant to understanding how human interventions and
actions are formed within SES. To add clarity to this research, I adopt Jordan et al (2009)
view of social and ecological knowledge systems as a diverse knowledge space
comprised of cognitive (concepts and connections) and affective (self knowledge)
components (Figure 3). The first chapter begins by characterizing the structure and
function of the Atlantic coast fisheries SES from the perspectives of fishery stakeholder
groups (fishery managers, fishery scientists, harvesters, pre and post harvest sectors and
environmental NGO representatives) to characterize differences between knowledge
systems and establish an overall view of the SES. In the next two chapters, I outline risk
and trust as important components of knowledge systems of resource managers and
resource users which guide interventions and actions in the human system. Finally,
chapter four offers recommendations by which resource manager and resource user
knowledge systems can better be aligned to outline shared goals and increase the efficacy

in SES management.
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ABSTRACT

Integrating stakeholder knowledge into natural resource governance is considered to add
flexibility to social-ecological systems (SES) because knowledge diversity reduces
rigidity, represents multiple perspectives, and promotes adaptability in decision-making.
Characterizing difference between knowledge systems, however, is not easily
accomplished. There are few metrics readily available to compare one knowledge system
to another. This paper characterizes knowledge about a model SES, the summer flounder
fishery in the Mid-Atlantic, to evaluate differences and similarities in the structural and
functional characteristics of stakeholder mental models. To measure these differences, we
collected Fuzzy-Logic Cognitive Maps (FCM) from several stakeholder groups
(managers, scientists, harvesters, pre and post harvest sectors, and environmental NGOs)
which comprise social agents within the SES. We then compared stakeholder groups’
maps using graph theory indices to characterize the structure and function of the model
system. We then combined stakeholder FCM to generate a community map which
represents a theoretical model of the combination of stakeholder knowledge. Our results
indicate that knowledge integration increases the ability of decision-maker to anticipate
system stability, increases understanding of components in system and increases
opportunities to change the system. However, knowledge integration may also decrease
precision in the ability of decision-makers to understand the outcome of a proposed
decision since the number of connections increases, making outcomes of forcing

components less certain.
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INTRODUCTION

As a way to manage and organize the complexity found in social-ecological
systems (SES), many researchers have highlighted the benefits of integrating diverse
types of knowledge systems. A knowledge system refers to a coherent set of mental
constructs, cognitions, and practices held by individuals within a particular community
(Richards, 1985). This knowledge can be internal representations of the external world
(e.g. mental models) or can be a series of beliefs about the external world or components
within it. The ways in which different knowledge systems are organized, socially
influenced and useful for institutional resource management has seen increasing attention
in recent years (Kellert et al. 2000, Gadgil et al. 2000, Armitage 2003, Brown 2003,
Davis and Wagner 2003). Promoting diversity in the types of knowledge considered in
management is thought to lead to more resilient outcomes in SES because it makes
knowledge structures less rigid and more adaptive to change (Folke 2004 McLain and
Lee 1996, Johannes 1998, Ludwig et al. 2004).

The most common way natural resource managers have to promote knowledge
integration is including the public in decision-making. The term public participation
refers to a number of activities and ranges from after-the-fact education programs to
environments in which decision-making power resides solely with stakeholders (NRC
2008; Arnstein 1969; Berkes 1992). The benefits of integrating stakeholder knowledge
into resource management have inspired a number of management strategies which are
aimed at reducing traditional boundaries between knowledge sources (Berkes 2004) and
highlighting the importance of two-way learning between participants (Chase et al., 2004;

Johnson et al., 2004; Lynam et al., 2007). When different types of knowledge are
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included in resource management, reliance on experts and elites is decreased, making the
system more adaptable (Agurwal 1995). Knowledge integration allows the local context
and behaviors of individuals to be better understood so that uncertainty can be reduced
(NRC 2008). Since ecosystems are complex, diverse, and adaptive, it has been suggested
that the knowledge used to guide management decisions should also be complex, diverse,
and adaptive (Berkes et al. 2000, Dietz et al. 2003, Folke 2004).

Although integrating knowledge through participation has been reported to create
higher quality and more durable decisions (Reed 2008), it does present some difficulties.
Dietz and Stern (2008) summarize three basic arguments that critics of public
participation cite: (1) the costs are not justified by the benefits (2) the public is ill-
equipped to deal with the complex nature of analyses and (3) participation processes
seldom achieve equity in process (NRC 2008). These criticisms highlight that knowledge
systems are neither easily reconciled nor integrated. Knowledge systems are unique to
communities and often develop historically and independently from one another (Banjade
et al 2007; Ojha 2008; Folke 2004). The costs of knowledge sharing are in terms of
potential conflict and management resources because it may take considerable time to
build common understandings between disparate stakeholder groups and institutions
(Webler and Renn 1995).

Understanding the benefits and limitations of knowledge-sharing is not easily
accomplished (Raymond et al 2010). Questions about the types of knowledge and the
degree to which they are complimentary or incongruent are not easily answered.
Although knowledge integration through participation has become standard in

environmental policy, there are concerns about the biases (NRC 2008) and lack of
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empirical evidence which support some of the beneficial claims (Reed 2008). In a
comparative study of knowledge integration in three environmental management
contexts, Raymond et al (2010) found that knowledge integration is inherently complex,
classification of knowledge is arbitrary and perspectives on the process are qualitatively
very different. Additionally, categorizing what constitutes different types of knowledge
has led to additional confusion (Fazey et al., 2006). Most often, knowledge systems are
coarsely defined and can be placed into two main bins: local knowledge and scientific
knowledge. Local knowledge reflects individual experiences (Fazey et al 2008) or non-
expert or localized information (Jones, 1995). Local knowledge includes, traditional,
indigenous and lay knowledge, each describing a particular point on a continuum of
knowledge mediated by personal or cultural experiences. Scientific knowledge refers to
knowledge created by more systematic means. Scientific knowledge utilizes agreed
principles and process of study, including reliability and validity to generate new
information (Gunderson et al 2005; Turnbull 1997)

These knowledge categories, however, have been criticized for being overly
simplistic since they do not account for the way in which people process different types
of information or the role that social contexts may play in influencing knowledge
development (Raymond et al 2010). Further, knowledge classification does not inform
the way in which stakeholders view important structural and functional aspects of the
social-ecological system of which they are a part. These categories do little to explain
how or why individuals or groups may anticipate environmental or social change. In this
paper, we investigate the differences in knowledge systems by analyzing the mental

models of stakeholders involved in the management of a model SES, the summer
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flounder fishery in the mid-Atlantic. We begin by characterizing the structure and
function of stakeholder group knowledge. Next, we compare knowledge by stakeholder
group to uncover differences and similarities. We then combine stakeholder knowledge
into a community knowledge system which represents the integration of several different
stakeholder groups during the decision-making process. Finally, we compare the
community knowledge system to individual stakeholder knowledge systems to better
understand the benefits and drawbacks of integrating knowledge in natural resource

management.

Model system: mid-Atlantic summer flounder fishery

Marine fisheries offer an ideal opportunity to evaluate stakeholder knowledge in
the context of a resource management debate. Fisheries management in the United States
is a hybrid of federal and state-level management, guided by legislation, which integrates
various aspects of stakeholder participation throughout the decision-making process.
Since many fishery decisions are designed to be made in open and transparent forums,
understanding differences in mental representations about the system may give insight
into the way discourse develops as stakeholder knowledge is integrated through
participation.

The summer flounder fishery in the mid-Atlantic was chosen as model system for
multiple reasons. Summer flounder is a highly valuable resource to the region and
debates about how to best manage ecological and social aspects of the fishery vary
considerably. Over the last several years, the stock has been in recovery or “rebuilding”

which has placed strict annual limitations on its harvest. Further, management decisions
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which determine these harvest levels, affect a range of stakeholder groups which include
harvesters, coastal communities, and environmental NGO representatives. These
stakeholders meet routinely throughout the year with fishery managers and fishery
scientists to discuss the scientific assessment of the stock and potential management
strategies meant to sustain both the social communities which rely on fishing and the

summer flounder population.

METHODS

Structure and function of systems

To understand how knowledge may vary, it is important to examine how
individuals internally organize knowledge about the external world. To accomplish this,
we sought to collect explicit representations of stakeholder mental models of the SES.
Since SES are complex systems, we wanted to understand the structure and function of
individual and group mental models. In our study, the structure and function of mental
models correspond to the structure and function of the SES.

Structures are the parts that define a system. The observational and conceptual
recognition of structures has been linked to nearly every mode of inquiry and discovery
in science, philosophy, and art (Pullan 2000). The relationships between structures are
what give a system its shape which can be hierarchical or networked. Understanding
structures is analogous to the “whats” of the system and has been shown to be the
foundation of observational learning about complex systems (Hmelo-Silver et al 2004).

In ecological systems, structures exist across varying scales of organization, from
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molecular to ecosystems, in a hierarchy. In social systems, structures refer to
organizations which are networked by connections between groups of individuals.
Functions are the outcomes of the system. The functions of complex systems have been
defined in value-laden terms to indicate the purpose of the system. In biological terms,
function has been referred to as the purpose of a chain of causal reactions (Dusenberry
1992) such as adaptations which aid in a species survival. In social terms, the function of
ecosystems has been defined in terms of ecosystem services, or what human societies
ultimately derive from ecosystem operation. Understanding structure and function is
important to understanding systems since these aspects define the form and the outcome

of system operation.

Fuzzy logic cognitive mapping

To better understand the structural and functional aspects of knowledge systems,
we collected Fuzzy Logic Cognitive Maps (FCM) from stakeholder groups involved in
the summer flounder fishery. FCM have been called simplified mathematical models of
belief systems (Wei, Lui, and Yanchun 2008) and have been used to represent individual
(Axelrod 1976) and group (Ozesmi and Ozesmi 2004) knowledge systems. Cognitive
maps have been used in a number of disciplines to indicate relationships among variables
as well as to understand system dynamics. Anthropologists have used signed digraphs to
represent different social structure in human societies and systems of operation (Bauer
1975; Bougon et al. 1977; Carley 1990; Hage and Harary 1983; Klein and Cooper 1982;
Malone 1975; Palmquist et al. 1997) and ecologists have used them to understand

relationships between organisms and their biotic and abiotic environment (Hobbs et al.
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2002; Ozesmi 1999; Puccia 1983; Radomski and Goeman 1996). Here we use FCM to
develop individual representations of the concepts and causal relationships in social and
ecological systems. FCMs are models of how a system operates based on defined
components and the causal links between these components. These components can be
quantifiable constructs like temperature or abstract constructs such as happiness. The
individual participating in developing a FCM decides what the important components are
that comprise the system in question (see A,B,C and D in Figure 1) and then draws
causal relationships among the components with numbers between -1 and +1. These
numbers indicate the amount of positive or negative influence one factors has on another

(see directional arrows and numerical influence Figure 1).

[Insert Figure 1]

Data collection

For this case study, five stakeholder groups from the summer flounder fishery
created FCMs of the fishery system following best practices as outlined by Ozesmi and
Ozesmi (2004). These groups include harvesters, members of the pre and post harvest
sectors, fishery managers, fishery scientists, and representatives of environmental non-
government organizations (ENGOs). These groups were chosen a priori since they
represent the social actors routinely included at fishery management meetings. In total,
35 individuals engaged in drawing FCMs. Participants included ten harvesters, seven

members of the post or pre-harvest sectors, seven state and federal fishery managers,
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seven scientists and four individuals employed by an ENGO. In total, 27 maps were
generated for analysis (Table 1).

As methodological papers have suggested, map collection took between 45 — 180
minutes, averaged about one hour and included individuals and groups of individuals in
map construction. Participants were shown an unrelated example of a FCM and then
asked to list the important components within summer flounder SES. After an initial list
was developed, they were asked to organize the components within the system by
drawing relationships between the components. Finally participants were asked to
provide quantitative values on the causal links between components (between -1 for
strong negative relationship to +1 for strong positive relationship). All maps were

completed to the satisfaction of the participant.

[Insert Table 1]

Data analysis

FCM are subject to a range of analytical techniques (Eden et al 1992; Ozesmi
2004 and Kosko 1993). Maps can be analyzed to represent individual knowledge or
aggregated to represent stakeholder groups or entire community knowledge (Ozesmi
2004). In this study, we analyzed FCMs to examine knowledge about the structure and
function of a SES. First, we present structural measurements of the FCMs. The structure
of individual maps were determined by developing adjacency matrices, determining the
types of components included in the maps, and developing indices which indicate the

amount of adaptability and complexity each stakeholder represented in their map.
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Second, we present functional measurements of the FCMs. The function of the maps
were analyzed in two ways: (1) by aggregated individual maps to examine stakeholder
group function and (2) aggregated stakeholder groups maps to examine function of entire
community map. The differences in these measurements were then compared to draw
conclusions about major the differences in stakeholder knowledge systems and to

compare the benefits and limitations of integrating knowledge systems.

Analyzing structure

Since FCM are based in graph theory, the structure of FCM is easy to determine.
The structure of a FCM is determined by establishing a matrix. This allows the
complexity in a hand-drawn map to be reduced, and system structure to become more
apparent. The structure of an individual FCM is determined by listing the variables vi on
the vertical axis and variables Vvj on the horizontal axis. The amount of influence one
component has on another is then listed in the on the row and column in the matrix. All

stakeholder maps were transcribed and examined for their structure.

Determining types of components

All components within FCM were then categorized in one of three ways: driver,
receiver, or ordinary. Driver variables are seen as having significant influence over
system operation, receiver variables represent the end result of the system operation and
ordinary variables are links in between. All components in an individual FCM were
binned in one of these three groups (Eden et al 1992). To accomplish this, we used the

structural analysis matrix (Kosko 1986; Ozemsi and Ozemsi 2004). The variables vi are
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listed on the vertical axis and variables vj are listed on the horizontal axis to form a
square matrix. To determine the type of variable, the outdegree [0d(vi)] and indegree
[id(vi)] values for each variable is calculated. Outdegree is determined by the summed
row sum of the absolute values of a variable. The indegree value is determined by adding
sum of absolute values of a variable in the rows. These values indicate the cumulative
strength of the influence to other variables (outdegree) as well as the influence on a
variable (indegree). To determine whether each variable is a driver, receiver, or ordinary
variable, the outdegree and indegree variables are compared (Bougon et al 1977). Driver
variables have a positive outdegree and zero indegree. Receiver components have a zero
outdegree and a positive indegree. Ordinary components (in terms of conceptual system
function) have both positive outdegree and indegree (Bougon et al.1977; Eden et al 1992;

Ozemsi and Ozemsi 2004).

Amount of change and level of complexity

Density and complexity values were calculated for each individual stakeholder
map and then averaged for each of the five stakeholder groups. To calculate the density,
the number of components (N) and number of connections (C) in each individual map
was determined. The density of a cognitive map (D) is an index of connectivity: D =
C/[N(N — 1)] or D = C/N? if a variable can have a causal effect on itself (Hage and Haray
1983). Density within a cognitive map indicates whether the system is hierarchical (some
components are perceived to have more influence) or fully democratic (all system
components are tightly linked) (Ozesmi and Ozesmi 2004). Next, centrality for

stakeholder group maps was calculated (Ozesmi and Ozesmi 2004). Centrality is the ratio
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of receiver variables to driver variables (R:D). The higher the number of receiver
variables, the more complex a map is considered to be since it considers many possible
outcomes of a system, rather than fewer end points (Eden et al 1992). Conversely, a
larger number of driver variables has been said to indicate thinking in more top-down
manner where there a map represents more forcing functions initially, but elaboration of

the resulting consequences of these functions are not well articulated (Eden et al 1992).

Stakeholder and community cognitive maps

Maps were also combined to generate a representation of combining knowledge
systems. All stakeholder groups’ maps were weighted equally and combined by (1)
individual maps within a stakeholder group to characterize each of the five stakeholder
groups and (2) all five stakeholder groups to develop a large-scale community model of
the SES. Combining stakeholder maps involves overlaying individual maps and
averaging all influential connections between components. Summing relationships
between components allows for repeating fuzzy logic understandings to be reinforced,
where rarely mentioned components and influences identified by smaller contingencies
are included, but not reinforced. For example, Figure 2 shows a hypothetical example of
the combination of two stakeholder group maps. Stakeholder Map 1 includes variables
A,B, C, and D and Stakeholder Map 2 includes A,B, C, D, and E. For the combined map,
these two individual maps are simply added together, holding equal weight in the final
map. Notice, certain influences, for example A 2 C, A = D, and A-> B, are reinforced
in combined map while others, for example D = E, are included but are not reinforced

since it was not mentioned by both participants. These summed values of reinforced
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influence values between components are then averaged to allow for fair comparison

across groups.

[Insert Figure 2]

Aggregating stakeholder maps

FCM were aggregated to ease analysis. Aggregation of stakeholder maps can be
done qualitatively or quantitatively to reduce and standardize the dataset (Ozemsi and
Ozemsi 2004). After all maps were collected, variables included in all maps were listed
by frequency of mentioned to determine most often reoccurring structures. Further, we
subjectively combined similar variables into categories in order to standardize maps. To
validate aggregation, subsuming variables were validated by at least one member of each
stakeholder group. For example, different types of fishery regulations were mentioned by
several harvesters such as “size limits”, “bag limits”, and “total allowable catch”. These
three variables combined into one variable “management measures”. After aggregation,
follow-up conversations with stakeholder representatives verified new components.
Aggregation of stakeholder maps reduced 124 variables into 27 final system components.
Similar studies have reduced large amounts of variables into smaller and more

manageable components (Ozesmi 2001).

Analyzing function
After map aggregation and structural measurements, the dynamics of stakeholder

and community maps were determined using the matrix calculation for the stakeholder
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group and community maps. This allows for the function of the map to become clear.
Further, matrix calculation also allows for artificial “what if”” scenarios to be run to sece
how the system might change under a range of conditions (Ozemsmi and Ozemsi 2004
Ozemsni 2003) First, the steady state vector was created by placing a value of 1 for each
of the elements in the vector. Second, the steady state vector was then subject to matrix
multiplication with the adjacency matrix of the desired cognitive map and a new vector
was created. Third, subject each of the elements within this vector to a logistic function
(f(x) = (1/(1+e™(-x))) to keep the values in [0,1]. Fourth, the new vector was applied to
matrix multiplication with the adjacency matrix and the elements were subjected to a
logistic function. Past studies have indicated that the resulting values can either, 1) go
into a steady state, 2) go into a limit cycle, or 3) go into a chaotic pattern (Kosko 1985).
For our analyses, however, all of the calculations resulted in a steady state with less than
15 iterations.

The steady states of the stakeholder maps or community cognitive maps were then
used to test different SES scenarios. Kosko (1985) first proposed the clamping method in
which a value of 1 is “clamped” for the desired variable in the steady vector from a
cognitive map. Clamping a variable allows us to determine how the function of the
system might change under certain conditions. While using the same cognitive map, this
value remains clamped at each time iteration before the matrix multiplication step to
achieve the next vector. The following iterations are then calculated using the same
methods, but again the variable of interest in again set to a value of 1. The final vector of
the clamp is then compared to the original steady state vector of the corresponding

cognitive map by taking the difference between the clamped vector and the steady state
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vector. Thus, the resulting values for each variable show the amount of relative change
given the SES operation under artificial conditions.

Although researchers have written about the inherent limitations in predicting
system states in SES (Walker et al 2002; Folke 2004), we developed a possible scenarios
for our stakeholder and community maps. The scenario was developed as a way to
highlight differences between functional knowledge systems of stakeholder groups and
create a theoretical model of the community SES knowledge system. It was not
developed as a way to predict specific structural and functional change in the SES in the
real world. The scenario artificially increased the summer flounder population as
continuously high. Six models were run in total, one for each of the five stakeholder

group maps and one for the community map.

RESULTS

Structural and functional measurements uncovered several differences between
stakeholder knowledge (Table 2). Based on these measurements we summarize the
knowledge by stakeholder group and for the community map. For graphs of functional

response see appendix one.

[Insert Table 2]

Differences in structure and function

Harvesters
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Harvesters indicated a high number of transmitter variables, with a lower number of
receiving variables. This is an indication that they consider many outside forces to affect
the function of the system. Compared to other stakeholder groups harvesters indicated
mid-level structural opportunities for change of the SES when compared to other groups.
This indicates neither a rigid system that is difficult to change nor a large amount of
opportunities for change in the SES. Under the functional analyses, increases in summer
flounder population resulted in increases in recreational fishing (0.02), economic
development (0.01), summer flounder reproduction (0.01), fishing pressure (0.003) and

commercial fishing (0.009).

Pre and Post-Harvest

Analysis of pre and post harvesters sectors saw similar results to harvesters, however
indicated far more room for change within the system relative to other groups. This was
as evidenced by the group’s high density score. Additionally, members of the pre and
post harvest sector also saw high numbers of receiving variables compared to driver
variables, an indication that pre and post harvest sector are equally aware of the driving
and resulting actions of the SES dynamics. Finally, on average this group identified the
least amount of variables in the system, therefore designate the system to be comprised of
the least amount of components. The functional analyses indicated the highest increase
in the economic sector (0.02), followed by increases in recreational (0.01) and

commercial fishing (0.01) and fishing pressure (0.003).

Managers
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Our results indicate that fishery managers fall in the middle of the range of stakeholders,
however, had less somewhat less diversity in their maps as indicated by their standard
deviations relative to other groups. The amount of components designated to be in the
system, their maps density, complexity and numbers of connections included in their
maps were all mid-range values relative to other groups. Functional scenarios indicated
the highest increase in recreational fishing (0.03), economic development (0.01) and
reproduction/spawn (0.01) with smaller increases in commercial fishing (0.002), fishing

pressure (0.002) and prey (-0.001).

Scientists

Scientists” maps viewed less room for change within the SES, yet represented the most
complexity within their maps. This was indicated by two measures. First, scientists
included more receiver variables than any other group, an indication that scientists may
consider the results of a dynamic system more often than other groups. Second,
scientists’ density score was the lowest of those evaluated, an indication that scientists
view the SES as more rigid than other groups with less opportunity for change within the
system. Functional response to summer flounder population increase resulted in highest
increases in reproduction/spawn (0.02) predators (0.009), fishing pressure (0.009), and

decreases in prey (-0.004).

Environmental NGO
Members of the environmental sector had the least complex maps, however, included the

highest number of variables and connections between variables. Additionally, ENGO
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representatives seemed to view more structures driving the system which was evident by
the highest number of driving variables. This group also indicated the second highest
score for density (or change) and indication they see the more room for potential changes
to the system compared to all other groups, except the pre and post harvest sectors.
Functional scenarios indicated increase in summer flounder population (0.03) and

decreases in fishing pressure (-0.01).

Community Map

Compared to stakeholder group maps, the community map resulted in the highest number
of variables, and connection between variables (Figure 3). This included a high number
of transmitter variables and a low number of receiver variables. This suggests the
community map represents many outside forcing components and relatively fewer
outputs of the system. Combing stakeholder maps also resulted in highest number of
connections between components and therefore the highest indication of room for change
in the system, however also resulted in the lowest complexity score. Functional analyses
resulted in highest positive response in recreational (0.01) and economic development
(0.01), reproduction/spawn (0.008), commercial fishing (0.005), fishing mortality

(0.0003), fishing pressure (0.003), predators (0.002), and decreases in prey (-0.0009).

[Insert Figure 3]

DISCUSSION
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Differences between stakeholder knowledge

We attempted to compare representations of mental models across stakeholder
groups. In our study, harvesters’ the pre and post harvest sectors’ FCM indicated
somewhat similar knowledge systems by our measures while scientists and ENGO
representatives seem to be divergent when compared to all groups. Managers, on the
other hand, seem to be located in the middle of all stakeholder groups. This is an
interesting finding since managers are both appointed officials which are meant to reflect
the interests of fishery constituents (i.e. belonging to any of the other stakeholder groups)
or, on the state-level, are career bureaucrats. Ideally, managers are expected to represent a
range of fishery interests. Therefore, in theory their knowledge would be as diverse as
the stakeholders they represent. Our results support the notion that their knowledge does
seem to fall in between the other groups as their mental models were in the middle all
measures, and the function of their system was similar a combination of harvesters/pre
and post harvest sectors and scientists.

The most divergent groups were scientists and ENGO representatives. Scientists
see the summer flounder SES as somewhat rigid and saw with less opportunity for
manipulation of the system than other stakeholders. This may be because scientists often
focused on the ecological components of the fishery which potentially were seen as less
malleable than social components. Scientists’ maps were also shown to be the most
complex since they represented both the forcing functions of the system and the end
results of those processes. ENGO representatives identified the highest number of

components within the system and the highest number of driving components. This is an
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indication that they perceive the SES to be subject to several driving functions which

largely influence how the system functions.

Benefits and limitations of knowledge integration

Perhaps the most important finding from our study is that integrating diverse
knowledge systems increases understanding of how the system may react to change and
the dynamics of stability. This was indicated by the amount of higher level functional
change in stakeholder maps when compared to lower level functional change found in the
community map. Our findings indicate that a major strength of knowledge integration is
combining separate focuses on subsystems which may inform more comprehensive
representation of the system. For example, scientists included more ecological
components in their maps while harvesters focused more heavily on social components.
Both, however, included links between these systems. When maps were combined,
changes in the system were more widely distributed resulting in less relative change
overall. Additionally, knowledge integration increases overall understanding of the
components in the system and the relationships between them. The community map
density score was considerable higher than that of individual stakeholder groups, an
indication of representing more opportunities in which desirable states can be promoted
and undesirable states can be discouraged.

However, our results indicate some limitations. Knowledge integration may also
decrease precision in our understanding of how a system functions, be overly focused on
driving components and decrease understanding of the resulting actions of a decision. In

a comparison of the community map to stakeholder maps, our results indicate the
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complexity of the system may be hindered by increased noise from multiple perspectives.
Integrating knowledge may reinforce the driving forces within the system, but limit the
articulation of the results of those forces. In practice this may make anticipating the

results of a policy more difficult to characterize and increase implementation uncertainty.

CONCLUSIONS

Institutional and scientific knowledge on their own are inadequate guides to
determining how SES should be managed (Agurwal 1995; NRC 2008). Instead, input
from those affected by environmental decision-making should be invited into the process
so that institutions can learn from stakeholders and stakeholders can learn from
institutions as the groups work toward a decision (Chase et al., 2004; Johnson et al.,
2004; Lynam et al., 2007). This is especially true in complex environments that include
both social and ecological systems where predictive ability is low and uncertainty is high
(Folke 2004). In these situations, stakeholder input is particularly valuable to decision-
making since adaptability requires a range of perspectives and options (Holling 1992).
The mechanics behind integrating different types of knowledge, however, are not well
understood (Raymond et al 2010) and increasingly research is shifting focus from
assuming better outcomes when knowledge is integrated- to the mechanisms involved in
the process (Reed 2008). As a starting point, recent research has identified that the
differences in stakeholder knowledge should be clearly articulated (Raymond et al 2010)
so that conflict among knowledge systems can be reduced (Banjade et al 2007; Ojha

2008) and the benefits of integrations can become better understood (Walker et al 2002).
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While there are benefits to integrating knowledge in resource decision-making, it
also has costs associated with it. Our analysis indicates that including explicit stakeholder
knowledge may lead to increased understanding of system since it increases knowledge
of components and the connections between them, therefore more widely informing
anticipated changes across the system. However, at any given time, stakeholder are
unlikely to be able to articulate the results of these changes, since there is a tendency to
focus on the driving components that effect the system and increased connections result

in decreased precision of dynamic changes.
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Figures and Captions

Figure 1. Example of a FCM

L
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Figure 2. Example of combining stakeholder maps were components and relationships
are reinforced.
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Figure 3. Community FCM for summer flounder SES, including all negative and positive
relationships between components.

Fisheries
Legislation

Fishing
Pressure

A S

e —w
' \

Compiia.nce =

4 Ny St

Development




34

Tables and Captions

Table 1. Stakeholder groups involved in Summer Flounder Fishery in the mid-Atlantic

Stakeholder Group Maps(N) People(N) Occupation/Organization/Social Group

Harvesters 9 10 Commercial fishermen, charter boat
captains, headboat captains, recreational
fishermen

Post and Pre Harvest 4 7 Bait and tackle shop owners, fishery trade
magazines, seafood wholesalers/retailers

Managers 5 7 State and federal fishery managers

Scientists 6 7 Academic scientists, federal management
scientists and state management scientists

Environmental NGOs 3 4 National environmental non-profits

Total 27 35

Table 2. Mean and Standard Deviations by Stakeholder Group and Community Map

Stakeholder Group Harvesters  Pre and Post Managers  Scientists  Environmental Community
Harvest NGO Map
Maps (N) 9 4 5 6 3 27
Number of Variables 16.2(3.0) 12.8(2.1) 15.4(5.8)  19.2(1.71) 19.7(5.5) 27
Number of Transmitter 6.33(3.08) 2.75(1.71)  5.8(3.27)  6.33(1.75) 7.67(3.51) 6
Number of Receiver 1.44(0.88) 2(1.41) 0.8(0.45)  2.33(1.87) 1.67(0.58) 1
Number of Ordinary 8.55(3.16) 8(3.47) 8.8(3.90) 10.33(3.72)  10.67(4.50) 20
Number of Connections  26.22(7.70)  22.5(13.80)  25(13.80) 27.33(7.60)  40.67(19.00) 117
C/N 1.65(0.30) 1.66(1.24)  1.42(0.23) 1.41(0.30) 2.56(1.02) 4.34
Complexity (R:D) 0.34(0.40) 0.38(0.49)  0.27(0.22)  0.50(0.58) 0.17(0.29) 0.17

Density 0.11(0.02)  0.14(0.01)  0.11(0.04) 0.09(0.02)  0.12(0.08) 0.17
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Appendix 1
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Abstract

The many risks associated with fisheries management can be attributed to the
substantial uncertainties that exist within fishery systems and their numerous possible
consequences for fishers and fish stocks. Compounding these risks are the possible
disparities between different fisheries professionals on the nature and source of these
risks. This paper attempts to categorise the risks as reported by fishery scientists and
managers in Australia and along the US Atlantic Coast. Through the use of semi-
structured interview data, this paper attempts to provide a categorisation of the risks
identified by fisheries professionals; and to compare the identified risks by professional
group and by country. The analysis yields three broad categories and 12 subcategories of
risk found in both nations. Results indicate that: (1) fisheries management risks can be
broadly categorised through interview data; (2) the frequency of identification of a
particular risk category reflects the management system in which they operate; and (3)
risk categorization could be useful from a risk management perspective as risks in
different categories may be evaluated and managed using different risk management

approaches.

KEYWORDS: Atlantic coast fisheries, Australian fisheries, political risk, risk management,

semi-structured interviews, uncertainty
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Introduction

Research into risk in fisheries management has grown, possibly with the
increasing realisation that exploitation of marine resources has lead to lower productivity
and, in some cases, stock collapses (Charles 1998; Dulvy et al. 2003, Hutchings &
Reynolds 2000; Roberts & Hawkins 1999; Walters & Maguire 1996). Although risk
within fishery systems has been widely acknowledged by researchers (Charles, 1998;
Francis & Shotton 1997; Harwood & Stokes 2003; Peterman 2004), a comprehensive
understanding of the risks identified by the different professional groups involved in
fisheries management is not available (Smith 1988). Methods of risk management are
contingent on the types of risks being identified, which can change over temporal and
spatial scales and vary between individuals and groups (Althaus 2005; Delaney & Hastie
2007; Harms & Sylvia 2001; Peterman 2004). Research has highlighted the importance
of articulating definitions of potential risks within fisheries management. For example,
Peterman (2004) stressed that “to avoid misunderstandings, fisheries scientists, managers,
and stakeholders should always clearly state what they mean by the term risk" (p 1332).
Francis and Shotton (1997) stressed the informal, non-quantitative, undocumented and
loosely linked way in which risk management is connected to risk assessment in fisheries
management. They attributed the lack of explicit direction for managers and scientists on
how to deal with different risks to the often conflicting (but rarely articulated) way in
which risks are managed.

A number of quantitative (Groger et al. 2007; Hilborn et al. 1993; Hilborn et al.
2001; Pearsons & Hopley 1999; Puga et al. 2005; Punt & Hilborn; 1997; Punt & Walker

1998; Rosenberg & Restrepo 1994; Touzeau et al. 2000; Walters 1986) and qualitative
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(Astles et al. 2006; Astles 2008; Fletcher 2005; Francis 1992; Hobday et al. 2004) risk-
based methods have been used in fisheries management as a way to mitigate potential
undesirable outcomes associated with harvesting activities and extreme events, and as a
means to prioritise research and management. Each of these methods are, at their core, an
attempt to identify and rank the risks associated with the different uncertainties found
within fisheries and articulate the consequences of these uncertainties for the associated
human and environmental systems. Previous research has organised the various sources
of uncertainty common to fisheries systems, ecology and conservation biology (Francis
and Shotton, 1997; Charles 1998; Harwood & Stokes 2003; Peterman 2004, Regan et al.
2002). Categorising uncertainty in this way has proven useful in the development of
strategies for management as it has allowed separate fields of expertise to develop to
consider different forms of uncertainty. A similar “divide and conquer” approach may be
employed to understand the various sources of risk in fisheries management and thus
provide the groundwork for the development of a comprehensive risk management
framework for fisheries.

A key problem in any such categorisation of “risk” lies in the ambiguity
associated with the differing usage of this term across the multiple disciplines that
fisheries professionals may be associated with (Adams 1995; Hokstad 2006; Althaus
2005). Any categorisation of risks in fisheries management must therefore take into
account the risks identified by fisheries professionals that are involved with on-the-
ground management of marine fisheries and should examine the extent to which these
identified risks vary between fisheries professionals. This paper investigates such ’on-

the-ground’ categorisation of the risks in fisheries by examining the most commonly
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identified risks in responses from semi-structured interviews with fisheries professionals

in Australia and the United States .

Fisheries management in Australia and the United States

Modern industrial countries manage marine fisheries in similar ways, usually by
limiting fishing activities through a top-down approach, with overall control given to a
central governing institution (Acheson & Wilson 1996; McCay & Jentoft 1996). Fisheries
management in both Australia and the United States is a hybrid of federal and state-level
management, guided by legislation but integrating various aspects of stakeholder
participation or co-management throughout the process. This strategy raises the
possibility that risk becomes a much broader and more complex issue given the diversity
of the groups involved. Additionally, both the U.S. and Australian systems place
emphasis on the scientific assessment of the resource and the use of harvest regulations
and limits to control fishing pressure - both requiring extensive cooperative interaction
between scientists and managers. The interpretation and role of risk within fishery
management is expected to differ among management participants because the goals,

priorities and values of the players differ (Adam et al. 2000).

Methods

A qualitative research design based on in-depth personal interviews and grounded
theory data analysis (Strauss and Corbin 1990) was chosen to capture the various ideas of
risk held by fishery professionals in the two countries. Exploratory qualitative research

methods like those used in this study are appropriate when exploring phenomena like risk
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(Marshall & Rossman 1998) and have been used routinely as a measure for complex
social issues in natural resource management such as trust (Davenport et al. 2007).
Further, grounded theory is an inductive method which allows for complexity in the
interview data to be maintained while still allowing for distinct categories to be

developed.

Study participants were chosen from publically funded fishery management
institutions on the Atlantic Coast of the United States (15 states from Maine to Florida,
including Pennsylvania) and in all six Australian states as well as the Northern Territory
and the Commonwealth (ACT). While the sample size is not intended to be statistically
representative of the entire population in either country, it does represent a cross-section
of fishery professionals since all state and federal institutions along the Atlantic coast
were included in US interviews and all state or territory and federal institutions were
included in Australia. Interviewees included 12 fisheries scientists and 10 fisheries
managers in Australia, while the U.S. Atlantic coast interviews consisted of 10 fisheries
scientists and 8 fisheries managers (n = 40). All fisheries professionals interviewed were
involved in the management or scientific assessment of fish stocks in state (0-3 nautical
miles) and/or federal (3-200 nautical miles) waters. Interviews were audio-recorded
using the same list of questions as a guide to semi-structured conversations (see
Appendix 1 for a copy of the interview pro forma).

The term “fisheries scientist” refers primarily to stock assessment scientists while
the term “fisheries manager” refers to those professionals who play a formal role in

making decisions (usually in terms of developing regulations) about marine fishery
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resources. Fisheries professionals are generally expected to have a working knowledge of
both biological science and fisheries management and policy. This can make the
classification of profession unclear. Past studies have indicated that even within
designated professional groups, perceptions of fisheries management may vary (see
Delaney & Hastie 2007 and Wilson et al. 2002). However, for the purposes of this study,
participants were asked to identify the risks they encountered within their current
professional role, which was self-identified as either a fisheries scientist or a fisheries
manager.
Survey instrument

A semi-structured interview tool (see Appendix 1) was used to assess: (1) in what
capacity the participant was involved in fisheries management or science; (2) how the
concept of risk was used in their assessment/management work and whether they found
the concept useful; and (3) if there was any formal process for determining what risk
assessment technique or techniques are used on the fisheries they are involved with. The
first two questions were designed to uncover specific identifications of risk within their
professional schema and the third question was designed to elicit identification of specific
risks with which they were engaged. Only the answers to these three questions were used
for this present study. The full interview included 24 questions and was used as part of a
separate project designed to develop national risk management guidelines for data poor
fisheries (Scandol et al. 2009).

This analysis focussed on: (1) categorising the risks identified by fisheries
professionals from the two international jurisdictions; (2) comparing risk identification

between professional groups and international jurisdictions and; (3) examining where
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risks are identified most often after the risks were categorised. Individual participants
remained anonymous but each individual was identified as either a manager or scientist

from either Australia or the U.S.

Analytical methods

Participant responses were categorised using post-coding (Miller 1983) to identify
emergent themes which followed Strauss and Corbin’s (1990) interview data
interpretation techniques. Based on a review of field notes and transcribed texts,
categories of risk were developed by grouping similar themes, phrases, and words into
categories. These categories were grounded on the participants own words collected
during interviews. A sample of the transcribed interviews from both nations was then
reviewed to verify the initial categories and identify additional subcategories. All
transcribed interviews were then scored by two different researchers using the risk
categories. Any differences between the two researcher’s scoring results were discussed
until agreement was reached.

Quantitative comparisons were then undertaken between countries and between
professions to determine to what extent the identification of risk varied between groups.
Twelve separate non-exclusive categories emerged through data analysis, so the highest
possible score for any contribution to a risk category would be 40 (since n = 40), whereas
the highest possible score for any one individual’s identification of risk would be 12
(since 12 categories emerged). Fisher’s exact tests were used to determine whether the

scores were significantly different between groups.
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Coding example

In one of the responses to the question “How do you see the concept of “risk”
being used in your fisheries assessment/management work?”” one manager answered:

“As a fisheries manager, we have to evaluate the resources available and the
benefits that we can obtain from those resources without putting that fishery at risk. By
putting at risk, I am talking about sustainability of the fisheries, the industry, and how it
is going to affect the environment. To what point is human activity going to be putting a
fishery at risk, including the fishers, the species, and the environment?”

This participant was coded as identifying risk in three ways; namely species-level
(ITa), ecological (IIb), and social (Ilc) since the answer explicitly mentions risk in his
work associated with individual species, the environment and the fishers, respectively.
Results
Qualitative categories of risk in fishery management

The three broad categories and twelve subcategories of risk in fisheries
management are presented in Table 1. Fisheries management in Australia and the U.S.
involves a system of scientists, managers and stakeholders contributing in various
capacities to develop a plan of how harvested marine resources are to be managed. In a
complex system such as fisheries (which involve multiple dynamic components
interacting at various temporal and spatial scales), the identified categories are not
exclusive because many categories are linked and influence each other to varying
degrees. However, for the purposes of this study, three main categories are presented to

describe the way risk is identified by fishery professionals into (I) Uncategorised Risk,
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(IT) Managed Risk, and (IIT) Institutional Risk. An explanation of each of these categories
and sub-categories follows.

Insert Table 1.
Category I. Uncategorised: risk is everywhere, informal or implicit. Uncategorised risks
were those that arose informally or were implicit in discussions of risk. This category
reflects responses that emerged from interviews that stated that the reason that
management institutions exist is to manage potentially undesirable outcomes related to
fisheries. Discussing risks in uncategorised terms is reflective of general societal
uncertainty of future events combined with the notion that negative outcomes are possible
when natural resources are shared collectively and individuals do not benefit from
harvesting restraint (Hardin 1969). This category was divided into two subcategories, (a)
unarticulated and (b) broadly defined, based on the manner in which participants

discussed risk.

Ta. UNARTICULATED RISK- THE RISK OF LOSS ASSOCIATED WITH COMMON-POOL
RESOURCES. The unarticulated risk subcategory includes statements that alluded to risk
being discussed in informal terms (e.g. risk is implicit) and did not involve the phrases
“risk is”, “risk to”, “risk from” or “risk in” explicitly. Additionally it was not clearly
articulated that risk was found in any specific step of the fisheries management process.
Unarticulated risk refers to risk being inferred in institutional process, but never explicitly
handled through any definable mechanism, like risk management. Unarticulated risk was

identified by 22.5% (rank 3) of interviewees. An unarticulated risk example was: “We

beat around the bush with risk, but it is not explicit in the way or sense that other areas
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might be. It is more implicit than explicit. I don’t think we have gotten to the point where

we talk about “risk” in terms of the outcome of the assessment.” -U.S. Manager

Ib. BROADLY DEFINED RISK- THE EXISTENCE OF RISK IS THE REASON FOR MANAGEMENT.
Broadly defined risk included the interviewee defining “risk™ as the catalyst for fisheries
management; or found everywhere throughout the system; or it was defined in terms of
likelihood and consequence (or as an outcome probability). This subcategory of risk is
reflected by research that proposed that society expects science-based policies to manage
environmental uncertainties to improve decision making (Funtowicz & Ravetz 1990).
Broadly defined risk was identified by 35% (rank 8) of interviewees. An example of
broadly defined risk was: “There is always risk present, but whether people quantify it or

not is another story” — U.S. Scientist

Category Il. Managed risk: Risk to the biological and social systems. Managed risks
were those risks fisheries management is designed to mitigate. These risks encompass
both the biological and social systems. Potential loss of productivity of these systems is
arguably the impetus for the development of institutional fisheries management in both
countries as they reflect components of the system that are considered valuable and
expected to be maintained or sustained (Hatton et al. 2006). The identification of these
risks is attributable to the nature of ecosystems, populations, and social systems that
fisheries encompass and the associated losses to human and environmental systems.

When interviewees mentioned this risk, many participants discussed specific stock
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assessments, stakeholder groups, or other case studies that pertained to a particular

fishery decision as a way to articulate risks that they encountered.

ITa. SPECIES/STOCK-LEVEL RISK- THE RISK OF POPULATION DECLINE. Species/Stock-level
risk was identified as the potential harm to the sustainability of a species or stock. Since
fisheries in both nations are most often managed on the basis of fish stocks, study
participants often discussed the risks to the specific stocks they were involved in
managing and the uncertainty involved in that process. All mention of potential loss to
specific stocks as species-level risk. Species or stock-level risk was mentioned by most
(75%) (rank 1) of the study group. An example of species/stock-level risk is: “There is a

risk to the biological impact to the fish” — U.S. Manager

IIb. ECOSYSTEM-LEVEL RISK- THE RISK OF LOSS OF ECOSYSTEM-FUNCTION. Ecosystem
risks included potential harm to the general ecosystem, including species not targeted by
fishers (such as by-catch), and habitat impacts of fishing activities. This risk was
mentioned by 42.5% (rank 5) of the interviewees. An example of ecosystem-level risk is:
“[There exists] a risk of ecological damage and risks to the entire ecosystem” —

Australian Scientist

IIc. SOCIAL RISK- THE RISK OF LOSS TO THE ECONOMIC OR CULTURAL SYSTEMS (BOTH
INDIVIDUALLY AND COMMUNITY). Any mention of socioeconomics, individual livelihood
or individual risk was coded as social risk. Social risks included mention of

socioeconomic disruption as well as potential risks that effect loss of economic viability
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due to either the implementation of fishing restrictions, changing economic conditions or
the decline in the abundance of stocks. Social risk was identified by 40% (rank 6) of
interviewees. An example of social risk is: ““... the assessment of risk is the measure of
benefit of the mortality control versus the potential impact in the fishing community that

you are governing.” -U.S. Manager

Category Il1. Institutional: Risks that arise from the practice of fisheries management
Institutional risks are those created by the formal processes of managing marine fisheries
and include such issues as making incorrect decisions based on misinformation, poor
management, and problems in implementation. Institutional risks are mitigated through
various management techniques such as diversification, quality assurance procedures and
precautionary approach (Hilborn et al. 2001). The institutional risk category is divided

into seven subcategories.

IIIa. LEGISLATIVE RISK - THE RISK OF NOT MEETING REQUIREMENTS AS OUTLINED IN U.S.
FEDERAL OR AUSTRALIAN STATE OR COMMONWEALTH LAW. Legislative risks include the
identified risk of not meeting legislated objectives as well as the ability of fisheries
managers to evaluate risks against these legislated objectives. The latter risk is due to
legislated objectives sometimes being ambiguous from problems with normative or
unscientific language and due to society's uncertain expectations (Duarte-Davidson &
Pollard 2006). Participants that identified legislative risks often referred to specific laws
(most notably the 2006 Re-Authorization of the Magnuson Stevens Act) and the

challenges that are inherent in translating written statutory requirements into



50

management. Legislative risk was identified by 42.5% (rank 5) of interviewees. An
example of legislative risk is: “With the new Magnuson [Act] we have to develop

recommendations to meet the letter of the law” —U.S. Manager.

IIIb. DATA COLLECTION RISK — THE RISK ASSOCIATED WITH THE INCORRECTNESS OF DATA
COLLECTED FOR ASSESSMENT WORK. Data collection risks are those associated with the
uncertainties involved in the collection of quantitative and qualitative data used to assess
the status of the biological or social systems. Data collection risk is the risk of gathering
incorrect, inappropriate, misguided, biased, or sparse datasets for risk/stock assessment

work. It was identified by 55% (rank 3) of interviewees.

IIIc. DATA ANALYSIS RISK — THE RISK ASSOCIATED WITH THE CORRECTNESS OF SCIENTIFIC
ASSESSMENTS. Data analysis risk relates primarily to quantitative assessment work and
refers to the risks associated with the methods used to analyse data, such as stock
assessments. The risks include assessments that are inaccurate, imprecise or are
extrapolated beyond their utility, and thus lead to incorrect advice being given to
managers. Risks associated with data analysis arise from imperfect modelling practices,
ignorance of the system to be modelled or a lack of calibration tools. Data analysis risks
were identified in 62.5% (rank 2) of the interviews. An example of collection and data
analysis risk is: “We need to identify the limitations of our stock assessments from the
absence of data or particular types or lack of data which may not be representative. There

is a risk of over-interpreting the data for our assessments.”-Australian Scientist.
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IIId. MANAGEMENT OBJECTIVE RISK — THE RISK ASSOCIATED WITH NOT MEETING
MANAGEMENT OBJECTIVES. Management objective risks are those associated with the
uncertainties inherent in the day-to-day management of fisheries. They differ from the
legislative risks in that management objectives may be more specific than broader
legislative requirements. In some cases, management objectives may attempt to meet
legislative requirements while taking into account current institutional arrangements. Not
meeting management objectives was usually discussed in terms of not simultaneously
balancing biological and social interests such as preventing overfishing whilst
maintaining fishery profits. The risks associated with not meeting management objectives
was identified by 55% (rank 3) of the respondents. An example of management objective
risk is: “Ultimately for fisheries the risk they should be concerned with is the risk of not

meeting your management objectives.” - Australian Scientist.

IIIe. POLITICAL INFLUENCE RISK — THE RISK ASSOCIATED WITH POLITICAL INFLUENCES
COMPROMISING CURRENT MANAGEMENT OBJECTIVES. The fifth subcategory of institutional
risk involves risks associated with political influence over the decision-making process.
This risk includes the mention of factors that influence or bias management decisions in
the direction of a stakeholder group(s). The risk involved here is that of disproportional
influence to favour one stakeholder group over another. It arises as a result of
institutional uncertainty and irreducible biological/social process uncertainty in such
systems (Bammer & Smithson 2008). Political risk was identified by 47.5% (rank 4) of

the participants. An example of political influence risk is: “Risk is basically assessed by
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walking this line of political pressure; on one hand you have constituents and the other

following scientific advice from stock assessments.” - U.S. Scientist .

IIIf. SCIENCE/MANAGEMENT INTERFACE RISK — THE RISK ASSOCIATED WITH THE
COMMUNICATION OR UNDERSTANDING OF SCIENTIFIC ASSESSMENT. Science/Management
interface risk is that of inappropriate communication or understanding when information
is exchanged between scientists and managers. These risks were primarily identified as
those of misinterpretation or misunderstanding by managers of the information provided
by scientific assessments. This type of risk has also been characterised by the “linguistic
uncertainty” outlined by Regan, Colyvan and Burgman (2002). These authors attribute
communication between conservationists as a source of potential uncertainty due to
vagueness, context specificity, underspecificity and ambiguity of ecological issue under
discussion. The risks that arise from the science/management interface were mentioned
by 35% (rank 8) of interviewees. An example of science/management interface risk is:
“The risk estimate is based on a single value presented to managers and there is a lack of

desire for most managers to figure the uncertainty” — U.S. Scientist.

IIIg. IMPLEMENTATION RISK — THE RISK ASSOCIATED WITH THE MANAGEMENT ACTIONS
NOT PRODUCING THE DESIRED EFFECT. This risk category is associated with
implementation and the risk that the management measure chosen will not have the
planned effect on the fishery. Participants that identified this risk discussed such issues as
the effectiveness of tools available to managers, as well as fisher compliance and

monitoring and the lack of retrospective methods needed to evaluate whether past
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decisions have satisfied their original intent. The risks associated with implementation
was mentioned by 37.5% (rank 7) of participants. An example of implementation risk is:
“Risk is to make sure that the actions that have been selected have the desired effect.” —
U.S. Manager.

Comparison between Australia and the U.S. Atlantic Coast

Coded responses were also compared between Australia and the U.S. Atlantic
Coast (Figure 1.). The following ratios are listed as percentages (AU: US) for
comparison, since participants of the two countries varied similarly by proportion (i.e.
AU managers comprised 45% of AU total, US managers comprised 44% of US total).

Insert Figure 1.

In the three main categories of risk, the American interviewees reported more
uncategorised risks than did Australian interviewees (Australian 5%:US 44%) while
broad risk was identified more frequently by Australians (45:22). The following ratios are
listed as percentages by country, which varied proportionally (Australian: US). Managed
risk was identified more often in all categories by Australians with regard to species
(86:61), ecosystem (68:11) and social (50:28) systems. Most institutional risks, however,
were identified more often by Americans including: legislative (36:50), data analysis
(45:83), management objectives (45:67), political (45:50), science/management interface
(18:56), and implementation uncertainty (27:50) with the exception of data collection
(68:39), which was mentioned by Australians more often. Quantitative analysis indicated
that Australians and Americans differ in the risk categories of managed (P < 0.001;
Fishers Exact Test - FET) and institutional risk (P = 0.003, FET), but uncategorised risk

were not different (P = 0.14, FET).
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Comparison between scientists and managers

Coded responses were also analysed by professional role in the same manner for
each category and subcategory of risk. The following ratios are listed as percentages by
professional role in management, which varied proportionally (Scientist: Manager).
Uncategorised risk scored similarly between scientists and managers with unarticulated
(23:22) and broadly defined risk (32:39) comparable. Managed risk was also similar for
species (73:78) and ecosystem (41:44), although social risks were recognised more often
by scientists (45:33). Institutional risk diverged with fishery scientists identifying data
analysis (73:50), management objectives (59:50), and science/management interface
(58:17) more frequently while managers identified data collection (45:67) and
implementation uncertainty (27:50) more often. Overall, scientists and managers
responses were not significantly different in their identification of unarticulated (P =

0.081, FET), managed (P = 0.144, FET) or institutional risk (P = 0.08, FET).

Organising the risks

The 12 subcategories that emerged from the coding can be organised within the 3
broad categories into a schematic diagram of the risks associated with fisheries
management as perceived by managers and scientists (Fig. 1). The bar charts identify the
count of the interviews in which a subcategory was identified by each of the country’s
professional groups including a count of interviews in which respondents did not identify

the subcategory (RNI).
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Discussion

The most important finding from this study is that almost every subcategory of
risks was identified by each of the two national groups and the two professional groups
(with the exception of Australian managers who did not mention “unarticulated” risk and
U.S. managers who did not mention ecosystem risk). This indicates that although
variation in risk identification was found between groups, based on the interview data,
similar risk categories emerged. Further, these risk categories strongly reflect typologies
of uncertainty outlined by previous studies of risk in fisheries (Charles 1998; Francis &
Shotton 1997; Harwood & Stokes 2003; Peterman 2004, Regan et al. 2002). However,
these identified categories and subcategories refine the concept of risk to incorporate the
consequences for economies, ecosystems and fish stocks, as well as to reflect how fishery
professionals communicate and discuss risk. Differences in risk identification are most
likely attributable to subtleties that exist on finer scales of fisheries management in both
countries since there was some variation by country but not by profession. For example,
the U.S. respondents identified risk more often in uncategorised terms than did
Australians. This is possibly caused by Australia’s recent integration of qualitative risk-
based frameworks (Astles et al. 2006; Astles 2008; Fletcher 2005, Hobday et al. 2004)
into assessments following the requirements of the Environment Protection and
Biodiversity Conservation Act (1999). This strategic assessment process promoted risk
management in fisheries and defined risks (at least to some extent) in explicit terms. By
contrast, American respondents mentioned institutional risks, such as legislative risks,
more often than Australians. This is possibly attributable to recent developments within

the U.S. system such as the 2006 Re-Authorization of the Magnuson Stevens Act and the
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increasingly large number of fishery management actions that are being challenged in
U.S. federal courts (Powers 2004).

Beyond species, ecosystem-level and stock assessment risks; risks of not meeting
management objectives and the risks associated with political influence were identified
with high frequency regardless of professional role or nation. The risks associated with
political pressure have many points of influence within institutional risk (as presented by
the arrows in Fig. 1) and are difficult to isolate within one step of the management
process - given the many roles of stakeholders. While participatory management is
considered to increase transparency, accountability and robustness of management
decisions by incorporating stakeholder knowledge and concerns into the process (Kaplan
& McCay 2004), it has also been shown to change support and direction of management
decisions and contribute to unfavourable or “risky” outcomes (Dudley 2008). Further,
political influence may have the power to decrease the efficacy of other risk-based
methods since the risk arising from investment in a more participatory process may
marginalise risk management applied in other areas — such as presenting arguments
around uncertainty as a way to influence decision-making. A common approach to
dealing with uncertainty is to delay management action in the hope of reducing
uncertainty through research and deliberation. Delaying fisheries management decisions,
however, has not usually resulted in a reduction to the risk of species decline (Shepherd
& Rodda 2001) and past research and many policy frameworks recommend that the
precautionary approach should be adopted at times of high uncertainty and serious
consequences (Hutchings 2000) instead of delayed action. Additionally postponing

decisions to undertake more research can actually increase uncertainty by revealing more
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complexity than was previously understood, such as spatial variance in growth rates (e.g.
McShane & Naylor 1995). This is not to say that a participatory process does not mitigate
implementation risks. For example, allowing high levels of uncertainty to continue can
result in a decline in social trust over time (Bammer & Smithson 2008). If conditions of
low social trust prevail they can pose major challenges and additional costs to decision-
makers. More in-depth analysis focused on refining the categories and subcategories
identified here might give further insight into possible risk-based methods for areas of
fisheries management such as political risk where few data are being collected and few or
no standardised procedures exist (Underwood 1998).

The categorisation of uncertainty was an important step in the development of
methods for the management of uncertainty in fisheries (Charles 1998). In a similar
fashion, categorisation of the risks may help fisheries professionals break down the risk
problem into separate manageable components. For the majority of the categories
identified in this study, risk management methods have already been developed. For
instance, data collection risks are managed through good experimentation and project
management methods, such as data validation, and through incorporation of observation
error into models (Solow 1998). More complex fisheries management controls have been
suggested as a means of reducing risks to species and fisheries (Butterworth & Punt
2003; Edwards et.al 2004; Peterson & Smith 1982; Stefansson & Rosenberg 2005),
however such controls generally fall short of accounting for all sources of risk as
identified in this study. Risk categorisation is therefore an important first step in the
process of developing a comprehensive risk management system that covers each of the

different risks present in fisheries management (e.g. Astles 2008; Fletcher 2005; Hobday
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et al. 2004). Future research is needed to further refine these categories; to incorporate
them into theoretically based classifications schemes; and to align them with appropriate
risk management strategies.

As fisheries continue to move towards formalised methods to address issues
associated with the potential impacts of harvesting, it is also important to define the risks
that various stakeholders bring into this debate (Francis & Shotton, 1997; Harms &
Sylvia, 2001). This paper provides a categorisation of risks from the perspective of
fishery professionals. It does not, however, address risks identified by other groups
involved in fisheries systems such as commercial or recreational fishers, members of the
seafood industry, suppliers of fishing equipment and non-governmental organisations.
For example, through an analysis of interview data with commercial fishermen, Smith
(1988) concluded that commercial fishermen’s perceptions of risk arise primarily from
non-fishermen (e.g. sports fishermen, economists, politicians, biologists,
environmentalists, and bureaucrats). Therefore, the risks identified from commercial
fishermen would be expected to be considerably divergent from the risks discussed in this
study. More research is needed to further refine how other groups involved (beyond those
engaged in professional management) articulate and perceive risk in fisheries. This
becomes increasingly important the more that risk becomes the vernacular by which
fisheries management issues are discussed.

Interview-based analyses, such as those presented here, are subject to a number of
possible biases (Converse & Presser 1986; Fink 2006; Fowler 1984; Sarantakos 2005).
The questions and interview format used for this study was designed to reduce biases as

much as possible. All interviews were conducted on individuals to avoid social
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conformity bias. Biases associated with leading questions were minimised by ensuring
that the questions were designed for a larger study and both interviewee and interviewer
were unaware that this information would be used for a categorisation of risk. However,
interviewer bias could have occurred since U.S. interviews were conducted by different
interviewers than the Australian interviews. This bias was reduced by extensive
consultation between the interviewers from both countries. Possibly the most important
source of bias was in the form of personal cost bias. Even though each respondent was
told that the interviews would be anonymous, their answers could have been biased by
the respondents’ awareness that they were being tape recorded and thus may have

tailored their answers to reduce any possible risk to their job or professional standing.

Conclusions

The complexities found within fisheries has long been acknowledged but have proven
difficult to consider in routine fishery management decisions (Dudley 2008; Garcia &
Charles 2008). It is therefore important for fisheries professionals to work toward a
shared understanding of the different conceptions of risks so that divergent and
convergent concepts can be articulated to the best extent possible. Refining the
identification(s) of risk from the perspective of the groups involved adds clarity to such
an abstract concept such as risk (Francis & Shotton 1997). The primary lessons learned
from this study are:

(1) fisheries management risks can be broadly identified based on frequency of

identification through interview data;
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(i1) risks identified by individuals are reflective of the management system in which
they operate, but significant differences were not found between professional roles
within that system; and

(ii1) risk categorisation can be a valuable tool from a management perspective as each
type of risk may be assessed and managed using different risk management

approaches.
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Table and Figure Captions

Table 1. Summary of risk categories and rank of by frequency of response. Transcribed
interviews yielded 3 main categories of risk in fisheries management and 12
subcategories. The risk category identified most often was the risk to the species being
managed (ITa) while the category mentioned least often was that of unarticulated risk (Ia)

Figure 1. A schematic diagram of the risks associated with fisheries management as
perceived by managers and scientists in Australia and the U.S. Bar charts indicate the
counts of respondents for each risk subcategory by country and professional groups
including respondents that did not identify the particular risk subcategory (RNI).
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Table 1.
Risk Category and Definition Rank by frequency of
Subcategory response
I. Uncategorised Risk The risk of loss associated with 9
A. Unarticulated common-
pool resources.
B. Broadly Defined/Likelihood The existence of perceived risk is the 8
and Consequence reason for institutional management.
II. Managed Risk
A. Species/Stock-level The risk of a decline to a
species/population. 1
B. Ecosystem-level The risk of loss to ecosystem function. 5
C. Economic or Individual The risk of loss to the economic or 6
cultural systems (both to the
individual
and community).
III. Institutional Risk The risk of not meeting legislative 5
A. Legislative objectives or requirements as
outlined
by law.
B. Data The risk associated with incorrectness 3
Collection/Management of
data collected for assessment (not
appropriate, misguided, biased,
sparse).
C. Data Analysis The risk associate with correctness of 2
scientific assessment (wrong
methods,
high degree of uncertainty in the
output).
D. Management Objectives The risk associated with not meeting 3
management objectives.
E. Stakeholder The risk associated with political 4
Influence/Political influences compromising
Influence management
objectives (risk of politicizing the
process and clouding judgment).
F. Science/Management The risk associated with 8
Interface communication
or understanding scientific
assessment.
G .Implementation Uncertainty The risk associated with management 7

actions not having the desired effect

(e.g. risk of lack of stakeholder

compliance or incorrect policy
enacted).
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Chapter 3: Understanding factors which influence stakeholder trust of fisheries science and
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Abstract

Building trust between resource users and natural resource institutions is essential when creating
conservation policies that rely on stakeholders to be effective. Trust can enable the public and
agencies to engage in cooperative behaviors toward shared goals and address shared problems.
Despite the increasing attention to trust in the environmental management literature, the
influence that individual cognitive and behavioral factors may play in influencing levels of trust
in resource management institutions and their associated scientific assessments remains unclear.
This paper uses the case of fisheries management in the northeast to explore the relationships between an
individual’s knowledge of the resource, perceptions of resource health, and participatory experience on

levels of trust. Using survey data collected from 244 avid recreational anglers in the Northeast
U.S., we test these relationships using structural equation modeling. Results indicate that
participation in fisheries management is associated with increased trust across all aspects of
fisheries management. In addition, higher ratings of resource health by anglers are associated
with higher levels of trust of state and regional institutions, but not federal institutions or

scientific methods.

Keywords: cooperation, fisheries management, recreational anglers, science trust, structural

equation modeling, trust
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1. Introduction

The benefits of developing and maintaining trust between natural resource management
agencies and natural resource users have been well documented (Earle and Cvetkovich 1995;
Beierle and Cayford 2002; Davenport 2007). Fostering trust between managers and those
managed has been shown to decrease public perception of risk (Eiser and others 2007; Needham
and Vaske 2008), increase the likelihood of compliance behaviors (Dickson and others 2009)
increase coordination across diverse stakeholders (Owen and Videras 2008) and increase the
overall resilience of coupled social-ecological systems (Ostrom and others 2008). These positive
outcomes are attributable, in part, to the ability of trust to minimize social disorder by facilitating
cooperation among individuals and groups (Barber 1983).

Past research has highlighted the importance of learning which enables trust to be built as
individuals gather information about the motives, objectives and behaviors of others over time
(Beratan 2007). Ultimately, the collection of this information results in the acceptance or
rejection of another’s goals which then determines whether cooperation is an appropriate
response. Trust has also been framed in terms of mental assessment of costs and benefits of
cooperation. According to Rousseau and others (1998) trust is best defined as a willingness to
accept vulnerability based upon positive expectations of the intentions or behaviors of others. In
these terms, individuals are rational actors and the trust outcomes are carefully considered to
determine whether the benefits of cooperation outweigh the potential costs to vulnerability.
These definitions emphasize rational responses and the role that knowledge, internalizing
information and learning plays in influencing trust, which may result in the decision to work

together toward common goals or to seek out an individually beneficial plan of action.
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Studies have shown that not all trust judgments, however, are rational and learned
appraisals. Rather, in the absence of information about the motives and objectives of others,
emotions and heuristics seem to fill the knowledge gap. In an experimental setting, Schwarz and
Clore (1983) found that people use their momentary affective states as information. Building on
this work Dunn and Schweitzer (2005) determined that these “affect-as-information” heuristics
and familiarity with the trustee have a significant influence on trust judgments. When the trustee
is well known, information is directly processed and evidence or associations influence the trust
decision. However, when there is little information about the trustee, affect-as-information and

emotional associations may determine the level of trust afforded to a trustee.

1.1 Trust in Natural Resource Management

Trust between individuals, groups, and institutions is central to the effective management
of shared natural resources. In both experimental and field research, trust appears to be a core
variable explaining why in some settings participants tend to cooperate and tend not to cooperate
in other settings (Ostrom and Walker 2003). This cooperation is especially important in
common-pool resource management because profit maximizing by harvesters has the capacity to
threaten the sustainability of a resource (Ostrom 2007). On short timescales, harvesting restraint
does not benefit the individual and trust and cooperation are counter-intuitive responses when the
alternative response is to maximize returns (McAllister and others 2005). Yet, considerable
evidence from past studies have indicated that trust and cooperation are an appropriate response
when the likelihood of encountering the trustee again is high (Barclay 2004) and the benefits of
cooperation are clearly communicated (Ostrom and Walker 2003). The mechanism for building

trust in a natural resource context is most often discussed in terms of fostering shared values
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between management agencies and stakeholder groups (Johnson 1999; Cvetkovich and Winter
2003; Needham and Vaske 2008). Aligning values increases cooperation by increasing the
perceived likelihood of accruing benefits. Shared values are made explicit by reciprocity norms
between individuals, groups and institutions which are socially reinforced (Ostrom and Walker
2003). These experiences and interactions result in understanding the values of others which then
leads to trust judgments. As Johnson (1999) points, however, evidence of shared values are not
necessarily easily identified. Further, values are often complex and multi-dimensional and are
likely to vary across and within stakeholder groups (Hoppner 2009).

Investigations of trust in a natural resource context overwhelmingly examine case studies
between local communities and government agencies. For example, in a study investigating
water-resource decision-making, Leahy and Anderson (2008) qualitatively describe the
importance of trust between local community members and the U.S. Army Corps of Engineers.
In a review of three case studies from river systems across the United States, Carroll and Hendrix
(1992) outline trusts contribution to collaborative management when local and affected citizens
were involved. Cvetkovich and Winter (2003) studied trust between a range of local forest
stakeholders and the U.S. Forest Service management for the protection of endangered species.
All studies found that similar values between local communities and agencies influenced level of
trust in management decisions and describe frameworks for agencies to engage stakeholders
through collaboration.

Research has also uncovered impediments to trust building with local communitiesl. In
an investigation of U.S. Forest Service and stakeholder groups, Davenport (2007) found that low
levels of community engagement, unclear communication and a history of adverse relationships

between communities and agencies can constrain and limit collaboration between communities
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and agencies. This constraint can make it difficult, if not impossible, to understand the values of
stakeholders and communicate the goals of the agency. A history of distrust in the federal
government, an agency, or in the management of a particular public resource can create a
negative atmosphere that is difficult to dispel (Lawrence and others 1997). Additionally it is
much easier to destroy trust than for trust to be built since negative events have much greater

impact on self reported trust than do positive events (Slovic 1993)

1.2 Public Participation

Although the benefits and outcomes attributed to trust are somewhat clear, promoting and
maintaining trust between institutions and stakeholders is not an easily accomplished goal
(Johnson 1999). The most common tool available to most natural resource policy-makers to
promote trust is the inclusion of stakeholders in the decision-making process. However, neither
trust nor participation is one size fits all. Measurements for success of these public engagements
vary and general typologies of participation are not easily developed (Chess and Purcell 1999).
The term “public participation” refers to a diverse set of activities which range in the terms of
who is involved, how early and often in the process, and who has influence in the final outcome
(NRC 2008). Over the years, a set of general guidelines for public participation have emerged
(Rowe and Frewer 2000) highlighting the importance early contact and information exchange
between both parties in the planning process. Researchers have also drawn attention to the
importance of increasing the perception of procedural justice (Webler and Tuler 2000) by
promoting fairness and offering multiple opportunities and methods for engaging public
audiences to minimize perceived barriers, increasing the likelihood that the public feels their
input is valued. In a natural resource context, Smith and McDonough (2001) outline six themes

which emerged from focus group conversations regarding ecosystem management project and call
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attention to the importance of representation, voice, consideration, logic, and desired outcomes when

including the public in ecological decision-making.

1.3 Trust and Participation in US Fisheries Management

This paper uses the case of fisheries management in the northeast to explore the
relationships between an individual’s knowledge of the resource, perceptions of resource health,
and participatory experience on levels of trust. Using survey data collected from 244 avid anglers
in the Northeast U.S., we test these relationships using structural equation modeling.
Recreational marine fisheries in the U.S. offer an ideal model to investigate individual factors
which may influence trust in natural resource institutions beyond the local community case study
approach since recreational fishermen are a loosely-connected and diverse group of stakeholders.

Additionally, marine fisheries management in the U.S. is designed around public
participation. Outlined by the Magnuson Stevens Act (1976), resource managers consult with
stakeholder groups throughout all phases of management, from the initial scoping process to
selecting harvest regulations, as a way to align the goals and for management to integrate
stakeholder knowledge into the management process. Stakeholders are even invited to
participate in some aspects of scientific assessment (Kaplan and McCay 2004) which has been
shown to increase industry buy-in of management procedures (Johnson and van Denson 2007).
Further, members of the management bodies (regional fisheries management councils) are
comprised of appointees who reflect the stakeholder make-up of the fisheries under management
(e.g. commercial fishermen, recreational fishermen, environmental NGO representatives).
Designing the fisheries management system in this manner is deliberate and expected to increase
legitimacy in decision-making and produce more effective regulations by increasing cooperation

in common property management (Wilson and others 2003).
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1.4 Study Objectives

Even with an extensive and ongoing participatory system in place, levels of trust between
fishery stakeholders and management are not well understood. This is especially true of
geographically dispersed recreational anglers for which there is little data to support both their
ecological and political impact in modern fisheries management (Arlinghaus 2005). Further,
factors which affect levels of trust are also not well known in a recreational fisheries context.
Trust in institutions may be influenced by many recent scientific reports of dwindling fishery
resources, significant stock declines, and high-profile cases where biological extinction has been
predicted (Worm and others 2006). Conversely, trust in institutions could be influenced by
personal fishing experiences that anglers have when they fish and whether they consider the
resource to be healthy. Currently, there is no evidence to support either claim. Additionally,
fisheries decision-making, like many environmental policy decisions, relies heavily on the
scientific assessment of the resource (population estimates) and fishing pressure (amount and
frequency of fishing activity) to set seasonal regulations. These estimates are often made under
conditions of uncertainty yet have very direct implications for anglers since they are used as a
reference point for setting harvest limits. Therefore, expanding the examination of trust to
include scientific methods underpinning used to create management decisions may also be a
useful step forward for the trust literature.

2. Materials and Methods

Here, we focus our investigation on stakeholder trust as influenced by cognitive factors,
specifically angler familiarity about fundamental fisheries management processes and science
concepts. Additionally, we compare how fishers rate the current state of fisheries resources as
another form of potential evidence used to make trust judgments. Finally, we compare the

relative amount of these influences with angler reports of participation in fisheries management
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and its influence on trust of institutions and scientific methods used to create fishing regulations.
To investigate these issues quantitatively we used structural equation modeling (SEM) which is a
type of multivariate analysis used to determine strength of associations between latent constructs.
SEM is an advantageous technique because it allows for simultaneous testing of the
measurement and structural models and adjusts for measurement error. Two types of latent
variables can be measured through SEM, endogenous or variables which are used to predict a
response in the model and exogenous or variables which are the response variables.

We hypothesize that all of these factors: high familiarity with fishery science and
management processes, high resource ratings, and participation in fisheries management will
result in higher levels of trust of management institutions (state, regional, and federal), and
science (scientific assessments used to create recreational and commercial harvest limitations)

(Figure 1) . To test these ideas empirically, we propose to test the following hypotheses:

H1: High ratings of knowledge of fisheries science influence higher level of trust in
state, regional, federal institutions and recreational and commercial science

H2: High ratings of knowledge of fisheries management influence higher level of trust in
state, regional, federal institutions and recreational and commercial science

H3: High ratings of fishery resource health influence higher levels of trust in state, regional,
federal institutions and recreational and commercial science

H4: Participation in fisheries management will influence higher level trust in state, regional, federal

institutions and recreational and commercial science

[Insert Figure 1]
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Our model was constructed on the basis of qualitative research and initial stakeholder
interviews which has been shown to be an effective two-tiered approach to constructing latent
variables for SEM (Chung and Kim 2009). We used ordinal scales and several individual
questions to measure most latent variables in the model except participation which was binary.
Both ordinal and binary data have been shown to be appropriate measures for SEM (Dietz and
others 2007). Additionally, our survey development was guided by past SEM studies which used
scaled instruments to measure similar latent constructs such as risk (Needham and Vaske 2008)
trust, (Chung and Kim 2009; Dietz and others 2009) beliefs (McFarlane, Stumpf-Allen and

Watson 2007) and knowledge and familiarity (Skogen and Thane 2008).

2.1 Exogenous Variables
Components of Fisheries Management and Science

We divide the exogenous variables into five separated components: three levels of fishery
management institutions (state, regional, and federal) and two components of fisheries science
(methods used for assessment of recreational stocks and pressure, and those used for commercial
stocks and pressure). Although these institutions and scientific methods are related and rely on
one another to make decisions, they can be considered discrete entities since management
jurisdictions and decisions do vary by state, region (there are eight regional Councils in the

U.S.), and federal levels.

2.2 Endogenous Variables

Familiarity of Fisheries Management and Science
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Rival knowledge systems (Dobbs 2000; Skogen 2001) and familiarity with concepts key
to fisheries management and may contribute to the level of trust between users and institutions.
Knowledge systems are mental constructs held by individuals and refer to a coherent set of
cognitions and practices endemic to a community (Richards 1985). This potential disconnect
between the often quantitative scientific assessment of resource health and users’ qualitative
assessment of resource health may account for different preferences for management. Schisms
originating from the tension between scientific knowledge and lay knowledge may increase
resource conflicts (Skogen and Thrane 2008) and decrease trust. Additionally, low levels of
knowledge or familiarity with institutional practices increases the difficulty individuals have in
making direct and adequate assessments about the risks and benefits of various environmental
management policies. Thus, the amount familiarity and knowledge stakeholders may have about
an institution and its practices are likely to influence the amount of trust in a decision-making

institution (Dietz and others 2007).

Rating of the Resources

Evidence of institutional success or failures, whether accurate or not, is expected to
influence trust of natural resource management institutions. Recreational anglers spend a great
deal of time interacting with nature and their evaluation of the current resource conditions, or
productivity of these areas, may influence whether they trust the performance of management
bodies. Evidence of ecological health may also influence risk perception.  In other wildlife
contexts, hunter stakeholder groups who perceived less ecological degradation reported higher

ratings of trust of management institutions (Needham and Vaske 2008). We contend that
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similarly rating the harvested resources highly will result in higher levels of trust while low

ratings of harvested resources will result in lower levels of trust.

Participation in Fisheries Management

Trust has been repeatedly highlighted as an indicator of success criteria in participatory
decision-making and planning (Beierle and Konisky 2000; Chess 2000; NRC 2008).
Participation in management processes is thought to increase trust of management institutions.
The term public participation refers to a number of activities and ranges from after-the-fact
education programs to environments in which decision-making power resides solely with

stakeholders (Arnstein 1967; NRC 2008).

2.3 Study Participants

Participants in this study were attendees at two northeastern US saltwater fishing
expositions in the winter and spring of 2008. These are large trade shows typically held in
convention centers or similar venues with attendance averaging between 5,000 and 10,000.
Exhibitor booths at these events range from recreational fishing services and equipment to non-
governmental and governmental organizations. They are usually held in late winter in the
northeast US when conditions for fishing are poor. Study participants were general audience
attendees over a period of three days. Survey response rates were similar at both 3 day events in
New Jersey (n = 118) and in Rhode Island (n = 122).

Although some typologies of recreational fishermen exist based on consumptive behavior
(Fedler and Ditton 1986) and fisheries policy support (Arlinghaus 2005), recreational anglers
remain a diverse group who are not easily divided into categories. Our sample represents a cross-

section of coastal anglers who were predominantly male (~95%). Most reported to fish from
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personal boats in coastal waters at least 6-12 times per year (~79%) and most (64%) fished on
average more than once a week. According to recent assessments, the average recreational angler
effort is 13 days per year in New Jersey and 11 days per year in Rhode Island (US Fish and
Wildlife 2006). Thus, the majority of our study participants reported well above average fishing
effort compared to the general population of recreational fishermen in both states and can be

thought of as avid or frequent marine anglers.

2.4 Survey Instrument

Prior to surveying, local interviews were conducted and a pilot questionnaire was
developed and administered to a subsample of 34 recreational fishermen at a recreational fishing
club in New Jersey. Questionnaire items were validated through informal interviews for face
validity and Confirmatory Factor Analysis (CFA) was used to increase construct validity. The
final survey instrument was administered in person (either computer-based or pen and paper) at
the two events. Researchers manned a booth and anglers were solicited to take part in the study.
To address knowledge about fishery science, we measured angler confidence in fundamentals of
fishery assessment knowledge such as understanding the relationship between size and age and
how to determine healthy habitat for larval or juvenile fish. To address knowledge about civic
literacy, we measured confidence with fishery management procedures such as how to be
involved in the management process and how fishery management plans are determined. To
address their knowledge of the state of fishery resources, we measured their current ratings of the
health of the fisheries they participate in most and other regionally important species. Finally, we

asked if they participate or do not participate in fisheries management. The relationship between
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angler responses to these categories and level of trust was then evaluated using a SEM (see Table

).

[Insert Table 1]

3. Results

To validate and compare the factors affecting recreational angler’s level of trust of
fisheries institutions and science, factor analysis from the survey results were used to minimize
the dataset which validated the latent constructs hypothesized to influence trust in fisheries
management. Next, a hypothesized SEM was developed. Although SEM requires a larger sample
size than most statistical methods, our respondent number of 244 is sufficient to run a model.

To validate the latent variables and questions, we carried out a reliability analysis using
Cronbach’s Alpha. Under the analysis, items which had low factor loadings (< 0.6) or low
Cronbach alphas (<0.6) were omitted as suggested by Kim (2004) and Salisbury and others
(2001). Using this reliability analysis, the final latent variables and questions which comprise
these constructs are shown in Table 1. Ultimately, fisheries science knowledge included three
variables, fisheries management knowledge included five variables, rating of the resources
included four variables, and participation included one variable. To test the hypothesized model,
maximum likelihood estimates were obtained using AMOS 17 software. The covariance matrix
used to fit the proposed model was calculated using survey data collected in both New Jersey and
Rhode Island and parameter estimates were obtained.

Confirmatory factor analysis validated question categories and Cronbach’s alpha for all
latent variables indicated reliability between 0.84 - 0.91. Several model fit measures are usually

used to determine goodness of fit (Table 2). The most common of which being the chi-square fit
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index which should reflect no significant difference and the model would ideally yield a value of
between 2.0 and 5.0. The root mean square error of approximation (RMSEA) provides an
indication of the discrepancy between the observed and model generated covariance. A RMSEA
value >.05 indicates a good fitting model where a value between .05 and .08 indicates a
reasonable model fit and >.08 indicates an ill fitting model. Goodness of Fit Index (GFI) and
Adjusted Goodness of Fit Index (AGFI) measures fit compared to no model at all (Joreskog and

Sérbom 2001) and both values should be >0.9 (GFI) and >0.8 (AGFI).

[Insert Table 2]

Knowledge of Fisheries Management and Science

Survey responses indicate similarities between New Jersey and Rhode Island recreational
fishermen in rating their familiarity with fishery science and fishery management on a scale from
(1) very knowledgeable to (5) very unknowledgeable. Overall, recreational fishermen hovered
around the slightly knowledgeable side the middle designation (3.0) with determining age class
based on size (2.45), healthy habitat designation for larval andjuveniles fish (2.63) and
determining sex of a fish when caught (2.98). Similarly, recreational fishermen had higher, but
similar mid-range ratings of familiarity with civic aspects of fisheries management such as how
size (2.13) and catch (2.12) limits were determined with less reported familiarly with how to be
involved in the fisheries management process (2.66) familiarity in the development of fisheries

management (2.66) plans and fishery legislation (2.60).

Ratings of the Resource
Overall, recreational fishermen rate the current state of fisheries resources as fair to good

in all categories on a scale from (1) Excellent to (5) Very Poor. The bluefish fishery was most



79

highly rated (2.05), followed by the fishery the individual participates in most (2.30), followed
by overall regional (either Aid-Atlantic or New England) resources (2.67) with similar ratings for

the summer flounder fishery (2.66).

Trust by Management Construct

Survey results indicate that trust in fisheries science and management varies by scale.
Survey responses for amount of trust for state, regional, federal, recreational science and
commercial science were averaged. Only state (2.82) and regional (2.90) institutions were more
trusted than not trusted while recreational (3.01) science, federal level management (3.08) and

commercial science (3.38) all fell on the distrust side of the spectrum.

Structural Equation Modeling

The SEM standardized multiple regression indicated that participation had the most
influence in determining level of trust (Table 3). In fact, participation predicted strong positive
correlations with state (0.72), regional, (0.77), federal (0.79), recreational science (0.79) and
commercial science (0.82). These were all found to be statistically significant. Ratings of the
resources were also found to have positive correlations and strongly influence trust, but only
significantly for state (0.26) and regional (0.26) levels of management and not for the other
constructs. Further, fisheries science and management knowledge were found to be negatively
correlated with both types of science meaning the more confident anglers report being in these
areas, the less trust they had for these areas. This negative correlation, however, was not found to

be significant, but do highlight a general trend.

[Insert Table 3]
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4. Discussion

Of the variables investigated, participation in fisheries management was the most
significant predictor of trust in both fishery management institutions and fisheries management
science in avid recreational angler groups in the Northeast U.S. These findings are important
since previous studies have long supported that trust increases as the level of participation in
decision-making increases (Beierle and Konisky 2000; Chess 2000; NRC 2008). Less is known,
however, about how level of trust of scientific methods of environmental assessment may vary
with participation. Science plays a unique role in environmental decision-making and ideally
assessments are guided by the knowledge, values and preferences of the affected parties (NRC
2008). However our results indicate that stakeholders may also learn to trust scientific
assessments as they become more familiar with the assessment techniques, questions, and the
institutions charged with conducting them through participation. As Beratan (2007) points out,
shared understanding and trust are built through many personal interactions over time which
facilitates learning. Participating in decision-making may allow for opportunities for this type of
learning. As stakeholders gain a better understanding of institutional values and practices, the
goals and intent of scientific assessments may become more familiar, therefore increasing trust.

Our survey results also showed overall low levels of trust in scientific assessments.
Previous studies of the general public have linked these low levels with the inability of the public
to differentiate between science and the resulting policies (Haerlin and Parr 2001). Past
researchers have linked declining trust in science to a lack of credibility in scientific institutions
based on the inadequacies of science to develop clear solutions to contemporary societal issues
(Haerlin and Parr 2001). These failures, however, are more likely attributable to imperfect

policies rather than imperfect science and the public may not clearly see the difference between
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the two. Low levels of trust in science have also been linked to conflicts of scientific interest
(Friedman 2002). Although the scientific method is ethically neutral, participants in our study
rated commercial scientific assessments as less trusted than recreational scientific assessments.
This is an indication that recreational anglers see a difference in the processes or outcomes in the
two. During fisheries decision-making process, outcomes of these assessments are susceptible to
influence from counter viewpoints from other resource users, like commercial fishermen or
environmental NGOs, which may influence the policy adopted based on the science- but most
likely not the assessment itself. Low levels of trust in science have also been attributed to the
ability of science to limit personal freedoms (Lidskog 1996). In a fisheries context, scientific
assessments are used to limit recreational and commercial harvest. Trust, then, may decrease
when the public feels that scientific assessments will directly limit their fishing behaviors.
Exact reasons for low ratings of trust in science, however, are still unclear and are an area that
would benefit from further research.

Higher ratings of fishery resources were found to indicate higher levels of trust in state
and regional management. These ratings indicate that resource health may be attributed to the
decisions and actions of smaller scale management institutions. Further, trust appears to decrease
overall by scale. Past research has indicated that familiarity is thought to affect trust (Dunn and
Schweitzer 2005) and local level governance is often more trusted than higher levels of
organization (La Porta and others 1997). In a natural resource context, our data indicate that
when there is evidence that the resources are doing well, resource user may consider it to be the
result of smaller scale management decisions. This may be problematic since assessing many
ecological problems requires understanding large spatial scales using evidence beyond local

experiences (Jordan and others 2009). Further, significant resource declines may take long
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periods of time for stakeholders and managers to notice. This has already been witnessed with
the slow but constant decline in some of Canada’s recreational fisheries which has been called
the “invisible collapse” (Post and others 2002) since declines in resources have gone largely
unnoticed by both managers and the general public.

There are still many questions regarding other reliable predictors of trust in natural
resource management. In our study, familiarity with scientific concepts used to make regulations
was not a significant predictor in trust judgments in fisheries science. Likewise, familiarity with
fishery management processes did not yield significant positive associations with trust judgments
of institutions. These results indicate that trust is not affected by how knowledgeable individuals
might be about the abstract components and processes of environmental management. Rather, it
is much more important that stakeholders have an opportunity to interact with these components.
These findings uphold criticisms of the ‘deficit model’, since our data show that familiarity with
technical aspects (either scientific or civic) has no association with stakeholder trust. As Rowe
and Frewer (2000) point out, there is not only a need for institutions to learn how to effectively
communicate complex ideas to stakeholder groups, but also to create opportunities where these
complex ideas can be discussed and debated (Frewer and Shepherd 1998)

It is important to note that building trust is a dynamic and evolving process. Trust in our
study was measured at a particular point in time; however these levels are not likely to remain
constant. Rather, they are likely to change with new developments within fisheries and their
management. Trust is fragile, slow to grow and easy to break and as stakeholders learn about
potential changes in management action, stakeholder trust may change (McKnight and Chevany
1996; Beratan 2007). However, the process of building trust is also seen as self-reinforcing

where existing trust may maintain trust in the absence of new events or information (Blomqvist
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1997). Therefore, although we report the levels of trust at a certain point in time, we can only

expect these levels to remain as constant as new significant developments in the fishery.

5. Conclusions

The results of our investigation on trust can be interpreted as both a learned and affective
responses. As many have pointed out, participation in decision-making by those affected by the
decision is thought to increase trust (Beierle1998; Beierle and Cayford 2002; Dietz and others
2003; NRC 2008). This is the result of institutions and users forming relationships where the
goals of both groups are clearly articulated (Rousseau and others 1998; Beratan 2007). In these
cases, trust is the result of active information processing and relies less on emotions and more on
a learned experience. However, in large-scale environments where there few interactions
between institutions and stakeholders, stakeholders will rely more on evidence generated from
their own experiences and associations to determine the intentions of institutions. Dunn and
Schweitzer (2005) found that when there is little history or experience between individuals and a
trustee, emotions supplant information to form trust judgments. Thus, higher ratings of trust can
be expected with smaller scale institutions and when experience indicates to stakeholders that the
resources and the environment are healthy.

It may be more difficult, however, to build trust in the scientific methods used to make
resource management decisions.  Although our study indicates that participation in
environmental decision-making is positively associated with trust in science, low ratings of trust
in science were reported overall. Previous studies have linked distrust to science to stakeholder
conflation of scientific assessment, the resulting policy, and the outcome of policy (Haerlin and

Parr 1999). Therefore, natural resource managers should clearly outline the scientific questions
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being asked, the methods, knowledge produced, and how this knowledge informs natural

resource management decision-making.
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Table 1. Summary of latent variables, measurement instrument, question loadings, validation and

averages to questions responses for NJ and RI

Latent Variable NJMean RIMean T Mean alpha(a)
Survey Questions (SD) (SD) (SD) loadings
Knowledge of Fisheries Science* .89
Habitat conditions needed for larval or juvenile fish  2.60(1.3) 2.65(1.3) 2.63(1.3) 75
Determine age class based on size 2.37(1.1) 2.54(1.0) 2.45(1.0) 71
Determine sex of a fish caught 2.8(1.2)  2.9(1.2) 2.98(1.3) .70
Knowledge of Fisheries Management* 91
How size limitations are determined 2.07(1.1) 2.20(1.1) 2.13(1.1) 78
How catch limitations are determined 2.11(1.1)  2.15(1.1) 2.12(1.1) 17
How to be involved in the management process 2.66(1.4) 2.66(1.4) 2.66(1.4) 74
The development of Fishery Management Plans 2.72(1.4) 2.62(1.4) 2.66(1.4) 72
The Magnuson Stevens Act 2.65(1.5) 2.5(1.6) 2.60(1.6) .69
Rating of the Resources** .84
Overall fishery resources 2.61(1.1) 2.71(1.1) 2.67(1.1) 72
Fisheries in which you participate most 2.25(1.1) 2.35(1.1) 2.30(1.1) .67
Summer flounder fishery 2.42(1.3) 2.9(1.2) 2.68(1.3) 73
Bluefish fishery 2.04(1.0) 2.07(1.0) 2.05(1.0) .66
Institutional Trust *** 90
State Fisheries Institutions 2.84(1.4) 2.78(1.2) 2.82(1.2) 73
Regional Fisheries Management Councils 3.08(1.4) 2.84(1.1) 2.9(1.3) .79
Federal Fisheries Management (NMFS) 3.27(1.5) 2.7(1.4) 3.01(1.5) .81
Scientific Trust*** 90
Assessment science used to set seasonal limits for
Commercial fishermen 3.66(1.4) 3.13(1.3) 3.38(1.4) 81
Assessment science used to set seasonal limits
Recreational fishermen 3.33(1.5) 2.87(1.2) 3.09(1.4) .80
Participation
Do you participate in Fisheries Management in Yes: 48% Yes: 38% Yes: 43% n/a
some way"? No: 52% No: 61% No: 57%

*Scale of (1) Very Knowledgeable to (5) Very Unknowledgeable
**Scale (1) Excellent to (5) Very Poor
***Scale (1) Fully Trust to (5) Fully Distrust (3 is neutral)

a derived Cronbach’s Alpha reliability test and factor loadings derived from Principle Components Analysis (PCA)



Table 2. Summary of model fit indices, recommended, and obtained values for hypothesized

model
Statistic Recommended value  Obtained value
X° - 286.95

d.f. - 116

X?/d.f. P> 5%+ 2.47

Goodness of Fit (GFI) > gk .900

AGFI > BF* .829

CFI > gk 932

NFI > gk .900

RMSEA .05 - .08** .078

**surpasses recommended value
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Table 3. SEM coefficients, and standardized multiple regression coefficients.***indicates significance at p > .05
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Trust of Fishery Management Institutions

Trust of Fishery Science

State Regional Federal Recreational Commercial
Coefficient Coefficient Coefficient Coefficient Coefficient
(Standardized B) (Standardized j3) (Standardized B) (Standardized B) (Standardized j3)
Fishery Science Knowledge .06(.04) -.05(-.04) -.03(-.02) -.04(-.03) 19(.12)
Fishery Management Knowledge .01(.01) .12(.09) .08(.06) -.05(-.03) -.08(-.05)
Resource Ratings 36(.26)*** 37(.26)*** A8(.11) .10(.07) .10(.06)
Participation 6.99(.72)*** 7.53(.77)*** 9.19(.79)*** 8.56(.79)*** 9.02(.82)***
R’ 58 68 .69 .64 68
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Chapter 4: Ecosystem-based Angling: Incorporating Recreational Anglers into
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Abstract
Coastal management institutions and recreational fishermen share concerns about the
current state of marine fisheries. This article provides coastal managers with an outreach
framework for recreational fishers that contextualizes social and ecosystem information
toward the goals of ecosystem-based management. Based on a survey of anglers
conducted at saltwater fishing expositions in the Northeast US and on the literature, we

report data on perceptions of recreational anglers about potential threats, individual fishing

impacts, preferred modes of communication, conceptions, and behavior. We conclude that
outreach campaigns should (a) focus on the perceived threats to the resource, (b)
contextualize and justify the recommended pro-ecological target behaviors, (c¢) include

topics of general interest to anglers and (d) communicate through socially trusted sources.

Key Words: Ecosystem-based Management, Recreational fishermen, Education,

Outreach, Stakeholder communication, Recreational Marine Fisheries
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Introduction

Ecosystem-Based Management (EBM) has been championed by many as the
future of fisheries management (Dulvy, Sadovy, & Reynold, 2003; Francis, Hixon,
Clarke, Murawski, & Ralston, 2007; Murawski, 2007; NRC, 2006; Pauly et al., 2002;
Pauly et al., 2003; Pikitch et al., 2004). EBM is an integrated and science-based approach
to the management of natural resources that focuses decision-making on sustaining the
health of an ecosystem, rather than solely on the goods and services derived from an
ecosystem. Shifting paradigms from traditional single species or sector management
towards a more holistic strategy has obvious merits. This shift, however, relies heavily
on inter-institutional arrangements, increased knowledge of stochastic variation in
ecosystem processes, and the integration and collection of copious amounts of continuous
biological, ecological, and social data. Scholars and scientists are currently struggling to
identify management policies that move EBM from a theoretical framework into an
actionable plan (Tallis et al., 2010).

Although complete institutional implementation of EBM for fisheries is yet to
come, we contend that fishery management agencies can begin to formalize ecosystem
stewardship by providing educational resources to recreational fishermen about their role
and potential impact within ecosystems. Encouraging understanding and engagement
with ecosystem processes and management procedures is likely to increase aspects of
fishery science literacy, alter negative resource-user behaviors, and potentially create
partnerships between managers and stakeholders to respond to social-ecological
problems. For example, in a review of case studies of invasive species, Browne, Pagad,

and Poorter (2009) concluded that resource stakeholders need shared collective access to
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(a) science-based biological and ecological information about target species, (b)
prevention strategies and management techniques, and (c) case studies from other regions
facing similar problems. Based on studies like these, conservation scientists have initiated
calls to action for biologists from academic, NGO, and government institutions to
increase their efforts to publically communicate the science underlying contemporary
environmental issues and management action (Barbour, Poff, Norris, & Allan, 2008;
Brewer, 2001; Brewer, 2002; Jordan, Singer, Vaughan, & Berkowitz, 2008). Given that
providing stakeholder groups with key information under certain circumstances is likely
to increase effective responses to social-ecological problems, we seek to target
information that can be disseminated to recreational fishers in an effort to increase pro-
environmental behavior consistent with EBM.
Methods

To build this framework, we present (a) data from a survey administered to 244
marine recreational anglers in the Northeastern US with the intent to characterize marine
recreational anglers as a stakeholder group, ecosystem component, and audience; and (b)
a review of relevant literature regarding the relationship between recreational fishing
behavior and ecological issues facing many coastal systems.
Study Participants

Participants in this study were attendees at two northeastern US saltwater fishing
expositions in the winter and spring of 2008. These are large trade shows typically held in
convention centers or similar venues with attendance averaging between 5,000 and
10,000. Exhibitor booths at these events range from recreational fishing services and

equipment to non-governmental and governmental organizations. They are usually held
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Friday through Sunday in late winter in the northeast US when conditions for fishing are
poor. Study participants were general audience attendees over a period of three days.
Number of survey responses were similar at both three day events in New Jersey (n =
118) and in Rhode Island (n = 122).

Although some typologies of recreational fishermen exist based on consumptive
behavior (Fedler & Ditton, 1986) and fisheries policy support (Arlinghaus, 2005),
recreational anglers remain a diverse group who are not easily divided into categories.
Our sample represented a cross-section of coastal anglers who were predominantly male
(~95%). Most reported to fish from personal boats in coastal waters at least 6-12 times
per year (~79%) and most (64%) fished on average more than once a week. According to
recent assessments, the average recreational angler effort is 13 days per year in New
Jersey and 11 days per year in Rhode Island (US Fish and Wildlife 2006). Thus, the
majority of our study participants reported well above average fishing effort and can be
thought of as avid or frequent marine anglers.

Survey Instrument

Because EBM requires assessment and understanding of how social (e.g.,
harvesters and management institutions) and ecological systems (e.g., communities,
stocks) operate together (Tallis et al., 2010), the survey was comprised of three main
categories (a) angler perceptions (b) angler behaviors and (b) present and preferred
modes of angler communication (Table 1). Prior to data collection, a pilot questionnaire
was developed and administered to a subsample of 34 recreational fishermen at a
recreational fishing club in New Jersey. Items were validated through informal interviews

about the survey questions. The survey instrument was administered in person (either
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computer-based or pen and paper) at the two events. Survey responses were then
analyzed. Open-ended participant responses were categorized using post-coding (Miller,
1983) to identify emergent themes following Strauss and Corbin’s (1990) data
interpretation techniques. Categorical data were summed to determine frequencies of
response.

Given the diffuse nature of collective recreational fishermen pressure (Post et al.,
2007), and high value recreational anglers place on fish stocks as an ecosystem service
(Feddler & Ditton, 1986) survey questions were developed to test the following two main
hypotheses:

H1: The majority of avid recreational fishers do not consider their individual

fishing behaviors to have an effect on the ecosystems in which they fish.

H2: The majority of avid recreational fishers will be open to receiving

information about low cost behavior changes that can be adopted to better care for

the ecosystems in which they fish.

[Insert Table 1.]
Results

Results from the survey and the literature are integrated and presented in three
sections. In the first section we compare recreational fishermen perceptions of threats to-
and perceived effect on- marine fisheries with those issues currently being dealt with by
fishery management institutions. In the second section, we present content based on the
literature that might be covered when outreach programs are developed. In the last
section we discuss angler present and preferred modes of communication.

Understanding Recreational Fishermen
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Past research has highlighted the importance of aligning environmental values and
current level of stakeholder understanding with strategies for communicating behavioral
change (Dietz, Fitzgerald & Shwom, 2005; Shiller et al., 2001; Stern, Dietz, Kalof, &
Guagnano, 1995). Caron and Johnson (2006) recommend that shared values of
institutions and stakeholders be clearly discussed so the information communicated might
be integrated within the existing beliefs of stakeholder groups. For recreational anglers,
this requires developing an understanding of what components potentially pose a threat to
marine fish stocks, the perceived impact that an angler might have on the system and
where these align with management objectives.

Threats to Marine Ecosystems.

The threat to marine fisheries mentioned most often by recreational anglers was
that of commercial fishing practices (48%) (Figure 1). Commercial fishing includes
commercial discards, gear technology, and increasing commercial fishing pressure. The
second threat mentioned most often was overfishing (17%). This category is included
separately from commercial pressure and includes recreational take and non-compliance
of management control measures. The third most frequently mentioned threat was that of
decreasing water quality (9%). Although in fisheries, water quality is most readily linked
to habitat conditions, it also represents the abstract idea of point and non-point source
pollution, which was evident in responses like “pollution,” “industrial pollution,” and
“run-oft”. The fourth most mentioned threat was risks that arise from “bad”,
“misinformed”, or “politicized” management decisions (9%). This threat was seen as
arising from political pressure from other stakeholder groups which bias management

decisions or the lack of coordination across local, state, and regional institutions. Fifth,
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was the perceived threat of disruption to ecological balance resulting from selective
fishing pressure (6%). This threat also includes mention of loss of forage fish (e.g.,
mainly attributed to increasing commercial pressure over the years for species like
menhaden, Brevoortia tyrannus) and the protection of top trophic species (e.g., spiny
dogfish (Squalus acanthias) in the geographic area surveyed). Five additional threats by
decreasing frequency of mention were habitat degradation (3%), uncertainty in biological
assessments (3%), political influence (2%), global warming (2%), and environmental
groups (1%).

[Insert Figure 1]

Perceived effect on ecosystem processes. Forty-nine percent of the recreational
fishermen surveyed felt that their fishing behaviors had no effect on the ecosystems in
which they fished while 38% felt that their fishing actions had an effect on the ecosystem.
Thirteen percent reported that they did not know. When those that did not feel their
behaviors had a negative effect were asked a follow-up question to justify their answer,
responses fell into three categories. Most, (54%) reported engaging in catch-and-release
as their primary fishing practice and 37% attributed their non-impact to engaging in
responsible fishing practices. The remaining (8%) explained that as recreational
fishermen, their influence on the ecosystem was insignificant when compared to that of
commercial fishermen and other sources of other environmental problems like
“pollution”. When those that considered their fishing behaviors to have an effect were
asked the follow-up question, 61% attributed their effect to initiating small perturbations

like leaking oil from their boat engine or losing debris overboard. The remaining 39%
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report that removing individuals from a population will have some affect on the
ecosystem as a whole.

Receptiveness to education and outreach. When asked about openness to
receiving information about altering behaviors which promote ecosystem health,
recreational fishermen overwhelmingly (86%) said they would be receptive to receiving
new information. Only 9% said they would explicitly not like to receive any additional
information and the remainder (5%), were unsure one way or the other.

What do Recreational Fishermen Need to Know?

Research has indicated that recreational fishing practices (in addition to direct
fishing pressure) and other types of recreational marine use may have measurable impacts
on coastal ecosystems. Recreational fishing activities such as catch and release
(Danylchuk et al., 2007; Wilde, & Sawynok, 2009), leaving debris (Danner, Chacko, &
Brautigam, 2009), and fishing gear choice (Fobert, Meining, Colotelo, O’Connor, &
Cooke, 2009) all have the potential to have an indirect effect on fish populations and
overall ecosystem health. Other activities associated with recreational fishing, such as
boating (Lloret, Zaragoza, Caballero, & Riera, 2008; Pielhar, Maloney, & Paerl, 2002)
and increasing development in coastal communities, have also been shown to have
significant negative impacts (Smith, 2000).

Inspired by practical recommendations provided to fishery scientists and
managers that aimed to remove EBM from an ambiguous construct and place it within a
decision-making context (Francis et al., 2007), we attempt to provide similar guidelines
for recreational anglers. Using these past recommendations as a foundation, we

contextualized important ecosystem concepts for recreational anglers using the survey
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described above combined with a review of the recent literature about the negative
impacts of recreational fishing. Although fishing behaviors, methods and their associated
problems vary by region and ecology, we sought to provide management institutions with
a starting point for developing resources meant to support integrated marine stewardship.
Like EBM, content covered should largely reflect information collected about social and
environmental factors endemic to the ecosystem being managed. The tips provided here
are by no means exhaustive and are meant to be illustrative. The content covered is based
on a review of recent human cognition and behavior literature as it relates to recreational
fisheries. The content recommended here is divided into (a) conceptual information
about fisheries science and EBM framework and (b) applied information meant to outline
potential target behaviors for recreational anglers. Although studies in environmental
education have outlined several additional factors beyond knowledge that influence pro-
environmental behavior such as habits of mind, locus of control, and world-view (Hines,
Hungerford, & Tomera, 1986; Stern 1995), we sought to focus on contextualizing
information about EBM target behaviors which are grounded in the coastal management
literature.

Recommended Concepts for EBM
Promote a Perspective that Embraces Complexity.

Humans are not good at estimating long-term changes over space and time
(Sterman, 2008) and individuals may be biased by anecdotal or personal experiences
even in light of larger-scale information (Slovic, 1979) . However, it is important for
managers, scientists, and the public alike to keep a perspective that acknowledges that

human activity both directly and indirectly affects biological productivity (Francis et al.,
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2007). Even though it is assumed that a recreational fisher’s goal is to seek one specific
type of fish when fishing (e.g., ~ 97% surveyed indicated they fished most often for one
of three different species of fish), the factors that affect whether that fish is available to
catch relies on other factors. In short, it is important to communicate systems-thinking to
anglers so that it might guide their actions and promote reflection of individual behaviors
when they are on the water and at home. Promoting understanding of complex systems
and indirect effects, however, is not an easily accomplished goal (Sterman & Sweeney,
2002). Research has indicated that the use of qualitative models, like concept mapping
and flow charts, may be useful when attempting to communicate inter-related
connections between system components (Plate, 2010). Additionally, the Structure-
Behavior-Function or SBF ontology has been shown to facilitate learning about complex
biological systems (Hmelo, Holton, & Kolodner 2000) through explicit articulation of the
what (structures), the how (behaviors), and the why (functions). This mental framework
allows learners to organize their mental representations about a given system and reduce
its complexity into more manageable components.
Larger and Older Fish may Play a Disproportionate Role in Population Structure

Many fishers seek to catch “trophy” fish. This process has largely been supported
by traditional fisheries management based on two major assumptions. The first is that
eggs and spawning behavior of females belonging to long-lived species are of identical
quality and quantity (Beverton & Holt, 1957). Second, the removal of larger members in
the population is acceptable since these larger and older adults have already recruited and
are therefore considered surplus production. Recently, however, these assumptions have

been challenged. As Francis et al. (2007) point out, information to the contrary
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(Niklosky, 1953) has long been available. In particular, it is widely acknowledged that
larger and older individuals, especially females, might play a disproportional role to
promote stock resilience given environmental fluctuations and sex-selective take (Hislop,
1988; Lauer, Shroyer, & Kilpatrick, 2005; Wilderbrauer & Turnback, 2009). Convincing
sportsmen not to seek out the largest fish is no easy task, but providing information about
the significance that older fish provide for the larger population may offer some
appreciation for stock dynamics and highlight the complex nature of fish biology.
Understand the Relationship between Size and Age

Knowing why fishing restrictions are based on demographic data may shed some
light on why it is important to follow the size and catch limitations established by
fisheries management. When asked, most (89%) of our sample group knew why these
regulations were established, however, many could not determine the sex of a fish (67%)
or determine its age class based on length (57%). These individuals may not recognize
what population based assessment may reveal for the health of the stock since they only
experience a very local perspective (i.e., abundance at their fishing sites). It is also likely
that these individuals do not encounter data on the varying demographics of a population
or are aware of the relationship between size, age, and condition. Educational materials
might do well to integrate some of these basics in to their guides and regulations. For a
useful educational introduction to fisheries science in lay terms, see Understanding
Fisheries Management, (Wallace & Fletcher, 1996).
Understand the Role of Juvenile Habitat

Many marine fish rely on healthy estuary and coastal areas for reproduction and

these areas need to be maintained to ensure the viability of future generations. Increased
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development in coastal areas means a change in ecosystem function because of an
increase in impermeable surface (e.g., roofs, parking lots) and human activity resulting in
greater runoff that may adversely affect juvenile and adult habitat (Blann et al., 2009).
When asked, most recreational fishers (67%) reported knowing how to determine in a
visual survey if an area provides healthy habitat for adult fish, however, less (50%)
reported knowing how to determine whether habitat is suitable for juveniles. Survey
responses indicated that education efforts should include information on life cycle
processes and associated qualitative ecological indicators of habitat health for both adults
and juveniles.
Recommended Behaviors to Support EBM.

Reduce Boating Impact

Recent research has indicated that boating may have considerable negative
impacts on ecosystem function (Smith, 2000). Boats produce harmful noise (Haviland-
Howell et al., 2007), leak oil and gasoline (Pielhar et al., 2002), spread invasive species
(Johnson, Bossenbroek, & Kraft, 2006; West, Davis, Barnes, & Wright, 2009) and
disrupt species assemblages (Herbert, Crowe, Bray, & Shearder, 2009). These negative
impacts, however, are largely preventable and researchers in this area have called for
environmental education as a method by which to promote precautionary behaviors to
mitigate potentially harmful outcomes associated with boating (Lloret et al., 2008).
Potential solutions to these issues have been addressed through the promotion of speed
zones, performing engine maintenance in controlled areas, routine hull cleaning (without
antifoulants or biocides if possible), and attention paid to anchoring techniques in

spatially explicit areas.
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Carry in/ Carry out.

It is estimated that about 20 states have promoted a “leave no trace” philosophy in
their state parks by encouraging resource users to carry out any garbage or debris they
carry in (Ohio Department of Natural Resources). While recreational fishermen are most
likely aware that there is a negative effect of leaving plastics and other debris at their
fishing sites, they may not be aware that releasing unused bait or organic material into
these areas may also have a negative effect (Danner, Chacko, & Brautigam, 2009).
Promoting awareness of absolute removal may be an effective way to curb unwanted
material being left behind in fishing areas especially when outcomes are unknown.
Reduce Post-Release Mortality

Studies indicate that stress caused by harsh handling of fish can result in severe
harm and death post-release through soft flesh tears (Fobert et al., 2009, Wilde, &
Sawynok, 2009), removal of protective skin coating, and fatigue leading to easier
predation (Danylchuck et al., 2007). It is important for anglers to remember that fish are
subject to a variety of injuries when caught. Lack of working knowledge about post
release mortality may be associated with our survey responses that indicated that
recreational fishing ecological impact was low because many fishermen engaged in
catch-and-release practices.

To minimize fish stress, choice of gear and appropriate methods for handling
should be provided. For example, studies have indicated that when a fish is gut-hooked,
cutting the line is expected to have less negative impact than removing the hook by force
(Fobert et al., 2009). Promoting the use of new technology such as circle hooks may curb

lethal or sublethal effects. If benefits are made clear, the adoption of stock-sustainable
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methods might be followed. In our survey, for example, 73% of fishermen said they used
circle hooks when appropriate because they were easier to remove and were considered
to cause less damage to the fish since they are specifically designed to snag the jaw.
Participate and Share Knowledge in Management

Fisheries scientists and managers recognize the need for help from fishermen,
including cooperation in research, provision of experience-based and traditional
knowledge, participation in crafting appropriate management responses, and compliance
with regulations (Kaplan & Kite-Powell, 2000). State, regional, and federal systems in
the US are designed for stakeholder participation and for communication flows in a
variety of ways. Although approaches to co-management are varied, research in the social
sciences indicates that participation in the management process by those who are to be
regulated should greatly improve cooperation and efficacy (Jentoft, McCay, & Wilson,
1998; Kaplan & McCay, 2004). For an example of an educational document aimed at
promoting participation in fisheries management see Fish or Cut Bait: A guide to
Magnuson Stevens (McCay, Creed, & Gray, 2009).
Lines of Communication

Choosing how the information is communicated is as important as what is
communicated. How information is framed and where is comes from will likely
determine how, or even if, a message is received (Griffin, 1967). Studies of
environmental risk communication have outlined that trust and credibility (Peters,
Covello, & McCallum, 1997) are important factors that influence the likelihood of
whether a message is ultimately accepted or rejected (Trettin & Musham, 2000). It is

important to understand what type of information your audience is motivated to learn
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more about so that the content communicated can be paired with information of general
interest (Krapp, 1999). Therefore, it is important to understand from where stakeholders
are currently receiving their information, how they prefer to receive new information, and
what type of information they are interested in learning more about.

According to our survey results, recreational fishermen are currently receiving
their information about fisheries management from a variety of sources (Table 2). Fishery
trade magazines in print and online were reported as the most consulted source of
information (53%) closely followed by bait and tackle shops (49%). Also popular were
other online sources (40%) which included both state and federal fishery websites and
recreational angler “message boards” or fishing club sites. Additionally, one-third of
fishers (33%) reported also getting information informally from other anglers. When
asked where they would prefer to receive marine fisheries related information, most
indicated they would like to received information online (85%) which was preferable to
printed or mailed material (10%). The disparity between the response of preferring to
receive information online (85%) and the current trends of receiving information online
(40%) is unclear. This inconsistency, however, may be attributable to the lack of
definition of the term “online” in the survey instrument. For example, “online” could
refer to email updates sent directly to anglers or could refer to the existence of a website
which can be accessed electively. When asked about fisheries topics they would like to
know more about, 50% listed individual species by name (i.e., primarily the species they
fish for most-often), 15% responded they would like to know more about fisheries

management procedures or management decisions as they happen, while general fish
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behavior (feeding, habitat, spawning) and migration were both mentioned by 8% of the
fishermen surveyed.
[Insert Table 2.]
Discussion

Based on our survey results, we can neither clearly reject nor accept our first null
hypothesis about angler perception of their impacts on the ecosystems in which they fish.
Rather, the perception of their role appears to be much more nuanced and complex.
When survey responses are viewed within the context of EBM, we can synthesize two
ideas about recreational fishers’ understanding of marine fisheries dynamics and their
role within the system. One, there is a general awareness that there are multiple factors,
both consumptive (e.g., advances in commercial fishing technology, non-compliance)
and non-consumptive (e.g., water quality, habitat availability) that may lead to
degradation in ecosystem function and may affect stock availability. Two, survey results
show that recreational fishers are divided as to their perceived effects on the ecosystem.
The justification for viewing their effect as negligible varies slightly, however, coded
responses indicate that most fishers already engage in what they consider “responsible”
or “low-impact” fishing, especially when compared to the perceived negative effect
associated with commercial fishing activity. Similar results have been shown in research
evaluating individual behaviors and their relationship to other diffuse environmental
problems such as climate change (Dietz, Dan, & Shwom, 2007). This finding is not
surprising given that we surveyed individuals who are drawing from their own individual
experiences and not from a knowledgebase that includes an understanding of aggregate-

level recreational fishing behavior or effects. It is troubling, however, because the loosely
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connected nature of recreational angler effort has been linked to the “invisible collapse”
and significant decline of some freshwater recreational fisheries (Post et al., 2002).

Our survey results, however, do allow us to draw clearer conclusions regarding
our second hypothesis regarding angler openness to altering their current behaviors to
align with more sustainable practices. Even with some disparity in terms of perceived
effect, recreational fishers are overwhelmingly open to receiving information about
behaviors that can minimize their impact on the marine fisheries they value. This finding
is promising since education and outreach programs to stakeholder groups can be costly
in terms of time and other resources and maybe difficult to maintain. Given their
receptiveness, providing avid anglers with key information may be at least a partially
effective strategy to manage ecosystems or alter the associated negative behaviors
exhibited by recreational fishers. It is important to note that simply providing
stakeholders with information does not necessarily lead to the adoption of new target
behaviors that are in-line with management objectives (Chess & Johnson, 2006). Past
studies indicate that prior beliefs and values have more influence on behavior than simply
providing audiences with new information (Sturgis & Allum, 2004). Further, what is
communicated should also be framed in terms of what is valued by the audience and not
what “should” matter (Reardon, 1991). In the case of recreational fishermen and EBM,
this requires that outreach strategies first understand anglers as a group so that similar
goals and perceptions shared by managers, scientists, and anglers can be highlighted.
Assemblers of content to be covered in outreach programs should steer away from a
complete “deficit model” approach, which regards the lay audience as an empty vessel to

be filled with the knowledge of experts. Rather, the information presented should be
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relevant and relate to the education need of the stakeholder. For example, when assessing
the self-rated knowledge of recreational anglers, it appears that on average, fishers are
aware of the reason that underlies seasonal catch and size restrictions; however, they are
uncertain as to how these restrictions are developed. These results indicate that anglers
recognize the purpose behind the scientific assessment of the resource but are unclear as
to the biological and ecological information required to make these decisions. At the
same time, recreational anglers have indicated that most would be interested in receiving
more information about biological and management aspects of the fish they fish for most
often. Thus, we advise designers of education programs to communicate information
about the scientific assessment process of highly valued recreational fisheries that
includes life history and ecological information outlining potential behaviors which affect
the population and how they may be affected by fishermen.

Last, it appears that anglers are receiving their information about fisheries
management from a number of sources which include a mixture of online and print
sources and through interpersonal interactions (bait and tackle shops and other
fishermen). Where anglers get their information may determine what type of information
they receive, and further, how they formulate their ideas about marine ecosystems and
their management. For example, Stamm, Clark and Ebacas (2000) found that information
about environmental problems from mass media and interpersonal communication
generally lead to misconceptions about the issue, its causes, consequences, and potential
solutions. Although recreational fishermen form their ideas about marine fisheries over

time from a variety of these information sources, providing targeted information through
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a trusted venue (Peters, Covello, & McCallum, 1997) may provide improved support for
management initiatives and outline the context behind how and why decisions are made.
Conclusions
We believe that recreational anglers can serve as a resource for EBM efforts when
education and outreach programs are situated within a broader ecological and social
context that promotes a more comprehensive systems understanding. However, to
increase the likelihood that these partnerships are successful, education and outreach
programs must be situated within a framework which includes several components.
Based on the results from our survey and a review of the literature, we offer the following
recommendations to institutions seeking to provide information to marine recreational
anglers toward the goals of EBM:
a) Align recreational fishers’ perceived threats with those management institutions
seek to address.
b) Articulate pro-ecological fishing behaviors within an ecological and management
context so that they may be justified.
¢) Combine information to be communicated with other information of interest such
as individual species profiles or information on species behavior.
d) Provide these resources online through recreational fishing trade magazines or in

print at fishery related businesses in coastal areas like bait and tackle shops.
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Table 1. Anlger survey included 3 question categories; angler perceptions, behaviors, and
comminucation. Dashes indicate open-ended responses which were coded and * indicates
scale response of (1) very knowledgeable to (5) not knowledgeable. All values reported

as Mean(SD).
Angler Survey Questions NJ RI Total
Angler Perceptions
Do you think your fishing behaviors have an effect on the Yes37% Yes44%  Yes 38%
ecosystems in which you fish? No55% No44% No49%
Why or why not? - - -
What are the top three threats to marine ecosystems? - - -
Angler Behaviors
How often and in what manner do you fish? - - -
What fish species do you fish for most? - - -
*How would you rate your knowledge in the following areas of the
fish you fish for most:
Determining Sex of fish caught 2.8(1.2)  29(1.2) 29(1.3)
Determining Age of fish caught 23(1.1)  2501.0)  2.4(1.0)
Why there are catch and size limitations 1.7(1.0) 1.6(.7) 1.6(.8)
How to tell if a habitat is healthy for a particular fish species 2.1(1.3)  23(1.3) 2.2(1.3)
Determining healthy habitat for juvenile fish 2.6(1.3)  2.6(1.3) 2.6(1.3)
Do you use circle hooks? Yes 77% Yes 69%  Yes 73%
No23% No3l% No27%
Why or why not? - - -
Angler Communication - - -
Where do you currently receive information about marine fisheries
(such as seasonal size and catch limitations)? - - -
What types of information regarding marine fisheries would be
interested in learning more about?
Would you be open to receiving information about small changes Yes 87% Yes 84%  Yes 86%
you could make while fishing to take better care of the No 8% No 9% No 9%

ecosystem?
How would you like to receive this information?




Table 2. Current and preferred information sources for recreational fishermen.

Where do you currently receive marine
fisheries information (check all that apply)?

How would you like to receive marine fisheries

related information?

Fishermen Magazines 53% Online Source 85%
Bait and Tackle Shops 49% Newsletters (post mailed) 10%
Online 40% Fisheries Club Meetings 2%
Other Fishermen 33% Magazines (print) 2%
Government Publication or Newsletter 11%  Other 1%
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Figure 1. Top ten threats to marine fishery resources by frequency of mention.
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Conclusions
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This dissertation research sought to understand how some of the interactions
within a SES can be shaped, influenced and determined by stakeholder knowledge
systems. In the first chapter, I investigated the internal representations of the external
world (mental models) of several groups involved a model SES, the mid-Atlantic summer
flounder fishery. This research constructed a structural and functional representation of
individual stakeholder groups’ models and a collective community model of the mid-
Atlantic fisheries SES. Further, it highlighted some of the major differences and
similarities in stakeholder knowledge and outlined some of the benefits and limitations of
integrating stakeholder knowledge into SES decision-making. In the second and third
chapter, I outlined important beliefs in stakeholder knowledge which may influence how
decisions are made within an SES. Chapter 2 evaluated risk identification as a component
in institutional knowledge (manager and scientist) to address questions of the negative
outcomes in a SES management seeks to address. Results yielded 3 main categories of
risk and 12 sub-categories of risk. Chapter 3 evaluated trust as an important component in
stakeholder knowledge (recreational anglers) and addressed questions of factors which
may influence how resource managers and resource institutions work together toward
shared goals in SES management. Results indicated that participation was the highest
predictor of increasing trust and therefore an important indicator of cooperation. Further,
the results from this chapter highlighted that stakeholders are more likely to trust
management institutions in SES compared to the scientific assessment of resources
within an SES. Finally, Chapter 4 outlined recommendations to how institution and
stakeholder knowledge systems can be aligned to increase the likelihood of cooperation

in marine fisheries management. It outlines specific perceptions of ecological pressure
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from recreational fishing and their management from and aligns scientifically assessed
ecosystem goals with survey assessed angler perception.

Understanding the dynamics of coupled social-ecological systems (SES) is
difficult given the vast complexity that exists within subsystems (e.g. economies and
biological communities) and their behavioral components (animals, plants, harvesters,
nutrients). Adding to this difficulty is a lack of working knowledge of how social and
ecological systems operate together and the important factors which influence overall
system function. This complexity hinders our ability to easily manage SES since we
cannot easily predict how changes in systems’ components influence social or ecological
change.  Here I present data that support the potential importance of integrating
knowledge systems in the management of SES and in establishing expectations of the
system. My research suggests that creating opportunities for knowledge-sharing between
resource managers and resource users can (1) increase overall understanding of the
complexity of SES components and their dynamics, (2) articulate potential opportunities
for increasing positive system change and decreasing negative change (3) increase trust

and cooperation toward shared goals.



115

Acknowledgment of Previous Publications

Portions of this dissertation are already slated for, or pending, publication
elsewhere. Chapter two has been accepted for publication as it is presented here in a
forthcoming issue of the journal of Fisheries Management and Ecology (Gray, S., M.
Ives, J. P. Scandol, and R.C. Jordan. 2010. Categorizing the risks in fisheries
management. Fisheries Management and Ecology. 17(3)). Chapter four has been
accepted for publication in its present form in the journal of Human Dimensions of
Wildlife (Gray, S. and R.C. Jordan. 2010. Ecosystem-based angling: incorporating
recreational fishermen into ecosystem-based management. Human Dimensions of
Wildlife. 15(4)). Finally, Chapter three has been submitted for publication to the journal
of Environmental Management (Gray, S., R. Shwom, and R. C. Jordan. Understanding

factors which influence stakeholder trust of fisheries science and institutions, in review).



116

Bibliography

Acheson, .M. & Wilson, J.A. (1996) Order out of chaos: the case for parametric fisheries
management. American Anthropologist, 98, 579-594.

Adam, B., Beck, U. & Van Loon, J. (2000) The Risk Society and Beyond. London: Sage
Publications.

Adams J. (1995) Risk. London: UCL Press.

Agrawal, A., (1995) Dismantling the divide between indigenous and western knowledge.
Development and Change, 26, 413-439.

Althaus, C. (2005) A disciplinary perspective on the epistemological status of risk. Risk
Analysis 25, 567-588.

Arlinghaus, R. (2005) A conceptual framework to identify and understand conflicts in
recreational fisheries systems, with implications for sustainable management.
Aquatic Resources, Culture and Development,1, 145-174.

Arlinghaus, R., & Mehnar, T. (2004). Determinants of management preferences of
recreational anglers in Germany: Habitat management versus fish stocking.
Limnologica, 35, 2-17.

Armitage, D. R. (2003) Traditional agroecological knowledge, adaptive management and
the socio-politics of conservation in Central Sulawesi, Indonesia. Environmental
Conservation. 30,79-90.

Arnstein, A. 1969. A ladder of citizenship participation. Journal of the American
Institute of Planners, 26. 216-233.

Astles, K.L., Holloway, M.G., Steffe, A., Green, A., Ganassin, C., & Gibbs, P.J. (2006)
An ecological method for qualitative risk assessment and its use in the
management of fisheries in New South Wales, Australia. Fisheries Research, 82,
290-303.

Astles, K.L. (2008) A systematic approach to estimating ecological risks in marine
fisheries. CABI Reviews: Perspectives in Agriculture, Veterinary Science,
Nutrition and Natural Resources, 3, 16-24.

Axelrod, R. (1976) Structure of Decision: The Cognitive Maps of Political Elites.
Princeton, New Jersey: Princeton University Press.

Bammer, G., & Smithson, M. (eds) (2008) Uncertainty and Risk: Multidisciplinary
Perspectives. London: Earthscan.

Banjade, M. R., Schanz, H., & Leeuwis, C. (2006) Discourses of Information in
Community Forest User Groups in Nepal. International Forestry Review, 8, 229—
240.

Barber, B. (1983) The logic and limits of trust. New Brunswick, NJ: Rutgers University
Press.

Barbour, M.T., Poff, N.L., Norris, R.H., & Allan, J.D. (2008). Perspective:
Communicating our science to influence public policy. Journal of the North
American Benthological Society, 27, 562-569.

Barclay, P. (2004) Trustworthiness and competitive altruism can also solve the "tragedy
of the commons”. Evolution and Human Behavior, 25: 209-220.

Bauer, V. (1975) Simulation, evaluation and conflict analysis in urban planning.
in M.M., Baldwin, (eds). Portraits of Complexity, Applications of Systems
Methodologies to Societal Problems. Columbus, Ohio: Battelle Institute.

Beierle, T., & Cayford, J. (2002) Democracy in practice public: Participation in



117

environmental decisions. Washington, DC: Resources for the Future Press.

Beierle, T. (1998) Public participation in environmental decisions: an evaluation
framework using social goals. Washington DC: Resources for the Future Press.

Beierle, T. & Konisky, D. (2000) Values, conflicts, and trust in participatory
environmentalplanning. Journal of Policy Analysis and Management 19, 587—
602.

Beratan, K. (2007) A cognition-based view of decision processes in complex social-
ecological systems. Ecology and Society 12, 27.

Berkes, F. (1992) Success and failure in marine coastal fisheries of Turkey. Pages 161-
182 in D.W. Bromley, editor. Making the Commons Work. San Francisco,
California: Institute for Contemporary Studies Press.

Berkes, F., J., Colding, & Folke, C. (2000) Rediscovery of traditional ecological
knowledge as adaptive management. Ecological Applications 10, 1251-1262.

Beverton, R. J. H., & Holt, S.J. (1957) On the dynamics of exploited fish populations.
London: Her Majesty’s Stationery Office.

Blann, K.L., Anderson, J.L., Sands, G.R., & Vondracek B. (2009) Effects of agricultural
drainage on aquatic ecosystems: A review. Critical Reviews in Environmental
Science and Technology, 39, 909-1001.

Blomgvist, K. (1997) The many faces of trust. Scandinavian Journal of Management,
13, 271-286.

Bougon, M., Weick, K., & Binkhorst, D. (1977) Cognition in organizations: an analysis
of the Utrecht Jazz Orchestra. Administrative Science Quarterly, 22,606-639.

Brewer, C. A. (2001) Cultivating conservation literacy: “Trickle down” education is not
enough. Conservation Biology, 15, 1203-1205.

Brewer, C. A. (2002). Outreach and partnership programs for conservation education
where endangered species conservation and research occur. Conservation
Biology, 16, 1-3.

Brown, K. (2003) Three challenges for a real people-centered conservation. Global
Ecology and Biogeography, 12, 89-92.

Browne, M., Pagad, S., & De Poorter, M. (2009). The crucial role of information
exchange and research for effective responses to biological invasions. Weed
Research, 49, 16-18.

Butterworth D.S., & Punt A.E. (1999) Experiences in the evaluation and implementation
of management procedures. ICES Journal of Marine Science, 56, 985-998.

Butterworth, D.S., & Punt, A.E. (2003) The role of harvest control laws, risk and
uncertainty and the precautionary approach in ecosystem-based management.
Pages 311 319. In: M. Sinclair & G. Valdimarsson (eds) Responsible Fisheries in
the Marine Ecosystem. Oxford, CABI Publishing.

Caddy, J.F., & Mahon, R. (1995) Reference points for fisheries management. FAO
Fisheries Technical Paper 313.

Carley, K., 1990. Content analysis. Pages 725-730 in R. E. Asher, editor. The
Encyclopedia of Language and Linguistics., Edinburgh, UK. Pergamon Press.
Carroll, M.S., & Hendrix, W.G. (1992) Federally protected rivers: The need for
effective local involvement. Journal of the American Planning Association, 58,
346-53.

Converse, J. M., & Presser, S. (1986) Survey Questions. Handcrafting the Standardized



118

Questionnaire. Beverly Hills, CA: Sage Publications.

Charles, A.T. (1998) Living with uncertainty in fisheries: analytical methods,
management priorities and the Canadian groundfishery experience. Fisheries
Research, 37, 37-50.

Chase, L. C.,.Decker, D., & Lauber, T. (2004) Public participation in wildlife
management: What do stakeholders want? Society & Natural Resources, 17,629-
639.

Chess, C., & Johnson, B. (2007). Creating a climate for change: Communicating climate
change and facilitating social change. New York & Oxford, UK: Oxford
University Press.

Chess, C., & Purcell, K. (1999) Public participation and the environment: Do we know
what works? Environmental Science and Technology, 33, 2685-2692.

Chess, C., (2000) Evaluating environmental public participation: Methodological
questions. Journal of Environmental Planning and Management, 43, 769-784.

Chung, J.B.,& Kim, H. (2009) Competition, economic benefits, trust, and risk perception
in siting a potentially hazardous facility. Landscape and Urban Planning, 91, 8-
16.

Cvetkovich, G., & Winter, P. (2003) Trust and social representations of the management
of threatened and endangered species. Environmental Behavior, 35, 286-307.

Danner, G.R., Chacko, J., & Brautigam, F. (2009). Involuntary ingestion of soft plastic
fishing lures affects brook trout growth in the laboratory. North American Journal
of Fisheries Management, 29, 352-360.

Danylchuk, S.E., Danylchuk, A.J., Cooke, S.J., Goldberg, T.L., Koppelman, J., & Phillip,
D.P. (2007). Effects of recreational angling on the post-release behavior and
predation of bonefish (Albula vulpes): The role of equilibrium status at the time
of release. Journal of Experimental Marine Biology and Ecology, 346, 127-133.

Davenport M., Leahy, J., Anderson, D., & Jakes, P. (2007) Building trust in natural
resource management within local communities: A case study of the Midewin
National Tallgrass Prairie. Environmental Management, 39, 353-368.

Davis, A., & Wagner J.R. (2003) Who knows? On the importance of identifying
experts when researching local ecological knowledge. Human Ecology, 31,463—
489.

Delaney A.E., & Hastie J. (2007) Lost in translation: differences in role expectations and
identities between fisheries scientists and managers. Ocean and Coastal

Management, 50, 661-682.

Dickson, E., Gordon, S., & Huber, G.A. (2009) Enforcement and compliance in an
uncertain world: An experimental investigation. The Journal of Politics 71, 1357-
1378.

Dietz, T., Fitzgerald, A., & Shwom, R. (2005) Environmental values. Annual Review of

Environment and Resources, 30, 335-372.

Dietz, T., E. Ostrom, & Stern. P.C. (2003) The struggle to govern the commons.
Science, 302, 1907-1912.

Dietz, T., Dan, A., & Shwom, R. (2007). Support for climate change policy: Social
psychological and social structural influences. Rural Sociology, 72, 185-214.

Dietz, T., Ostrom, E., & Stern, P. (2003) The struggle to govern the commons. Science,
302,



119

908-1912.

Dobbs, D. (2000) The great gulf: Fishermen, scientists, and the struggle to revive the
world’s greatest Fishery. Washington, D.C.: Island Press.

Duarte-Davidson, R. & Pollard, S.J.T. (2006) Special Issue: Environmental risk
management: the state of the art. Environment International, 32, 931-933.

Dulvy, N. K., Sadovy, Y. & Reynold, J. D. (2003) Extinction vulnerability in marine
populations. Fish and Fisheries, 4, 25- 64.

Dudley R.G. (2008) A basis for understanding fishery management dynamics. System

Dynamics Reviews, 24, 1-24.

Dunn, J., & Schweitzer, M. (2005) Feeling and believing: the influence of emotion on
trust. Journal of Personality and Social Psychology, 88, 736—748.

Dusenbery, D. (1992) Sensory Ecology. New York, New York: W. H. Freeman.

Earle, T.C., & Cvetkovich, G.T. (1995) Social trust: Toward a more cosmopolitan
society. Westport, CT: Praeger Publishers.

Eden, C., Jones, S., & Sims, D. (1979) Thinking in Organizations. London, UK. The
Macmillan.

Edwards, S.F., Link, J.S., & Rountree, B.P. (2004) Portfolio management of wild fish
stocks. Ecological Economics, 49, 317-329.

Eiser, J.R., Stafford, T., Henneberry, J., Catney, P. (2007) Risk perception and trust in the
context of urban brownfields. Environmental Hazards, 7,150-156.

Fazey, 1., K. Proust, B. Newell, B. Johnson, and Fazey J. (2006) Eliciting the implicit
perceptions of on-ground conservation managers of the Macquarie marshes.
Ecology and Society, 11:25-52.

Fedler, A.J., & Ditton, R.B. (1986). A framework for understanidng the consumptive
orientation recreational fishermen. Environmntal Management, 10, 221-227.

Fink, A. (2006) How to Conduct Surveys. A Step-by-Step Guide, 3rd edition. Beverly
Hills, CA: Sage Publications.

Fletcher, W.J. (2005) The application of qualitative risk assessment methodology to
prioritize issues for fisheries management. ICES Journal of Marine Science, 62,
1576-1587.

Fobert, E., Meining, P., Colotelo, A., O’Connor, C., & Cooke, S.J. (2009). Cut the line or
remove the hook? An evaluation of sublethal and lethal endpoints for deeply
hooked bluegill. Fisheries Research, 99, 38-46.

Folke, C. (2004) Traditional knowledge in social-ecological systems. Ecology and

Society 9, 7.

Fowler, F. J. Jr. (1984) Survey Research Methods. Beverly Hills, CA: Sage Publications.

Francis, R.C. (1992) Use of risk analysis to fishery management strategies: a case study
using orange roughy (Hoplostethus atlanticus) on the Chatham Rise, New
Zealand. Canadian Journal of Fisheries and Aquatic Science, 49, 922-930.

Francis, R., & Shotton, R. (1997) "Risk" in fisheries management: a review. Canadian
Journal of Fisheries and Aquatic Science, 54, 1699-1715.

Francis, R.C., Hixon M.A., Clarke, M.E., Murawski, S.A., & Ralston, S. (2007). Ten

commandments for ecosystem-based fisheries scientists. Fisheries, 32, 219-233.

Frewer, L.J., & Shepherd, R. (1998) Consumer perceptions of modern food
biotechnology. In Genetic engineering for the food industry:Astrategy for food
quality improvement,



120

(Eds) Roller S., Harlander S 27-46. New York: Blackie Academic.

Friedman, P. (2002) The impact of conflict of interest on trust in science. Science and
Engineering Ethics, 8, 413—420.

Funtowicz, S.0., & Ravetz, J.R. (1990) Uncertainty and Quality in Science for Policy.
Dordrecht: Kluwer Academic Publishers.

Gadgil, M., Seshagiri P., Rao, K., Utkarsh, G., Pramod P., & Chatre A. (2000) New
meanings for old knowledge: the people’s biodiversity registers programme.
Ecological Applications, 10, 1307-1317.

Garcia, S.M. & Charles, A.T. (2008) Fishery systems and linkages: implications for
science and governance. Ocean and Coastal Management 51, 505-527.

Gray, S., Ives, M., Scandol, J.P., & Jordan, R.C. (2010a) Categorizing the risks in
fisheries management. Fisheries Management and Ecology 17, xx, xx.

Gray, S., & Jordan, R. (2010b) Ecosystem-based angling: Incorporating recreational
fishermen into ecosystem-based management. Human Dimensions of Wildlife,15,
233-246.

Griffin, K. (1967) The contribution of studies of source credibility to a theory of
interpersonal trust in the communication process. Psychological Bulletin. 68, 104-
120.

Groger, J.P., Rountree, R.A., & Missong, M. (2007) A stock rebuilding algorithm
featuring risk assessment and an optimization strategy of single or multispecies
fisheries. ICES Journal of Marine Science, 64, 1101-1115.

Gunderson, L. H., & Holling, C.S. (2002) Panarchy: Understanding Transformations
in Human and Natural Systems. Washington, D.C.: Island Press.

Haerlin, B., & Parr, D. (2001) How to restore public trust in science. Nature, 400, 499.

Hage, P., & F. Harary. (1983) Structural Models in Anthropology. Cambridge, UK:
Cambridge University Press.

Hardin, G. (1969) The tragedy of the commons. Science, 162, 1243-1248.

Harms, J., & Sylvia, G. (2001) A comparison of conservation perspectives between
scientists, managers, and industry in the west coast groundfish fishery. Fisheries,
26, 6-15.

Harwood, J., & Stokes, K. (2003) Coping with uncertainty in ecological advice: lessons
from fisheries. Trends in Ecology and Evolution, 18, 617-622.

Hatton, [.A., McCann K.S., Umbanhowar, J., & Rasmusen, J.B. (2006) A dynamical
approach to evaluate risk in resource management. Ecological Applications, 16,
1238-1248.

Haviland-Howell G., Frankel A.S., Powell, C.M., Bocconcelli, A., Herman, R.L., &
Sayigh, L. S. (2007). Recreational boating traffic: A chronic source of
anthropogenic noise in the Wilmington, North Carolina Intracoastal Waterway.
Journal of the Acoustical Society of America, 122, 151-160.

Hilborn, R., Pikitch, E.K., & Francis, R.C. (1993) Current trends in including risk and
uncertainty in stock assessment and harvest decisions. Canadian Journal of
Fisheries and Aquatic Science, 50, 874-880.

Hilborn, R., Maguire, J.J., Parma A.M., & Rosenberg, A.A. (2001) The precautionary
approach and risk management: can they increase the probability of successes in
fishery management? Canadian Journal of Fisheries and Aquatic Science, 58, 99-
107.



121

Hmelo, C., Holton, D., & Kolodner, J. (2000). Designing to learn about complex systems.
Journal of the Learning Sciences 9, 247-298.

Hmelo-Silver, C. E., & Pfeffer, G. (2004) Comparing expert and novice
understanding of a complex system from the perspective of structures, behaviors,
and functions. Cognitive Science, 28, 127-138.

Hobday, A., Smith, T. & Stobutzki, 1. (2004) Ecological risk assessment for Australian
Commonwealth fisheries, Final Report. Hazard identification and preliminary risk
assessment. Report to the Australian Fisheries Management Authority Canberra,
Australia.

Holling, C. S. (1992) Cross-scale morphology, geometry and dynamics of ecosystems.
Ecological Monographs, 62, 447-502.

Hokstad, P., & Steiro, T. (2006) Overall strategy for risk evaluation and priority setting
of risk regulations. Reliability Engineering & System Safety, 91, 100-111.
Hoppner, C. (2009) Trust- A monolithic panacea in land use planning? Land Use Policy.

26, 1046-1054.

Hobbs, B. F., Ludsin, S., Knight, L., Ryan, A., Biberhofer, J., & Ciborowski, J. J. H.
(2002) Fuzzy cognitive mapping as a tool to define management objectives
for complex ecosystems. Ecological Applications, 12, 1548-1565.

Herbert, R.J.H., Crowe, T.P., Bray, S., & Shearder, M. (2009). Disturbance of intertidal
soft sediment assemblages caused by swinging boat moorings. Hydrobiologia,
625, 105-116.

Hines, J., Hunderford, H.R., & Tomera, A. (1986). Analysis and synthesis of research on
responsible environmental behavior: A meta-analysis. Journal of Environmental

Education 18, 1-8.

Hislop, J.R.G. (1998). The influence of maternal length and age on the size and weight of
the eggs and the relative fecundity of of the haddock, Melanogrammus-aeglefinus,
in British waters. Journal of Fish Biology, 32, 923-930.

Hutchings, J., & Reynolds, J.D. (2000) Marine fish population collapses: consequences
for recovery and extinction risk. Bioscience, 54, 297-309.

Hutchings, J. (2000) Collapse and recovery of marine fishes. Nature, 406, 882-885.

Ingram, J. (2008) Are farmers in England equipped to meet the knowledge challenge
of sustainable soil management? An analysis of farmer and advisor views.
Journal of Environmental Management, 86, 214-228.

Jentoft, S., McCay, B.J., & Wilson, D. (1998) Social theory and fisheries co-
management. Marine Policy, 22, 423-436.

Johannes, R. E. (1998) The case of data-less marine resource management: examples
from tropical nearshore finfisheries. Trends in Ecology and Evolution, 13, 243—
246.

Johnson, T.R., & van Densen, W.L.T. (2007) Benefits and organization of cooperative
research. ICES Journal of Marine Science, 64: 834-840.

Johnson, B. (1999) Exploring dimensionality in the origins of hazard-related trust.
Journal of Risk Research, 2, 325-354.

Johnson, N., Lilja, N., Ashby, J.A., &.Garcia, J.A. (2004) Practice of participatory
research and gender analysis in natural resource management. Natural Resources
Forum, 28, 189-200.

Johnson, L.E., Bossenbroek, J.M., & Kraft, C.E. (2006). Patterns and pathways in the



122

post-establishment spread of non-indigenous aquatic species: The slowing
invasion of North American inland lakes by the zebra mussel. Biological
Invasions, 8, 475-489.

Jones, O. (1995) Lay discourses of the rural: developments and implications for rural
studies. Journal of Rural Studies, 11, 35-49.

Jordan, RC, Singer F, Vaughan J, Berkowitz A (2009) What should every citizen know
about ecology? Frontiers in Ecology and the Environment, 79, 495-500.

Joreskog, K.G., & Moustaki, I. (2001) Factor analysis of ordinal variables: A comparison
of three approaches. Multivariate Behavioral Research, 36, 347-387.

Kim, K.S. (2004) AMOS Analysis of Structural Equation Modeling. Seoul: Hannarae
Press.

Kaplan, 1., & Kite-Powell, H. (2000). Safety at sea and fisheries management: attitudes
and the need for co-management. Marine Policy, 24, 493-498.

Kaplan [.M. & McCay B.J. (2004) Cooperative research, co-management and the social
dimension of fisheries science and management. Marine Policy, 28, 257-258.

Kellert, S. R., Mehta, J. N., Ebbin, S.A. & Lichtenfeld. L.L. (2000) Community
natural resource management: promise, rhetoric, and reality. Society and Natural
Resources, 13, 705-715.

Klein, J. H., and D. F. Cooper. 1982. Cognitive maps of decision-makers in a complex
game. Journal of the Operational Research Society, 33, 63-71.

Kok, K. (2009) Potential of Fuzzy Cognitive Maps for semi-quantitative scenario
development, with an example from Brazil. Global Environmental Change
19,122-133.

Kosko, B. (1991) Neural Networks and Fuzzy Systems. Englewood Cliffs: New Jersey.
Prentice-Hall.

Kosko, B. (1986) Fuzzy Cognitive Maps. International Journal of Man-Machine Studies.
24, 65-74.

Kothari, U. (2001) Power, Knowledge and Social Control in Participatory
Development. Pages 139-152 in B. Cooke, and U. Kothari, editors. Participation:
the new tyranny? London, UK: Zed Books.

Krapp, A. (1999) Interest, motivation and learning: An educational-psychological
perspective. European Journal of Psychology of Education. 14, 23-40.

Kumar, A., & Paddison, R. (2000) Trust and collaborative planning theory: The case
of the Scottish planning system. International Planning Studies, 5, 205-223.

La Porta, R., Lopez-de-Silanes, F., Shleifer, A., & Vishny, R. (1997) Trust in large
organizations. American Economic Review, 87, 333-338.

Lauer, T.E., Shroyer, S.M., & Kilpatrick, J.M. (2005). Yellow perch length-fecundity and
length- egg size relationships in Indiana waters of Lake Michigan. North
American Journal of Fisheries Management, 25, 791-796.

Lawrence, R., Daniels, S., & Stankey, G. (1997) Procedural justice and public
involvement in natural resource decision making. Society and Natural Resources,
10, 577-589.

Leahy, J., & Anderson, D. (2008) Trust meanings in community-water resource
management agency relationships. Landscape and Urban Planning 87,100-107.

Lebel, J., Norberg, J., Peterson G., & Pritchard, R. (2002) Resilience management in



123

social-ecological systems: a working hypothesis for a participatory approach.
Conservation Ecology, 6,14.

Lidskog, R. (1996) On the relation between scientific knowledge, risk consciousness, and
trust. Acta Sociologica, 39, 31-56.

Lloret, J., Zaragoza, N., Caballero, D., & Riera, V. (2008). Impacts of recreational
boating on the marine environment of Cap de Creus (Mediterranean Sea). Ocean
and Coastal Management, 51, 749-754.

Ludwig, D., Mangel, M., & Haddad, B. (2001) Ecology, conservation, and public
policy. Annual Review of Ecology and Systematics,32, 481-517.

Lynam, T., De Jong, W., Sheil, D., Kusumanto, T., & Evans, K. (2007) A review of
tools for incorporating community knowledge, preferences, and values into
decision making in natural resources management. Ecology & Society, 12, 5.

Malone, D. W. (1975) An introduction to the application of interpretive structural
modeling. Pages 119—-126 in M.M. Baldwin, editor. Portraits of Complexity:
Applications of Systems Methodologies to Societal Problems. Columbus, Ohio:
Battelle Institute.

McAllister, R.R.J., Gordon, L.J., & Janssen, M.A. (2005) Trust and cooperation in natural
resource management: The case of agistment in rangelands. In: Zerger A, Argent
RM (Eds) MODSIM 2005 International Congress on Modelling and Simulation.
Modelling and Simulation Society of Australia and New Zealand, 170-176.

McLain, R., & Lee, R. (1996) Adaptive management: promises and pitfalls. Journal of
Environmental Management, 20,437-448.

Marshall, C. & Rossman, G.B. (1998) Designing qualitative research. Newbury Park,
CA: Sage Publications.

McCay, B.J. & Jentoft S. (1996) From the bottom up: participatory issues in fisheries
management. Society and Natural Resources, 9, 237-250.

McCay, B.J., Creed, C. F., & Gray S. A. (2009). Fish or cut bait: A guide to the federal
management system (3rd, revised edition) Fort Hancock, NJ: New Jersey Marine
Sciences Consortium.

McFarlane, B., Stumpf-Allen, R., Watson, D. (2007) Public acceptance of access

restrictions to grizzly bear (Ursus arctos) country. Human Dimensions of Wildlife
12, 275-287.

McKnight, D.H., & Chervany, N.L. (1996) The meanings of trust.University of
Minnesota, MN: Tech Rep MISRC Working Paper Series. Calson School of
Management.

McShane, P.E. & Naylor, J.R. (1995) Small-scale spatial variation in growth, size at
maturity, and yield- and egg-per-recruit relations in the New Zealand abalone
Haliotis iris. New Zealand. Journal of Marine and Freshwater Research 29, 603-
612.

Miller, D.C. (1983). Handbook of research design and social measurement (4th ed.)
Newbury Park, Calif.: Sage Publications.

Murawski, S.A. (2007) Ten myths concerning ecosystem approaches to marine resource

management. Marine Policy, 31, 681-690.

NRC [National Research Council] (2006). Dynamic changes in marine ecosystems:
fishing, food webs, and future options. Washington DC: National Academies
Press.



124

NRC [National Research Council] (2008) The promises and perils of participation. Pages
33-74 in T. Dietz, and P. C. Stern, editors. Public participation in environmental
assessment and decision making. Washington, DC: National Academies Press.

Needham, M. D., & Vaske, J. J. (2008) Hunters’ perceptions of similarity and trust in
wildlife agencies and personal risk associated with chronic wasting disease.
Society and Natural Resources, 21, 197-214.

Nikolsky, G. V. (1953). The essay of the general problems in ichthyology. Moscow,
USSR: Academy of Sciences.

O’Boyle, R. (1993) Fisheries management organizations: a study in uncertainty. In: J.J.
Smith, J.J. Hunt & D. Rivard (eds) Risk evaluation and biological reference points
for fisheries management. Canadian Special Publication of Fisheries and Aquatic
Science 120, 423-436.

Ojha, H., Timsina, N., Chhetri, R., &. Krishna, P. (2007) Knowledge Systems and
Natural Resources., New Delhi, India: Cambridge University Press.

Ostrom, E., & Walker, J. (2003) Trust and reciprocity: Interdisciplinary lessons for
experimental research. In The Russell Sage Foundation Series on Trust (Eds)
Ostrom E, New York: Walker J. Russell Sage Foundation.

Ostrom, E., Norberg, J., Wilson, J., & Walker, B. (2008) Diversity and resilience of
social-ecological systems. In: Complexity theory for a sustainable future (Eds)

Norberg J. Cumming G. New York, Columbia University Press.

Owen, A., & Virderas, J. (2008) Trust, cooperation, and implementation of sustainability
programs: The case of Local Agenda 21. Ecological Economics 68, 259-272.

Ostrom, E. (2007) Collective action and local development processes Sociologica 3,1-32.

Ozesmi, S. L., & Ozesmi, U. (1999) An artificial neural network approach to spatial
habitat modelling with interspecific interaction. Ecological Modelling,116, 15-31.

Ozesmi, S. L., & Ozesmi, U. (2004) Ecological Modeling based on People’s
Knowledge: A multi-step fuzzy Logic Cognitive Modeling Approach. Ecological
Modelling, 176, 43—64.

Ozesmi, U., & Ozesmi. S.L. (2003) A participatory approach to ecosystem
conservation: fuzzy cognitive maps and stakeholder group analysis in Uluabat
Lake, Turkey. Environmental Management, 31, 518-531.

Palmquist, M. E., Carley, K. & Dale, T. (1997) Application of computer-aided
text analysis: Analyzing Literary and Nonliterary Texts. Pages 171-189 in C. W.
Roberts, editor. Text Analysis for The Social Sciences: Methods for Drawing
Statistical Interferenes from Texts and Transcripts., Mahwah, New Jersey:
Lawrence Erlbaum Associates Publishers.

Pauly, D., Christensen, V., Guénette, S., Pitcher, T., Sumaila, R., Walters, C.J., Watson
R., & Zeller, D. (2002). Towards sustainability in world fisheries. Nature, 418,
689-695.

Pauly, D., Alder, J., Bennett, E., Christensen, V., Tyedmers, P., & Watson, R. (2003).
The future for fisheries. Science, 302, 1359-1361.

Pearsons, T.N. & Hopley, C.W. (1999) A practical approach for assessing ecological
risks associated with fish stocking programs. Fisheries, 24, 16-23.

Peterman, R.M. (2004) Possible solutions to some challenges facing fisheries scientists
and managers. ICES Journal of Marine Science, 61, 1331-1343.



125

Peterson, S. & Smith, L.J. (1982) Risk reduction in fisheries management. Ocean
Management, 8, 65-79.

Peters, R.G., Covello, V.T., & McCallum, D.B. (1997) The determinants of trust and
credibility in environmental risk communication: An empirical study. Risk
Analysis, 17, 43-54.

Piehler, M.F., Maloney, J.S., & Paerl, H.W. (2002). Bacterioplanktonic abundance,
productivity and petroleum hydrocarbon biodegradation in marinas and other
coastal waters in North Carolina, USA. Marine Environmental Research, 54, 157-
168.

Pikitch, E.K., Santora, C., Babcock, E.A., Bakun, A., Bonfil, R., Conover, D.O., Dayton,
Doukakis, P., Fluharty, D., Heneman, B., Houde, E.D., Link, J., Livingston, P.A.,
Mangel, M., McAllister, M.K., J. Pope J., & Sainsbury K..J. (2004). Ecosystem-
Based Fishery Management. Science, 305, 346-347.

Plate, R. (2010) Assessing individuals’ understanding of nonlinear causal structures in
complex systems. System Dynamics Review 26, 19-33.

Post, J.R., Sullivan, M., Cox, S., Lester, N.P., Walters, C.J., Parkinson, E.A., Paul, A.J.,
Jackson, L., Shuter, B. (2002) Canada’s recreational fisheries: The invisible
collapse? Fisheries 27, 6-17.

Post, J., Sullivan, M., Cox, S., Lester, N., Walters, C., Parkinson, E.A., Paul, A. (2002).
Canada’s recreational fisheries: The invisible collapse? Fisheries, 27. 6-17.
Powers, J.E. (2004) Strategic interaction in United States Fishery Management Councils,

Marine Resource Economics. 19, 417-438.

Puccia, C. J. (1983) Qualitative models for east coast benthos. Pages 719—724 in W. K.
Lauenroth, G. V. Skogerboe, and M. Flug, editors. Analysis of Ecological
Systems: State-of-the-Art in Ecological Modelling., Amsterdam, The Netherlands:
Elsevier.

Puga, R., Vazquez, S.H. & Martinez, J.L. (2005) Bioeconomic modelling and risk
assessment of the Cuban fishery for spiny lobster. Panulirus argus. Fisheries
Research, 75, 149-163.

Pullan, W. (2000) Structure. Cambridge, UK: Cambridge University Press.

Punt, A.E. & Hilborn, R. (1997) Fisheries stock assessment and decision analysis: the
Bayesian approach. Reviews in Fish Biology and Fisheries 7, 35-63.

Punt, A.E. & Walker, T. (1998) Stock assessment and risk analysis for the school shark
(Galeorhinus galeus) off southern Australia. Marine and Freshwater Research,
49, 719-731.

Radomski, P. J., & Goeman, T.J. (1996) Decision making and modeling in freshwater
sport-fisheries management. Fisheries, 21, 14-21.

Raymond, C., I. Fazey, M. Reed, S. C. Lidsay, G. Robinson, and A. Evely. (2010)
Integrating local and scientific knowledge for environmental management.
Journal of Environmental Management, (in press).

Reardon, K. E. (1991) Persuasion in Practice. Newbury Park, CA: Sage.

Reed, M. S. (2008) Stakeholder participation for environmental management: a literature
review. Biological Conservation, 141, 2417-2431.

Regan, H.M., Colyvan, M. & Burgman, M. (2002) A taxonomy and treatment of
uncertainty in ecology and conservation biology. Ecological Applications, 12,
618-628.



126

Renn, O., Webler, T., & Wiedemann, P. (1995) Fairness and Competence in
Citizen Participation. Dordrecht, The Netherlands: Kluwer Academic Publishers

Richards, P. (1985) Indigenous Agricultural Revolution: Ecology and Food Crops in
West Africa. Methuen, London. Hutchison

Roberts, C.M., & Hawkins, J.P. (1999) Extinction risk in the sea. Trends in Ecology and
Evolution, 14, 241-246.

Rosenberg, A.A., & Brault, S. (1993) Choosing a management strategy for stock
rebuilding when control is uncertain. In: S.J. Smith, J. J. Hunt & D. Rivard (eds)
Risk evaluation and biological reference points for fisheries management.
Canadian Special Publication of Fisheries and Aquatic Sciences, 120, 243-249.

Rosenberg, A.A. & Restrepo, V.R. (1994) Uncertainty and risk evaluation in stock
assessment advice for U.S. marine fisheries. Canadian Journal of Fisheries and
Aguatic Science, 51, 2715-2720.

Rousseau, D.M., Sitkin, S. B., Burt, R.S., & Camerer, C. (1998) Not so different after all:
A cross-discipline view of trust. Academy of Management Review, 23, 393-404.

Rowe, G., & Frewer, J.L. (2000) Public participation methods: A framework for
evaluation. Science Technology and Human Values, 25,13-29.

Salisbury, W.D., Pearson, R.A., Pearson, A.W., Miller, D.W. (2001) Perceived security
and World Wide Web purchase intention. Industrial Management and Data
Systems, 101, 65-176.

Sarantakos, S. (2005) Social Research, 3rd edition. Basingstoke: Palgrave Macmillan.

Scandol, J.P., Ives M.C. & Lockett, M.M. (2009) Development of national guidelines to
improve the application of risk-based methods in the scope, implementation and
interpretation of stock assessments for data-poor species’ Fisheries Final Report
Series No. 115. Industry & Investment NSW

Schiller, A., Hunsaker, C.T., Kane, M.A., Wolfe, A.K., Dale, V.H., Suter, G.W., Russell,
C.S., Pion, G., Jensen, M.H., & Konar, V.C. (2001). Communicating ecological
indicators to decision makers and the public. Conservation Ecology, 5, 19.

Schwarz, N., Clore, G.L. (1983) Mood, misattribution, and judgments of well-being:
Informative and directive functions of affective states. Journal of Personality and
Social Psychology 45, 513-523.

Shepherd S. A. & Rodda K.R. (2001) Sustainability demands vigilance: Evidence for
serial decline of the greenlip abalone fishery and a review of management.
Journal of Shellfish Research, 20, 828-841.

Skogen, K. (2001) Who’s afraid of the big, bad wolf? Young peoples’ responses to the
conflicts over large carnivores in eastern Norway. Rural Sociology, 66, 203-226.

Skogen, K., & Thrane, C. (2008) Wolves in context: Using survey data to situate attitudes
within a wider cultural framework. Society and Natural Resources, 21, 17-33

Slovic, P. (1979). Perception of risk. Science, 236, 280-285.

Smith, H.D. (2000) The industrialization of the world ocean. Ocean & Coastal
Management, 43,11-28.

Smith, E. (1988) Fisheries risk in the modern context. Maritime Anthropological Studies
1,29- 48.

Smith, P, & McDonough, M. (2001) Beyond public participation: fairness in natural
resource decision making. Society and Natural Resources, 14, 239 — 249,



127

Solow, A.R. (1998) On fitting a population model in the presence of observation error.
Ecology 79, 1463-1466.

Stamm, K., Clark, F., & Ebacas, P.R. (2000). Mass communication and public
understanding of environmental problems: the case of global warming. Public
Understanding of Science. 9, 219-237.

Strauss, A. & Corbin, J. (1994). Sage Handbook of Qualitative Research London: Sage
Publications.

Stefansson, G. & Rosenberg, A.A. (2005) Combining control measures for more effective
management of fisheries under uncertainty: quotas, effort limitation and protected
areas. Philosophical Transactions of the Royal Society B: Biological Sciences,
360, 133-146.

Sterman, J. D. (2008). Risk Communication on climate: Mental models and mass
balance. Science, 322, 532-533.

Sterman, J.D. & Sweeny, L.B. (2002) Cloudy skies: assessing public understanding of
global warming System Dynamics Review. 18, 207-240.

Stern, P.C. (2000) Toward a coherent theory of environmentally significant behavior
Journal of Social Issues, 56, 407-424.

Stern, P. C., Dietz, T., Kalof, L., Guagnano, G. A. (1995) Values, beliefs, and
proenvironmental action: Attitude formation toward emergent attitude objects.
Journal of Applied Social Psychology. 26, 1611-1636.

Sturgis, N., & Allum, P. (2004) Science in Society: Re-Evaluating the Deficit Model of
Public Attitudes. Public Understanding of Science. 13, 55-74

Tallis, H., Levin, P.S., Ruckelshaus, M, Lester, S.E., McLeod, K.L., Fluharty, D., &
Halpern. B.S. (2010). The many faces of ecosystem-based management: Making
the process work today in real places. Marine Policy, 34, 340-348.

Touzeau, S., Lindroos, M., & Kaitala, V. (2000) Economic and biological risk analysis of
the Norwegian spring-spawning herring fishery. Annals of Operational Research,
94, 197- 217.

Tress, B., Tress, G., & Fry, G. (2005) Clarifying integrative research concepts in
landscape ecology. Landscape Ecology, 20, 479-493.

Trettin, L., & Musham, C. (2000). Is trust a realistic goal of environmental risk
communication? Environment and Behavior, 32, 410-426.

Turnbull, D. (1997) Reframing science and other local knowledge traditions. Futures,
29, 551-562.

Underwood, A.J. (1998) Relationships between ecological research and environmental
management. Landscape and Urban Planning, 60, 123-130.

U.S. Fish & Wildlife Service [USFW], U.S. Department of Commerce & U.S. Census
Bureau. (2006). National Survey of Fishing, Hunting, and Wildlife-Associated
Recreation. Washington D.C.: U.S. Fish & Wildlife Service.

Walker, B. H., S. R. Carpenter, J. M. Anderies, N. Abel, G. S. Cumming, M. A. Janssen,
L. Wallace, R.K., & Fletcher, K. (1996). Understanding fisheries management.
(2“0l Ed) Auburn University and the University of Mississippi, the Auburn
University Marine Extension and Research Center, the Mississippi Alabama Sea
Grant Legal Program, and the Mississippi Law Research.

Walters, C. & Maguire, J. (1996) Lessons for stock assessment form the northern cod
collapse. Reviews in Fish Biology and Fisheries, 6, 125-137.



128

Walters, C. (1986) Adaptive Management of Renewable Resources. New York:
MacMillan.

Webler, T., & Tuler, S. (2000) Fairness and competence in citizen participation:
Reflections from a case study. Administration and Society, 32, 56-595.

Wei, Z., L. Lui, & Yanchun, Z. (2008) Using fuzzy cognitive time maps for modeling
and evaluating trust dynamics in the virtual enterprises. Expert Systems with
Applications 35, 1583-1592.

West, E.J., Davis, A.R., Barnes, P.B., & Wright, J.T. (2009). The role of recreational
activities in creating fragments of invasive Caulerpa taxifolia. Journal of
Experimental Marine Biology and Ecology, 376, 17-25.

Wilde, G.,R., & Sawynok, W. (2009). Effect of hook removal on recapture rates of 27
species of angler-caught fish in Australia. Transactions of the American Fisheries
Society, 138, 692-697.

Wilderbuer, T.K., & Turnock, B.J. (2009). Sex-specific natural mortality of arrowtooth
flounder in Alaska: Implications of a skewed sex ratio on exploitation and
management. North American Journal of Fisheries Management, 29, 306-322.

Wilson, D.C., McCay, B.J. & Rowan J. (2002) Institutional differences among marine
fisheries scientists' views of their working conditions, discipline, and fisheries
management. Fisheries, 27, 14-24.

Wilson, D.C., Nielsen, J.R., Degnbol P. (Eds). (2003) The fisheries co-management
experience: Accomplishments, challenges, and prospects. Dordrecht: Kluwer
Academic.

Worm, B., Barbier, E.B., Beaumont, N., Dufty, J.E., Folke, C., Halpern, B.S., Jackson, J.,
Lotze, H., Micheli, F., Palumbi, S., Sala, E., Selkoe, K., Stachowicz, J., &
Watson, R. (2006) Impacts of biodiversity loss on ocean ecosystem services.
Science, 314, 787-760.

Wright, N., & Nerlich, B. (2006) Use of the deficit model in a shared culture of
argumentation: the case of foot and mouth science. Public Understanding of
Science. 15, 331-342.



129

Curriculum Vitae

Steven Allan Gray
2006-present Rutgers University, Graduate Program in Ecology and Evolution
2006 Texas State University, MS Geography and the Environment
2002 University of Texas at Austin, BA Anthropology

2008-present Rutgers University, Research Assistant, IMCS

2008-2009  Rutgers University, Teaching Assistant, Dept of Human Ecology
2008 NSF EAPSI Fellow, New South Wales DPI, Australia

2007-2009  NOAA NERR Social Science Fellow

2007-2008  Rutgers University, Research Assistant, Ecology and Evolution /GSE

2007 US EPA, NNEMS Fellow, Region 2 New York City, NY

2006 US EPA, Chemist, STEP Program Region 6 Houston, TX
2005-2006  Texas State University, Research Assistant, Dept of Geography
2005 US EPA, NNEMS Fellow, RIE National Lab. Las Vegas, NV

Peer-reviewed Publications:

Gray, S. Chan, A., Clark, D., and R.C. Jordan. Integrating stakeholder knowledge in social
ecological system decision-making: Benefits and limitations to knowledge diversity (in
review) Ecology and Society

Gray, S., R. Shwom, and R. C. Jordan. Understanding factors which influence
stakeholder trust of fisheries science and institutions (in review) Environmental
Management

Jordan, R.C., S. Gray, D. Howe, W. Brooks, and J. Ehrenfeld. Conservation education
and citizen science: using an invasive plant case study to highlight issues of
practice. (in review) Conservation Biology

Jordan, R.C., Gray, S., Hemlo-Silver, C.E., Honwad, S. Process-based thinking in
ecological science (in review) Ecological Applications

Hmelo-Silver, C.E., Lui, L. Gray, S., Jordan, R.C. Using representational tools to learn
about complex systems (in review) Journal of Research in Science Teaching

Gray, S., M. Ives, J. P. Scandol, and R.C. Jordan. 2010. Categorizing the risks in fisheries
management. Fisheries Management and Ecology. 17(3) xx-xx.

Gray, S. and R.C. Jordan. 2010. Ecosystem-based angling: incorporating recreational
Fishermen into ecosystem-based management. Human Dimensions of Wildlife.
15(4) xx-xXx.

Sinha, S., Gray, S., Hmelo-Silver, C.E., Jordan, R.C., Honwad, S. 2010, Appropriating
conceptual representations: A case of transfer among middle school science
teachers (in press) International Conference of Learning Sciences

Vattam, S., Goel, A., Rugaber, S., Hmelo-Silver, C., Jordan, R., Gray, S., Sinha, S., 2010
Understanding complex natural systems by articulating Structure-Behavior-
Function models. (in press), Educational Technology and Society.

Gray, S. 2010 Are robots and satellites the future of fisheries management? Fisheries.
35(1) 48.

Jordan, R.C., S. Gray, C. Hmelo-Silver, M. Demeter, and L. Lui. 2009. An assessment of



130

students' understanding of ecosystem concepts: Conflating ecological systems
and cycles. Applied Environmental Education and Communication. 8(1) 40-48.

Jordan, R.C., S. Gray, and R. Golan-Duncan. 2008. Teachers and scholarship: Self-
definition of teachers in the scientific enterprise. Education and Society, 26(3) 33-
44,

Gray, S., C.E. Hmelo-Silver, L. Liu, J. Jeong, and R. Schwartz. 2008.Learning with
ecosystem models: A tale of two classrooms. In G. Kanselaar, Jonker, V.,
Kirschner, P.,& Prins, F. (Eds.) Proceedings of the Eighth International
Conference for the Learning Sciences Vol. 1, pp. 289-296.

Book Contributions and Other Publications:

Gray, S. and L. L. Gray 2010. LEED Standards. Eds: J. G. Golson, P. Robbins, D.
Mulvaney. In Green Energy Considerations. Sage Publications.

Gray, S. Ives, M., Scandol, J., and Jordan, R 2009. Classifying the risk in fisheries
management in Australia and the U.S. Atlantic coast. In: Scandol JP, Ives MC
and Lockett MM Development of national guidelines to improve the application of
risk-based methods in the scope, implementation and interpretation of stock
assessments for data-poor species. Final report to the Fisheries Research &
Development Corporation for Project No. 2007/016. Industry & Investment NSW
Final Report Series No. 115. Cronulla Fisheries Research Centre of Excellence,
NSW, Australia pp 164-179.

Gray, S. 2009. William D. Ruckelshaus. Ed: George Cevasco. In The Modern American
Environmentalist. Johns Hopkins University Press. Baltimore MD. 448-452.

Gray, S., R.C. Jordan, and D. V. Howe. 2008. Oceanic Changes. The Encyclopedia of
Global Warming and Climate Change. Ed: S. George Philander. Sage
Publications.

Jordan, R.C., S. Gray and D.V. Howe. 2008. Atlantic Ocean. The Encyclopedia of Global
Warming and Climate Change. Ed: S. George Philander. Sage Publications.

Hmelo-Silver, C. R. C. Jordan, L. Lui, S. Gray, M. Demeter, S. Rugaber, S.Varrtam, and
Goel. 2008. Focusing on function: Thinking below the surface of complex natural
systems. Science Scope, 31: 27-35.

Jordan, R.C., S. Gray, M. Demeter, L. Lui, and C. Hmelo-Silver. 2008. Quick fix: Don’t
forget behavior in systems thinking! American Biology Teacher, 70: 329-330.



