Stakeholder perspectives on the roles of science and citizen science in Chesapeake Bay

environmental management

Suzanne E. Webster®® and William C. Dennison?

2 Integration and Application Network, University of Maryland Center for Environmental Science,
425 Fourth Street, Annapolis, MD, 21401, United States (sspitzer@umces.edu,

dennison@umces.edu)

® Maryland Sea Grant, University of Maryland Center for Environmental Science, 5825

University Research Court Suite 1350, College Park, MD, 20740, United States

Corresponding author: Suzanne (Spitzer) Webster, sspitzer@umces.edu, (630) 877-0324


mailto:sspitzer@umces.edu
mailto:dennison@umces.edu
mailto:sspitzer@umces.edu

Abstract

An extensive ecosystem restoration effort for Chesapeake Bay, launched in 1983, has more
recently (2015) initiated a program to integrate volunteer monitoring into the overall monitoring
program. We sought to understand Chesapeake Bay environmental stakeholders’ perspectives
about citizen science. Specifically, we explored stakeholders’ perspectives on a) the roles of
both science and citizen science in Bay management, and b) the level of influence that various
stakeholder groups currently and ideally should have in Bay decision making processes. We
employed a watershed-wide survey of over 350 Chesapeake Bay environmental stakeholders,
including managers, scientists, educators, waterkeepers, and citizen scientists. Survey
respondents felt that they should have more influence in environmental management decisions,
but the degree of desired influence varied among stakeholder groups. Stakeholders broadly
agreed that professional scientists should influence public policy, and that citizen scientists
should influence policy to a lesser degree. Chesapeake environmental stakeholders had mixed
perspectives on the utility of citizen science for Chesapeake environmental research and
management, despite the clear potential that citizen science has in the Chesapeake Bay area.
But it was recognized that citizen scientists can play an important role in protecting
Chesapeake Bay, in that they can serve as advocates for change, help fill data gaps, and
engage more community members. We provide evidence in support of expanded stakeholder
engagement in Chesapeake Bay environmental research and decision making. Citizen science
appears to be a promising new frontier that could help Chesapeake science and management

develop more inclusive decision-making processes.
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Introduction

Chesapeake Bay science and management are coupled tightly and have evolved
substantially over the past hundred years. For simplicity, we have characterized Chesapeake
science and management into four phases. The first phase of Estuarine Science was initiated in
1925 with the establishment of the Chesapeake Biological Laboratory in Solomons, Maryland.
The basic physics, chemistry, geology and biology of estuaries was investigated with
interdisciplinary research during this Estuarine Science phase. The next phase was initiated in
1972 after Tropical Storm Agnes caused the highest recorded freshwater flows into Chesapeake
Bay (Davis 1977; Boesch and Goldman 2009). The realization that water quality degradation
was affecting the Bay was brought into clear focus, stimulating the Eutrophication Science
phase (Orth and Moore 1983). The United States Environmental Protection Agency, empowered
by the passage of the Clean Water Act in 1972, funded a large multi-disciplinary study to discern
the causes of Chesapeake Bay degradation (Costanza and Greer 1995).

In 1983, a regional partnership program known as the Chesapeake Bay Program was
created, which led to the Integrated Monitoring and Modeling Science phase (Hood et al. 2021).
A large physical model of Chesapeake Bay was built to investigate circulation patterns, along
with a computational model of the watershed to better understand nutrient pollution sources
(Trombley 2017). A coordinated, long-term monitoring program was established, and tracking
Bay water quality and other features became possible (Hood et al. 2021). In 2010, the Total

Maximum Daily Load (TMDL), also known as the “nutrient diet,” was established. The TMDL



provided a regulatory framework to replace the voluntary approach that had not been achieving
the desired results (Shenk and Linker 2013), and each jurisdiction enacted Water Quality
Improvement Plans to outline their restoration strategy for meeting the newly-mandated nutrient
reductions. The Citizen Science phase was initiated with the realization that the monitoring
results were not sufficient in spatial and temporal scales to detect the efficacy of management
actions taken in response to the TMDL. This stimulated the establishment of the Chesapeake

Monitoring Cooperative in 2015 (Webster et al. 2021).
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Fig. 1 The evolution of Chesapeake Bay science, broken down into four phases beginning in
1925. These phases represent a shift from studying to solving environmental problems as well
as a shift from interdisciplinary science to multidisciplinary science and transdisciplinary science.

There are several features of the Chesapeake Bay region that promote an engaged
citizenry (Tillman 2009). The geography of the Chesapeake Bay watershed, with a myriad of
dendritic streams and rivers, allows ready access to a waterway that is ultimately connected to
the Bay (Oxnam and Williams 2001). In addition, the Bay and its tributaries have over 12,900
km (8,000 mi) of shoreline (Boesch and Goldman 2009). These features of the watershed and
shoreline means that people in the Chesapeake Bay region are geographically connected to

the Bay. Another feature of the Chesapeake Bay watershed that promotes citizens’ connection



with the landscape is the high biological productivity of the watershed and the Bay. The
watershed includes highly fertile soils that support productive agriculture, and the Bay is highly
productive in terms of fish and shellfish production (Roman et al. 2005; Houde 2011). This
productivity has supported people in the Chesapeake Bay region for thousands of years.

The Chesapeake Bay watershed includes the Appalachian mountains, a ridge and
valley system, a piedmont region of soils eroded from the mountains, and a coastal plain of low
lying soils adjacent to Chesapeake Bay (Gillelan et al. 1983). This diversity of landforms is
characteristic of a watershed that spans different physiographic regimes. These different
landforms have promoted a diversity of traditional cultural groups in the region, which include
people living in the Appalachian Mountains, farmers in the valleys and coastal plain, fishers
along the Chesapeake Bay shoreline and on islands in the Bay, and traders who use the
waterways for commerce. These cultural groups have remained relatively intact since
European settlement and the resulting cultural diversity gives rise to different motivations and
capabilities of citizen scientists in the region.

The Chesapeake Bay Program, launched in 1983, initially focused on integrated
monitoring within the Bay. This monitoring program was eventually expanded into the
watershed (Ator et al. 2020; Moyer and Langland 2020). In spite of this extensive and
sustained monitoring effort, the spatial resolution and sampling frequency of the monitoring
program can only detect long-term changes over large areas. This is one of the key factors why
the Chesapeake Bay Program has embraced the establishment of citizen science monitoring.

Citizen science refers to research collaborations between scientists and volunteers,
who work together to collect scientific data and answer real-world, locally-relevant questions
(Dickinson et al. 2012; Aceves-Bueno et al. 2015). Also known as volunteer monitoring, this
movement to include volunteers in environmental research has expanded around the world
over the last three decades (Whitelaw et al. 2003; Conrad and Hilchey 2011). In the

Chesapeake Bay, scientists and environmental managers have started to explore citizen



science as an option for augmenting the temporal and spatial sampling intensity of the
Chesapeake Bay Program’s formally-established monitoring program. More localized sampling
intensity would provide more responsive feedback on various management actions (Zhang et
al. 2018). Another factor contributing to the rise of citizen science in the Chesapeake Bay
region is the growing awareness of the social and economic inequities amongst the watershed
residents. In order to understand and address the environmental justice issues associated with
disadvantaged communities, citizen science programs can help detect inequities and empower
citizens to act on this information.

Chesapeake Bay watershed residents have participated in volunteer environmental
monitoring efforts for decades (Rubin et al. 2017). Various volunteer monitoring programs exist
across the watershed, and have traditionally operated independently of one another, each with
its own project scope, research goals, and scientific processes. In the Chesapeake Bay region,
volunteer-collected data has historically been underused in management and policy-making
contexts due to challenges such as low data comparability between monitoring programs,
inadequate quality assurance, and potentially a misunderstanding or bias against citizen
science on the part of Chesapeake Bay scientists, managers, and decision makers. In 2015, the
Chesapeake Bay Program established a new coordinated effort called the Chesapeake
Monitoring Cooperative in order to address some of these challenges (Chesapeake Bay
Program 2018) and make citizen science data more broadly usable. Despite this progress, there
are other challenges that need to be addressed in order for citizen science to reach its full
potential in the Chesapeake Bay region.

In the present study, we explored Chesapeake Bay environmental stakeholders’
perceptions of how power currently is and ideally ought to be distributed across the
socio-political landscape of Chesapeake Bay environmental science and management. We
surveyed members of the Chesapeake Bay environmental community to investigate

stakeholders’ level of familiarity and overall perspectives of the entities of science,



management, and citizen science in the Chesapeake Bay region. One objective of this analysis
was to gain insight into stakeholders’ characterization and delineation of these overlapping
concepts. We also asked Chesapeake Bay environmental stakeholders to share their
perceptions on the role of science and stakeholder engagement in the management of the Bay.
This analysis provided deeper understanding of stakeholders’ valuation of science and
scientists, as well as their feelings of empowerment or disempowerment in science and
management discourse. Finally, we synthesized stakeholders’ perspectives of the value of
citizen science and the role of citizen scientists in both environmental science and management.
Our results provided evidence that encourages continued and expanded stakeholder
engagement in Chesapeake Bay environmental research and decision making. We also laid out
several recommendations for how the broader Chesapeake Bay environmental community can
leverage participatory research to empower non-scientists to contribute to future scientific

knowledge production and Chesapeake Bay environmental discourse.

Methods

We developed a survey to explore environmental stakeholders’ perspectives on
environmental science, management, and citizen science within the Chesapeake Bay
watershed. We provided definitions of key terms used throughout the survey (Figure 2). The
term ‘environmental stakeholder’ was used to refer to people who 1) have an interest in or a
concern for the environment, 2) are impacted by decisions or changes that affect the
environment, and/or 3) are influential in making such decisions or changes. Each respondent
was asked to consider their own role as an environmental stakeholder, and self-categorize
themselves as a member of one of nine listed stakeholder groups. These groups included 1)

program managers, 2) environmental managers, 3) scientists within academia, 4) scientists



outside of academia, 5) environmental educators, 6) volunteer monitors and citizen scientists,
7) policy makers, 8) environmental consultants, and 9) Waterkeepers and volunteer
coordinators. Respondents were also given the option to indicate that they did not identify as a
member of any of the listed stakeholder groups and provide a description of their role. In these
cases, respondents were assigned to a listed stakeholder group if their description clearly fit
into one of the roles. For example, respondents who described themselves as a “scientist
within the federal government” and a “private sector social scientist” were both labeled as
“Scientists outside of academia.” In cases where stakeholders’ descriptions did not clearly
match with one of the listed roles, such as “Military officer” or “Land use attorney,” the

responses were labeled as “Other.”

Environmental stakeholder

Someone who 1) has an interest in or a concern for the environment,
2) is impacted by decisions or changes that affect the environment,
and/or 3) is influential in making such decisions or changes

Environmental science

The study of Earth's environments and how humans interact with
the environment

Environmental management
Making decisions and taking actions that influence how

environmental resources are used, protected, modified, and valued

Citizen science

Research partnerships between scientists and volunteers that
provide opportunities for community members to contribute to
scientific research and access scientific information

Fig. 2 Definitions for key terms that were used throughout the survey. Respondents were given
these definitions before they were asked to provide their perspectives.

Respondents were asked a series of Likert-scale (multiple choice) and sliding scale
questions, and were permitted to skip questions throughout the survey if they felt
uncomfortable answering a particular survey item or were unable to provide answers for any
reason. To start, stakeholders indicated their level of familiarity with various concepts and

processes related to Bay research and management. A Likert scale ranging from 1 to 5 was



provided for these questions (1=Not at all familiar, 2=Slightly familiar, 3=Moderately familiar,
4=Very familiar, 5=Extremely familiar). Respondents were also asked questions about the
relationships between Chesapeake Bay science, management, and citizen science, as well as
the roles of various stakeholder groups in these contexts. A Likert scale ranging from 1 to 4
was provided for these questions (1=Not at all, 2=Very little, 3=Somewhat, 4=To a great
extent). For these questions, stakeholders were also given the option to select “I do not know”
from the list of response choices. This option was provided in order to minimize low quality data
resulting from forced responses. Additionally, the survey requested that stakeholders share
their perspectives on how much influence various stakeholder groups— including their own—
currently and ideally should have on Chesapeake Bay science and management. A sliding
scale ranging from 0 to 100 was provided for these questions (0=No influence, 100=Very high
influence). We indicated to respondents that for the purpose of this study, signs of having
influence, or power, include having control over environmentally-focused policy making,
research priorities, funding decisions, or conversations.

To analyze the quantitative data, we first removed all returned surveys that were less
than 50% complete. A mean response and corresponding standard deviation was then
calculated for each Likert scale and sliding scale question, using all available responses. In
cases when respondents selected “I do not know,” their answers were excluded from aggregate
calculations of the mean response and treated as missing data for statistical analyses that
required paired responses. Finally, we conducted two-tailed paired t-tests to determine whether
or not the difference between the mean responses of two related questions was statistically
significant. For example, related questions were those that compared stakeholders’ current and
ideal levels of influence or the ideal level of influence for two distinct stakeholder groups. The
sample sizes for all t-tests were equal to the number of respondents who answered both of the
questions under comparison for each individual test. For t-tests that were missing more than

5% of the total possible paired responses (n<353), we concluded that the missing-ness



appeared to be approximately equally distributed across stakeholder groups and so
randomness was assumed.

The survey also contained several free response questions. Respondents were asked
to share three words that came to mind when they thought about Chesapeake Bay research,
management, and citizen science, sequentially. We compiled all survey responses into a single
list for each of the three key terms. We then standardized similar words that were used by
multiple respondents to create clean lists of the most-shared words. For example, all usages of
the words ‘volunteers’ and ‘volunteering’ were changed to match the frequently-used root word,
‘volunteer.” We did not alter conceptually-similar terms such as ‘volunteer’ and
‘non-professionals,” nor did we combine terms with overlapping words, such as ‘water’ and
‘water quality.” The website WordItOut was used to create a word cloud for each key term,
using the 20 most-used words from each of the three lists of survey responses. Finally,
respondents were encouraged to provide additional comments at the end of each grouping of
Likert-scale survey items. All written responses were analyzed using qualitative data analysis
techniques, which involved inductively sorting free response text from each question into
emergent themes in a spreadsheet and then coding the text fragments to identify core ideas
that were shared by many respondents and representative quotes.

The web-administered survey was distributed to approximately 800 individuals via
email, from July 31 to September 9, 2020. To develop the list of potential respondents, we
began with our list of nine stakeholder roles. For each stakeholder role, we created a list of
organizations across the watershed where individuals within that particular stakeholder group
might be employed or otherwise affiliated. For example, to target volunteer coordinators, we
compiled a list of volunteer monitoring organizations, waterkeeper associations, and
environmental outreach programs that varied in scale and geographic location. To target policy
makers, we compiled a list of city, county, and state-level political organizations, as well as

various multi-jurisdictional legislative groups, such as the Chesapeake Bay Commission. We



then contacted a sample of individuals who were listed on each organizations’ staff webpages,
using publicly-available email addresses. We supplemented these initial lists with names and
email addresses sourced from contact sheets that are provided to attendees at regional
conferences, particularly those that draw diverse stakeholder participation, such as the
Chesapeake Watershed Forum. Furthermore, we also contacted individuals listed as board
members of regional environmental organizations, members of various
environmentally-focused advisory committees, and a selection of other organizations.
Throughout the whole process, our aim was to be as inclusive as possible and ultimately

contact a representative sample of all Chesapeake Bay environmental stakeholders.

Results

Demographics

We received a total of 381 questionnaire responses from Chesapeake Bay
environmental stakeholders. We chose to exclude responses that were less than 50%
complete, resulting in 372 qualifying responses. From this number, we calculate that our overall
questionnaire response rate was approximately 46.5%, with 96% of returned questionnaires
completed in full. Respondents represented at least 190 organizations from across the
watershed (Appendix 1), ranging in scale from regional environmental committees to state-level
governments to hyper-local community organizations. Respondents held a wide diversity of
environmental stakeholder roles, including scientists, policy makers, program managers,
volunteer monitors, waterkeepers, consultants, educators, managers, and other roles that were
not pre-defined on our questionnaire, such as funders, non-profit directors, policy advisors, and
environmental lawyers (Table 1). Collectively, respondents indicated that they spent the

majority of their time on activities related to program management, outreach, education, and
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scientific research. Finally, the environmental stakeholders also had a large array of career

experience in their stakeholder roles, ranging from early-career professionals with only a few

months of experience in their current positions, to individuals who have worked in the same

role for over 45 years.

Respondent characteristic

Number of responses

Percentage of
study respondents

Stakeholder role
Program manager
Environmental manager
Scientist outside of academia
Scientist within academia
Environmental educator
Volunteer monitor or citizen scientist
Policy maker
Environmental consultant
Waterkeeper or volunteer coordinator
Other

Years in current stakeholder role
<2
2t05
6to 10
1110 15
16 to 20
2110 30
311040
> 40
No response
Total

89
44
40
39
35
25
25
20
16
39

44
130
71
44
28
27
13
7

8
372

23.9
11.8
10.8
10.5
9.4
6.7
6.7
54
4.3
10.5

11.8
34.9
19.1
11.8
7.5
7.3
3.5
1.9
2.2
100.0

Table 1. Respondent demographics by their self-described stakeholder roles and the number

of years in their current role.

Familiarity
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We asked respondents to describe Chesapeake Bay science, management, and citizen
science, and then reflect on their own level of familiarity with each of the three concepts.
Participants’ responses provided support for our hypothesis that Chesapeake Bay
environmental stakeholders share a rather sophisticated understanding of Bay science and
management (Figure 3). As an aggregate group, stakeholders claimed a moderately high level
of familiarity with the processes involved in researching the Bay (Figure 3D), emphasizing Bay
science’s focus on water quality and monitoring for the purpose of research, as well as the
importance of ecology, models, and nutrients (Figure 3A). Stakeholders claimed a slightly
higher level of familiarity with the processes involved in managing the Bay and the same level
of familiarity with the role that environmental science plays in Chesapeake Bay management
(Figure 3D). Their descriptions of Bay management drew attention to the emphasis that
management places on protection, regulation, and conservation, and stakeholders once again
mentioned the importance of water quality, but this time for the purpose of restoration and
policy (Figure 3B).

When describing citizen science, stakeholders again emphasized the importance of
monitoring, but this time with a distinct focus on community, engagement, and education
(Figure 3C). Stakeholders also called attention to the fact that citizen science involves
volunteers, differentiating it from both science and management. Interestingly, despite the fact
that 66% of respondents indicated that they had participated in a Chesapeake Bay citizen
science effort within the last five years, environmental stakeholders had somewhat lower levels
of familiarity with citizen science efforts in the Bay (Figure 3D). Compared to their level of
familiarity with the role of traditional science in environmental management, stakeholders were
significantly less familiar with the role that citizen science plays in managing the Chesapeake

Bay (p<0.0001)(Figure 3D).
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What do you think of when you hear the phrase “Chesapeake Bay ?”
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Fig. 3 Word clouds provide a visual representation of stakeholders’ conceptualization of
Chesapeake Bay environmental science (A), management (B), and citizen science (C). Each
word cloud shows the 20 words or phrases that were most frequently listed by stakeholders in
response to the corresponding survey question. Words in larger and lighter-colored text were
listed the most frequently; smaller and darker-colored words were listed less often. The
numeric ranges provided at the bottom of the word clouds represent the number of
respondents that listed the most often-used and least often-used words shown on each cloud.
Respondents’ mean self-reported level of familiarity with various processes associated with
researching and managing the Bay is specified (D)(n=371). Standard deviations ranged from
0.9 to 1.1. Most stakeholders reported that they were either ‘moderately’ or ‘very’ familiar with
the role that traditional science plays in management, but significantly less familiar with the role
of citizen science (t-test; p< 0.0001).

Perspectives on the role of science and scientists in Bay management

We found that stakeholders were generally enthusiastic about the utility and power of
Chesapeake Bay science in the context of environmental management. In fact, an
overwhelming 91% of respondents said that public policies should be based on the best

available science “to a great extent.” Although stakeholders largely agreed that scientific
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research should play some role in environmental policy and management, stakeholders shared
varying perspectives regarding the degree to which science (and scientists) should ultimately
be able to influence policy decisions. Many respondents argued in their written responses that
science should be “front and center” and dictate management decisions, and likewise specified
that scientists should have the “primary voice” in policy development, with the power to vet all
management decisions before their implementation. On the opposite side of the spectrum,
other respondents believed that “scientists should focus on their research” rather than become
directly involved in management processes, and shared a number of concerns over
emphasizing science when making management decisions. For example, some respondents
argued that the utility, novelty, and even the credibility of scientific research is limited because
the scientific community follows funding priorities that are influenced by politics. Respondents
professed that this dependence on funding can lead to an “outsized influence” of certain types
of research, such as computer modeling, and can cast doubt upon scientists’ ability to be
“objective” in their research and resulting management recommendations.

The majority of respondents, however, fell in the middle of these two extremes, saying
that “science should guide public policy, not dictate it” and that scientists, like other stakeholder
groups, should have a specific role and accompanying responsibilities associated with Bay
management. Many respondents specified that scientists should serve as subject matter
experts for politicians. One respondent explained this division of labor, saying “Scientists are
there to tell us the closest thing there is to absolute truth, and policymakers are there to decide
what to do with that information.” Other stakeholders believed that scientists should not be
restricted to the role of information providers and “nonpartisan observers of the decline of the
Chesapeake Bay.” Instead, some stakeholders argued that scientists should be encouraged to
“speak up” and advocate for Bay protection, perhaps by serving as members of a
government-mandated scientific committee that is consulted about policy involving the Bay.

Finally, one of the most often-shared perspectives about the role of scientists in management
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was that “Scientists should have as much influence as anyone else at the table;” therefore,
while science should inform policy, “Final decisions should be part of the democratic
representative system.”

Many respondents noted that scientists have a key responsibility to effectively
communicate their findings to managers, policy makers, and the public. Most stakeholders
agreed that management decisions should take science into account to some degree;
therefore, it follows that scientists should keep policy makers and managers informed on the
latest Bay science in order to enable timely and evidence-based management decisions.
Through communicating about their research, scientists play a crucial role in closing the gap
between research and management by minimizing the “disconnect between current scientific
understanding and how fast that science is incorporated into management and policy
decisions.” Furthermore, respondents indicated that scientists should also share their science
with broader audiences, specifically Bay communities affected by environmental management
decisions. Respondents suggested that in order to do this effectively, scientists must heed the
pithy advice of marine conservationist Jacques Cousteau and remember that "People protect
what they love". Therefore, scientists should work to “shape stories that people can connect
with” and communicate the relevance and importance of their work in a way that respects
community values and motivates people to do their part in supporting environmental decisions

that help the Bay.

Perspectives on stakeholders participation in Bay management

Respondents expressed strong support in favor of increasing the degree to which
stakeholders and stakeholder perspectives are included in Chesapeake Bay management
decisions. Most stakeholders shared the belief that Bay management currently somewhat takes
into account a wide diversity of stakeholders’ concerns; however, as an aggregate group,

respondents said that stakeholder perspectives should ideally be considered to a significantly
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greater extent than they are now (p<0.0001) (Figure 4). Indeed, in their written responses,
many individuals expressed feelings of frustration or resignation at the current state of
stakeholder involvement in Bay management. One respondent wrote, “Stakeholders are often
asked to participate in conversations, some of which involve a lot of time and effort, but my
experience has been that most of the suggestions, ideas, and information presented during
those dialogues doesn't find its way into policy”. Respondents also noted that incorporating a
greater diversity of people into the environmental management community “would improve
management discussions and plans as more perspectives and lived experiences would be
brought to the table” and result in environmental policies that have “equitable and truly resilient

outcomes,” as well as increased public acceptance.

To what extent do Chesapeake Bay management decisions
take into account a wide diversity of stakeholders’ concerns?

3007 p<0.0001
n=339 matched pairs
‘.g 4
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& 1004
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Not at all Very little Somewhat To a great
extent
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mean=3.0 (0.6); n=341 mean=3.7 (0.5); n=366

Fig. 4 Respondents indicated that they would like to see diverse stakeholder concerns be
taken into account to a significantly greater extent than they are currently, when making
management decisions (t-test; p<0.0001). The mean responses for each question, along with
corresponding standard deviation in parentheses, are reported in the figure legend.

Respondents were also asked to reflect on their own involvement in Bay management.
Specifically, respondents were asked to quantify the level of influence that they, as well as

others with the same stakeholder role, currently have in Bay management. They were also
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asked to identify how much influence they should have, ideally. Across the board, within every
stakeholder group, respondents perceived that they should be significantly more influential in

Bay management, by an average of 19.2 points on a scale of 100 (p<0.0001) (Figure 5).
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Fig. 5 There was a statistically significant difference in respondents’ current and ideal levels of
influence in Chesapeake Bay management (t-test; p<0.0001). Dots depict the level of influence
that stakeholders believed they and others who share their stakeholder role currently (x-axis)
and ideally (y-axis) have in Bay management. All dots above and to the left of the diagonal line
represent respondents who think they should have more influence than they currently do.
Darker-colored dots indicate multiple overlapping responses. The mean response for each
variable is reported in red text, along with the corresponding standard deviation in parentheses.
The mean difference between stakeholders’ current and ideal level of influence was 19.2 on a
scale of 100, meaning that stakeholders would like to see a 49.0% increase in their amount of
influence in Chesapeake Bay management.

Although these feelings of disempowerment were evident across all respondents as an
aggregate group, there were some compelling differences between stakeholder groups (Table
2). For example, we found that scientists within academia and waterkeepers or volunteer

coordinators experienced the highest degrees of disempowerment, meaning that these
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stakeholders perceived the greatest mean difference between their ideal and current levels of

influence (p<0.0001 and p=0.0027, respectively). Environmental managers and policy makers

perceived the smallest mean difference between their ideal and current levels of influence, and

also reported the highest levels of current influence out of all the stakeholder groups. This

suggests that while these stakeholders believe that they should have more influence than they

do, they feel the most empowered of all the listed stakeholder groups. Finally, through their

written responses, many respondents also drew attention to other stakeholder groups that they

believed have a lot of potential to contribute towards environmental management but are

currently unempowered or undervalued, including environmental educators and members of

the business community.

Stakeholder role Current Ideal Difference 95% T-test

influence influence between ideal Confidence p-value

and current  limit for the
influence difference

Scientist within academia 34.4 (23.7) 60.7 (23.4) 264 (179) 20.2-32.5 <0.0001
(n=35)
Waterkeeper or volunteer 33.9 (24.8) 57.5(28.4) 23.6 (22.6) 9.9-37.3 0.0027
coordinator (n=13)
Environmental consultant 38.4 (24.1) 61.7 (22.9) 23.3 (23.5) 12.3-34.3 0.0003
(n=20)
Program manager (n=78) 42.2 (26.2) 62.9 (22.3) 20.6 (20.0) 16.1-25.1 <0.0001
Scientist outside of academia 42.0 (27.2) 60.3 (21.6) 18.3 (25.9) 9.4-27.2 0.0002
(n=35)
Environmental educator (n=29) 34.5 (25.1) 51.6(25.3) 17.1 (18.2) 10.2-24.1 <0.0001
Volunteer monitor or citizen 20.4 (21.0) 35.9 (23.5) 15.5 (16.2) 8.3-22.7 0.0002
scientist (n=22)
Policy maker (n=24) 47.0 (31.8) 61.8 (28.1) 14.8 (22.7) 5.2-24.4 0.0040
Environmental manager (n=41) 49.8 (25.5) 61.5(23.7) 11.7 (16.9) 6.4-17.0 <0.0001
Other (n=34) 34.5(23.8) 55.6 (25.9) 22.0 (21.3) 14.5-29.5 <0.0001
All respondents (n=330) 39.2 (26.3) 58.4 (24.6) 19.2 (20.6) 17.0-21.5 <0.0001
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Table 2. Stakeholder reflections on their own level of influence in environmental management,
broken out by stakeholder role. Using a scale of 0 to 100, stakeholders were asked to indicate
the degree of influence that they, along with others with their stakeholder role, currently have
and should ideally have in Chesapeake Bay management. Mean responses are reported, along
with corresponding standard deviations in parentheses. The variable n represents the number
of responses included in the paired t-test.

Interestingly, many respondents suggested in their written responses that the integration
of people and ideas into environmental management should be facilitated, or even
spearheaded by scientists, perhaps partly due to their above-average current levels of
influence. Respondents indicated that they would like to see environmental scientists directly
reaching out to elevate and empower other stakeholder groups, especially local communities.
Specifically, stakeholders suggested that scientists should take the initiative to “coordinate with
a broad spectrum of stakeholders to help identify knowledge gaps and the most important
questions,” and be actively engaged in understanding others’ perspectives. Repeatedly,
respondents stated that effective environmental management should pair environmental
science alongside local and cultural knowledge, community-based participatory research, and

approaches from other disciplines, such as socio-economics and behavioral science.

Perspectives on citizen science

Following up on our questions about the influence of science, scientists, and other
environmental stakeholders in Bay management, we were interested in understanding
stakeholders’ perspectives on Chesapeake Bay citizen science, as a potential avenue for
interested members of the public to contribute to the science and ultimately the management of
the Bay. As an aggregate, respondents said that citizen scientists and volunteer monitors
‘somewhat’ increase scientific understanding of the Bay, with an average score of 3.1 points on
a scale of 4 (n=365). Stakeholders’ responses to various survey questions revealed that as an

aggregate, the Chesapeake Bay environmental community believed that .
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In both their written and multiple-choice responses, stakeholders as an aggregate group
agreed that citizen scientists should have some influence in both Bay science and
management; however, stakeholders shared diverse perspectives about the specific role and
level of influence that volunteers ought to have in scientific research. For example,
stakeholders had differences in opinion about the overall utility of citizen science with respect to
Chesapeake Bay environmental science. Some stakeholders suggested that while citizen
science augments other scientific research efforts in the watershed, it is currently underutilized,
in part due to the fact that other environmental stakeholders — especially professional scientists
— lack trust for volunteers or have personal biases against their contributions. Other
stakeholders’ responses confirmed these suspicions. These stakeholders argued that citizen
science should only be used in situations where professionals are unable to conduct the study
themselves, and that citizen scientists’ role should be strictly limited to data collection for the
purpose of supporting professional scientists’ research. Some stakeholders held a more
absolute view, arguing that science should be strictly reserved for professionals because they
have “spent years in school to adequately learn how to sample,” and therefore have the
authority over that line of work. One responder hinted at this territoriality and competitive
mentality, commenting that “there is nothing more frustrating than investing time, research, and
money into a profession and then having volunteers squeeze you out because they do what
you could do for free”.

Furthermore, some respondents expressed concern about the quality of
volunteer-collected data, saying that volunteers’ contributions “should not be valued as much
as research conducted by scientists who stick to protocols.” Other stakeholders opposed this
view and argued that “Science is science” and therefore, assuming volunteers are trained,
“there is no reason their data is different from those collected by someone with a formal science
education.” Finally, stakeholders also shared different perspectives about the impact that citizen

science has had, or could have, on Bay science. For example, some respondents were
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concerned that volunteers might “use science as a political weapon” and generate flawed data
to support their own agendas, which “could potentially undermine the objectivity and legitimacy”
of not only their research, but the institution of science. On the opposite end of the spectrum,
other stakeholders perceived that citizen scientists are undervalued and have already
increased the capacity of the scientific community by expanding data collection efforts across
the watershed. These respondents recognized citizen scientists’ contributions, saying that
“Most of the current scientific research on the Bay would not have been possible without
countless hours of volunteer effort.”

Perhaps unsurprisingly, stakeholders as an aggregate believed that citizen scientists
should have a significantly lower level of influence in environmental science than their
professional counterparts, with a mean difference of 38.1 out of 100 (p<0.0001) (Figure 6).
Respondents’ assessments of how much influence volunteers should ideally have in
Chesapeake Bay environmental science echoed the wide diversity of perspectives that were
shared in the free response questions. While the majority of stakeholders agreed that
professional scientists should have high levels of influence in environmental science,
stakeholders expressed a notably larger range of perspectives about the ideal role of citizen
scientists in environmental science, with responses ranging all the way from 0 to 100 and a

centralized median of 50.
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Fig. 6 The level of influence that citizen scientists and professional scientists should have in
Chesapeake Bay science (top) and management (bottom), according to the broader
stakeholder community. Mean responses are reported in the legend, along with corresponding
standard deviations in parentheses.

On average, stakeholders assessed that citizen scientists should ideally have even less
influence in environmental management than they should have in science (p<0.0001, n=353),
though responses again ranged across the board (Figure 6). Respondents also agreed that
volunteers should have a comparatively lower level of influence in management than
professional scientists (p<0.0001), with a mean difference of 29.9 out of 100 between the two
stakeholder groups. Regardless of stakeholders’ perspectives on the relative influence of

volunteer and professional scientists in environmental management, respondents as an
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aggregate group indicated that citizen scientists should ideally be able to influence
management decisions to a greater extent than they are able to currently, with a mean
difference of 0.8 on a scale of 4 (p<0.0001, n=313).

When asked to indicate to what extent various stakeholder groups should be able to
influence Chesapeake Bay environmental management decisions and public policy,
respondents indicated that citizen scientists should have the least amount of influence (Figure
7). Perhaps unsurprisingly, stakeholders as an aggregate group again indicated that citizen
scientists should have significantly less influence than professional scientists (p<0.0001), as
well as less influence than members of respondents’ own stakeholder groups (p<0.0001).
Stakeholders also indicated that citizen scientists should be able to influence public policy and
management decisions to a lesser extent than individuals who are not formally-trained
environmental professionals (p<0.0001, n=351). It is especially noteworthy that the degree of
influence deemed as appropriate for an unspecified, untrained stakeholder was significantly
higher than the influence granted to citizen scientists, who are very often highly trained to
participate in specific research activities. This particular discrepancy suggests a bias against

citizen science, generally, or the volunteers who participate in these efforts.

To what extent do you believe that should be able to influence public policy
and management decisions relating to environmental issues in the Chesapeake Bay?

Professional environmental scientists
(n=369)

You and others in a stakeholder role
similar to your own (n=359)

3.3 I

People who are not formally-trained 31 |

environmental professionals (n=367) p<0.0001
n=351
matched
Citizen scientists and volunteer monitors 9 pairs
(n=356) =
o 100 200 300 400
Number of respondents
M 4 - To a great extent I 3 - Somewhat 2 - Very little M 1-Notatall
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Fig. 7 The relative extent to which various stakeholder groups should be able to influence
environmental policy and management decisions. Mean responses are reported on the graph,
and corresponding standard deviations ranged from 0.5 to 0.7. Stakeholders as an aggregate
group perceived that scientists should have the highest levels of interest, even compared to
members of their own stakeholder group. Also notably, Stakeholders indicated that people who
are not formally trained environmental professionals should be able to influence policy and
management to a significantly greater extent than citizen scientists (t-test; p<0.0001).

Again, stakeholders’ written survey responses further explored the nuances of
environmental stakeholders’ breadth of perspectives about the role of volunteers in
environmental management. Several respondents argued that citizen scientists should be
treated like any other stakeholder interest group, and should therefore have a role in
contributing to management because “the Bay belongs to everyone, not just a few ‘experts’.”
One respondent summarized this perspective, explaining that “everyone's needs, values,
perspectives, and experiences matter and should be part of management decisions.” Some
respondents acknowledged that while citizen scientists might be able to contribute to
management at a local level, they “lack a broad understanding of the entire Bay,” and very rarely
appreciate the complexity of the issues and trade-offs that must be factored into management
decisions. Other respondents agreed that citizen scientists should not necessarily have a seat
at the metaphorical table, but “the scientific data that volunteers collect should play a strong
role” in management decisions.

Stakeholders also acknowledged that volunteers already contribute to Chesapeake Bay
management in various ways, even beyond collecting environmental monitoring data. For
example, citizen scientists often have deep knowledge of a particular geographic area and “can
supplement scientific knowledge with stories that can truly help drive change and connect
people through deeper engagement.” Others elaborated on this concept, suggesting that while
management decisions should be made by elected officials and panels of technical experts,

citizen science is particularly valuable for management because of its ability to transform

volunteers into environmental leaders who can “influence their neighbors to be better stewards
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and lean on elected officials to make Bay restoration a higher, better-funded priority.”
Respondents further explained that citizen science should not drive policy decisions, but
volunteers can “be even more impactful as advocates than they can as scientists” because they
can work with their volunteer organizations to identify priority issues, educate and engage

others in their communities, and advocate for certain environmental decisions to be made.

Discussion

Our research determined that the Chesapeake Bay environmental community
especially values science in the context of environmental decision-making. According to our
survey responses, 100% of Chesapeake Bay environmental stakeholders believed that public
policies should be based on the best available science, with 91% of respondents agreeing that
science should influence policy “to a great extent” (n=372). When Research!America asked the
same question as part of their 2018 national survey, they found that 67% of U.S adults agree
that public policies should be based on the best available science (Research!America 2018).
Both surveys suggest that a majority of stakeholders support science influencing policy
decisions, but the differential in responses between the two surveys suggests that this is
especially the case within the Chesapeake Bay environmental community. The discrepancy
between the present study and the national survey are perhaps unsurprising, given the
Chesapeake Bay’s nearly 40-year history of science-based management that began with the
formation of the Chesapeake Bay Program in 1983.

The majority of Chesapeake Bay environmental stakeholders also believed that
scientists themselves should have a substantial level of influence in environmental management
decisions; however, the exact nature of scientists’ role in management was debated throughout

survey responses, and is also hotly contested in the academic literature. Many scholars have
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proposed frameworks describing specific roles that scientists can potentially play when
navigating the science—policy interface (e.g., Lach et al. 2003; Pielke 2007; Milkoreit et al.
2015). These defined roles range on a spectrum. At one end are ‘pure scientists’ and ‘truth
seekers’ who report value-neutral scientific facts but provide no additional insights that might
influence how the science is interpreted or ultimately used. At the other end of the spectrum are
‘change makers’ and ‘issue advocates’ who share scientific results and also make the case for
preferred management decisions based on their scientific expertise. Some scholars argue that
ethical scientists must focus on providing scientific facts while remaining objective and apolitical.
For example, Lackey (2007) says that scientists should avoid using value-laden words like
“degradation” and “ecosystem health” because they imply a desired ecological state or preferred
management decision. Indeed, several respondents in our study also appeared to prefer this
prescribed role for scientists. However, considerably more studies (including the present study)
reveal that people generally prefer scientists to be more active participants in management
decisions (e.g., Lach et al. 2003; Nelson and Vucetich 2009; Pew Research Center 2020).
Kotcher et al. (2017) maintain that by engaging in certain forms of advocacy, scientists do not
negatively impact their own credibility or the trustworthiness of their science. The authors
suggest that instead of debating whether or not scientists should or should not advocate, it
would be more productive to work together to better understand what appropriate and ethical
advocacy looks like (Kotcher et al. 2017).

Our results suggest that many Chesapeake Bay environmental stakeholders would like
to see scientists take an active role in changing the way that environmental knowledge is
communicated and used. Respondents emphasized the importance of effective science
communication and generally agreed that scientists should be involved in interpreting their
science and helping to integrate it into the context of potential management decisions. Lach et
al. (2003) recommend that scientists who play more active roles in management decisions also

have the responsibility to effectively communicate their research findings so that other
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stakeholders can adequately understand the scientific information and integrate it into decision
making processes in more accurate and meaningful ways. Reed et al. (2014) impart a similar
challenge on scientists, urging researchers to “go beyond simply producing and communicating
new knowledge” and instead work together to co-produce and more effectively apply knowledge
in order to solve environmental problems. By deliberately spanning the boundaries between
science and decision making, scientists can facilitate a more inclusive knowledge exchange
process in which relevant research is produced faster, accepted by more stakeholders, and
swiftly integrated into decision-making processes (Bednarek et al. 2018).

The Chesapeake Bay environmental community must also welcome environmental
anthropologists, economists, political ecologists, and other social scientists to the table to
ensure that environmental decisions are indeed informed by the best available science. The
present study focused on the roles that environmental science and environmental scientists play
in environmental management, but we also recommend integrating social science research and
researchers into environmental decision-making processes. As other scholars have already
pointed out, many environmental challenges are, in fact, human problems; therefore,
environmental management is as much about understanding people as it is about
understanding ecology, physical geography, and other natural sciences (Mascia et al. 2003;
Martin 2020). Furthermore, environmental management is a human-centric endeavor and
environmental policies are social phenomena— stakeholders come together to share relevant
information, consider competing values and priorities, and ultimately make decisions in hopes of
achieving socially-desired outcomes as a result of human behavioral change (Mascia et al.
2003; Doremus and Tarlock 2005). Although social scientists have historically had fewer
opportunities to meaningfully contribute to these types of decision-making processes than their
natural science counterparts (Freudenburg 1989; Bennett et al. 2017), the value of social
science in environmental management contexts is acknowledged with increasing frequency

(Bennett et al. 2017). For example, studies on perceptions, similar to the present research, can
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give some indication of stakeholders’ attitudes and level of support for management decisions
and also provide insight into whether or not policies are likely to result in socially equitable
outcomes (Bennett 2016; Bennet et al. 2017).

Our study provides evidence of widespread feelings of disempowerment throughout the
Chesapeake Bay environmental community. Regardless of their individual stakeholder role,
most respondents believed that they should ideally have a higher level of influence in
environmental management than they perceived they had at the time of this study.
Furthermore, members of the Chesapeake Bay environmental community agreed that
stakeholder perspectives should be considered more during decision-making processes. This
perspective is also common throughout the academic literature. Many researchers have found
that engagement with diverse stakeholders is essential for addressing complex environmental
challenges (e.g., Reed 2008). In order to increase the chances that stakeholder engagement in
environmental management results in beneficial outcomes, Reed (2018) specifies that power
dynamics must be understood and effectively managed so that all stakeholders feel
empowered to contribute knowledge and influence decisions in an equitable way.

Our research clearly shows that Chesapeake Bay environmental stakeholders across
the board would like to have a higher level of influence in management decisions, even if not
quite as high as the level they would grant to scientists. In the Chesapeake Bay area, even
though citizen committees and other stakeholders have been included in the management
framework since the early years of the Chesapeake Bay Program (Hennessey et al. 1994),
scientific knowledge (and therefore scientists’ voices and research priorities) is still relatively
privileged over other types of knowledge. As a result, management decisions and priorities are
heavily influenced by scientific research and those who contribute science-based knowledge,
while other sources of expertise, such as tacit knowledge and indigenous knowledge, are
undervalued or overlooked (Boiral 2002). This disempowerment of other environmental

stakeholders has been shown to contribute to environmental injustice (Johnson and Clisby
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2009), and eventually puts scientists at risk of losing the trust and support of other
environmental stakeholders (Berkes 2009). In contrast, when stakeholders are empowered to
contribute to environmental management, there are increased levels of support and trust in
environmental management practices (Goldman et al. 2011; Gray et al. 2012).

Strategic knowledge integration processes, such as participatory research, could help
the Chesapeake Bay management community create additional space for other types of
knowledge contributions and further empower other types of Chesapeake Bay environmental
stakeholders. Fortunately, there is no shortage of knowledge integration products, processes,
frameworks, and toolkits that can help facilitate stakeholder engagement, guide collaborative
learning and decision-making, and integrate different forms of knowledge into environmental
decision-making processes (e.g., Raymond et al. 2010; Alexander et al. 2019; Brouwer et al.
2019). Participatory research is a knowledge integration approach that challenges traditional
power structures and abandons the expert-driven approach to solving complex problems
(Kreuter et al. 2004) by empowering non-scientist stakeholders to contribute to the creation of
new scientific knowledge. This approach involves incorporating local knowledge and local
people into all stages of the scientific research process (Calheiros et al. 2000). Collaborators
involved in a participatory research effort help to define research hypotheses and priorities,
collect and interpret data, and disseminate research results.

Participatory research could be especially productive and appropriate for engaging
Chesapeake Bay environmental stakeholders and other groups of people who value the role of
science in management decisions but simultaneously want to have more influence in
management themselves. In the context of Chesapeake Bay management, this approach of
bringing people together in a research-focused context could be a way of capitalizing on a point
of convergence within the Chesapeake Bay environmental community. Participatory research is
beneficial because it can increase the rigor, relevance, and reach of science (Balazs and

Morello-Frosch 2013), and often results in research that is more widely accepted by broader
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communities (Calheiros et al. 2000). Participatory research also offers stakeholders the
opportunity to co-develop a more comprehensive understanding of their environment and the
management of socio-environmental systems (Calheiros et al. 2000). Participatory research is
not a substitute for other opportunities that invite stakeholders to meaningfully contribute their
own diverse forms of knowledge, experiences, and perspectives to environmental management
in non-research contexts, but it could offer a supplemental avenue for empowering
non-scientists.

Transdisciplinary research is a participatory approach that aims to produce
solution-oriented science that responds to societal needs (Roux et al. 2010; Lang et al. 2012).
To accomplish this goal, the transdisciplinary research approach not only recognizes the
importance of integrating social and natural sciences (Heberlein 1988; Bennett et al. 2017), but
also extends the deliberative peer community beyond academia to include other individuals with
interest in the outcome of the research (Bidwell 2009; Lang et al. 2012; Reed et al. 2018).
Members of transdisciplinary research teams work together to synthesize their diverse expertise
and co-produce new knowledge that more holistically characterizes socio-environmental
systems and solves “wicked” problems of common interest (Milkoreit et al. 2015). The
transdisciplinary approach broadens the scope of which sources of knowledge are considered
legitimate and valuable in the context of scientific research. In doing so, transdisciplinary
research empowers environmental stakeholders whose expertise has been historically
undervalued by incorporating often-overlooked information such as community values, historical
context, and personal experiences (Bidwell 2009). In this sense, transdisciplinary research
creates a space for an inclusive discourse and continuous blending of knowledges (Milton
1993). The process of blending diverse stakeholder knowledge, including traditional scientific
knowledge, can support the creation of a new, more holistic approach to knowing, valuing, and

managing the environment (Milton 1993). Because the new co-created approach is more
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reflective of diverse environmental values and realities, it is often more practically useful for
decision making and management purposes (Goldman et al. 2011).

Citizen science is another form of participatory research that offers non-scientists the
opportunity to contribute to scientific research and knowledge production, to varying degrees.
In contrast to transdisciplinary research projects, wherein participants are most often selected
by the project coordinators, citizen science efforts are usually open to all interested individuals
(Pettibone et al. 2018). Citizen science therefore allows for broader societal involvement in
scientific knowledge production, and is less dependent on participant selection processes and
biases that determine which stakeholders are included or excluded (Pettibone et al. 2018).
Citizen science projects vary on a continuum in the degree to which participants are involved
throughout various phases of the research effort (e.g. Danielsen et al. 2009; Shirk et al. 2012).
For example, some citizen science research limits volunteer contributions to data collection,
while other research is more community-driven and transdisciplinary, and includes volunteers in
other phases of research, such as problem definition, data analysis, and communication of
results. The ideal scope of volunteer inclusion depends on the specific goals of a particular
research project and its participants (Pettibone et al. 2018). Regardless of the exact nature of
volunteers’ roles in particular projects, citizen science contributes to a better understanding of
environmental systems and benefits environmental science, management, and stakeholder
communities (Dickinson et al. 2010; Conrad and Hilchey 2011; McKinley et al. 2017).

In certain circumstances, the benefits of citizen science increase when volunteer
participation expands beyond environmental data collection (Freitag and Pfeffer 2013; Buytaert
et al. 2014; Jollymore et al. 2017). In these situations, citizen science functions as a platform
for different stakeholders to synthesize local-scale data and bridge together multiple knowledge
streams (Irwin 1995). Citizen science programs serve as boundary-spanning organizations by
facilitating knowledge integration and helping to establish and maintain collaborative

partnerships between various stakeholders (Berkes 2009; Webster et al. 2021). Beyond
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empowering non-scientists to participate in scientific knowledge creation, this more iteratively
collaborative, transdisciplinary citizen science can also create opportunities for non-scientists to
actively contribute to environmental discourse and work together to translate their integrative
research into management recommendations. When the production of scientific knowledge is
collaborative and democratized, the resulting science-based management recommendations
are more reflective of the needs and knowledge of a diverse public and more representative of
the environment as a complex socioecological system (Buytaert et al. 2014; McKinley et al.
2017). Citizen scientists’ contributions can, therefore, give them more influence as actors at the
science-policy interface, rather than passive recipients of environmental policy (Backstrand
2003). This is especially true in the Chesapeake Bay context, where stakeholders share the
perception that science should play a large role in environmental decision-making. Thus, citizen
science can shift authority structures, decentralize political power, and enable more
democratized management of resources (Freitag and Pfeffer 2013).

Chesapeake Bay environmental stakeholders have mixed perspectives on the utility of
citizen science for Chesapeake Bay environmental research and management, despite the
clear potential that citizen science has in the Chesapeake Bay area, as well as its proven
benefits elsewhere. In order to fully take advantage of citizen science as a tool to empower
more stakeholders and improve Bay management, members of the Chesapeake Bay
environmental community must first acknowledge and overcome their biases against citizen
science and their distrust or misunderstanding of the volunteers who participate in these efforts.
Specifically, stakeholders in aggregate believed that citizen scientists should possess lower
levels of influence than other stakeholder groups, including generic “people who are not
formally-trained professionals.” Even so, respondents also specified that citizen scientists
should ideally be able to influence management decisions to a greater extent than they are

able to currently. This perspective indicates that Chesapeake Bay environmental stakeholders
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are indeed open to expanding the role of citizen science and its participants in environmental
management.

We offer four recommendations that could help the Chesapeake Bay environmental
community make citizen science participatory research more impactful and empowering in the
Chesapeake Bay region. First, stakeholders should work together to increase the degree of
coordination and data comparability between various citizen science efforts in the watershed.
Greater comparability between individual monitoring efforts will help stakeholders meet
multiscalar data needs and make the best use of data collected through various citizen science
efforts (Conrad and Daoust 2008; Webster et al. 2021). Second, stakeholders should
encourage additional support of volunteer efforts (financial or otherwise) from influential science
and management authorities, such as the Chesapeake Bay Program and other regional
partnerships. Effective capacity building of citizen science requires the engagement of
stakeholders who represent science, policy, and different cultures and socio-economic
communities within society (Richter et al. 2018). Third, Chesapeake Bay environmental
stakeholders should reach out to underserved communities to include these stakeholders in
participatory research efforts. Improving the accessibility of citizen science will increase
inclusion and environmental justice within the Chesapeake Bay environmental community,
while also increasing scientific data representation and knowledge integration across the
watershed (Blake et al. 2020; Hermoso et al. 2021). Finally, particularly if transdisciplinary
citizen science efforts become more common within the Chesapeake Bay environmental
community, stakeholders must bear in mind that the process of integrating different forms of
knowledge is a difficult undertaking (Buytaert et al. 2014). Multi-stakeholder knowledge
integration, when done ineffectively, can result in surface-level public “participation” that does
not truly incorporate multiple voices, but instead perpetuates the dominant discourse, and

further disempowers participants (Brosius et al. 1998; Backstrand 2003; Pettibone et al. 2018).
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Conclusion

Chesapeake Bay scientific research has become increasingly interdisciplinary over time
in order to inform adaptive management of the Bay as a complex socio-ecological system. In
recent years, the Chesapeake Bay environmental management community has identified a
need for more fine-scale environmental data and multi-stakeholder engagement, and has
turned to citizen science as a tool for meeting these needs. Though studies have demonstrated
numerous positive outcomes of participatory research in other systems, citizen science is not
yet fully leveraged as a source of data and knowledge production within the context of
Chesapeake Bay management. Furthermore, despite a long history of efforts to engage
stakeholders in Chesapeake Bay management, stakeholders continue to feel disempowered.

This study presents a more complete understanding of Chesapeake Bay environmental
stakeholders’ perspectives of the roles that science and citizen science currently and ideally
should play in Bay decision-making processes. This research is a productive step in helping the
Chesapeake Bay environmental community identify and address existing barriers to engaging
stakeholders and expanding public engagement in scientific research. Still, additional research
is needed to more fully understand how Bay managers can strategically use citizen science to
address existing data gaps, empower stakeholders to play a more influential part in scientific
knowledge production and environmental discomately improve Chesapeake Bay science and
management. Citizen science appears to be a promising new frontier that could help
Chesapeake Bay science and management continue to progress along its present trajectory

towards more inclusive and holistic transdisciplinary decision-making processes.
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Appendices

Appendix 1. List of the organizations represented among the survey respondents. Respondents were asked to provide the name of
the organization that they were primatrily affiliated with in their role as an environmental stakeholder.

OO hWN =

© oo~

1.
12.

13.
14,
15.
16.
17.
. Capital Stand up Paddleboarding
19.
20.
. Chesapeake Bay Environmental Center
22.
23.
24,

25.

26.
. Chesapeake Bay Trust
28.
29.

30.
. Chesapeake Research Consortium
32.

Alan J. Anderson Foundation

Alexandria Renew Enterprises

Allegheny Mountain Chapter of Trout Unlimited
Alliance for the Chesapeake Bay

Anacostia Riverkeeper

Anne Arundel Community College
Environmental Center

Anne Arundel County Public Schools

Anne Arundel Watershed Stewards Academy
Antietam-Conococheague Watershed Alliance
Arundel Rivers Federation

Audubon Naturalist Society

Baltimore County Department of
Environmental Protection & Sustainability
BayLand Consultants & Designers, Inc.
Berkeley County Farmland Protection Board
Blue Water Baltimore

Bradford County Conservation District
Cambridge South Dorchester High School

Charles County Government
Chesapeake Bay Commission

Chesapeake Bay Foundation

Chesapeake Bay Magazine

Chesapeake Bay National Estuarine Research
Reserve, Maryland

Chesapeake Bay National Estuarine Research
Reserve, Virginia

Chesapeake Bay Program

Chesapeake Conservancy

Chesapeake Conservation Landscaping
Council

Chesapeake Legal Alliance

Citizens Advisory Committee

33.
34.
35.
36.
37.
38.
39.
40.

41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.

58.
59.
60.
61.

62.
63.
64.
65.
66.

City of Annapolis, Maryland

City of Gaithersburg, Maryland

City of York, Pennsylvania

Colonial Soil and Water Conservation District
Columbia County Conservation District
Delaware Division of Parks and Recreation
Dewberry Engineers

District of Columbia Department of Energy and
Environment

District of Columbia Government

Eastern Shore Land Conservancy

Eastern Shore Maryland local government
Ecolatinos, Inc.

EcolLogix Group, Inc.

Environmental Finance Center

Fairfax County Government

Four Mile Run Conservatory Foundation
Friends of Herring Run Parks

Friends of the Rappahannock

Geosyntec Consultants, Inc.

Glen Echo Park Aquarium

Great Bay Work

Gunpowder Valley Conservancy

Hampton Roads Planning District Commission
Harford County Watershed Stewards Academy
Havre de Grace Maritime Museum, Inc. &
Environmental Center

Headwaters, LLC

Howard County Office of Sustainability
Interfaith Partners for the Chesapeake
Interstate Commission on the Potomac River
Basin

Izaak Walton League of America

James River Association

Johns Hopkins University

Lancaster Clean Water Partners

Lancaster County Conservation District

67.
68.
69.

70.
71.
72.
73.

74.

Lancaster Farmland Trust

Little Falls Watershed Alliance

Local Government Advisory Committee to the
Chesapeake Executive Council

Lord Fairfax Soil and Water Conservation
District

Magothy River Association

Maryland Agricultural Education Foundation
Maryland Association for Environmental and
Outdoor Education

Maryland Campaign for Environmental Human
Rights

. Maryland Department of Agriculture

. Maryland Department of Natural Resources
. Maryland Department of Planning

. Maryland Department of the Environment
. Maryland Department of Transportation

. Maryland Environmental Service

. Maryland Environmental Trust

. Maryland Farm Bureau

. Maryland Forest Service

. Maryland General Assembly

. Maryland House of Delegates

. Maryland League of Conservation Voters
. Maryland Master Naturalists

. Maryland Park Service

. Maryland Sea Grant

. Mathews County Land Conservancy

. Mid-Atlantic 4R Nutrient Stewardship

Association

. Mitchell Enterprises, Inc.
. Montgomery College
. Montgomery County Department of

Environmental Protection

. Morgan State University
. National Aquarium
. National Fish and Wildlife Foundation
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98. National Marine Fisheries Service

99. National Oceanic and Atmospheric
Administration

100.National Park Service Chesapeake Bay Office

101.Natural Resources Conservation Service

102.OpinionWorks, LLC

103.Oyster Recovery Partnership

104.Patapsco Heritage Greenway

105.Patuxent Riverkeeper

106.Paxton Creek Watershed & Education
Association

107.Peninsula Master Naturalist

108.Penn State Communication, Science, and
Society Initiative

109.Penn State Master Watershed Stewards

110. Penn State University

111. Pennsylvania Association of Conservation
Districts

112. Pennsylvania Department of Conservation and
Natural Resources

113. Pennsylvania Department of Environmental
Protection

114.Pennsylvania Forest Stewards

115. Pennsylvania House of Representatives

116. Pennsylvania No Till Alliance

117.Pennsylvania Organization for Watersheds
and Rivers

118. Pennsylvania Townships Association

119. Petro Design Build

120.Pickering Creek Audubon Center

121.Piedmont Environmental Council

122.Plisko Sustainable Solutions, LLC

123.Potomac River Fisheries Commission

124 .Potomac Riverkeeper Network

125.Prince William Soil and Water Conservation
District

126.Red Lion Municipal Authority

127.Reed Smith, LLP

128.Renfrew Institute for Cultural & Environmental
Studies

129.Rivanna Conservation Alliance

130.River Network

131.Robinson Nature Center

132.Safe Skies Maryland

133.Sassafras Environmental Education Center

134.Scientific and Technical Advisory Committee

135.Severn River Association

136.Severn Riverkeeper Program

137.Shore Rivers

138.Smithfield Foods

139.Smithsonian Environmental Research Center

140.Smithsonian Institution

141.Spa Creek Conservancy

142.St. Mary's College of Maryland

143.St. Mary's County Commission on the
Environment

144.St. Mary’s County Government

145.Stroud Water Resource Center

146.Susquehanna River Basin Commission

147 .Tetra Tech, Inc.

148.The Conservation Fund's Freshwater Institute

149.The Downstream Project

150.The Foundation for Pennsylvania Watersheds

151.The Minimalist Garden

152.The Nature Conservancy

153.Trout Unlimited

154.U.S. Department of Agriculture Natural
Resources Conservation Service

155.U.S. Department of Defense

156.U.S. Environmental Protection Agency

157.U.S. Fish and Wildlife Service

158.U.S. Geological Survey

159.University of Baltimore

160.University of Maryland Center for
Environmental Science

161.University of Maryland College Park

162.University of Maryland Environmental Finance
Center

163.University of Maryland Extension

164.University of Maryland Sea Grant Extension

165.University of Virginia Institute for Engagement
& Negotiation

166.University System of Maryland

167.Upper Susquehanna Coalition

168.Verna Harrison Associates, LLC

169.Versar Natural Resources Team Columbia

170.Virginia Coastal Zone Management Program

171.Virginia Conservation Network

172.Virginia Department of Conservation and
Recreation

173.Virginia Department of Environmental Quality

174.Virginia Department of Wildlife Resources

175.Virginia Institute for Marine Science

176.Virginia Master Naturalist program

177.Virginia Sea Grant

178.Virginia Wildlife Magazine

179.Washington College

180.Waterford, Inc.

181.Watershed Alliance of Adams County

182.Watershed Alliance of York, Inc.

183.Watershed Stewards Academy

184.West Virginia Conservation Agency

185.West Virginia Department of Agriculture

186.West Virginia Department of Environmental
Protection

187.West Virginia Rivers Coalition

188.Wildlife Leadership Academy

189.York County Conservation District

190.York County Extension
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