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Abstract

The sustainability of Puget Sound is an important issue to resource managers, diverse interest groups, and the public.
Successful Puget Sound ecosystem management is facilitated by assessments of ecosystem health, public attitudes, and
effective diffusion of scientific results. This multidisciplinary proposal is attuned to the goal of improving Puget Sound
ecosystem health by linking activities across the College of the Environment while incorporating strong collaborations
with stakeholders outside of the University. This research focuses on a coupled social-ecological system by taking a
natural and human dimensions approach. Specifically, 1) the biological agenda concerns assessment of Puget Sound’s
health using the Pacific oyster as a water quality indicator, 2) the social agenda concerns assessment of attitudes and
perceptions of stakeholders regarding ecosystem health, and 3) the public engagement and outreach agenda concerns the
design of a strategy for affecting positive changes in attitudes and personal conduct. The significance of the research will
lie in an enhanced understanding of ecosystem health and the ability to engage the public to consider environmental
ramifications in decision making processes. Furthermore, the novel approaches along with the truly integrative
collaboration among biological and social sciences will lay the foundation for similar actitivies both regionally and
globally.

DESCRIPTION OF THE INVESTIGATION

It is increasingly evident that human activities both influence and are influenced by coastal ecosystems. In some instances
the problematic nature of these influences are obvious and in others they lay hidden. The local population significantly
contributes to the cumulative health of Puget Sound. The beauty and vastness of the system, which attracts people to the
area, also provides a false sense of security that the system can withstand the stressors such as the addition of toxins,
excess nutrients, and pharmaceuticals. This research proposal regards Puget Sound and its people as a prime exemplar of a
“social-ecological system” (SES) amenable to resilience analysis, adaptive resource management, and adaptive
governance (Beatley, 2009, Walker and Salt, 2006, and Walker et al., 2004). To improve management of Puget Sound
ecosystem health it is useful to have an understanding of the biological and ecological conditions of the Sound, and public
attitudes of Puget Sound health. These understandings can then be used to design a strategy to engage the public in a
manner that will ultimately transform behavior and support policy.

The specific questions to be addressed in the current proposal are:
I.  What does the Pacific oyster tell us about the health of Puget Sound?
II.  What are public attitudes towards, and perceptions of, the health of Puget Sound?
III.  How can we influence positive public behavior to improve ecosystem health in Puget Sound?

In order to address these questions an interdisciplinary natural and human dimensions approach (see, for example,
National Centers for Coastal Ocean Science, 2007) will be taken with groups from several entities within the College of
the Environment—the School of Aquatic and Fishery Sciences, the School of Forest Resources, and the School of Marine
Affairs—working together with stakeholders. The remainder of this section will describe specific methods that will be
used to answer these three research questions.

L. Assessing the Health of Puget Sound (Biological Component)

This section describes the Pacific oyster as an indicator of Puget Sound ecosystem health as well as discussing
methodologies for evaluating the biological condition of Pacific oysters at multiple field sites. The methods include (i)
gene expression analysis and (ii) epigenetic characterization.

The Pacific oyster is an exceptional environmental monitor as i) they are common; ii) widely distributed; iii) immobile
with high site fidelity; iv) reasonably resistant to contaminants; and v) continuously filter the water that they live in. These
characteristics, coupled with the economic prominence and genomic resources available for this species, will allow us to
characterize biological effects, identify environmental threats, and actively engage the public in the project. Two separate
genomic approaches will be taken to examine the biological condition of oysters at multiple field sites across Puget
Sound. Firstly, gene expression analysis on select genes will allow for the detection of threats organisms face in a
particular habitat. The second approach will examine the epigenetic effects associated with environmental condition.



Gene Expression Analysis: To elucidate physiological responses and identify environmental threats expression analysis
will be carried out on a suite of Pacific oyster genes responsive to a variety of ecological threats. The threats and
corresponding genes (in parentheses) include estrogenic-like compounds (vitellogenin), xenobiotics (CYP1A1), heavy
metals (metallothioneins), and hypoxia (hypoxia inducible factors). Samples (gill tissue) will be processed and analyzed
using quantitative RT-PCR as previously described (Roberts ef al., 2008).

DNA Methylation Analysis: Epigenetics refers to hereditable changes to physiological responses that are not reflected at
the nucleotide level, such as DNA methylation. DNA methylation is the addition of a methyl group to DNA (commonly a
cytosine), which inhibits gene transcription. Environmental conditions can non-specifically alter DNA methylation
patterns with severely detrimental effects (Crews and McLachlan, 2006). For example, in mammals, environmental
factors (e.g. BPA, toxins, diet) have been shown to alter reproductive physiology, promote tumors, and alter development,
all of which can persist through multiple generations. Our preliminary work has shown differential methylation patterns in
oysters exposed to toxic compounds (phenols) as well as variations across natural populations. To our knowledge, this is
the first examination of the epigenitic effects of water quality on any marine invertebrate. Here we propose to
characterize differences in DNA methylation patterns in Puget Sound.

11 Social Constructions of Puget Sound Ecosystem Health (Social Component)

This section describes a series of social science methodologies for the: (i) identification of the prevailing social
perspectives/constructions regarding the health of Puget Sound ecosystem, and (ii) assessment of the prevalence of those
constructions.

We note that a vital issue in environmental management and policy is the identification of how diverse stakeholders ‘think
about’ environmental issues. This is of central importance because until we know about what and how the public thinks
about the health of the Puget Sound, it is hard to judge what and whether policies will be socially and politically
acceptable, and therefore implementable. We argue that it is both normatively and politically imperative to know how
diverse stakeholders subjectively understand and construct their worlds around the health of the Puget Sound ecosystem.
Additionally, obvious economic ramifications of the Pacific oyster and marine management might play a role in shaping
public perceptions and acceptance of management and policy initiatives geared towards maintaining and/or improving the
health of the Puget Sound ecosystem.

Interviewing Methodology: Interviews will be conducted using semi-structured, open ended research interviews
(Anderson and Killenburg, 2009, Kvale, 1996, and Fontana and Frey, 1994) designed to identify key stakeholders from
whom we will gather perspectives about, and attitudes toward, the health of Puget Sound ecosystem.

The goal is to elicit prevailing social constructions for several stakeholder groups (fishermen, recreationists, natural
resource managers, the business community, etc.), and to see how these differ across stakeholder groups and research
sites. To give structure to those constructions, procedures will be implented collectively known as Q-methodology
(Devaney et al., 2009, Webler ef al., 2009, Brown, 2004, Adams and Proops, 2000, Stephenson, 1953). The basic steps of
Q-methodology relevant to this study are as follows:

Step 1: Determine objectives: Establish the relevant topic and sub-segment of the population.

Step 2: Use interview transcripts to create a concourse.

Step 3: Thematic analysis of the concourse and representative sampling of themes

Step 4: Design conditions of instruction and sorting procedures.

Step 5: Identify and recruit stakeholders to be Q participants

Step 6: Conduct Q sorts with stakeholders.

Step 7: Analyze the Q sort data using factor analysis techniques to arrive at social perspectives.

Step 8: Report findings (management and policy implications) and use social constructs as the basis for survey

instrumentation.

Questionnaire Development and Administration: The constructs emerging from Q-methodology will inform development
of psychometric scales (DeVellis, 2003, and Spector, 1992). These scales will be adminstered as a survey questionnaire
assessing the degree and prevalence of those constructs among stakeholders (Dillman et al., 2009). Questionnaires will
elicit relevant socio-demographic characteristics of participants, and the salience and prevalence of Q-identified constructs
within and across characteristic groups.



1. Improving Puget Sound Health (Public Engagement Component)

By utilizing the biological and social science data associated with the two section above, we will unite the research teams
to design and implement public engagement mechanisms aimed at promoting positive behavior towards managing the
health of the Puget Sound. The elicited constructs, and the salience and prevalence of those constructs across various
stakeholder and socio-demographic groups will also inform management and policy options.

We will embark on disseminating public engagement mechanisms, primarily via communication strategies (Corbett, 2006,
and Cox, 2006) using social norms and the psychology of persuasion (Golstein et al., 2008, and Cialdini, 2007). Public
engagement efforts will aim to influence desirable attitudes and behaviors towards efforts to manage for the health of the
Puget Sound ecosystem using the Pacific oyster as an indicator species (McKenzie-Mohr and Smith, 2006). This effort
will also assess management and policy compliance and the success of public engagement initiatives. That assessment
will involve comparative analyses between recipients and non-recipients of public engagement initiatives. For specific
examples of engagement strategies see “Anticipated Results” section below.

PROJECT PARTNERS

This multidisciplinary project will involve the expertise and assistance of individuals and entities apart from the principal
investigators and their students. At the pre-proposal stage we have been in conversation with several entities that are
excited about moving forward with the proposed project. These groups and others that we intend to incorporate into
project development and implementation include; Washington Sea Grant, Pacific Shellfish Institute, Puget Sound
Partnership, Pacific Coast Shellfish Growers Association, Association of Women in Science, Seattle Chapter, Girls in
Engineering, Math and Science (GEMS) Program; Washington State Parks, Washington State Department of Health:
Office of Shellfish and Water Protection, and Drayton Harbor Shellfish Protection District’s Citizens Advisory
Committee.

ANTICIPATED RESULTS

From a biological perspective, this project will provide valuable data on the health of the coastal ecosystem through the
complementary application of established biomarkers as well as novel investigations into epigenomic effects. This
information will aid resource managers, policy makers, and scientists in assessing remediation efforts, restoration
activities, and allow for informed predictions of risks associated with changes in habitat quality. These data will also be
immediately relevent for projecting the status of shellfish into the future. This will be one of the first times global DNA
methylation patterns have been used to assess environmental impacts on aquatic organisms, thus our experiences with this
approach will be of value to other researchers.

From a social perspective, we will have a comprehensive view of the social constructions regarding the health of Puget
Sound, which will in turn allow us to share our biological data effectively. The data we gain regarding perceptions of the
status of the Puget Sound ecosystems as well as the perceptions of the Pacific oyster will be valuable to other groups as
well. This would include non-profit organizations, regional aquaculture industry groups, other researchers, educators,
citizen advisory committees, and municipalities. We have been in conversation with several of these groups and will be
involving them in the development and implementation of a full proposal to insure for the most effective use of our
combined activities.

From a public engagement perspective, upon the completion of the current proposal we will have an improved protocol
for translating scientific information. A simplified example of how our human dimension component will influence
outreach is that if we find certain segments of the population that readily identify with the oyster — we would discuss the
health of ecosystem and direct, long-term effects on shellfish populations. Conversely, if another segment of the
population values shellfish (or aquatic organisms) to a lesser degree - increased effort will be placed in translating the
scientific findings in a value-attached manner. For instance, we could highlight similarities in biological process in oysters
and mammals, which would more likely influence perceptions. Not only will the information be tailored to a target
audience but we will also be able to optimize the format. Mechanisms for public engagement will include conventional
paper media, industry trade publications, social media, as well as direct education in the public school system. The
effectiveness of engagement will also be of value to our collaborators outside the University. These same collaborations
will likewise be important in offering direct access to specific contingencies.



Finally, and from an intellectual perspective, this research effort will contribute to the refinement of the social-ecological
system research paradigm within the College of the Environment. Ultimately, the true integration of biological and social
sciences within the University, in collaboration with a diverse group of stakeholders, will lay the foundation for the
success of research and education efforts in the new College.

TIMELINE

During the first half of year 1, laboratory assays and sampling procedures will be validated. Oyster sampling will occur
during the second half of year 1 and the first half of year 2 to best characterize any seasonal variation. Assessments of
public perceptions of the health Puget Sound will be carried out during year 1 primarily through interviews and small
meetings. During year 2, the social constructions will be identified, a survey of the prevalence of those constructions will
be conducted and data analyzed, and these information integrated into effective dissemination of scientific results. During
the last half of year two we will also meet with collaborators (e.g. industry organizations, non-profits, municipalities) to
share what we have discovered about social constructions.
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BUDGET

We are requesting $180,000 over 24 months to carry-out the objectives of the proposed project. This will partially support
three graduate students from three different schools and partial summer salary of respective faculty. Other costs include
supplies and reagents for field sampling, laboratory analysis, and generation of outreach materials.
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