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Ocean and coastal acidification (OCA) present a unique set of sustainability challenges at the
human-ecological interface, and the waters and communities of the Gulf of Maine are among the most
vulnerable to this environmental threat. Successful adaptation and mitigation options to address myriad
impacts of OCA– including actions by marine resource and water quality managers, the scientific
community, and the aquaculture and fishing industry – depend strongly on the availability of monitoring
that can inform decision-making and on developing and implementing best practices for resilience at the
community level. Collaboration between technical experts, facilitators, and a locally engaged citizenry
can help to ensure information and planning in response to OCA is relevant to stakeholder needs and
that co-creative processes match best practices for social-ecological problem solving and active social
learning; ultimately building public trust for adaptation measures considered. This dissertation shares
extensive outreach, workshop-based training, and coordinated monitoring activities which collectively
supported and assessed the regional capacity of science coalitions and stakeholders to engage with OCA
monitoring and management. We show that crowdsourcing water measurements of the marine
carbonate system is a viable strategy for expanding estuarine carbonate system monitoring and
prioritizing regions for more targeted assessment. This work enabled a platform for dialogue about OCA
among other interrelated environmental concerns and fostered a series of co-benefits relating to public
participation in resource and risk management. The results demonstrate the value and readiness of
diverse stakeholder audiences and community science programs in furthering monitoring capacity and
political action for OCA.
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INTRODUCTION
Responses to OCA reside at a confluence of issues relating to the biogeochemistry of
heterogeneous marine environments and a broad series of human-ecological interactions.
Management and regulation of carbon emissions is required to ease global stress from ocean
acidification. Local drivers for coastal acidification are within closer reach of municipal
regulation and overlap with existing ecological priorities and management (for reviews of
coastal drivers see Salisbury et al. 2008, Wallace et al. 2014, Waldbusser and Salisbury 2014,
and Gledhill et al. 2015). As marine carbon systems are dynamically influenced by human
activities across geographic and temporal scales, governance of OCA can interface with policy
arenas including watershed and nutrient pollution management, coastal regulations,
development, conservation, and preparations for other climate-driven coastal hazards.
The following materials present work which elevated the issue of ocean and coastal
acidification (OCA) in public dialogue, research, and governance arenas within the Gulf of Maine
and the Northeast United States. These efforts occurred from 2016 through 2020 involving
many partnering organizations at local, state, regional, and national levels. Cumulatively this
research aims to contextualize a landscape of activities in the Northeast and specifically in
Maine relating to local level preparedness for OCA. The work describes a process of capacity
building and information sharing among research, stakeholder, and decision-maker audiences
and highlights the role of place-based monitoring as a critical component for pluralistic
engagement with OCA and a necessary foundation for ongoing work to build social-ecological
resilience to this complex environmental challenge.
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Responding to changing ocean chemistry and developing resilience to OCA connects
ecological, social, and economic dimensions. Interpretations of resilience are, however, highly
contextual (Carpenter et al. 2001, Brown 2014), and ultimately depend on the premise,
“resilience of what and for whom?” (Cote and Nightingale 2012 p. 475). Unlike climate change
risks of sea-level rise, storm surge, and flooding, which have generated extensive adaptation
tools targeting community-level end-users, there exists a relative dearth of such resources for
OCA, and there exists little prescriptive guidance for conservationists, resource managers, and
policymakers. In defining resilience, and developing a response to complex social-ecological
challenges, Sustainability Science practitioners enunciate the importance of collaborative
engagement with a plurality of stakeholders, and sustained and iterative coordination that
focuses research in unique, real-world contexts (e.g. Brown 2014, van Kerkhoff and Lebel 2006).
Policy approaches crafted without broad participation risk unintended consequences and may
ultimately miss opportunities to provide tractable and instructional content for resource users
and managers (Ostrum 2010, Dietz et. al 2003). Similarly, scientific research conducted in
isolation from a broader community of stakeholders can often fail to situate new information
within a context where that knowledge is relevant for decision-making (Clark et. al 2016).
Barriers between science and decision making, especially within climate change science and
policy, have been well documented, and are often attributed to a disconnect in scientists'
awareness of contextual constraints and the complexities of local management (Jacobs et al.
2002). Alternatively, collaboration among a diversity of actors helps to ensure information and
planning is relevant to stakeholder needs and that co-creative processes lead directly to
problem solving; ultimately building public trust for adaptation measures considered (Cash et
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al. 2002, Beier et al. 2017, Nel et al. 2016, Toomey et al. 2016, Cook et al. 2013, Lemos and
Morehouse 2005, van Kerkoff and Lebel 2006). The National Research Council states that there
is now general acknowledgment that decision-making in the context of an increasingly complex
and inter-related global system will require more interdisciplinary research and more
involvement from decision-makers and stakeholders (NRC, 1999). Various reports have
specifically called for research and vulnerability assessments for OCA to better reach and
collaborate with information end-users and local decision-makers (e.g., Cooley et al. 2015;
Jewett et al. 2020; Strong et al. 2014). Furthermore, collective, cross-disciplinary participation
in OCA research and management can enable dialogue about the salience of OCA among other
interrelated environmental and social concerns (e.g., Cash et al. 2002). The work within this
dissertation surrounds capacity building steps for interdisciplinary engagement and a process of
recruiting broad stakeholder participation in responding to OCA in the Northeast United States.
Chapter one, Community Science for Coastal Acidification Research, describes a fouryear outreach and engagement effort facilitated through the Northeast Coastal Acidification
Network (NECAN). The work enunciates present opportunities for community science
organizations to participate in OCA research, necessitated by a dearth of professional
monitoring resources and the need for place-based observations among heterogeneous coastal
environments. The sampling frequency and cost-prohibitive equipment needed to monitor OCA
are barriers to widespread monitoring of dynamic coastal conditions. Existing community-based
water monitoring initiatives are positioned to address these challenges and contribute to OCA
science. Extensive outreach, workshop-based training, and coordinated monitoring activities
investigated the capacity of Northeastern United States community science programs to engage
3

with OCA monitoring. Involving community stakeholders in OCA science and outreach fostered
a series of co-benefits relating to public participation in resource and risk management.
Because community science organizations function as communicators and educators to broad
public audiences, outreach activities which support community science monitoring of OCA
importantly promote public education and enable coastal communities to further participate in
addressing this ecological threat.
Chapter two investigates the data set and results from Shell Day, a single-day regional
water monitoring event which coordinated coastal carbonate chemistry observations from 59
community science programs and 7 research institutions in the Northeastern United States, in
which 410 total alkalinity (TA) samples were collected from 86 stations. This chapter shows that
crowdsourcing sample collection is a viable strategy for expanding estuarine carbonate system
monitoring and prioritizing regions for more targeted assessment. The chapter concludes that,
with adequate protocols for sampling, handling, storage, and analysis, community science
programs are able to collect total alkalinity samples leading to high-quality data and analyses
which can identify locations of elevated risk from OCA. The Shell Day data set shows that TA
cannot be predicted accurately from salinity using a single relationship across the Northeastern
U.S. region, though proxy relationships may be possible at more localized scales where
consistent freshwater and seawater endmembers can be defined. Within this data set there
was a high degree of geographic heterogeneity in both mean and tidal variability in TA, and this
single-day snapshot of measurements identified several patterns driving variation in TA across
the region. The Shell Day crowdsourced approach to monitoring carbonate chemistry and the
resources developed through this initiative can be used to conduct similar events in other
4

regions. Such activities can complement ocean acidification action plans and governance
priorities to increase coastal observations, inventory monitoring assets, build partnerships with
stakeholders, and expand education and outreach to a broader constituency.
Chapter three is a comprehensive inventory of activities relating to ocean and coastal
acidification in the Gulf of Maine. The chapter is designed as a two-page-spread magazine, as a
guide for decision-makers which was distributed in 2020. The research that led to this resource
was facilitated through Maine Ocean and Coastal Acidification partnership (MOCA), which is an
informal group of researchers, NGO organizations, and state agency staff / public officials acting
in a volunteer capacity. This chapter, “Supporting Material for the MOCA Action Plan,” was
designed for Governor Janet Mills’ inaugural Maine Climate Council. The report is arranged
thematically to supplement MOCA’s Action Plan for the Climate Council which outlines highlevel priorities for research, mitigation, and adaptation. The report is publicly available online
and was referenced as a “Key Resource” in the appendix of the Ocean Acidification Chapter
composed by the Maine Climate Council Scientific and Technical Subcommittee’s Scientific
Assessment, “Climate Change and Its Effects in Maine, Phase I “WORKING DOCUMENT”.
Collectively this work established partnerships enabling research collaboration, involved
stakeholders and decision-makers previously absent from discourse on OCA, and elevated OCA
as an issue of concern for managing near shore water quality. Communication and outreach on
behalf of these initiatives extended beyond traditional channels of academic research to
include legislative meetings, editorials in local newspapers, and television-news programming.
The Maine Climate Council strategy report from the marine and coastal working group has
enunciated a need for coordinated monitoring, stating that “A statewide, forward-looking
5

water quality and acidification monitoring strategy would leverage existing data collection
efforts with new investments in data collection and modeling to provide actionable information
on water quality risks statewide.” A description of Shell Day efforts has been requested for the
Maine Climate Council twitter communications and #FlashForwardFriday series. Shell Day and
NECAN’s outreach to community science programs has been presented at multiple national and
international conferences, and dozens of regional presentations have highlighted this work.
Venues include the Gulf of Maine 2050 climate change conference, the Maine Sustainability
and Water Conference, through the Climate Change Adaptation Providers Network, through
the Senator George Mitch Center for Sustainability Solutions, and through the Northeast
Regional Ocean Council.
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Abstract
Ocean and coastal acidification (OCA) present a unique set of sustainability challenges at the
human-ecological interface. Extensive chemical monitoring that can assess local conditions,
distinguish multiple drivers of ocean chemistry, and inform local response strategies is
necessary for successful adaptation to OCA. However, the sampling frequency and costprohibitive scientific equipment needed to monitor OCA are barriers to implementing the
widespread monitoring of heterogeneous and dynamic coastal conditions. Existing communitybased water monitoring initiatives can help to address these challenges and contribute to OCA
science. Here, we conducted extensive outreach, workshop-based training, and coordinated
monitoring activities through the Northeast Coastal Acidification Network to assess the capacity
of northeastern United States community science programs to engage productively with OCA
monitoring efforts. Our results indicate that community science programs are interested in
collaborating with research institutions and are capable of collecting robust scientific
information pertinent to OCA. Furthermore, engaging community stakeholders in OCA science
and outreach enabled a platform for dialogue about OCA among other interrelated
environmental concerns and fostered a series of co-benefits relating to public participation in
resource and risk management. Activities in support of community science monitoring have an
impact not only by increasing local understanding of OCA but also by promoting public
education and community participation in potential adaptation measures. Community
organizations will be vital to increasing monitoring capacity and public environmental literacy of
OCA.
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Introduction
Ocean and Coastal Acidification
Along the northeast coast of the United States, ocean and coastal acidification (OCA) threatens
the livelihoods of communities through current and future negative impacts on commercially
important species and the delivery of coastal and marine ecosystem services (Doney et al.
2020; Ekstrom et al. 2015; Gledhill et al. 2015 and references within, Jewett et al. 2020; Kroeker
et al. 2013; Mostofa et al. 2016). The phenomenon of ocean acidification (OA) is driven by
global anthropogenic carbon dioxide (CO2) emissions which are partially absorbed by the ocean,
subsequently lowering the pH and potentially decreasing the availability of carbonate ions used
biologically (Doney et al. 2009; Orr et al. 2005). Coastal acidification refers to processes in the
nearshore environment where the flux of CO2 and its effects on water chemistry is further
influenced by local factors (Figure 2). These factors include the volume and characteristics of
river inputs (alkalinity, dissolved inorganic carbon (DIC), and pH) which can enhance or reduce
buffering capacity, eutrophication which can increase the decay of organic matter in bottom
waters and amplify diel pH patterns, and upwelling which can introduce deeper, acidic ocean
water into the nearshore (Duarte et al. 2013; Waldbusser and Salisbury 2014). Together, global
and local drivers constitute a world-wide sustainability challenge.
Unlike climate change risks like sea-level rise, storm surge, and flooding, which have
generated extensive planning and adaptation tools targeting end-users, there exists a relative
dearth of such resources for OCA. Guidance for OCA adaptation can be found within select
academic literature (e.g. Cooley et al. 2015; Cooley et al. 2016; Gledhill et al. 2015; Kapsenberg
and Cyronak 2019; and Strong et al 2014; and materials from the Alliance to Combat Ocean
12

Acidification, and papers within this special issue publication). State OCA action plans (namely
California, Oregon, Washington) and Legislative directives and reports (Delaware, Federal,
Hawaii, Maine, Maryland, Massachusetts, National Caucus of Environmental Legislators, New
Jersey, New York, and Rhode Island) have offered direction for states to confront OCA. The
majority of these resources act as comprehensive reviews of OCA science with case studies in
each region. Recommendations tend to be broad, with themes such as increased monitoring,
the need to differentiate local drivers of carbonate chemistry, the value of reducing drivers of
coastal acidification, and the possibility that habitat and water quality improvements can build
resilience for threatened organisms and commercial/recreational activities. However,
prescriptive guidance for adaptation at the community scale requires robust foundational
research and monitoring which is not yet available for most communities.
Regionally, the northeastern United States is particularly vulnerable to OCA because
colder water can hold more CO2 and low alkalinity glacial and sea ice meltwater mixes into this
region from northern sources and (Ekstrom et al. 2015; Gledhill et al. 2015; Salisbury et al.
2008). Relatively poorly buffered river discharge within the region also magnifies vulnerability
to OCA in some locations (Hunt et al 2011 a, b). Locally, the drivers of OCA vary on tidal, daily,
seasonal, and decadal time scales due to tides, diurnal biological processes, seasonal changes in
temperature, precipitation, and river discharge, changes in oceanic currents affecting regional
water masses, and local atmospheric CO2 concentration (Salisbury and Jönsson 2018; Townsend
et al. 2015; Waldbusser and Salisbury 2014). These dynamics challenge our understanding and
forecasting of carbon system controls in the northeast United States, necessitating a synthesis
of disparate monitoring data for a location-specific understanding of OCA. Because of OCA’s
13

multiple drivers across spatial and temporal scales and its diverse social impacts, OCA
constitutes a “wicked problem” for sustainability (Billé et al. 2013; Brown et al. 2010; Galaz et
al. 2012; Greenhill et al. 2020; Kates et al. 2001) to which there are no easy comprehensive
policy or social solutions. Yet we know that addressing OCA – through mitigation, adaptation,
and remediation activities – at local scales is possible (Cooley et al. 2016; Kapsenberg and
Cyronak 2019; Kelly et al. 2011; Strong et al. 2014). Doing so may require sustained,
coordinated activities among individuals, scientists, non-profit organizations, industry, and
regulatory agencies. Such coordinated activities, when facilitated by groups and individuals that
span organizational and cultural boundaries, can help catalyze the creation of solutionsoriented approaches which extend beyond the scientific assessment of environmental concerns
to also include the social, political, and technological dimensions of solving problems associated
with OCA (Miller et al. 2014; Waring et al. 2014). Extensive water monitoring that can assess
local conditions, discern heterogeneous drivers, and inform local adaptation is a necessary
precondition for governance structures tasked with responding to OCA (Tillbrook et al. 2019).
Membership in the OCA monitoring and research community is expanding from marine
chemists focused on global carbon dynamics to a broader cohort which now includes water
quality managers, environmental stewards, and clean-water advocates. However, the
equipment needed to measure OCA and parse important drivers are likely to remain costprohibitive, time-intensive, and unavailable for wide adoption in the near future. Alternatively,
relating common measures of water quality to patterns of variation that coincide with OCA has
critical potential to improve synoptic understanding of this phenomenon and associated risks.
Observations including dissolved oxygen concentration, chlorophyll-a concentration, harmful
14

algal blooms, temperature, and salinity are often routinely and reliably measured by a range of
government, institutional, and volunteer entities. Increasingly, pH is also measured by these
organizations, though with varying levels of accuracy and reliability. Relating these parameters
to patterns of OCA offers an opportunity to categorize location-specific vulnerability.
Measurements of total alkalinity (TA), which are less frequently collected, are particularly
important and can help determine the ability of seawater to resist acidification from multiple
sources of CO2 and organic and inorganic acids. TA measurements can provide cursory insight
into the buffering capacity of unique coastal environments (for example, Rheuban et al. 2020).
In addition to TA, instrumentation for measuring other direct carbon system parameters (pH,
dissolved inorganic carbon, and pCO2) is becoming more available over time (Tillbrook et al.
2019). The technological trend of more available monitoring instrumentation for the marine
carbon system, along with improved characterizations relating broader patterns of water
quality with OCA may address a foundational need to expand coastal observations of OCA.
These factors provide a context for community science efforts involving coastal water
monitoring to make substantive contributions to OCA science. In this manuscript we consider
the scientific and social opportunities of community science activities, and investigate regional
capacity to expand marine carbon system monitoring to new audiences along the northeast
U.S. coast. The manuscript describes a multi-year effort from the Northeast Coastal
Acidification Network (NECAN) to provide training, public education, and laboratory services for
existing community science activities in the region.
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Community Science
Twenty-first century monitoring of environmental change across spatial and temporal
scales has increasingly relied upon and benefited from community science efforts and
crowdsourced methodologies (Danielsen et al. 2005; Johnson et al. 2014; McKinley et al. 2017;
Silvertown 2009). Public participation in science activities builds scientific literacy (e.g.
Bäckstrand 2003; Bonney et al. 2009; The Center for the Advancement of Informal Science
Education; Danielsen et al. 2014; Lewandowski and Oberhauser 2016), helps communities
prepare for and respond to emerging environmental and social challenges (Bonney et al. 2009),
and augments attitudes and behaviors regarding environmental science and stewardship
overall (Bonney et al. 2009; Ferkany and Whyte 2012). Community science is thus an
exceptionally beneficial form of research and a good use of public finance (Bond 2005;
Crowdsourcing and Citizen Science Act 2017; European Marine Board 2017; Hecker 2018).
Greater participation from stakeholders and public audiences is now widely acknowledged as
an integral component of contemporary resource management strategies (NRC 1999 a, b).
Alongside professional scientists, community science programs can provide an important,
complementary dimension for research (Bäckstrand 2003, Dickinson and Bonney 2012),
including volunteer capacity when agency/research budgets are limited, expert resources
scarce, and large geographic scales of research inaccessible by small research teams (Conrad
and Hilchey 2011; Dickinson and Bonney 2012; Poisson et al. 2020). The Crowdsourcing and
Citizen Science Act (Section 402 of The American Innovation and Competitiveness Act 2017),
states that “crowdsourcing and citizen science projects have a number of additional unique
benefits, including accelerating scientific research, increasing cost effectiveness to maximize
the return on taxpayer dollars, addressing societal needs, providing hands-on learning in STEM,
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and connecting members of the public directly to Federal science agency missions and to each
other.” (Crowdsourcing and Citizen Science Act, Public Law 114-329 (6 January 2017), codified
at 15 U.S.C. § 3724.). These features are especially important for sustainability science (Kates et
al. 2001) related to OCA, as the environmental phenomenon is emergent, complex, and
requires management strategies with cross-sectoral implications.
Relative to most community science, water monitoring is a particularly mature form of
public scientific engagement, established from decades of partnership across scales of
governance and robust support and training resources to ensure data quality (Poisson et al.
2020). Nationwide, more than 1600 U.S. community science programs actively monitor water
quality (Stepenuck 2013). Such programs are especially effective for identifying environmental
problems, offering a geographically distributed sampling approach which can triage locations
where more targeted measurements may be necessary.
A worldwide review of community science programs relating to hydrology found that
63% of programs collect water quality data despite the technical challenges and
instrumentation needed to measure many water quality parameters, versus the comparatively
less technical process of measuring water levels or river flows (Njue et al. 2019). While these
programs are more common for freshwater systems than marine environments (Cigliano and
Ballard 2018; Conrad and Hilchey 2011), water quality measurements from community
scientists regularly reach professional data quality standards (Elliott and Rosenberg 2019;
Loperfido et al. 2010), and community science programs are widely incorporated in state and
federal agency databases which inform management (EPA 2016; Latimore and Steen 2014). The

17

success of such community science monitoring, now with a precedent for extensive
documentation and quality control procedures, correlates with increasing accuracy/accessibility
and decreasing cost of technology for observations and data collection (e.g. sensing equipment,
test kits, GIS, and data repositories) (Buytaert et al. 2014; Catlin-Groves 2012; Khamis et al.
2015; Njue et al. 2019).
Despite the voluntary nature of most community science endeavors, participants are
often particularly qualified contributors. A general review of community science by Chase and
Levine (2018) showed that monitoring programs relating to ecosystems and natural resources
tend to attract volunteers who are highly educated, have professional backgrounds in related
scientific fields, and are often simultaneously engaged in related resource conservation and
management activities. Community science programs focusing on ecosystem services relevant
to commercial livelihoods have also been shown to be particularly successful and tend to
attract robust participation (Chase and Levine 2016; Hartley and Robertson 2006).
However, reviews of community science have also identified multiple challenges which
distinguish the field from agency and professional research activities. Community scientists
have diverse motivations for volunteerism (Chase and Lavine 2018), projects are often
challenged to find scientific methods useful for hypothesis testing while remaining appropriate
for volunteer experiences (Chase and Levine 2016), and successful programs often require
uniquely flexible funding and extensive staff support (e.g. Dickenson and Bonney 2012; Lowry
et al. 2019). Data management and research inconsistencies are a primary barrier for
community science data in general to reach peer-reviewed academic literature (Ries and
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Oberhauser 2015), and community science data is often granted less validity within academic
and decision-making arenas (Catlin-Groves 2012; Wilson et al. 2018). More specifically, above
other forms of community science (which may include counting, presence/absence data, or
locating observations with GIS), the instrumentation of water monitoring has inherent
observational challenges, depends upon exacting instrument calibration, and requires unique
criteria and quality assurance to ensure robust data (Capdevila et al. 2020). Furthermore, the
marine environment magnifies many operational hurdles for water sampling. Coastal ocean
biogeochemistry itself is highly variable resulting from dynamically interacting local and
regional drivers (e.g. watershed characteristics, tide, current, and ecological conditions), the
inputs which disperse into coastal systems (water, nutrients, pollution, etc.) are hard to link to
sources within specific communities, and safe accessibility to ocean environments can be
limited. Additionally, differing sampling intervals for the carbonate system can obscure
interpretations of acidification (Pettay et al. 2020) compelling observations to be made with
continuous monitoring equipment less available among community science programs. Thus,
monitoring programs accustomed to fair-weather sampling and summer-only measurements
may be challenged to accurately describe conditions which have prominent seasonal variation.
Despite these challenges, public engagement with OCA is critically important. The
Coastal Communities Ocean Acidification Act (2019) includes explicit amendments
recommending greater participation from stakeholders and community groups in research and
vulnerability assessments (H.R. 1716 Coastal Communities Ocean Acidification Act 2019). In the
northeast United States and elsewhere, OCA monitoring by community science programs can
empower public engagement and is duly important for current research. Hierarchical levels of
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precision have been described as Climate Quality data versus Weather Quality data (Newton et
al. 2015), each with important applications for management. While community water
monitoring programs are not universally equipped to explore climate quality information,
commonplace and robust measurements of related parameters are situationally informative,
can fill data gaps, and can provide insights necessary for adaptation and mitigation. The need
for coordinated and standardized monitoring was specifically identified in the northeast region
through previous stakeholder workshops hosted by the Northeast Coastal Acidification Network
(NECAN) in 2013-2014, through consultation with the NOAA Ocean Acidification Program, and
within a legislatively commissioned report on OCA in Maine in 2015. Recognizing increasing
general interest in monitoring coastal carbonate chemistry, in 2018, The Environmental
Protection Agency (EPA) developed comprehensive guidelines for measuring acidification which
targeted community science audiences (Pimenta and Grear 2018). However, the existence of
new monitoring guidelines alone do not ensure that community programs will adopt best
practices. The approach described in this manuscript was established upon knowledge that
stakeholder engagement is more successful through collaborative interactions which can
provide shared learning opportunities and enable diverse engagement (i.e. Brown & Dillard
2015).
NECAN recognized the opportunity to broaden participation in OCA data collection and
data sharing, as the region is home to an existing robust network of marine water quality
monitoring initiatives. Though few community science programs in the northeastern United
States investigate OCA specifically, the critical need to fill observational gaps and the
importance of sharing EPA guidelines for measuring acidification with community monitoring
20

programs initiated efforts to build capacity for a crowd-sourced and coordinated observation
system with potential to evaluate OCA conditions. Importantly, expanding civic participation in
OCA science and supporting location-based monitoring networks is not just a pathway to
obtaining more and better data; it is also a strategy for achieving real solutions to the risks of
OCA by galvanizing a plurality of engagement which connects local audiences to the science and
governance of environmental phenomena which affect their own community.
Methods
Figure 1 Process Diagram shows the sequence of outreach and training activities from
2016 to 2020. Beginning 2017 NECAN orchestrated outreach to compile water monitoring
activities from Long Island Sound to Downeast Maine. Surveys were distributed to 57
community science programs in Connecticut, Massachusetts and Maine to identify water
sampling approaches among organizations. Surveys were distributed through email to
audiences previously identified through NECAN activities and through contact lists among
internal project partners. 34 responses were received. Additionally, surveys functioned to
catalogue collaborations among monitoring efforts, organizational interest in climate change,
and contextual information about the constituency, volunteers, and organizational motivation
for each program. Iterative interactions predominantly through phone calls and email, and
occasionally through interactions at academic conferences and public forums, refined the
contact list used to invite representatives from each monitoring program to a training and
workshop series in 2018 focused on guidelines for monitoring acidification with staff scientists
from EPA. NOAA Ocean Acidification Program and the project A Strategy for Ocean and Coastal
Acidification (OCA) Education and Citizen Science Monitoring in the Northeast provided support
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for compiling OCA educational and outreach resources as a preliminary toolkit for community
scientists, two informational webinars, and three in-person workshops.
Our research team hosted workshops in 2018 in Connecticut, Massachusetts, and Maine, and
co-organized events with the Connecticut Department of Energy and Environmental Protection, the
Connecticut Department of Agriculture, MIT Sea Grant, University of New Hampshire, Maine Sea Grant,
University of Maine, University of Maine Cooperative Extension Office, the Senator George J. Mitchell
Center for Sustainability Solutions, the Environmental Protection Agency Atlantic Coastal Environmental
Sciences Division, and the National Oceanic and Atmospheric Administration National Centers for
Coastal Ocean Science. Additional partnering programs provided local expertise and workshop

presentations, and included SUNY Stony Brook University, Woods Hole Sea Grant, Woods Hole
Oceanographic Institution, Massachusetts Institute of Technology and Bowdoin College Shiller
Coastal Studies Center. Training focused on approaches for monitoring carbonate system
parameters directly while also understanding related water quality observations not yet framed
as relevant to OCA (i.e. salinity, nutrient concentration, and oxygen concentration).
Workshop discussions clarified opportunities for coordinated monitoring, identified
suitable carbon system parameters that could be measured among community science groups
(Figure 2) and gauged interest in coordinated sampling. In 2019, research coordinators from the
training series and NECAN affiliates more broadly convened resources, staff, and laboratory
services to initiate monitoring activities informed by outreach conducted over the previous two
years. To ensure robust data collection, the project team completed an EPA Quality Assurance
Project Plan (QAPP) through assistance from EPA Region 1, a sampling protocol video, written
sampling instructions, and training webinars. These resources were shared through webinar,
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email, and hands on instruction among those monitoring organizations able to participate.
Those resources can be found at http://necan.org/shellday.
Simultaneously, additional monitoring participants were recruited and partners through
NECAN worked to publicize plans for a single-day, simultaneous monitoring event.
Communication activities included developing a logo for the event, creating printed and e-letter
flyers and newsletters, and sharing talking points through the NECAN website and listserv,
through posts to the Ocean Acidification Information Exchange, within a webinar from the
International Alliance to Combat Ocean Acidification, and through various other listservs, social
media, local news outlets, and 1 local television station. Communication channels were often
selected in consultation with community science programs and leveraged existing stake-holder
networks.
On August 22, 2019, NECAN coordinated “Shell Day”, a single-day monitoring event with
sampling stations spanning from Long Island Sound to Downeast Maine (Figure 4). Water
quality monitoring groups were recruited to record temperature and salinity and to collect TA
water samples during low, mid, and high tides at locations of their choosing. Participating
programs recorded additional chemical and biological parameters based upon staff and
equipment available to each program. Following sample collection, participants convened at
nearby science hubs, delivering water samples for total alkalinity analysis, and meeting to
further discuss coastal acidification science and collaborative monitoring activities. Sampling
methodology was published by Rheuban et. al 2020. Following Shell Day, surveys were sent to
each of the 59 participating programs and 34 responses were received. A full list of survey
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responses is available within the supplemental materials to this manuscript. Quotations from
respondents have been scrubbed of identifying information. Contact with community science
and other participants through online communication continued every 2-3 months throughout
the spring and summer of 2020.

Results
Regional Survey Results
Initial surveys sent to 57 community science programs in Connecticut, Massachusetts
and Maine received responses from 34 distinct water monitoring programs. All responses
regarding organizational purpose and data sharing voiced priorities for credible, informative
data (See supplemental material). There is currently no single data repository for water quality
monitoring information from the region though survey results identified a variety of databases
utilized among programs (supplemental material S.1.2).
Equipment used to measure carbonate system parameters among community science
organizations (Table 1) include handheld single parameter devices, more sophisticated
multiparameter sondes, and laboratory benchtop models from multiple providers (a full list of
equipment within supplemental material S.1.9 Further work is needed to compare data among
instruments and sources.
Broadly, comments on community science coalitions highlight that such programs can
unify place-based environmental and social priorities. Program coordinators from community
science programs we surveyed shared that environmental stewardship, protecting natural
resources, and concern for climate change were near-ubiquitous program priorities. These
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responses supported our expectation that monitoring programs in the region would be
interested in OCA as a nexus of local concerns and global climate change. For example, when
asked, “In your opinion, what might motivate volunteers or citizen scientists to be involved with
OCA?” one respondent said,
“The opportunity to take action and participate in programs that ‘fight’ climate change.
The general public is very concerned about climate change, as we (you) all know. I think
providing people with opportunities to be involved in the issue provides an avenue for
"doing something" about it, rather than just sitting on the sidelines complaining or
lamenting.”
We hypothesized that involving community science programs in OCA research and
monitoring is a reasonable approach to attracting diverse audiences to engage with the broader
issue of OCA including management, adaptation, and mitigation and education. Responses
corroborated that volunteer monitoring programs are often a coalition of diverse perspectives
(S. 1.7). For example, one respondent stated,
“There are different motivating factors for specific interest groups. Shellfish harvesters
are motivated by financial self-interest and tradition. Volunteers engaging as 'scientists'
are motivated by life-long learning, environmentalism, etc. Educational institutions and
educators have interest in engaging students in meaningful real-world problems
contributing to a greater good. Volunteers need to be segmented into multiple
populations to assess what motivates them, there will be many answers.”
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As such, we concluded that our work to frame OCA as a salient issue among audiences
would require tailored communication among constituencies throughout stages of outreach,
training, and recruitment for monitoring.
Training Series Results
Continued outreach focused on themes that connected OCA processes to local water
quality, promoting healthy coastal fisheries and ecosystems, and the potential for monitoring,
nutrient pollution reduction, and habitat protection approaches to build local resilience.
Communication through newsletters, email correspondence and in-person conversations
enunciated a message that local-scale observations are integral to advancing management
opportunities for the phenomena of OCA.
Single-day training workshops informed by EPA “Guidelines for Measuring Seawater pH
and Associated Carbonate Parameters in the Coastal Environments of the Eastern United
States” were held in the spring of 2018 in Connecticut, Massachusetts, and Maine. More than
40 community water monitoring programs participated in day-long training workshops.
During workshops, printed maps were populated with sticky note descriptions of
monitoring locations and strategies among attending programs. The comprehensive extent of
monitoring stations among embayments and the longevity of sampling (often > 15 yrs) shared
in this exercise warranted further development of GIS tools (Figure 2) to compile monitoring
stations and pertinent metadata. This work is ongoing and has to date inventoried 1,170
monitoring stations within the region. More than 70% of recorded stations inventoried thus far
measured one or more direct carbon system measurements (pH, pCO2, TA, or DIC) (830 of
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1170), and 78% of stations collected data using Quality Assurance Project Plans (918 of 1170).
This open-access, GIS Story Map (Figure 2) resides through the Connecticut Department of
Energy and Environmental Protection and can be found at
https://storymaps.arcgis.com/stories/fae30818a6164043a0d368ba0cd7bad3.
Workshops and subsequent communication established that community water
monitoring groups have collectively made thousands of nearshore measurements pertinent to
the coastal carbonate system. The majority of these data streams are discrete even from
neighboring monitoring efforts, and no single database is yet established to compile data
comprehensively. Workshop materials and resources are available on NECAN.org under
resources and at http://necan.org/OCACitizenScienceWorkshops; webinars are available at
http://www.necan.org/ocean-and-coastal-monitoring-webinars-citizen-scientists).
Shell Day Results
Shell Day piloted a novel scientific approach to observing OCA by crowdsourcing
simultaneous water sampling. The initiative also gauged interest and built capacity for
coordinating regional activities. Distinct from long term OCA studies and research cruises, a
network of monitoring from community scientists and research institutions offers a unique
opportunity for simultaneous, crowdsourced sampling at a regional scale. Crowdsourced
sampling approaches have been robustly implemented for other community science initiatives,
but, to our knowledge, never for OCA monitoring or research.
Workshop conversations underlined a distinct opportunity to connect water monitoring
programs with laboratory services that could analyze total alkalinity, thus complementing local
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observations of acidification risk and in some cases enabling organizations to isolate carbonate
saturation state (a critical indicator for OCA). Water samples for TA analyses can be easily
collected using bottle sampling, and there are increasing regional resources available for
community science programs to access laboratory analyses. Furthermore, constraining
relationships between salinity and total alkalinity among estuaries, as has been performed for
open ocean environments on the northwest Atlantic continental shelf (Wanninkhof et al. 2015;
Wang et al. 2017), presents an opportunity to utilize salinity as a proxy for total alkalinity within
the nearshore environment. However, to characterize TA-salinity relationships across coastal systems
in the Northeast U.S. requires a highly distributed sampling schema on a scale that perhaps only
community based science organizations can attain. Furthermore, developing TA-salinity

relationships could be leveraged to explore archived data from the region to hind-cast
acidification and calcium carbonate saturation state from measurements over the past decade.
During Shell Day, the single-day monitoring event spanning from Long Island Sound to
northeast Maine, 59 monitoring organizations participated in collecting samples from one or
more stations. A total of 410 TA samples were collected from 86 coastal locations (Figure 4).
During water sample collection, participation extended beyond community science programs
identified from previous outreach activities to also include colleges, universities, and student
groups. Seven institutional laboratories partnered with the effort to preserve samples within 24
hours of collection and later analyze water samples for TA. A broader team of researchers
interpreted the data set as a regional snapshot and study results were published by Rheuban
et. al 2020. Meetings hosted at laboratories on the day following sample collection functioned
to continue conversations about OCA and coordinated monitoring. These meetings reached
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over one hundred people through 2-4 hour workshops/celebrations hosted by participating
laboratories.
Shell Day Follow-up Survey Results
In 2020, we received survey responses from 30 of the 59 programs who collected
samples on Shell Day. Responses showed that among this subset of participants, 140 staff were
directly involved in sampling and training, and 44% of these programs had never engaged in
OCA research. Our surveys asked how each community science program disseminated
education/information on OCA and Shell Day to their own constituents (Table 2). Specifically,
we asked “How many people do you estimate to have reached already through the following
activities (casual conversation, public speaking, newsletters, and social media.)? (Survey scroll
bars allowed respondents to select between zero and three hundred people for each
category)”. Responses indicated that community science programs had already shared
information about Shell Day and OCA with 10,880 people. Table 2 comprises a subset of 30
respondents from 59 participating programs; therefore, these tallies are preliminary and likely
under-represent total community science organization’s outreach and participation in Shell
Day.
A full list of survey responses is included within the supplement to this manuscript. The
following quotes illustrated that one consistent theme was the impact of community science
participation in OCA monitoring had on civic engagement, collaboration, and capacity building.
Responses illustrated the role of community science in public education.
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Participation in Shell Day has had a great effect on how our department is
communicating with supporters and local voters as we have a large shellfish fishery on
Nantucket that supports our local economy. Monitoring water quality is imperative as
this impacts the health of our aquatic organisms, including our important bay scallop
industry. With increasing ocean acidification, the health of our shellfish are at risk which
has major implications for our local economy. Our participation in Shell Day, in addition
to the results it produced, was instrumental in communicating effectively the importance
of monitoring our water quality.
Surveys also indicated that joining the regional event and prior training series augmented
programmatic understanding and interest in OCA science (S. 2.1). For example, one respondent
stated,
Participating in Shell Day has made us consider if we should start monitoring for Coastal
Acidification in the brackish section of the river. We are in the middle of creating our
strategic plan for the next five years, and one of the priorities that may be added to our
monitoring program is taking Coastal Acidification samples.
Another respondent described more immediate capacity building, saying,
Participation in Shell Day has had an effect on our program priorities. We recently
applied for and were granted funding for instrumentation to measure alkalinity in our
lab so will gradually add this into our routine water quality monitoring program.
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Hosting workshops in Connecticut, Massachusetts, and Maine, and later hosting gatherings at
local laboratories following Shell Day sample collection was not only logistically advantageous
to gather and preserve water samples from across the region, but also facilitated a goal to
foster place-based, collaborative relationships. Our work compiling monitoring stations online
through GIS tools similarly aimed to support collaboration and network capacity. More than
50% of respondents indicated novel and sustained collaborations resulting from Shell Day (S.
2.3).
“Participation in Shell Day ... reminded our department of the benefits of collaboration
and sharing information across different organizations”
“We began working closely with … the UNH Ocean Process Analysis Laboratory, assisting
with salinity measurements and also with ... the Jackson Estuarine Lab on sample collection and
data logger deployments.”
“Since Shell Day, we have been talking with the Center for Student Coastal Research and
trying to plan programs to collaborate with them, … such as river cleanups and water sampling
opportunities.”
When asked, “Is your organization interested to participate in discrete monitoring
events like Shell Day for coastal acidification as part of a regional network in the future?”, all
completed responses indicated yes.
Volunteer engagement estimated through attendance in webinars, sample collection,
and meetings tallied that Shell Day participants collectively contributed a total 1,140 hours of
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time for Shell Day. Results from Shell Day substantiated expectations that (a) water quality
monitoring programs are positioned to engage in OCA research, (b) crowdsourced sampling
approaches are a viable strategy to fill data gaps, and (c) comparative, simultaneous
observations among coastal locations have the potential to identify sites with amplified risk to
OCA (further described in Rheuban et al. 2020).
Discussion
OCA Action Plans typically outline a long-term sequence of information gathering and
research, convene disparate agencies and stakeholders to amend existing climate change and
development strategies to include OCA, and finally identify interventions which mitigate
impacts in coastal locations and opportunities for adaptation (Cite OA Alliance paper in this
issue). Our work has shown that Northeast coastal communities are home to local
environmental coalitions which are motivated and capable to participate in carbon system
monitoring recommended among OCA Action Plans.
Furthermore, crowdsourcing research participation from a variety of stakeholders
enabled a dialogue about the salience of OCA among other interrelated environmental
concerns (e.g. Cash et al. 2002). Barriers between science and decision making, especially
within climate change science and policy, have been well documented and are often attributed
to a disconnect in scientists' awareness of contextual constraints and the complexities of local
management (Jacobs et al. 2002). In contrast, many community science organizations have a
rich and sustained history of interfacing with local decision making. The boundary spanning
qualities of community science programs can broaden the relevance of OCA among decision32

makers and to assist the research community in generating science that is relevant to
community needs (e.g. Bednarek et al. 2018). Because community science organizations
function as communicators and educators to a broad public audience, monitoring training,
outreach activities and participation in projects such as Shell Day may help to share public
education for OCA and advance local capacity to respond.
When decision-makers and stakeholders understand that the drivers of OCA relate to
existing and shared priorities for clean water, habitat protection and economic resilience,
adaptation to OCA can gain public support. Various reports have called for research and
vulnerability assessments for OCA to better reach and collaborate with information end-users
and local decision-makers, thus building mutual understanding that can lead to adaptive action
(e.g. Cooley et al. 2015; Jewett et al. 2020; Strong et al. 2014).
Though beyond the scope of this research, consistent, long term engagement between
community scientists and professional researchers, and/or implementing Shell Day sampling
strategies at multiple time points in the seasonal marine carbon system cycle has the potential
to act as a rapid condition assessment which can triage locations for further investigation
(Rheuban et al. 2020). The need for tools to assess vulnerability and data that can inform
forecasts is amplified by predictions of increasing variability in climate and ecological paradigms
globally and in the Northeast (Brickman et al. 2018; Record et al. 2019; Townsend et al. 2015;
US Dept. of Commerce 1999; US Global Change Research Program 2001).
Such collaboration between technical experts, facilitators, and a locally engaged
citizenry helps to ensure information and planning is relevant to stakeholder needs and that co33

creative processes match best practices for social-ecological problem solving and active social
learning; ultimately building public trust for adaptation measures considered (Cash et al. 2002;
and examples within other climate adaptation efforts such as Leitch et al. 2019; Lemnos et al.
2012; Prokopy et al. 2017; Jakku and Thorburn 2010, Valls-Donderis et al. 2014). Clark et. al
2016 recommendations for sustainability strongly advise researchers not to pursue their search
for knowledge in isolation from the broader community. Defining the scope of such community
engagement is a clear challenge. Sustainability science practitioners emphasize that sustained
engagement and iterative processes are most likely to result in useful research (e.g. van
Kerkhoff and Lebel 2006). Similarly, hands-on engagement and collaboration between local
actors and experts is likely to be necessary for planning and implementing efforts for
community resilience to OCA in the Northeast and elsewhere. These modalities of research and
social-ecological problem solving align with our approach for crowdsourcing OCA
measurements and engaging stakeholder communities at a regional scale.
Conclusion
The water chemistry results from Shell Day (Rheuban et al. 2020) indicate that
community science programs are already able to collect reliable scientific information for OCA
with sufficient accuracy to distinguish areas of elevated risk. Evidenced by broad participation
in Shell Day and the outreach conducted by community science organizations to their own
constituencies on behalf of Shell Day, our research shows that engaging community science
programs in OCA monitoring is a productive way to reach broad, public audiences. From our
outreach and engagement efforts, we encourage research organizations and funding
institutions to align needs for geographically distributed OCA monitoring with existing water
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quality monitoring programs, and to provide training and further opportunities for
participation. These efforts are essential to build local capabilities to discern coastal carbonate
system information, and to engage a plurality of initiatives which can build resilience to the
social-ecological challenges presented by OCA.
Acknowledgements
List of Organizations who participated in Shell Day activities
1 Aquacultural Research Corp, 2 Barnstable Clean Water Coalition, 3 Boothbay Region Land Trust,
4 Boston Harbor Island National and State Park, 5 Belfast Bay Watershed Coalition, 6 Bigelow
Laboratory, 7 Buzzards Bay Coalition, 8 Cape Cod Cooperative Extension, 9 Committee for the
Great Salt Pond, 10 Connecticut Fund for the Environment (Save the Sound), 11 Clean Up Sound
and Harbors, 12 Casco Bay Estuary Partnership, 13 Center for Coastal Studies, 14 Cohasset Center
for Student Coastal Research, 15 Derecktor Shipyards, 16 Downeast Institute, 17 EPA Atlantic
Coastal Environmental Sciences Division, 18 EPA Region 1, 19 Earthwatch/Schoodic Institute, 20
Friends of Casco Bay, 21 Falmouth Water Stewards/Pond Watch, 22 Harbor Watch, 23 Hurricane
Island Center for Science and Leadership, 24 Interstate Environmental Commission, 25 Island
Creek Oysters, 26 Island Institute, 27 Kennebec Estuary Land Trust, 28 Maine Coastal Observers
Alliance, 29 Maine Department of Environmental Protection, 30 Maine Maritime Academy, 31
Marine Biological Lab, 32 Martha's Vineyard Commission, 33 Martha's Vineyard Shellfish Group,
34 Massachusetts Maritime Academy, 35 Mook Sea Farm, 36 North and South River Watershed
Association, 37 Nantucket Land Bank, 38 Nantucket Land Council, 39 Nantucket Natural
Resources Department, 40 Neponset River Watershed Association, 41 New England Aquarium,
35

42 New England Science and Sailing, 43 Pleasant Bay Alliance (Friends of Pleasant Bay), 40
Rockport Conservation Commission, 41 Water for ME Foundation, 44 Salem Sound Coastal
Watch, 45 Swampscott Conservancy, 46 Salt Ponds Coalition, 47 Save Bristol Harbor, 48 Save the
Bay, 49 Setauket Harbor Task Force, 50 Shaw Institute, 51 Town of Mashpee Department of
Natural Resources, 52 University of Maine-Machias, 53 University of New Hampshire, 54 UNH
Marine Docents, 55 URI Watershed Watch, 56 University of New England, 57 Wampanoag Tribe
of Gay Head (Aquinnah), 58 Woods Hole Oceanographic Institution, 59 Woods Hole Sea Grant.

Figure 1. Process diagram of outreach and collective monitoring from 2017-2020.

Figure 1. Process diagram
Figure 1 shows the sequence of NECAN’s engagement with community science programs from
2017-2020, including outreach, training, developing resources for monitoring activities, and
coordinating simultaneous monitoring.
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Figure 2. Carbon system diagram with related water quality parameters collected by community
science programs.

Figure 2. Community science measurements and the carbon system
Figure 2 situates common water quality measurements among community science programs in
a context of biogeochemical interactions driving the marine carbon system. Shown in black are
the constituents of the marine carbon system (dissolved inorganic carbon) and related factors
(hydrogen ions, buffer anions, and dissolved and particulate organic carbon. Black arrows
indicate chemical relationships among constituents of the carbon system while grey arrows and
the grouping of observable parameters indicate environmental interconnection. Two of the
four direct carbonate system measurements (pCO2, DIC, pH and TA) are required to discern
saturation state (𝛀𝛀), a critical indicator of accretion/dissolution potential for calcium carbonate
minerals. Parameters shown in red (DIC, pCO2, and TA) are not commonly measurable by
community science programs and shown in yellow (pH) are occasionally measured by
community science programs. Parameters shown in green (chlorophyll, nutrient
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concentrations, oxygen concentration, and salinity) are commonly measured among
community science programs in the northeastern United States. Color coding is based on
survey results shown in Table 1.
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Figure 3. GIS map of northeast United States monitoring programs

Figure 3. GIS Story Map
Figure 3 illustrates an open access GIS StoryMap created to compile metadata among
community science water monitoring programs in the northeastern United States. This
resource is open access and can be found at:
https://storymaps.arcgis.com/stories/fae30818a6164043a0d368ba0cd7bad3
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Station locations are tagged with project name; group/organization; station name; station
description; station latitude and longitude; direct carbonate parameters measured (pH, pCO2 ,
total alkalinity, total dissolved inorganic carbon); linked parameters (temperature, salinity,
nutrients, and other parameters measured on-site); the sampling equipment used for each
parameter; the sampling period (#years and seasons monitored for example May- Oct.); the
sampling frequency at each site; contact email and contact phone number needed to connect
with program staff and access data directly; and a link to available Quality Assurance Project
Plans for each program.
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Figure 4. Stations sampled during Shell Day single day monitoring event.

Figure 4. Shell Day monitoring stations
Figure 4 illustrates the sampling stations for Shell Day, a single-day monitoring event spanning
from Long Island Sound to Downeast Maine, in which 59 monitoring organizations participated
in collecting samples from one or more stations. A total of 410 TA samples were collected from
86 coastal locations White circles indicate stations with magnified vulnerability to acidification,
representing extreme values (20th percentiles of lowest mean level of total alkalinity and 80th
percentiles for highest standard deviation) in the distribution of the Shell Day data (Rheuban et
al. 2020).
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Table 1. Parameters measured among community science programs in the Northeast United
States.
Regional
Average

CT

MA

ME

Temperature

89%

78%

93%

100%

Biological monitoring

55%

50%

73%

43%

Salinity

72%

67%

67%

86%

Oxygen Concentration or Saturation

62%

50%

73%

64%

Chlorophyll-A

45%

44%

67%

21%

pH

62%

39%

60%

93%

Nitrogen

43%

33%

60%

36%

Other Nutrients

32%

28%

47%

21%

Turbidity

38%

33%

40%

43%

Light Attenuation

15%

11%

13%

21%

Total Alkalinity

15%

11%

13%

21%

pCO2

11%

6%

7%

21%

Dissolved Inorganic Carbon

13%

11%

13%

14%

Colored Dissolved Organic Matter

2%

0%

0%

7%

Table 1. Parameters measured by community scientists
Table 1 shows the % frequency of parameters measured by community science programs
surveyed in each state; CT (18), MA (15), and ME (14). Carbonate system parameters and
necessary ancillary measurements for calculating saturation state are highlighted in blue.
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Table 2. Outreach conducted by community science programs on behalf of Shell Day and OCA
monitoring training series.

Range

Total number reached

The average number of people
reached among respondents
engaging in each activity (i.e. values
of zero excluded).
Casual Conversation

47

5-250

1396

Public Speaking

90

31-300

1791

Newsletters

183

55-300

3653

Social Media

155

15-300

4040

Table 2. Outreach conducted by community science programs
Table 2 shows results from the 30 responses to a survey following Shell Day and inventories the
outreach conducted by community science organizations to their own constituencies resulting
from Shell Day.
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CHAPTER 2
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Abstract
Comprehensive sampling of the carbonate system in estuaries and coastal waters can be
difficult and expensive because of the complex and heterogeneous nature of near-shore
environments. We show that sample collection by community science programs is a viable
strategy for expanding estuarine carbonate system monitoring and prioritizing regions for more
targeted assessment. “Shell Day” was a single-day regional water monitoring event coordinating
coastal carbonate chemistry observations by 59 community science programs and 7 research
institutions in the northeastern United States, in which 410 total alkalinity (TA) samples from 86
stations were collected. Field replicates collected at both low and high tides had a mean standard
deviation between replicates of 3.6±0.3 µmol kg-1 (σmean±SE, n=145) or 0.20±0.02%. This level of
precision demonstrates that with adequate protocols for sample collection, handling, storage,
and analysis, community science programs are able to collect TA samples leading to high-quality
analyses and data. Despite correlations between salinity, temperature, and TA observed at
multiple spatial scales, empirical predictions of TA had relatively high root mean square error
(RMSE >48 µmol kg-1). Additionally, 10 stations displayed tidal variability in TA that was not likely
driven by low TA freshwater inputs. As such, TA cannot be predicted accurately from salinity using
a single relationship across the northeastern US region, though predictions may be viable at more
localized scales where consistent freshwater and seawater endmembers can be defined. There
was a high degree of geographic heterogeneity in both mean and tidal variability in TA, and this
single-day snapshot sampling identified three patterns driving variation in TA, with certain
locations exhibiting increased risk of acidification. The success of Shell Day implies that similar
community science based events could be conducted in other regions to not only expand
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understanding of the coastal carbonate system, but also provide a way to inventory monitoring
assets, build partnerships with stakeholders, and expand education and outreach to a broader
constituency.
Introduction
Ocean and coastal acidification (OCA) has emerged during the last decade as a topic of
serious concern, because of its impacts on marine organisms and coastal economies (1,2). There
is a strong scientific consensus about the drivers and projections of ocean acidification in the
open ocean, but the dynamics of acidification in coastal ecosystems are less clear. In addition to
absorption of carbon dioxide, the coastal carbonate system is driven by a number of factors
including freshwater discharge, stratification, water residence time, eutrophication,
biogeochemical processes, and upwelling (3–11). Natural biogeochemical cycling, which can be
strengthened by eutrophication, combined with site-specific differences in tidal flushing and
water residence time, leads to large spatio-temporal variations in seawater carbonate system
parameters (11–17).
Many drivers of OCA are strongly localized and are likely determined by characteristics
specific to both watersheds and estuaries, rendering regional generalizations of OCA conditions
difficult. As a result, the OCA research community has identified the need for additional
monitoring to better understand the drivers of the coastal carbonate system and quantify
localized risk of future OCA (18–21). Monitoring conditions across multiple spatial and temporal
scales is important for developing models that inform management and for identifying and
prioritizing opportunities for mitigation and adaptation (e.g. 22-24; see also state OCA Action
Plans).
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OCA risk assessments for coastal regions involve comprehensive analyses of current and
potential future biogeochemical conditions and prediction of the ecological consequences of
OCA, combined with knowledge of societal impacts within specific estuaries (e.g. 2,25,26).
Marine calcifiers are particularly at risk from OCA, and mollusks at most life stages are sensitive
to reduced carbonate mineral saturation state (Ω) and pH (e.g. 27,28). Previous studies have
consistently shown negative effects of OCA on critical shellfish life history stages, including
fertilization, shell formation, and larval development (e.g. 18, and references therein, 29–31).
Reduced shell strength and growth, increased mortality, and altered behavior have been shown
for juveniles and adults of some species, although responses in laboratory experiments have
been variable, and both species and sub-population specific (18,32–38). Because of the strong
potential sensitivity of mollusks to OCA and limited mobility within a coastal estuary, areas with
significant wild shellfish populations and aquaculture operations are candidate locations for
enhanced monitoring and determination of localized drivers of the carbonate system.
Total alkalinity (TA), a measure of the ability of a solution to resist a change in pH, is one
of four parameters that describes the seawater carbonate system. Sample collection is
straightforward due to the lack of sensitivity of TA to gas exchange, and sample storage over
short periods of time does not require inhibition of biological activity with poisoning agents such
as mercuric chloride (39,40). In the absence of biological processes, TA is also conservative with
salinity, and relationships between salinity and TA have been used in the monitoring of coastal
acidification (41). TA can be a useful indicator of marine ecosystems' vulnerability to acidification
pressure from various CO2 sources; however, TA is not typically monitored by community science
organizations because of financial and analytical barriers. The widespread adoption of
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community science for water quality monitoring has overcome these hurdles for other
parameters, e.g. temperature, salinity, dissolved oxygen, and nutrients (42–45). In addition,
community science has proven to be important for public outreach, engagement, education, and
adoption of practices that expand and promote environmental stewardship. Many monitoring
organizations have also been vocal advocates of the development and implementation of
management solutions to improve coastal water quality such as garnering support for nutrient
pollution regulation, upgrades to wastewater treatment facilities, and expansion of sewer
networks. Expanding site-specific monitoring programs to include observations of coastal
carbonate chemistry may be a capacity-building step toward public education and the
implementation of local management actions to reduce the drivers of acidification (22,24,46,47).
We carried out ‘Shell Day’ on August 22, 2019, as a synoptic water monitoring event
coordinating coastal TA observations among community science programs and research
institutions from Long Island Sound to Downeast Maine. To our knowledge, this study represents
the first large-scale set of synchronous measurements of salinity and TA along the northeastern
United States coast. The sampling was motivated by two years of outreach and capacity-building
activities by the Northeast Coastal Acidification Network aimed at training community-based
water monitoring programs in methods to measure carbonate chemistry parameters, an effort
to be detailed in a companion manuscript, Gassett et al. (40,47,48). Shell Day had three major
goals: (1) to evaluate the efficacy of community science for TA monitoring; (2) to assess
geographic heterogeneity in mean and tidal variability in TA; and (3) to determine if a regional
relationship between salinity, temperature, and TA could be used to estimate TA. This manuscript
describes the successes, shortcomings, and uncertainties in achieving these goals.
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Methods
2.1 Site selection and sampling design
Minimum requirements for participation in Shell Day were the capacity to measure water
temperature and salinity – some organizations used thermometers and refractometers, and
others used multiparameter datasondes or handheld units. Fifty-nine water monitoring
organizations participated, collecting samples from 86 stations. Sampling stations were chosen
by individual monitoring organizations, with suggested criteria for choosing locations including:
stations with long sampling records, proximity to wild shellfish populations, shellfish aquaculture
operations or hatcheries, stations with relatively easy access to facilitate repetitive sampling,
and/or stations with large variability in salinity.
An EPA approved quality assurance project plan was developed along with a datasheet,
sampling protocol, training video, and a webinar tutorial to instruct community scientists on a
standardized sampling protocol (all available at necan.org/shellday). Surface water samples were
collected in pre-cleaned and labeled borosilicate glass or HDPE bottles provided to participating
organizations. Samples were collected at low, mid, and high tides at each station to assess the
tidal variation of TA. Samples were collected directly from the water body or using common
sampling devices such as buckets, Van-Dorn samplers, or Niskin bottles. Temperature, salinity,
and other water characteristics were measured either directly in the water body at the targeted
depth of sample collection (handheld units and multiparameter datasondes) or from the water
collected in a container (refractometers). To assess the consistency of the sampling protocol,
sample handling, and sample storage, field duplicates were collected at both low and high tides.
Water samples were placed on ice and stored in the dark upon collection and either returned to
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the lab on the day of collection or stored overnight on ice until samples could be returned to the
nearest laboratory. Upon delivery to a laboratory, water samples were either analyzed
immediately or fixed by laboratory staff with saturated mercuric chloride to inhibit biological
activity and analyzed over several weeks. Participants were also asked to provide metadata such
as location (upper/mid/lower estuary), proximity to wild shellfish populations or aquaculture
operations (yes/no/unknown), and other information such as salinity instrument type and date
of last calibration. In order to ensure safety of volunteers collecting water samples, participants
were notified during the pre-sampling training webinar about inclement weather plans, and no
volunteers handled hazardous laboratory materials.
Spatial data layers from the Northeast Ocean Data Portal (NODP) on commercial
aquaculture operations (49) and shellfish habitat suitability (50) were used to corroborate
participant responses and identify other sampling stations located within 1 km of wild shellfish
populations and aquaculture operations.
2.2 Sample processing
Seven laboratories analyzed samples for TA via automated open-cell Gran titration
(Method 1: 51) or modified single-point titration (Method 2: 52) (Table 3). Each laboratory used
certified reference material (CRM) from Dr. A. G. Dickson’s laboratory at the Scripps Institute of
Oceanography to standardize measurements. Although an inter-laboratory comparison would
increase the confidence in and comparability of our results, such comparison was beyond the
scope of this study. TA data were quality controlled by each laboratory based on instrument
performance, laboratory replicates, and analyses of CRM. Data were excluded from analyses if
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the standard deviation between field duplicates was greater than 1% of the mean. Reported
salinity was converted from practical salinity to absolute salinity using the Gibbs Seawater Matlab
toolbox (54). A subset of 11 samples had salinities verified on a benchtop salinometer (Guildline
Portasal).
Table 3. List of laboratory facilities and instruments.
Samples were analyzed for TA via automated open-cell gran titration (1) or modified single-point
titration (2).
Partnering Laboratory

Titrator Brand

Meth
od

Bowdoin College

Metrohm 905 Titrando

1

EPA Atlantic Coastal Environmental Sciences

Apollo SciTech Model AS-ALK2

1

VINDTA 3C (Marine Analytics

1

Division
Northeastern University Marine Science Center

and Data)
Massachusetts Institute of Technology

Custom built by Andrew Dickson

1

Laboratory UCSD
Woods Hole Oceanographic Institution

Metrohm 808 Titrando

1

University of Connecticut

Contros HydroFIA

2

University of New Hampshire

Contros HydroFIA

2
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2.3 Data analysis
Empirical relationships between physical variables (temperature, salinity, latitude) and TA
were evaluated for both the entire dataset and groupings of stations by subregion (Figure 1) using
simple linear regression (salinity only) and multiple linear regression (MLR) using equations with
similar form as Juranek et al. (55) and Alin et al. (3):
𝑇𝑇𝑇𝑇𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 = 𝐴𝐴1 + 𝐴𝐴2 (𝑆𝑆 − 𝑆𝑆𝑟𝑟 ) + 𝐴𝐴3 (𝑇𝑇 − 𝑇𝑇𝑟𝑟 ) + 𝐴𝐴4 (𝐿𝐿𝐿𝐿𝐿𝐿) + 𝐴𝐴5 (𝑆𝑆 − 𝑆𝑆𝑟𝑟 )(𝑇𝑇 − 𝑇𝑇𝑟𝑟 ) + 𝐴𝐴6 (𝑆𝑆 −

Eq. 1

𝑆𝑆𝑟𝑟 ) ∗ 𝐿𝐿𝐿𝐿𝐿𝐿 + 𝐴𝐴7 (𝑇𝑇 − 𝑇𝑇𝑟𝑟 ) ∗ 𝐿𝐿𝐿𝐿𝐿𝐿

𝑇𝑇𝑇𝑇𝑖𝑖 = 𝐴𝐴1 + 𝐴𝐴2 (𝑆𝑆 − 𝑆𝑆𝑟𝑟 ) + 𝐴𝐴3 (𝑇𝑇 − 𝑇𝑇𝑟𝑟 ) + 𝐴𝐴4 (𝑆𝑆 − 𝑆𝑆𝑟𝑟 )(𝑇𝑇 − 𝑇𝑇𝑟𝑟 )

Eq. 2

where TA is total alkalinity, S is salinity, T is temperature, Lat is latitude, the r-subscript indicates
a reference temperature and salinity, defined as the mean temperature or salinity for the dataset
analyzed and the subscript i indicates subregions. Subregion delineation was informed by Gledhill
et al. (2015), with station groupings including Long Island Sound (LIS), Narragansett Bay (NB),
Buzzards Bay/Vineyard Sound (BB/VS), Cape Cod Bay/Central Gulf of Maine (CCB), and northern
Gulf of Maine (GOM) (see Figure 1). Latitude was only included as a predictor variable when
evaluating the entire dataset (Eq. 1).
Results
A total of 410 samples were collected. Field duplicates were collected at low and high
tides at most stations, leading to 264 unique samples. Eight sets of field duplicates with a %standard-deviation from the mean of more than 1% were excluded from this analysis. There was
good agreement between the remaining pairs with a mean standard deviation between
duplicates of 3.6±0.3 µmol kg-1 (±SE, n=145) or 0.20±0.02%. The TA of 122 of 145 sets of
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duplicates (84.1%) differed by less than 10 µmol kg-1. Laboratory verification of a subset of salinity
measurements (n=11) showed average differences between field and lab salinity (±SD) of
1.9±2.1, and salinometer measurements were used in place of field observations where available.
Additionally, 10 field salinity values were higher than typically observed in the coastal New
England region (>34) and were excluded from the interpretation.
Table 4. Number of sampling stations, mean total alkalinity (TA), and salinity by subregion.
Values in parentheses are standard deviation. The number of observations may differ between
TA and salinity due to quality control measures of each parameter.
Region

Number

TA (µmol kg-1)

Number of

Salinity

Number of

of

Observation

Observation

stations

s

s

GOM

22

1899.9 (335.8)

60

26.1 (7.1)

60

CCB

33

1813.0 (457.7)

95

25.1 (8.5)

99

BB/VS

16

1824.8 (253.8)

48

27.0 (5.5)

43

NB

6

1968.3 (37.1)

15

31.9 (1.7)

14

LIS

9

1881.3 (378.7)

9

20.4 (9.8)

23

There was a high degree of geographic variation in TA (Table 4), and also in station mean and
distribution over a tidal cycle (Figure 6). Simple regression analysis indicated a correlation
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between salinity and TA across the entire dataset (r2=0.668, p<0.0001, not shown) that was
improved (r2=0.820, p<0.0001, Table B.1) by excluding data from stations where high tidal
variability in either salinity or TA was not accompanied by variability in the other parameter
(Figure 3, open circles, see paragraph below). The best correlations, with both the highest r2 and
lowest root mean squared error (RMSE), were achieved by incorporating temperature (for all
data combined and by subregion) and latitude (for all data combined) as predictor variables via
MLR (Tables 3, Figure 14, Figure 3 filled circles only). Despite a relatively high r2 for fits combining
all data, RMSE was large (121.1 µmol kg-1). Analyzing the data in groupings by subregion improved
the prediction for some regions and worsened the prediction for others (Figure 3, Tables 3, B.1,
and Figure 14).
Table 5. Summary of fit statistics.
Summary of fit statistics including number of samples (N), r2, p, and root mean square error
(RMSE) for multiple linear regression analysis predicting total alkalinity from temperature and
salinity for all data combined (All Data) and individual subregions of the northern Gulf of Maine
(GOM), Cape Cod Bay (CCB), Buzzards Bay/Vineyard Sound (BB/VS), Narragansett Bay (NB) and
Long Island Sound (LIS). Fits for all data also include latitude as a predictor variable. Full fit
statistics can be found in Table B.1.
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Region

N

All Data

r2

p

RMSE (µmol kg-1)

191 0.894

< 0.0001

121.1

GOM

45

0.773

< 0.0001

177.1

CCB

84

0.944

< 0.0001

110.9

BB/VS

34

0.814

< 0.0001

70.3

NB

14

0.176

0.566

33.5

LIS

14

0.674

0.0085

48.7

Station-level standard deviation was used to assess tidal variations in TA and salinity (Figure
8). Three patterns of variation were identified: stations with (1) low or proportional variation in
both TA and salinity; (2) low variation in salinity but high variation in TA (σTA>200 µmol kg-1,
σsal<2.5); (3) high variation in salinity but low variation in TA (σsal>2.5, σTA<100 µmol kg-1). The
majority of sampling stations fell into the first (n=71) category, four into the second category,
and six into the third category. Five stations did not have enough samples to evaluate variability
over a tidal cycle.
Participants identified 47 sampling locations that they believed were in close proximity
to shellfish aquaculture or wild shellfish populations. Spatial data layers from the NODP identified
18 and 58 stations within 1 km of shellfish aquaculture operations or suitable shellfish habitat,
respectively. Some stations overlapped these three data sources and combining data sources
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yielded 72 stations monitored on Shell Day that were likely near shellfish populations. Five
stations in close proximity to shellfish had mean TA that was lower than the 20th percentile in the
dataset (TA<1750.7 µmol kg-1), six stations had tidal variability in TA greater than the 80th
percentile (σTA>120.4 µmol kg-1), and six stations had both low mean and high tidal variability.
Discussion
4.1 Efficacy of Sampling Design
To the authors’ best knowledge, Shell Day was the most geographically extensive, singleday effort to sample and analyze carbonate system parameters of seawater in coastal New
England (Figure 5, Table 4), and the first to evaluate a community science strategy for discrete
carbonate system monitoring. Individual sampling programs have carried out more
comprehensive monitoring of single embayments and estuaries (e.g. 11,17,56,57), but the singleday sampling over a tidal cycle provides a unique snapshot of variability in TA and salinity across
both time and space (Figure 6). Long term and high-precision observations may be required to
discern location-specific drivers of OCA, but synoptic approaches such as Shell Day can help
prioritize locations for more targeted assessments (see section 4.4),
The good agreement between field replicates indicates that the community-based sample
collection and handling protocols generally yielded high-quality TA measurements (Figure 13).
The success of Shell Day suggests that community science organizations with capacity for
additional water sample collection could collaborate with laboratories to add TA to sampling
programs to improve understanding of OCA, while increased community science participation
can serve to facilitate long-term observations. Such combined science and outreach efforts may
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also help communities and managers better understand the complex dynamics of OCA and
increase public engagement in addressing this environmental challenge.
4.2 Empirical relationships between salinity, temperature and total alkalinity
The entire salinity-TA data set displays high variability (Figure 7) and suggests that dilution
with low TA freshwater exerts a strong control on coastal TA across the Northeast (Figure 7, filled
symbols). However, ten Shell Day sampling stations exhibited strong deviations from this overall
trend (Figure 7, open symbols), illustrating the potential importance of other localized processes.
For instance, several stations exhibited TA of ca. 2000 µmol kg-1 and reported salinity that
approached zero, implying differences in freshwater endmembers at the watershed scale (see
section 4.3). Additionally, the geographic subsets of the data identified in Figure 1 show distinct
salinity-TA relationships, with differences in both the salinity-TA slope and the zero-salinity
intercept. Many environmental and water quality factors may vary at the subregion and
watershed scale, such as underlying gradients in both coastal and freshwater endmembers
spanning this large region (e.g, Figure S4, 18), that could contribute to these differences in
salinity-TA regressions (Figure 7).
One project goal was to determine if a region-wide empirical relationship could be used to
accurately estimate TA from salinity and temperature, two parameters typically monitored by
community science programs. Although strong regional relationships between salinity,
temperature, and TA, have been observed in other studies (e.g. 3,55,58–60), the Shell Day data
suggest there is not likely to be a single Northeast-wide relationship that can accurately predict
TA in coastal waters. For the entire region, the best empirical relationship still had a high RMSE
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(121.1 µmol kg-1), which starkly contrasts tight salinity-TA relationships observed in the more
open ocean environments of the northwest Atlantic continental shelf (16,61). Even by subregion,
RMSE was still high (48 µmol kg-1) in all statistically significant empirical fits (Table 5). This error
is 10 to 50 times greater than the laboratory measurement uncertainty, which is typically on the
order of 1-4 µmol kg-1.
Ultimately, the goal of empirical fits to predict TA should be to achieve a low RMSE so as to
limit additional uncertainty in carbonate system calculations. For example, Alin et al. (3) and
Juranek et al. (55) predicted TA with an overall RMSE of 6.4 and 4.8 µmol kg-1, in the southern
California Coastal Current and Northeast Pacific regions, respectively. In the nearshore and
estuarine environments of Washington state, Fassbender et al. (60) predicted TA from salinity
with an error of 17 µmol kg-1, which they estimated was appropriate for “weather” quality
calculations of Ω and pH, but not “climate” quality calculations (62), where a prediction error on
TA needed to be <10 µmol kg-1. A similar error propagation analysis to determine maximum error
acceptable for TA predictions is unfortunately not possible with this dataset owing to the lack of
additional carbonate system measurements. Thus, given this high uncertainty, salinity and
temperature alone, at least as measured in the Shell Day dataset, are not sufficient to estimate
TA across the entire Northeast United States region. However, empirical relationships to predict
TA may be possible using more localized datasets. This is supported by the reduced error when
predicting TA from salinity and temperature for some of the subregions, reinforcing the need to
understand drivers of the carbonate system at the watershed scale (Table 4, B.1).
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Several factors could drive the high predictive error when estimating TA from proxies in the
coastal environment of the Northeast. Processes that influence TA such as sulfate reduction,
denitrification, calcification, or calcium carbonate dissolution could be responsible for some of
the variation in the salinity-TA relationship, but we lacked the data to evaluate the contribution
of these processes. Challenges with the collection of high-quality salinity data may also have led
to increased variability in the salinity-TA relationship. For instance, imprecise calibration of
handheld salinity meters or lower precision and accuracy of refractometers (used at 23 of the
sampling locations) may have contributed to this poor correlation. Furthermore, if the water
column was stratified at the time of sample collection, small differences between the depth of
the salinity measurement and the depth that the water was sampled for TA analysis could lead
to decoupling of salinity from TA. Empirical fits between temperature, salinity, and TA using only
laboratory salinometer measurements on the water collected for TA analysis in the GOM region,
rather than field observations, showed much smaller RMSE (30.1 vs. 177.1 µmol kg-1,
respectively) and higher r2 values (0.993 vs. 0.772, respectively) (Tables B.1, 3) than the overall
GOM region, although this dataset was also much smaller. The reduced error implies that more
accurate measurements of salinity may improve the predictive capacity of a subregional
empirical relationship, although more data would be needed to fully evaluate this hypothesis.
4.3 Carbonate system variability
Station-level standard deviation values for salinity and TA provide insight into factors that
influence tidal variability in TA during the time of sampling (Figure 8). For instance, stations that
displayed little or proportional variability in both TA and salinity (Group 1, Figure 8) likely
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illustrate conservative mixing with low-TA freshwater as the dominant driver of TA variability
over a tidal cycle. Most of the observations fall into this category, which reflects the strong impact
of freshwater inputs on TA concentration (see also section 4.2). Stations with low variability in
both TA and salinity may reflect either coastal or riverine endmembers, but given the limited
nature of this dataset (3 samples per station) and relatively high uncertainty in reported salinity
(1.9±2.1), it is not possible to distinguish natural variability in salinity from measurement
uncertainty for observations where σsalinity was less than approximately 2 units.
Stations with large changes in TA but low salinity variation (Group 2, Figure 8) could be
influenced by alkalinity production from sediments (63–66). For example, at a single sampling
station, Wang et al. (65) observed a nearly 200 µmol kg-1 increase in TA from high to low tide
during summer, which was attributed to anoxic or suboxic processes occurring in marsh
sediments such as sulfate reduction or denitrification that led to significant alkalinity export
during ebb tide. Production of dissolved organic carbon can also lead to increased contributions
of organic alkalinity that could cause tidal variations in TA without changes in freshwater inputs
(67). Organic acids have been estimated to modify coastal TA by up to 100 µmol kg-1 (65,67,68),
potentially representing 20-50% of the signal observed at these four sampling stations.
The six stations with large variation in salinity but little change in TA over a tidal cycle
(Group 3) may reflect high alkalinity freshwater contributions. Compilations of river alkalinity
measurements collected over the past several decades indicate that most observations of
freshwater TA in the New England region are relatively low (200-1000 µmol kg-1, 17,57,69, Figure
S4) in comparison to expected seawater values (>2000 µmol kg-1), but a number of rivers that
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discharge into coastal Maine, New Hampshire, northern Massachusetts, and Long Island Sound
have much higher TA (>1000 µmol kg-1, 56,69, Figure S4). However, more data along with repeat
sampling over multiple tidal cycles would be needed to better understand these anomalous
relationships between TA and salinity.
4.4 Using distributed monitoring for targeted assessments
Assessment of the vulnerability of communities, economies, and ecosystems to OCA
requires detailed syntheses of social and biogeochemical conditions (e.g. 26,70). No single
sampling program could provide those syntheses, but efforts like Shell Day may help identify
locations for in-depth evaluation of vulnerability to OCA. Although explicit biological thresholds
for mean or variability in TA for shellfish are not known, extreme values within the distribution
of the Shell Day dataset may be used to suggest locations for further study. For example, stations
in close proximity to shellfish that also had low mean TA, high tidal variability in TA, or both, are
likely to experience higher levels of coastal acidification stress, or be at risk for future acidification
due to low buffering capacity (Figure 9, 18). In addition, DIC tends to be higher than TA in rivers
and groundwater in New England (17,57,71) and carbonate system buffering diminishes as DIC
increases relative to TA (65,72–74). Thus, regions of low TA, especially if caused by mixing with
high DIC, low TA freshwater, are likely to have a higher sensitivity to future increases in CO2 from
either atmospheric or local biological sources. Highly variable environments have also been
proposed as locations that promote adaptation and/or evolution of resilience to acidification
stress (75 and references therein), and the distributed, single-day monitoring approach may
identify potentially resilient populations of shellfish.
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4.5 Recommendations for community-based sampling and measurements of seawater
parameters
These results suggest two important practical considerations for future studies. First, the
development of empirical relationships between salinity and TA relies on high-quality
measurements of both salinity and TA, but during Shell Day, salinity was measured less accurately
than anticipated. Refractometer-based salinity measurements often differed from laboratory
measurements by several units, and even sensor-based salinity measurements sometimes
yielded implausible values. These problems emphasize the importance of careful, welldocumented calibration and verification procedures. In addition, in a strongly stratified water
column, salinity measured in the water column using handheld instruments may differ from the
actual salinity of the discrete water sample collected for TA analysis. At a minimum, salinity and
TA should be measured at precisely the same water depth or, ideally, salinity should be measured
on a subsample of the water sample used for TA measurements.
More broadly, Shell Day responds to the call to expand coastal monitoring, build
partnerships that utilize existing monitoring efforts to observe coastal carbonate chemistry, and
increase education and outreach on behalf of OCA as an indicator of climate change and water
quality (46). A natural expansion of this approach would be the addition of a second carbonate
system parameter. The cost and calibration of equipment poses challenges for in situ
measurements of pH and pCO2, while bottle sampling for dissolved inorganic carbon, pH, or pCO2
has significant challenges related to the collection, handling, and preservation of samples that
are sensitive to gas exchange. Adjustments would need to be made to the sampling protocol,
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such as providing sampling devices designed to minimize gas exchange, using gas-impermeable
borosilicate glass bottles, and more rapid preservation of samples immediately after collection.
These approaches may not be appropriate for community science because sample preservation
typically involves using a concentrated solution of mercuric chloride, a hazardous substance.
Community-science-driven seawater monitoring can serve many purposes. This project
was designed to pilot a community-science-based approach to characterizing single-day
variations in TA across a large geographic range. A targeted sampling design prioritizing specific
ecosystems, communities of interest, and/or drivers of coastal carbonate chemistry could be
developed in collaboration with academic researchers to address specific questions or enhance
evaluation of regional differences in vulnerability to acidification. For example, the EPA’s National
Coastal Condition Assessment aims to add TA to its future suite of standard measured parameters
beginning in 2020. Future efforts could also target sites with shellfish aquaculture or large
populations of wild shellfish, or be timed to address specific processes, such as the spring freshet,
peak respiration, major storm events, or seasonal patterns of eutrophication.
5 Conclusions
The success of the Shell Day sampling effort illustrates the potential of community science
in carbonate system monitoring. These results reveal ways to improve sampling methodology
and show the value of TA as a potential tool for OCA studies. This project highlighted
opportunities for laboratories and research facilities to collaborate with coastal monitoring
programs and community science organizations, developed resources that could be used to
support future events at other locations (e.g., QAPP, data sheets, sampling protocols, educational
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documents and videos), and identified areas of expansion such as procedures to collect samples
for other carbonate system parameters. Community science efforts can provide a way for state
and local governments to inventory monitoring assets, establish collaborations among
laboratories to build capacity for seawater monitoring, and engage their constituency in
education and outreach programs that increase public understanding of coastal acidification.
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Figures

Figure 5. Sampling locations.
Sampling stations are colored by geographic groupings corresponding to regions in Tables 4 and
5, and Figure 7. Groupings are the northern Gulf of Maine (GOM, blue), southern Gulf of
Maine/Cape Cod Bay (orange, CCB), Buzzards Bay/Vineyard Sound (BB/VS, yellow), Narragansett
Bay (NB, purple), and Long Island Sound (LIS, green).
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Figure 6. Comparing total alkalinity.
Left panels show subsets of locations of sampling stations moving from north to south down the
Northeast US coast: northeastern Maine (top), southwestern Maine, New Hampshire, northern
Massachusetts (2nd), Cape Cod, Martha’s Vineyard, and Nantucket, Massachusetts (3rd), Rhode
Island, Connecticut, and New York (bottom). Right panels show distribution of station alkalinity
measurements. Boxplots are generated using all data from each station, representing up to 6
samples collected. Station numbers for each boxplot correspond to numbers in the map panels
on the left. Red lines indicate the station median, the box the interquartile range, and whiskers
correspond to ±2.7σ.
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Figure 7. Salinity-total alkalinity (TA) relationships.
Each station is represented by at most three points, showing the TA and salinity values for low,
mid, and high tide, as available. Open circles are from the 10 stations where tidal variability in
salinity and TA was unexpected. Data points are colored by regional grouping shown in Figure 5.
Lines are calculated from regression analyses using the mean temperature for each region.
Dashed lines for LIS and NB are included for completeness, but the slopes with respect to salinity
were not statistically significant (p>0.05, Table B.1).
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Figure 8. Standard deviation in alkalinity and salinity
Standard deviation in total alkalinity vs standard deviation in salinity over a tidal cycle for each
sampling station. Open circles are stations with low or proportional variation in salinity and
alkalinity (group 1), closed triangles have large variation in alkalinity but small variation in salinity
(group 2), and closed circles have large variation in salinity but small variation in alkalinity (group
3).
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Figure 9. Station mean and standard deviation in total alkalinity.
Open circles are locations identified as near shellfish aquaculture, wild populations, or suitable
shellfish habitat. Closed circles indicate stations not adjacent to aquaculture or wild shellfish
habitats. Vertical and horizontal lines indicate the extreme low and high values (20th and 80th
percentiles for mean and standard deviation, respectively) in the distribution of the Shell Day
data.
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CHAPTER 3
SUPPORTING MATERIALS FOR THE MAINE OCEAN AND COASTAL ACIDIFICATION
PARTNERSHIP ACTION PLAN

86

87

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

CONCLUSION

Practitioners in climate change adaptation are transitioning from the work to define hazards
towards a hands-on search for solutions at the local level (Fazey et al. 2018, Johnson et al. 2019).
Adaptation resources and strategic planning guides, and in this case, approaches for monitoring
ocean and coastal acidification, are essential in supporting community action in responding to the
impacts of climate change. Decision-making resources, however, are useful only in a context where
end-users develop ownership of the approach via extensive collaboration with expert practitioners
and where co-creative work has been carried out to tailor all-purpose tools to meet specific, local
needs (Fünfgeld et al. 2019). It is essential that climate change science be co-developed with
stakeholders, to decrease the barrier of technical jargon in sharing ideas among constituencies, and
to generate more realistic expectations about how data and resources from research can be used
by decision makers (Hewitson et al. 2017, Hulme & Dessai 2008, Porter & Dessai 2017, Moser et al.
2017, Tang & Dessai 2012).
While the scientific field of ocean and coastal acidification is quickly maturing, there is little
established precedent for responding to the phenomenon within management and conservation
arenas. Aligned with early, general conclusions for adaptation to climate change, there is a need for
governance and research approaches to legitimately incorporate stakeholders into decision-making
and research agendas. A well identified challenge for environmental sciences resides in the
“loading dock” phenomenon, where scientist alone define recommendations and a stream of
information becomes generally available for decision-makers, yet, realistically, that information is
not a primary input to the complex process leading to civic and management outcomes (Cash et al.
2006, Dilling and Lemos 2011). Iterative collaboration among technical experts, facilitators and
local decision makers is essential to ensure that information and academic support for planning is
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relevant to stakeholder needs. Co-creative processes that 1) involve stakeholders in defining
research questions, 2) prioritize co-development of targeted communication products and tools,
and 3) work to situate new information in the landscape of governance relating to social-ecological
challenges are fundamental for meaningful assistance to end users. These practices build trust
among participants and ultimately create greater buy-in for the adaptation measures that are
considered (Cash et al. 2003, Jakku & Thorburn 2010, Leitch et al. 2019, Lemos et al. 2012, Lemos
et al 2014, Prokopy et al. 2017, Valls-Donderis et al. 2014).
Various reports have enunciated a need for research and vulnerability assessments for
ocean and coastal acidification to better reach and collaborate with information end-users and
local decision-makers and for research to expand beyond carbon chemistry paradigms originating
in the oceanographic community (e.g. Strong et al. 2014, Cooley et al. 2015, Cooley et al. 2016).
The capacity building efforts described in previous chapters stand as a platform to build co-creative
models. Chapters one and two assessed the potential for community science programs in the
Northeastern United States to fill critical gaps in coastal observations and to ultimately foster
community engagement in a novel social-ecological challenge largely unfamiliar to public
audiences. Chapter three identified opportunities for collaboration and supported partnerships
across stakeholder groups in Maine that are responding to myriad climate impacts.
Importantly, the primary audiences and partners involved in this work represent only a
subset of stakeholders essential for truly co-creative research on OCA. Many fisheries stakeholders,
coastal businesses, and governing bodies which manage critical drivers of nearshore conditions are
not yet involved in the coalition of entities focused on OCA. Nonetheless, this work represents bold
action to build capacity for collaborative research and public participation in governance. Defining
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and pursuing social-ecological resilience to OCA, founded upon actionable scientific information
and location-specific monitoring, will require continued leadership across multiple sectors and
disciplines.

129

REFERENCES
Cash, D. W., Borck, J. C., & Patt, A. G. (2006). Countering the loading-dock approach to linking
science and decision making: comparative analysis of El Niño/Southern Oscillation
(ENSO) forecasting systems. Science, technology, & human values, 31(4), 465-494.
Cash, D. W., Clark, W. C., Alcock, F., Dickson, N. M., Eckley, N., Guston, D. H., ... & Mitchell, R. B.
(2003). Knowledge systems for sustainable development. Proceedings of the national
academy of sciences, 100(14), 8086-8091.
Cooley, S.R., E.B. Jewett, J. Reichert, L. Robbins, G. Shrestha, D. Wieczorek, and
S.B. Weisberg. 2015. Getting ocean acidification on decision makers’ to-do lists:
Dissecting the process through case studies. Oceanography 28(2):198–211,
http://dx.doi.org/10.5670/oceanog.2015.42
Cooley, S. R., Ono, C. R., Melcer, S., & Roberson, J. (2016). Community-level actions that can
address ocean acidification. Frontiers in Marine Science, 2, 128.
Fazey, I., Schäpke, N., Caniglia, G., Patterson, J., Hultman, J., Van Mierlo, B., ... & Al Waer, H.
(2018). Ten essentials for action-oriented and second order energy transitions,
transformations and climate change research. Energy Research & Social Science, 40, 5470.
Fünfgeld, H., Lonsdale, K., & Bosomworth, K. (2019). Beyond the tools: supporting adaptation
when organisational resources and capacities are in short supply. Climatic Change,
153(4), 625-641.
Hewitson, B., Waagsaether, K., Wohland, J., Kloppers, K., & Kara, T. (2017). Climate information
websites: an evolving landscape. Wiley Interdisciplinary Reviews: Climate Change, 8(5),
e470.
Hulme, M., & Dessai, S. (2008). Predicting, deciding, learning: can one evaluate the ‘success’ of
national climate scenarios?. Environmental Research Letters, 3(4), 045013.
Jakku, E., & Thorburn, P. J. (2010). A conceptual framework for guiding the participatory
development of agricultural decision support systems. Agricultural systems, 103(9), 675682.
Johnson, E. S., Stancioff, E., Johnson, T., Sabine, S., Maurice, H., & Reboussin, C. (2019).
Preparing for a Changing Climate: The State of Adaptation Planning in Maine’s Coastal
Communities. Maine Policy Review, 28(2), 10-22.
Leitch, A. M., Palutikof, J. P., Rissik, D., Boulter, S. L., Tonmoy, F. N., Webb, S., ... & Campbell, M.
C. (2019). Co-development of a climate change decision support framework through
engagement with stakeholders. Climatic Change, 153(4), 587-605.
130

Lemos, M. C., Kirchhoff, C. J., Kalafatis, S. E., Scavia, D., & Rood, R. B. (2014). Moving climate
information off the shelf: boundary chains and the role of RISAs as adaptive
organizations. Weather, Climate, and Society, 6(2), 273-285.
Lemos, M. C., Kirchhoff, C. J., & Ramprasad, V. (2012). Narrowing the climate information
usability gap. Nature climate change, 2(11), 789-794.
Moser, S. C., Coffee, J., & Seville, A. (2017). Rising to the challenge, together. The Kresge
Foundation.
Porter JJ, Dessai S (2017) Mini-me: why do climate scientists misunderstand users and their
needs? Environ Sci Pol 77:9–14. https://doi.org/10.1016/j.envsci.2017.07.004
Prokopy, L. S., Carlton, J. S., Haigh, T., Lemos, M. C., Mase, A. S., & Widhalm, M. (2017). Useful
to Usable: Developing usable climate science for agriculture. Climate Risk Management,
15, 1-7.
Strong, A. L., Kroeker, K. J., Teneva, L. T., Mease, L. A., Kelly, R. P. (2014). Ocean
acidification 2.0: Managing our changing coastal ocean chemistry. Bioscience, 64(7),
581-592.
Tang, S., & Dessai, S. (2012). Usable science? The UK climate projections 2009 and decision
support for adaptation planning. Weather, Climate, and Society, 4(4), 300-313.
Valls-Donderis, P., Ray, D., Peace, A., Stewart, A., Lawrence, A., & Galiana, F. (2014).
Participatory development of decision support systems: which features of the process
lead to improved uptake and better outcomes?. Scandinavian Journal of Forest
Research, 29(sup1), 71-83.

131

APPENDICES
Appendix A
Community Science for Coastal Acidification Monitoring and Research
2017 Survey
Table A.1. 1 Coordinating sampling with other programs
Do you coordinate sampling with other researchers or organizations? Please list the names of those
research groups and concisely describe your collaboration.
Center for Coastal Studies - the water quality lab runs nutrient analyses on samples collected by our
volunteers Woods Hole Oceanographic Institution - Dan McCorkle's lab runs carbonate analyses on
samples collected at the same time as our System-Wide Monitoring Program nutrient samples. Coastal
Systems Program at SMAST - Brian Howes' lab runs nutrient analyses on samples collected by our staff
Cohasset Center for Coastal Research - advising and providing technical expertise UMass Boston outreach and maintenance of CA logger MassDMF - horseshoe crab, eelgrass, and anadromous fish
monitoring Herring Ponds Watershed Association - technical expertise
College of the Atlantic, MDI Biological Lab, Downeast Institute, Island Heritage Trust, University of Maine
at Machias, Maine Maritime Academy, Marine Environmental Research Institute, and Cumberland County
Soil & Water Conservation District
Hancock County Soil and Water Conservation District, DEI
Harbor Watch at Earthplace, Westport, CT
UNH- they host the data and help keep the equipment running University of Maine, various students and
researchers with whom we share the data generated
MWRA: baseline water chemistry; UMass Boston, MIT Sea Grant: benthic macroinvertebrate monitoring &
weather station; Northeastern University: E. coli bacteria & cyanobacteria monitoring; Wheelock College,
Simmons College: benthic macroinvertebrate monitoring & associated water & sediment chemistry;
Brandeis University: benthic macroinvertebrate monitoring; U.S. EPA Region 1: cyanobacteria monitoring,
Mass DER: dam water quality monitoring
Marine Education Research Institute; Maine Maritime Academy; MDI Biological Laboratory; Island
Heritage Trust; University of Maine Machias; College of the Atlantic,
Maine Coastal Observing Alliance is an alliance of Land Trusts and other conservation groups in Mid-coast
Maine from Casco Bay to Rockport conducting water quality monitoring. MCOA members pool resources
for equipment acquisition and maintenance, data collection and processing, and volunteer coordination.
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Maine Coastal Observing Alliance partners - data collected with partnership, Maine DMR - share
phytoplankton results weekly, Maine DEP - share annual results for DEP database, Bath Middle School collect green crab data and share with us
Mass Bays Monitoring Program, MIT Sea Grant, North South Rivers Watershed Association, MA Dept of
Public Health (beach bacteria monitoring)
My organization is the University of Maine. Various groups here are doing parts of the work that I checked
off on a previous page. They will likely receive this poll and give these details. In addition, I help with
monitoring by the Maine Coastal Observing Alliance and, in addition, the Damariscotta River Association.
Likewise, they will probably be providing their own answers.
NO, done with school groups for educational purposes and then referenced to state information.
Sampling: UMass Boston North and South Rivers Watershed Association
Save the Sound - collaboration through the Unified Water Study CT DEEP - sample collection for their
analysis in Saugatuck Harbor
Schoodic Institute
The Charles River Watershed Association (CRWA) collaborates with Wheelock and Simmons colleges to
collect benthic macroinvertebrates from sites along the Muddy River for our biological monitoring
program. Our monthly water quality monitoring program
Tried to coordinate this year with MA DMF and also Salem Sound Coastwatch for my project. Our lab
coordinates routinely with state agencies routinely.
U Maine provides technical expertise & calibration support.
URI watershed watch - process our samples at our lab RIDEM- monthly bacteria testing
Waquoit Bay National Estuarine Research Reserve Jones River Watershed Association Barnstable Clean
Water Coalition Town of Harwich Buzzards Bay Coalition These groups help collect data and water
samples which are then processed at our lab
We have informal dialogue with KELT and MCOA but we do not coordinate our sampling with their
activities
We work with a number of local sponsoring groups primarily.
Yes most of the sampling is done through the Martha's Vineyard Commission Sheri Caseau is the water
quality coordinator there.
Yes, we work with the Northeastern Coastal Stations Alliance (NeCSA) to collect rocky intertidal
community data and intertidal temperature data. Yes, we work with COA on a project to understand how
rockweed regulates intertidal environment.
local shellfish commissions for fecal, CT Sea Grant and CT DOAG/DABA for MSC
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not at this time
yes, CT DEEP

Table A.1. 2. Incorporating data
Would you like your data to be incorporated into a wider regional context? For example, through
comparable monitoring approaches and/or a database outside of your organization.
#

Answer

1

No

% Count

0.00%

0

2 Yes and our data already goes to this external data-base: 39.39%

13

3

20

Yes 60.61%

Total

100%

33

Yes and our data already goes to this external data-base:
Anecdata.org
CT DEEP
CUAHSI at data.cuahsi.org
EPA's WXQ database, Mass DEP's database, Consortium of Universities for the Advancement of Hydrologic
Science, and by request
MassDEP, EPA WQX, CUHASI
Report Card program for Long Island Sound
URI watershed watch
Uncertain... need to think about that more
We coordinate with other NEPs doing same monitoring in particular Casco Bay NEP and UNH
We will send 2017 data to Angela Brewer at the Maine DEP
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Anecdata
http://www.capecodbay-monitor.org/ and http://cdmo.baruch.sc.edu/
https://www.anecdata.org/

Table A.1. 3. Who uses information collected
Is there another group that uses the information you collect?
No
Not at this time
CT Bureau of Aquaculture
RIDEM, CTDEEP
DEP, DMR, BMS
Town of Cohasset, Gulf Association (local watershed stewardship group)
yes
There could be several-public information on all data collected, including State DEEP
yes, all groups within MCOA have access as well as scientists from UMaine and MDEP
Yes, Center for Coastal Studies and NERRS Centralized Data Management Office
Rhode Island Department of Environmental Management, Salt Ponds Coalition, LAGOs and more
US EPA, Mass DEP, Massachusetts Rivers Alliance, various universities
Not as of now
various
MassDEP
MassDEP

no
CT DEEP, Save the Sound (for the Unified Water Study)
Hancock County SWCD
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All mcoa groups
TBD
CRWA's data are available to the public on our website
Various Private non-profits Friends of Sengekontacket for example
We have shared our data with several other groups/towns/organizations
pH data no; Bacterial data yes, DEP and EPA

Table A.1. 4. Monitoring and research goals
In a single sentence please describe your monitoring or research goals: "The goals of our monitoring
program are... "
to determine the effects of OCA on temperate, rocky intertidal organisms and communities
The goals of our program are: (1) Continue a sustainable volunteer water quality-monitoring program in
the Boothbay region that follows state-approved methods and procedures; (2) Raise awareness about
the region’s coastal ecosystems and water quality in local communities and in statewide settings; (3)
Allow ongoing and expanded water monitoring in subsequent years that will enhance public awareness
and guide water resources management by the region’s towns to better sustain local fisheries, recreation,
and residents’ health;
Monitor and potentially upgrade our shellfish growing areas.
being able to look at changes in water chemistry at our farm site on a regular basis

To establish a long term data set for the Pawcatuck River estuary and Little Narragansett Bay and utilize
this data to improve historic water quality issues
to educate, understand, and protect our estuary.
to provide stakeholders with valid data that they can use in their assessments and understandings of
issues important to them.
to create a long term base line on estuaries and identify sources of pollution.
to assess water quality of Maine estuaries and coastal waters over time as a means of tracking change
within our coastal ecosystems, to collaborate with all stakeholders including fishermen, land owners,
conservationists, policy-makers, and scientists as a means of bringing into focus common goals, and to use
the information gained from this "citizen science" initiative to better protect the coastal environment and
better serve the aforementioned stakeholders.
to provide high quality abiotic and biotic estuarine monitoring data to researchers, educators, and
decision-makers in order to reduce and resolve harmful anthropogenic impacts on our environment.
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to work with local communities to assess water quality, identify sources of pollution in water and provide
information about water leading to more effective management of critical water resources.
...to better understand the current water quality and carbonate chemistry of Casco Bay, and to identify
changes over time.
The goals of our monitoring program are to collect baseline water quality data on the Charles River and its
tributaries, identify hot spot locations, engage community members as environmental stewards, and
inform our advocacy, policy, and urban planning initiatives.
to understand the variability in seawater chemistry, what drives it, how it is changing in the longer term,
and how it is impacting the ecosystem.
Detect changes in water quality as soon as possible, and educate lots of people to appreciate their
significance.
Continuously collect data on ocean pH. (that's the pH work) NeCSA-to collect intertidal data in a
standardized consistent manner to contribute to an understanding of geographic and temporal change
Gulf-wide. Rockweed work is to better understand the role of rockweed in controlling the intertidal
environment.
I am involved in multiple programs, but overall the goals of our monitoring program are to provide a
reliable record of change or lack thereof, of multiple parameters.
The goals of our monitoring program are to define baseline water quality conditions for dissolved oxygen,
temperature and conductivity over the range of annual conditions and to assess the biological health at
sites of the Ipswich River and key tributaries.
I am speaking of my personal project only. There are many more projects at my organization that seek to
evaluate nutrient and overall nutrient conditions. My specific project is to evaluate nitrogen and response
variable conditions in Salem Sound over time as sewage discharges are being reduced.
to help school become involved in monitoring programs and include in curriculum. Want teachers to
connect to local organizations involved in testing and participate as citizen scientists.
provide data necessary to safeguard our waterways
to understand baseline processes to be able to determine any changes that happen in the future.
The goals of our monitoring program is to support all of the MCOA partnering organizations, and their
respective coastal communities, in their efforts to understand estuarine and coastal conditions and to
ensure healthy and productive habitats in the future.
Our goal is to gather preliminary data in multiple geographic locations to begin establishing a baseline of
data in Downeast Maine using similar protocol to the Friends of Casco Bay. The longer term goal is to
provide,legitimate, credible, and salient information for resource managers to implement climate
adaptation strategies for marine shellfish harvesters.
to provide information on changing conditions on coastal acidification that can be used by the shellfish
industry for management purposes and to monitor ecosystem conditions
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1. Determine baseline conditions, including spatial and temporal variation, at 35 sites in the Charles River
watershed. 2. Conduct follow-up monitoring to track and identify pollution sources indicated by baseline
monitoring samples. 3. Collect and analyze samples for one or more pollutants of concern, which may
include: fecal coliform bacteria, E. coli, Enteroccocus, TSS, total phosphorus, orthophosphate, chlorophyll
a, and other pollutants. 4. Conduct habitat assessments and biological monitoring at a small subset (8) of
fixed sites on an annual basis and on a multi-year rotating basis at additional sites (15-20) to track changes
in habitat quality along wadeable stretches of the main-stem and tributaries. 5. Assess water quality
conditions in the main-stem and tributaries not monitored as part of the baseline receiving water quality
monitoring program. 6. Conduct ‘hot spot’ monitoring to detect potential illicit sewer connections or
other sources of pollution. 7. Collect wet weather samples to determine stormwater impacts on water
quality and analyze samples for the above-mentioned parameters as well as for trace metals, which are
widely found in urban areas and are listed as pollutants impairing the lower reaches of the Charles River in
the Massachusetts Integrated Waters List (MassDEP, 2012). 8. Assess the emerging threat of hazardous
blooms of potentially toxin-producing cyanobacteria in the Charles River and its tributaries. 9. Evaluate
effectiveness in pollutant removal of stormwater control methods. 10. Determine flow conditions in the
river and tributaries. 11. Guide the remediation of environmental problems. 12. Guide water quality
enforcement
to establish a baseline of water quality, identify pollution hot spots, and track changes in water quality
through time
to maintain water quality that is sufficient for submerged aquatic vegetation and shellfish.
Our goals are to establish a marine sediment pH baseline for our area and to follow trends. To try and
relate sediment chemistry to clam seed set and productivity, and to help local clam management
committees manage resources better and maintain sustainable harvests.
• To contribute accurate, unbiased science that can be used to guide decision-makers in cleaning up
coastal waters. • To network with Cape and Islands organizations with similar interests in water quality to
promote data sharing and education and outreach • To increase public awareness of the importance of
preserving water quality and the actions they can take to help eliminate pollution
providing long term data on the regions' water quality.

Table A.1. 5. Specific barriers
Are there specific barriers currently preventing you from realizing your monitoring goals?
Equipment, funding, and volunteers
Not known
Not at present.
equipment and time
Consistent funding
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funding - to cover staff time and equipment, volunteers- we have a good base but could use a few more,
staff time - limited funding leads to limited staff time to commit to monitoring
Funding, staffing, and equipment are areas with which we always struggle.
Time available.
Yes, there are always barriers to be worked through in any effort. Financially it is difficult to fund
analysis, as this is a time-consuming process that volunteers are not always qualified to do and rarely
willing to do. Another barrier for MCOA is that the representatives of member groups are very busy with
projects within their own entities, and time is hard to come by to focus on this collaboration however
pertinent and important it may be. There are varying degrees of the priority of MCOA within member
groups, which may lead to an imbalance with respect to time/effort/financial input. Again, these are
issues within any collaborative effort.
State funding
Resources - funding for long-term monitoring is particularly challenging (ours has such completed its 30th
monitoring season).
the need to more monitoring equipment
Funding for equipment and volunteer training programs
WE are a private company and as mention earlier, it requires a lot of resources to keep the equipment
generating accurate data.
Funding, time.
I don't have money for the QA grab samples.
Available time, which could be alleviated with highly trained volunteers. Of my projects that aren't "citizen
science" it would still be great to have more help.
Resources are lacking to incorporate new constituents such as nutrient and bacteria testing. Volunteer
training also limits what tests we are able to support.
We don't have enough people to calibrate instruments, deploy boats, and run the labs to get high quality
data.
Limited time for organizations and use of student collected information. Funds to help schools participate
in projects.
ability to measure the pH at a number of sites under similar conditions.
Time. Money.
Organizational capacity and funding
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CRWA has to reapply for funding for all of our monitoring programs from different sources every year.
This threatens the integrity of our long-term datasets and detracts from time that our scientists could
spend working on collaborative projects.
no
Time & Money
Money for equipment and management, better biological monitoring protocols, more interaction with
communities and clammers, more interaction with other scientists and conservation groups
funding
Funding; having the right equipment to measure changes over time on such a variable parameter as pH

Table A.1. 6. Interest in shared database
Would you like your data to be incorporated into a wider regional context? For example, through
comparable monitoring approaches and/or a shared database.
#

1

Answer

% Count

Very interested 69.70%

23

2 Somewhat Interested 27.27%

9

3

Not a priority

3.03%

1

4

I do not like this idea

0.00%

0

Total

100%

33

Table A.1. 7. What motivates volunteers
In your opinion, what might motivate volunteers or citizen scientists to be involved with ocean and coastal
acidification?
In your opinion, what might motivate volunteers or citizen scientists to be involved with ocean and coastal
acidification?
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An understanding of the impacts that acidification has locally.
Connection to real studies and data collection EASY Access to the data for teachers to use in classes
Depends on their level of expertise and training not to mention physical ability. I have found that you
need a minimum of paid staff for Quality Assurance and bad weather
Draw connections to day to day life - i.e. impact on shellfish industry - to draw them in to learning about
other negative impacts
Exposure of our efforts through public forums and review of our efforts by educational organizations and
researchers.
Fish kills and general appearance of the local waterways and the availability of reasonably accurate
monitoring tools and equipment. Good leaders and leadership..
For a better environment. To see if this was a possible cause for the disappearance of certain species
Greater understanding of the impact of OA in other parts of the world and likely impacts in the northeast.
I believe it comes down to feeling connected, and that their time is valuable in helping a cause they
believe it. First, they need to see how coastal acidification can affect them and what they care
about. Volunteers/citizen scientists are by nature already generous people and are interested in helping
out, so to speak. If they see the value of their time reflected in a bigger picture such as presentations,
reports, and even policy change, this is motivation. If they see their time might help conserve the fishery
that supports them, this is motivation. And if they see their fellow citizens helping out, this is also
motivation.
I think it is important for them to see how the seawater chemistry they measure affects important biota
(i.e. recruitment of species like mussels, clams, or scallops) and for them to be a key part of the discovery
process.
I think people will be as motivated as they are on any issue. But we have to know how to get them
involved in a meaningful way. Measuring pH accurately is much more difficult.
If they knew there were impacts to shellfish resources and that their work is part of a larger effort.
Impacts to fisheries
It is hard to have them directly measure it because of how small the changes are. I think relating it to
shellfish and organisms they care about helps.
Love of their coastal environment
Many of our current volunteers express a desire to "give back" to the natural resources that they cherish
in their day-to-day lives. Others are interested in monitoring to gain experience in technical monitoring
protocols and field work, or to learn about water quality issues. I think volunteers would be motivated to
be involved in ocean and coastal acidification monitoring because of similar reasons.
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More and better information being distributed to citizens in ways that makes sense to them. Better and
more consistent translation of science to communities.
Some volunteers might be motivated to get involved with ocean and coastal acidification monitoring by
knowing about the importance of this topic and how it affects their community. Others may have an
inquisitive nature and may be motivated simply by an eagerness to contribute to science.
There are different motivating factors for specific interest groups. Shellfish harvesters are motivated by
financial self-interest and tradition. Volunteers engaging as 'scientist' are motivated by life-long learning,
environmentalism etc. Educational institutions and educators have interest in engaging students in
meaningful real-world problems contributing to a greater good. Volunteers need to be segmented into
multiple populations to assess what motivates them, there will be many answers. We will need to ask
them.
They see it effecting (or having the potential to effect) their community.
To personally see some negative impacts of OA. In our area, as shellfish farmers, we have over the past
few years seen accelerated shell growth relative to the animal inside; an expanding shell/meat ratio. That
is exactly the opposite of what one would intuitively expect under an increasing OA situation.
Understanding how acidification affects local aquaculture industries and recreational shellfishing
Understanding that it is happening now, how it will affect marine ecosystems and themselves, and that
they are needed and can make significant contributions to OCA science, policy, and management.
Understanding the implications of coastal acidification AND potential actions for mitigating it.
Volunteers are often motivated to be involved with monitoring projects when they affect resources in
their own "backyards," or when they include charismatic animals such as fish, turtles, or mammals. Young
volunteers are often motivated by the need to accrue community service hours for school.
We need to show that we can make a difference to our communities and realize better management of
resources.
belief that the data they collect is meaningful and will actually be used to improve monitoring and
management - also, if the data will not be collected any other way
care about the water/marine life, appreciation of the outdoors, interest in social connections with other
local volunteers, excitement at being part of research that matters.
education about the economic consequences of acidification,
ensuring that they share the findings and that they know their efforts are making a difference telling them
how their data are being used and actually seeing that happening
more outreach/education about the importance of this type of monitoring

the opportunity to take action and participate in programs that "fight" climate change. The general public
is very concerned about climate change, as we (you) all know. I think providing people with opportunities
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to be involved in the issue provides an avenue for "doing something" about it, rather than just sitting on
the sidelines complaining or lamenting.
the threat of acidification.

Table A.1. 8. What resources would you like to have?
Which of the following resources would you like to have?
#
11

Answer

% Count

Access to shared / crowdsourced monitoring equipment 8.26%

18

9

A different resource? 1.83%

4

7

An online clearinghouse for ocean and coastal acidification information in the 61.8%
Northeast U.S.

21

An online collaborative workspace for coordinating research and discussion 44.1%

15

1

A work book describing recommended protocols for research on ocean and coastal 76.5%
acidification

26

8

Connections with local science advisors to field questions and help interpret 64.7%
research results

22

10

2

50%

17

3

Ocean and coastal acidification educational pamphlets 58.8%

20

4

Powerpoint slides or presentation materials for ocean and coastal acidification 61.7%

21

5

Sample text for communicating ocean and coastal acidification in public letters 52.9%

18

6

Sample text for recruiting new citizen scientists or volunteers 41.2%

14

Technical assistance calibrating equipment or cross comparisons with laboratory 64.7%
samples

22

Total

218

12

Laminated protocol step by step checklists

Table A.1. 9. Instruments used to measure pH
What is the make and model of the instrument you are using to measure pH?
What is the make and model of the instrument you are using to measure pH?
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SeapHOx
Extech PH-100
vernier labquest 2
Ysi pro 2030
ysi and some cheapo unit
Hanna pHep waterproof tester: HI98128
Orion; old bench top model. Sorry to be uncertain; I'm not in the lab.
Eureka water probes Manta 2 Sub 2 and Manta 2 Sub 3
Hanna Instrument HI 900 Series Titration System
YSI 6600 pH electrode
various
Seabird SeapHOx (MicroCAT and Satlantic pH sensor combined)
Hanna pen
usually our lab uses YSI sondes I think they are pretty recent vintage like EXO
Hanna pen
Hanna HI1292D
Manta 2
Hannah HI99121
SAMI-pH from Sunburst Sensors
VWR SB70P pH Benchtop Meter
usually a yst dds
Hanna 99212 soil pH meter
YSI ProPlus and ProDSS
Fisher Scientific accumet AP115 portable

Table A.1. 10. Instruments used to measure TA, DIC, and pCO2
144

How are you measuring Total Alkalinity?
Hanna Instrument HI 900 Series Titration System
It is a German-made automatic titration system that is being tested
titration
discreet samples
sometimes
What is the make and model of the instrument you are using to measure Dissolved Inorganic Carbon?
Shimadzu TOC-V
discreet samples with analysis at the EPA lab in Narragansett
Done at lab i don't know
What is the make and model of the instrument you are using to measure pCO2?
Turner C-Sense
It is a Joe Salisbury system using a Licor gas analyzer.
SuperCO2 from Sunburst Sensors

Post Shell Day Survey Results
Table A.2. 1. Effect of Shell Day on program priorities
Has participation in Shell Day had any effect on your program’s monitoring priorities? If yes, how?
Not yet.
Yes - we recently applied for and were granted funding for instrumentation to measure alkalinity in our
lab so will gradually add this in to our routine water quality monitoring program
No - we have an established monitoring program for nutrient pollution
Yes, we're thinking more about consistently monitoring pH at specific locations each year.
Not really, but we are eager to continue with the Shell Day program with Matt [EPA] project.
We are excited to see the results and look forward to being about the share them. The volunteer who led
our shell day sampling was excited to be able to take part in this type of a project.
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Participating in Shell Day has made us consider if we should start monitoring for Coastal Acidification in
the brackish section of the river. We are in the middle of creating our strategic plan for the next five years,
and one of the priorities that may be added to our monitoring program is taking Coastal Acidification
samples.
No
Yes, knowing that there are is a much larger network of sampling agencies willing to provide data has
made cause for us to reevaluate aspects of our monitoring program. We do not currently monitor for
alkalinity but adding the parameter to our regiment would allow for a better comparison of our local
waterbodies to that of other areas within the northeast. We are currently reviewing the possibility.
No
It has not.
Yes, students in our program have now focused on the phenomenon of ocean acidification instead of
Stormwater because of the findings we noted at Shell Day.
No
No. We only began monitoring at Shell Day. Our focus has been marine education of student and adult
groups.
Yes, we had been monitoring Stormwater in rivers and lakes but now are looking at ocean acidification.
Reinforced our desire to expand the scope of our water quality monitoring program, and probably moved
that up the priority list a bit.
Not yet, but it certainly got me thinking more about it and the need to monitor more.
Participation in Shell Day was a great way to be part of a larger project on the mainland. As Nantucket is
30 miles out to sea, many collaborative projects are low priority due to logistical issues such as distance
and on-island resources. This participation reminded our department of the benefits of collaboration and
sharing information across different organizations outside of Nantucket.
It continues to be something we hope to be able to monitor, but we currently only have the capacity to
measure pH, which is not the best variable to understand acidification.
No change to our Watershed Watch monitoring program, other than we hope to continue sampling for
alkalinity in addition to the WW sampling.
It has increased the interest in the issue
We already do water quality monitoring. It was easy to incorporate the samples with our other
collections.
Participating in Shell Day has energized our organization to expand our mudflat porewater monitoring
effort. We are embarking on a project to monitor the complete carbonate chemistry at several sites
throughout coastal Maine. We will develop an unprecedented database including data points measured
146

continuously throughout the year in order to better understand how porewater carbonate chemistry
changes seasonally and how it may be expected to change with ocean acidification.
We plan on purchasing a pCO2 meter for this coming monitoring season. We were already hoping to do
so, however the importance of this work was validated by Shell Day.

Table A.2. 2. Effect of Shell Day on program communication
Has participation in Shell Day had any effect on your program’s communication with your constituency? If
yes, how?
No
To some extent - just making them more aware of impacts of coastal acidification
No
Yes, we love to talk about partnering, so yes, we talk up our involvement.
Yes, it gives us more opportunities to share volunteers at work that then gives us a chance to talk about
COA.
We look forward to communicating the findings and the fact that we were able to be a participant.
We made a few posts on social media and in our newsletter about Shell Day that many people in our
constituency saw and commented on.
No
no
Only to discuss how the information from Shell Day will enhance our study
To some effect. Our students love to be part of citizen science and this was an easy project for them to do.
NA
No
Yes, but only to the extent that the large number of docents in our program became aware of Shell Day
and the opportunity to volunteer. We have already offered OA programs to docents in-training and
through more in-depth "docent universities" for existing docents.
Shell Day has given us a platform for the monitoring efforts. It also allows individual student research
projects to connect to the broader scientific community of inquiry. As a teacher, STEM research project
coordinator and department chair at Bangor High School, Shell Day became a citizen science initiative for
our Stormwater monitoring group as well as many of the chemistry classes at the high school.
No marked impact on communications.
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No
It was mentioned in a newsletter that goes out to members.
Participation in Shell Day has had a great effect on how our department is communicating with supporters
and local voters as we have a large shellfish fishery on Nantucket that supports our local economy.
Monitoring water quality is imperative as this impacts the health of our aquatic organisms, including our
important bay scallop industry. With increasing ocean acidification, the health of our shellfish are at risk
which has major implications for our local economy. Our participation in Shell Day, in addition to the
results it produced, was instrumental in communicating effectively the importance of monitoring our
water quality.
Sort of. We reference Shell Day and the importance of monitoring acidification in all of our programs and
curriculum as an additional statement about acidification overall.
It gives us some potentially important new information to share with the town's Shellfish Commission,
Block Island residents, and visitors, that is related to the health of the pond and the impacts of climate
change.
It has become a topic of discussion
Not as yet. We mentioned it in our reports and newsletters.
Yes, participation in Shell Day has focused our communication on environmental monitoring and its
relationship to local ecology and economies. We are committed to developing a greater understanding of
ocean acidification impacts on local marine life and communicating that understanding to the people who
live and work in our community.
The wonderful execution of such a broad-reaching program has inspired us to consider more citizen
science endeavors and become more open to creating a network of monitoring volunteers ourselves.

Table A.2. 3. Effect of Shell Day on program collaboration
Has participation in Shell Day had any effect on your program’s collaboration with other monitoring
programs or groups? If yes, how?
This is a project we collaborated with Salem Sound Coastwatch - so helpful for us to do an ocean based
citizen science project in addition to our biodiversity monitoring work and King Tide project participation.
Yes - we've reached out to other organizations interested in coastal acidification
It has furthered our connection with WHOI scientists
Yes, I met Andre from the Neponset River Watershed org and we have spoken several times about
collaborating (in general).
No. but two of us enjoyed the workshop at MIT boat house a while back.
We already collaborate with other groups in midcoast Maine. It was great to be able to work with Parker.
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Since Shell Day, we have been talking with the Center for Student Coastal Research and trying to plan
programs to collaborate with them on, such as river cleanups and water sampling opportunities.
No
No. Three agencies from our region (the island of Martha’s Vineyard) participated in Shell Day and we are
fortunate to have a good working relationship and open lines on communication with them. Should other
sampling agencies make themselves know for sampling event like Shell Day, we are always happy to make
collaborative efforts.
No
It has not
Yes, we are now aware of the other water quality management groups all over the state of Maine.
No
Yes. We began working closely with the UNH Ocean Processing and Analysis Laboratory, assisting with
salinity measurements and also with the Jackson Estuarine Lab on sample collection and data logger
deployments.
Yes, one of my students is now collaborating with a Blue Hill group through this initiative. We hope to find
other ways to collaborate.
Yes,
Not yet, but I feel like I have started the process to get more connected
Shell Day is just about the only contact we have with other organizations monitoring coastal waters.
As we live on an island 30 miles out to sea, many collaborative projects are low priority due to logistical
issues. This participation reminded our department of the benefits of collaboration and sharing
information across different organizations outside of Nantucket. Additionally, our department did take a
collaborative approach with two other organizations here on island (Nantucket Land Bank and Nantucket
Land Council) to collectively monitor different water bodies for Shell Day. This has continued to solidify
our relationships with other environmental organizations to preserve and conserve our natural resources.
Not yet
It gives us some potentially important new information to share with the town's Shellfish Commission,
Block Island residents, and visitors, that is related to the health of the pond and the impacts of climate
change.
Not really. Although we are always looking for opportunities to provide our volunteers with new
experiences and engagement.
We will continue to be a part of shell day.
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Yes - DEI hopes to collaborate with researchers at the Darling Marine Center, with whom we collaborated
for Shell Day, to process samples from mudflats in Southern Maine that we may not be able to return to
our own (northern) facility promptly for analysis.
We made excellent contacts through Shell Day, and reinforced these connections during the Gulf of Maine
2050 conference. We hope to continue to build our relationships with other monitoring groups and
continue to actively participate in marine monitoring events such as this one.
Table A.2. 4. Audience in communication network
Please describe the audience that you plan to communicate with in regard to Shell Day:
Families and the public.
We communicate with our members about the monitoring we do through our Bay Health Index and with
regulators who use the data in developing plans/permits
Stakeholders, students, school administrators in the greater Cohasset area.
We had a public meeting at the Beverly Library planned in May to discuss coastal and ocean acidification,
and we have a teacher institute this summer on climate change where COA will be a topic. Both will
eventually take place.
Our membership and people who live in the region. We are a local nonprofit, so our members are the
people who live in the 10 towns that we serve. Our email newsletters go out to more than 1000 people.
Press releases we develop that are published in local newspapers reach a larger southern midcoast Maine
regional audience.
The audience who we will communicate with will be our members, municipalities in the watershed, social
media followers, and our volunteers.
Our social media followers
The first audience will be that of our Tribal membership. We regularly present environmental affairs to
our tribal council and at general membership meetings. It is important to keep our community up to date
with impacts to our environment and what steps our Natural Resources Department is taking to monitor,
maintain, and preserve. The second audience will essentially be local individuals interested and
concerned for the future of our water on our island. Our department tries regularly to participate in
watershed and other environmental groups and meetings where such information could be of both
interest and value to attendees. Additionally, we try to post environmental stories of interest through our
social media page and website.
High school aged researcher and volunteers Those who reside near the Penobscot watershed
Student groups.
These results become part of student research experiences at the Maine State Science Fair, Junior
Research and Humanities Symposium in New Hampshire and Stockholm Junior Water Prize. We also will
highlight Shell Day results at our annual Water For ME dinner.
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BBWC's primary audience is the population (13,000) of the watershed, divided almost evenly between 6
rural towns and the City of Belfast. Like many mid-coast communities, Belfast has a significant
demographic of retirees and relatively 'recent' new residents.
The primary audience of the workshop would be the members of the Martha's Vineyard Water Alliance.
Those members include nearly one dozen pond groups and environmental organizations; conservation
commissions, boards of health and Shellfish constables of most of the Island towns (up to 6 town).
Membership also includes dozens of unaffiliated community members that are simply concerned and
invested in the health of our coastal waters.
Maine Coast Heritage Trust's "Land Conference" in April 2020
Our department plans to communicate the results of Shell Day and the importance of water quality
monitoring to our general public, local stakeholders, scientists, and Select Board members. The Atheneum
is our cultural center and library, which has hosted events in the past such as conferences, courses, and
other educational programs.
Most of our audiences will be our K-12 programs, both in-school and on-island. However, we will also
reference this project in our educational and research presentations on the collaborations we participate
in as Hurricane Island. These audiences could be teachers, scientists, fishermen, or community members.
It gives us some potentially important new information to share with the town's Shellfish Commission,
Block Island residents, and visitors, that is related to the health of the pond and the impacts of climate
change.
Watershed Watch volunteers and sponsors. The general public is always invited to our presentations as
well.
Water alliance - a group of local government conservation oriented ie shellfish BOH con comm agents
pond groups General public a presentation in a local library.
We will communicate with our audience consisting of the 800+ followers of DEI's Facebook page as well as
hundreds of public visitors that tour our facilities annually. In addition, our monitoring work will be peerreviewed, published in an academic journal, and disseminated with presentations at local forums and
conferences.
We expect an audience of 40-60 residents of the Blue Hill area at this event. They are a mix of year-round
and summer residents of the area, and all of them are very interested and concerned about
environmental climate issues.

Table A.2. 5. Challenges for regional monitoring
What are some of the challenges you anticipate for participating in regional monitoring events?
logistics
The time required
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Travel, time off from other work (teaching), and payment for time invested.
Two issues: 1. Having enough equipment for volunteers if they are sampling at the same time in different
locations 2. Delivery of the samples to a lab - time and travel costs. Would be great if they are picked up
from our office.
Time, funding, and equipment.
Bringing the water samples to a lab can sometimes be a challenge depending on the location of the lab.
Additionally, having the proper equipment for the monitoring procedure (like a salinity meter for
example) before the sampling day can sometimes be a challenge.
Costs for boat operation/supplies, any travel costs, costs for lab sample analyses
One of the larger challenges may be sample holding times. As we are located on an island, logistics with
sample transport could be an issue. Coordinating with our other local sampling agencies and arranging for
sample pickup on the mainland may be the most optimal solution.
Timing. It would need to occur when I have a team in the field
Scheduling is always an issue.
Transportation costs
Depends on our research scheduling with people resources
Providing volunteers with instrumentation and training so that sufficiently accurate data can be obtained for example, field measurements of salinity. In expensive ($20) analog refractometers are too inaccurate
and difficult to calibrate and read.
Costs of equipment, travel expenses, stipends for teachers are always vital to the continued success of our
organization. We have many students interested in water and climate change issues and will work
diligently to continue the work.
BBWC is a relatively young, all-volunteer organization, with an annual budget of less than $50,000. Lack of
sophisticated equipment and "administrative staffing" (volunteers to handle training, communications
and organization) are the challenges we anticipate.
We are just busy in the summer time!
Getting volunteers.
As stated in above answers, getting materials to and from our island can sometimes be challenging as we
depend on the ferry schedule to move goods back and forth. Additionally, it is difficult to attend events in
person as car rentals are needed and there are certain times the ferries are running (as weather can
interfere with transportation).
Logistics of getting samples where they need to be or if there is a requirement for specific equipment that
we don't already have.

152

Coordinating the dates of these events with our existing WW monitoring schedule, so we have a boat and
can get the samples picked top at the ferry along with our WW samples.
The multiple sampling periods (at different tides) limits our participation. It is hard to get the volunteers to
go out multiple times per day. Also the bottle distribution. I would need bottles much further in advance
(at least 1 month) in order to distribute during our regular water collection.
Staffing and getting the samples to you. Maybe drop offs could be arranged??
We expect no challenges - DEI is well-positioned with the expertise and instrumentation necessary to
participate in regional monitoring events. We conduct similar monitoring throughout the year as part of
our core academic mission.
We have a lot going on in the summer time, but don't foresee too many issues in our ability to participate.
We might need more help reaching local audiences and helping to share this work with them, but we
hope to hire an intern who will focus on this limitation we have had in the past.

Table A.2. 6. Targeted support
What type of support would be most helpful for your organization to participate in regional monitoring
events?
We are small, but a speaker on the topic would be good.
Funding
The less coordination/time required on our part the better. Going out and grabbing a sample isn't usually
too hard for us to do - but finding the time for planning, promoting, etc is difficult (as evidenced by the
lack of that we did).
Stipends for participation, and a clear purpose for students to attend.
Equipment sample pick up
I appreciated that the sampling methods for shell day were designed for organizations with a variety of
different levels of capacity and equipment quality. The clear guidelines and guidance documents were
also helpful. Having enough lead time to connect with volunteers who may be excited about this type of
project is another important consideration.
Supplying a salinity meter that we can borrow for the sampling day, informative webinars or conference
calls that give details on the monitoring event, what the protocols are, equipment needed, etc is also very
helpful (like was done for Shell Day!).
Coverage of any travel, boat and lab costs
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Monetary support/funding is always of greatest assistance but logistical support is a close second. The
water bodies we sample are 15+ miles away from the nearest ferry to transport them off island. This is
not an impossible task but planning and coordination are important.
None
None that I can think of.
Transportation stipend
Don't need support
Some handheld instrumentation. Instrumentation is probably a need that most groups have.
Travel funds, laboratory testing facilities, and equipment for monitoring are ongoing needs.
Training and guidance, plus loan of equipment if needed.
Bringing presenters down to Boothbay to speak to groups.
Assisting with the offset of costs would be helpful in attending events as well as creating events that may
start in the afternoon (so that we may have time to attend the event).
Regular communication about logistics and needs and protocols that are simple! If there is specialized
equipment required, either funding to support purchase of that equipment or provision of that equipment
for participation.
We get good support through URI's Watershed Watch program.
Getting the bottles in advance access to a regional lab so that samples can be delivered easily additional
communication with the volunteers from the central organizers
It was great to have transportation available from boat to facility
Financial support for purchasing reagents is most helpful for our organization in order to perform
seawater chemistry measurements at the highest analytical level.
Participating in Shell Day was easy and fun. Finding more ways of connecting with other local groups
sampling in our general area would be nice.
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1. Problem Definition, Background and Project Description
A. Problem Definition
The coastal and nearshore environment, while representing only a marginal area of the total ocean, is
valuable economically and culturally. Coastal ecosystems are exposed to the changes brought on by ocean
acidification in general, but also display notable differences in their biogeochemical features. The Northeast
United States and the Gulf of Maine are especially vulnerable to ocean and coastal acidification due to
relatively colder temperatures inducing naturally lower calcium carbonate saturation, relatively lower
buffering capacity of riverine inputs, and an outsized dependence of the marine resource economy on shellforming organisms.
It is particularly important to understand the ability of marine environments to resist acidification or
“buffer” increases in hydrogen ion concentration (corresponding to a decrease on the pH scale). The
buffering capacity of a coastal ecosystem can be described by the total alkalinity – a key parameter of the
carbonate chemistry of coastal and oceanic waters. But total alkalinity measurements are either too
expensive or unavailable to most community water monitoring organizations. In oceanic waters, total
alkalinity can often be related to salinity, but this relationship is not well established in coastal waters. The
Shell Day project aims to investigate the relationship between salinity and total alkalinity among individual
estuaries and embayments using a distributed community sampling approach. If salinity can be developed as
a proxy for total alkalinity, we may be able to use widely available coastal salinity measurements to help
characterize local coastal areas that are more vulnerable or resilient to acidification.
B. Background
Ocean acidification is a process by which increasing anthropogenic CO2 in the atmosphere is absorbed at the
ocean surface, thereby acidifying marine waters and lowering pH. Lower pH affects calcium carbonate by
reducing the saturation state of calcium carbonate, referred to as omega (Ω), a gradient across which
calcium carbonate is either readily available to organisms (high Ω / high saturation state), or is more difficult
to extract from the water column or even prone to dissolving the shells of living creatures (low omega / low
saturation state). The open ocean surface has changed on average to become 30% more acidic than
baselines before the rise of CO2-intensive industry (Orr et al. 2005). Future projections for acidification
anticipate an ocean with steep declines in the populations and home-ranges of calcifying organisms — and
hypothesize substantial changes in food web complexity and dynamics. These changes accompany a suite of
stressors on marine ecosystem functioning, the health and abundance of commercial and ecologically
important species and the provision of ecosystem services at large.
In the Northeast, additional nearshore drivers can substantially exacerbate the severity of acidification
(Wallace et al. 2014, Gledhill et al., 2015). Northeast rivers are lower in buffering capacity, as measured by
total alkalinity from river inputs, making storm water inputs naturally acidic. The Northeast also suffers from
nutrient enrichment which leads to algal blooms; the biological decay of these blooms delivers additional
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CO2 to bottom waters, causing localized acidification events. Also, changes to habitat and predation from
the invasive green crab have reduced wild populations of many shellfish, thus limiting the robustness of
shellfish populations now coping with acidification processes.
While mitigation of the global rise in atmospheric CO2 relies upon large-scale systemic changes for energy
and resource use, some of the nearshore dynamics of the local stressors that exacerbate coastal
acidification conditions are within the control of place-based management. To mitigate the impacts of
coastal acidification, and evaluate interventions for resilience, it is necessary to monitor conditions at high
geographic and temporal frequency. In the Northeast, there are routine monitoring programs (including
research programs), and several continuous monitoring stations for carbonate parameters. This project will
better characterize ocean and coastal acidification in a spatial- or regional- context, utilizing the work and
experience of existing networks of community water quality monitoring organizations.
In 2018, EPA published “Guidelines for Measuring Changes in Seawater pH and Associated Carbonate
Chemistry in Coastal Environments of the Eastern United States” (Grear and Pimenta 2018). The Northeast
Coastal Acidification Network (NECAN) supplemented these guidelines with a series of on-line and hands-on
workshop trainings in Connecticut, Massachusetts, and Maine. NECAN staff and partners met with
stakeholder groups and more than 40 community water monitoring programs in 2018 to focus on
approaches for monitoring acidification directly and understanding related nearshore processes. A survey
of community water quality organizations showed capacity for building in OCA monitoring into existing
organizations activities. These guidelines from EPA have been used to inform the sampling protocol and
trainings associated with Shell Day.
C. Project Description
Shell Day seeks to engage the network of community water monitoring organizations involved in the 2018
trainings to participate in distributed and simultaneous coastal acidification monitoring. During the August
2019 single day sampling blitz, monitoring organizations across the Northeast will measure their routine
series of water quality parameters, and collect water for analysis of total alkalinity. The project team (see
Section 2) will provide bottles, field datasheets, and training to these organizations. The project team will
then bring the bottles to partnering EPA and university laboratories. Data will be analyzed to evaluate the
relationship between salinity and total alkalinity among individual estuaries and embayments, as well as
potentially for regional relationships among groups of estuaries or embayments.
Shell Day Project Objectives are:
1. Leverage a distribution of community water monitoring organizations to conduct a one-day
regional monitoring program, identify and compare alkalinity distributions among estuaries, and
test whether salinity can be a proxy for total alkalinity in coastal waters.
2. Motivate community water monitoring organizations to participate in coastal acidification research
and to access and use state and federal research and information resources and learn about the
role of coastal drivers in coastal acidification.
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Project Outputs (linking data results to actions)
1. Snapshot of Total Alkalinity (TA) and saturation state where pH measurements are available
2. Spatial distribution of TA and pH on regional and sub-regional (e.g., Gulf of Maine, southern New
England, Long Island Sound) basis
3. Relationship between TA and salinity on regional and sub-regional basis
4. Pilot study to test approach of using community water monitoring organizations
5. Evaluate the potential for this network to interface with ongoing monitoring for acidification
including future EPA National Coastal Conditions Assessments.
The project is funded partially by a grant to NERACOOS from the NOAA Ocean Acidification Program. The
funds will be used to reimburse partnering university laboratories. In addition, small grants from American
Geophysical Union to MIT Sea Grant will be distributed to community water monitoring organizations to
assist with sample collection and transport as needed.
Data collection approach
The primary data being collected are Total Alkalinity, salinity and water temperature. For each site, we are
asking organizations to document the tidal stage, water depth and coordinates. Ancillary data will be specific
to each organizations’ instrumentation and may include pH, Secchi disk depth, nutrient measurements,
colored dissolved organic matter (CDOM), dissolved inorganic carbon (DIC), light attenuation, chlorophyll a,
oxygen concentration and other measurements.
Surface water samples will be collected at about 0.5 meters depth from a dock, pier, shore, or boat. Samples
will typically be collected using a bucket and poured into a pre-labelled 120 mL HDPE (high density
polyethylene; plastic) wide mouth bottles.
See Section 8 for additional information.
Geographic range
The geographic range of the project is shown below. This graphic includes known monitoring stations from
~60 monitoring programs surveyed in 2018. The color coding indicates different groupings of organizations
with potential partnering laboratories and is not significant.
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Time period
August 22 is Shell Day. It is selected because a low tide and high tide in the morning and afternoon is at a
reasonable time for sampling by volunteers. Two duplicate samples will be collected in the morning at low
tide, one sample at mid tide, and two more duplicate samples will be collected in the afternoon at high tide.
We are asking organizations to select sites that focus on the greatest salinity gradient (difference between
salinity at high and low tides). Other considerations for site selection include: practicality and accessibility
of sampling location, and the presence of wild or aquacultured shellfish that may be affected by
acidification processes.
We are asking organizations to measure temperature and salinity in situ using the same water sample,
using methods previously documented by the organizations, such as a multi-meter probe, a refractometer,
or a hand-held thermometer.
After sample collection, bottles will be kept of ice and on August 23, samples will be transported or shipped
to regional collection locations and partnering laboratories for analysis or preservation for later analysis.
Also, on August 23, some science advisors will operate on-site TA measurement instrumentation near the
collection locations and continue conversations about coastal acidification via a laboratory open house and
celebration for Shell Day participants.
Data Users
Data synthesis will be led by NECAN research partners and participating organizations (Section 2).
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Results will be formulated into usable figures, tables, data files, maps, or other products.
We will schedule webinars to discuss and share results in Fall of 2019 and winter of 2019-2020.
Data users also will include coastal managers and scientists, water quality monitoring organizations,
environmental chemists involved as partners in the project, science outreach professionals and funding
agencies (e.g. NOAA OAP and EPA).
Participants will be from water monitoring organizations listed in Attachment 1. Following Shell Day a
complete list of participants will be confirmed.
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2. Project Organization and Chart
Name

Title

Organizational
Affiliation

Responsibilities

Parker Gassett

Project Manager

University of Maine
(UMaine)

Esperanza
Stancioff

Regional
Coordinator

University of Maine
(UMaine)

Coordinator for all moving parts
and coordinator with Maine
monitoring organizations
Secondary coordinator for Maine
monitoring groups

Carolina
Bastidas

Regional
Coordinator

Katie O’Brien
Clayton

Regional
Coordinator

Massachusetts
Institute of Technology
(MIT) Sea Grant
CT Department of
Energy and
Environmental
Protection (DEEP)

Emily Silva

NECAN
Coordinator

Chris Hunt

Laboratory
Manager and
Science Advisory
Team lead
Laboratory
Manager and
Science Advisory
Team lead
Laboratory
Manager and
Science Advisory
Team lead
Quality Assurance
Manager and
Science Advisory
Team
NOAA Agency
Representative

Jennie
Rheuban/Dan
McCorkle
Adam Pimenta

Matthew
Liebman

Beth Turner

NERACOOS (Northeast
Regional Association of
Coastal Ocean
Observing Systems)
University of New
Hampshire (UNH)

Woods Hole
Oceanographic
Institution (WHOI)
EPA Narragansett

Regional head for Mass., primary
liaison to Massachusetts
monitoring groups
Regional head for LIS, primary
liaison to Connecticut/Rhode
Island monitoring groups, lead
scientist in generating the field
datasheet
Assist with project coordination,
training webinars, perform data
entry
Regional lab support for NH and
ME, coordinating data
interpretation
Regional lab support, cocoordination for Massachusetts,
lead for training videos and
webinars
Regional lab support for Rhode
Island

EPA Region 1

Logistics support for MA and QA
Manager, audits community
water monitoring organizations

NOAA National Ocean
Service Ocean
Acidification Program

Science Advisory Team
representative, logistics support
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Kate Liberti

Laboratory
Manager

UMaine Darling
Marine Center

Regional lab support for ME

Michele Lavigne

Laboratory
Manager

Bowdoin College

Regional lab support for ME

Isaac Westfield

Laboratory
Manager

Regional lab support for MA

Ryan Woosley

Laboratory
Manager

Northeastern
University Marine
Science Center
MIT

Penny Vlahos

Laboratory
Manager

UConn

Regional lab support for LIS

Community
water
monitoring
organizations

Field sampling

See Attachment 1 for
list

Participate in training, sampling
and outreach

Regional lab support for MA

Parker Gassett, Project Manager

Science Advisory Team Leaders

Matthew Liebman, QA
Manager

Esperanza Stancioff,
ME co-Regional
Coordinator

Community Water
Monitoring Organizations

Chris Hunt , Jennie Rheuban,
Katie O'Brien Clayton, Adam
Pimenta, Beth Turner

Katie O'Brien-Clayton,

Carolina Bastidas,

CT/RI Regional
Coordinator

MA Regional Coordinator

Community Water
Monitoring Organizations

163

Partnering Laboratories:
UNH, WHOI, UConn, UMaine,
MIT Seagrant, Northastern
University, EPA-Narragansett

Community Water
Monitoring Organizations

3. Data Quality Objectives and Indicators
A. Data Quality Objective
Data quality objective: Use naturally occurring tidal variability to test whether salinity provides a statistically
significant predictor of total alkalinity regionally or locally during a single tidal cycle.
B. Data Quality Indicators
The table below provides data quality indicators for field collection of water samples, preservation, storage,
and laboratory analyses of Total Alkalinity only.
Data quality
indicators

Quality control activities and
checks

DQI goals

Precision

Field and laboratory replicates.

1 percent RPD (relative percent deviation) or RSD
(relative standard deviation) for field duplicates.

We will collect duplicates for
morning and afternoon samples
only. They will be considered field
duplicates.

For lab replicates, 0.4 to 0.5% RPD. If too high,
samples are re-run.

Laboratory will perform duplicates
on 10 percent of samples. Some
laboratories perform 2 to 4
laboratory replicates for each
sample.
Bias

Accuracy

Representativeness

Compare certified reference
materials (CRMs) pre-and postcalibration daily batches

Data are not biased in a particular direction, and
correction factor applied if necessary.

Calibrate instrument to CRMs. All
laboratories will use CRMs from
the same source (Andrew Dickson,
UCSD).

Calibrations within acceptable limits (or
acceptance criteria): < +/- 10 μmol/kg

Evaluate whether sample
distribution was sufficient to

Data collected represent the individual or
regional system and are not biased. We will ask:
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Note that Blanks (e.g. use of DIW) are typically
not used for measures of Total Alkalinity because
it is unclear where a source of contamination
would be from.

May apply a correction factor based on pre and
post calibration.

characterize an individual system
or larger regional system

-Will the data collected inform our ability to
estimate alkalinity in coastal sites or in a larger
region?
-Are data measured representative of conditions
at a particular collection site on the specific day
of collection?
-Can data inform understanding of the potential
range of alkalinity variability and alkalinity
sources in a region?
-Compare number of watersheds sampled to
total potential watersheds
Note that representativeness is determined by
participation from groups

Comparability

Compare results to studies
previously or concurrently
conducted in these regions or by
these institutions:
University of Maine
Darling Marine Center in
mid-coast Maine
• University of New
Hampshire in the Gulf of
Maine
• Woods Hole
Oceanographic Institution
in Buzzards Bay
• EPA Narragansett
Laboratory for
Narragansett Bay
• Stony Brook University in
Long Island Sound
• University of Connecticut
• Massachusetts Institute
for Technology
Compare to intended sampling
goals to meet the project purpose
•

Completeness
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Data collected are sufficiently similar in
methodology to permit a meaningful analysis.

Results from this study fall within the range
documented in other efforts.

Measures of completeness:
Incomplete=one sample at a site, or a system

Partially complete=two or three sampling
conditions (low, mid, or high)
Complete= three sampling conditions (low, mid,
high)

50% participation of identified groups

3 to 5 groups participate from each region (LIS,
Mass, GOM)
Sensitivity

Measurement
range

Titrators that measure Total Alkalinity do not
report a detection or reporting limit, because TA
is so abundant.
Evaluate maximum and minimum
values

Expected range of Total Alkalinity is about 1000
to 2000 μmol/kg at the range of salinities
expected, from 10 to 32 ppt (psu)

For measures of salinity, we will have limited control on methods and quality control of community water
monitoring organizations but will require documentation of a Quality Assurance Project Plan or equivalent.
We are asking each organization to provide information on whether they have a QAPP in place, and when
the meters were last calibrated. Many organizations have QAPPs in place, including those under the
umbrella of Rhode Island Watershed Watch, Long Island Sound Unified Water Study, Buzzards Bay
Coalition, Massachusetts Bays Program, Salem Sound Coastwatch, Piscataqua River Estuaries Partnership,
Friends of Casco Bay, and the Maine Coastal Ocean Alliance. Many organizations will be using multimeters
or refractometers. Many organizations utilize hand held multimeters. Based on a review of these meters,
instrument accuracy (or uncertainty) is typically 0.1 practical salinity units (psu, or parts per thousand) (or
1% of the reading) and resolution (or sensitivity) is .01 psu. For refractometers, accuracy is 0.2% with a
resolution of about .2 salinity units. An error of 0.1 psu equates to about 5 μmol per kg of total alkalinity,
which is within our performance goal of 10 μmol per kg.
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4. Project Schedule
Activities

Group/Person responsible

Timeframe work will be done

for activity completion
Recruit regional coordinators
and Science Advisory Team

Gassett, Stancioff

March to April 2019

Science Advisory Team

May to July 2019

QAPP developed

Recruit organizations

Biweekly calls

Regional coordinators – Gassett,
Stancioff, Bastidas, O’Brien, Rheuban

May to July

Develop and provide 2 training
materials as webinars

Science Advisory Team

July to August 2019

QAPP approved

EPA

August 2019

Monitoring groups select
stations with regional
coordinators

Regional coordinators

August 2019

Share educational materials
with community organizations

Regional coordinators and Science
Advisory Team

August 2019

Final logistics planning

Regional coordinators and Science
Advisory Team

Early to mid-August 2019

Outreach to community water
monitoring organizations via
phone/email/mailed flyers
(June)

Ship bottle and sampling
supplies, datasheets and
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Biweekly calls

waterproof bag (sampling kit)
to participants

Shell Day

Regional coordinators and Science
Advisory Team

August 22 to 23, 2019

Analyze samples

Regional labs

August to September, 2019

One-month post survey
participants

Regional coordinators

September, 2019

Interview key project
personnel

Parker Gassett

September, 2019

Results webinar and sharing of
usable materials

Regional coordinators and Science
Advisory Team

November to December, 2019

Report to NOAA Ocean
Acidification Program

Regional coordinators and Science
Advisory Team

July 2020

12-month post-survey of
participants

Regional coordinators and Science
Advisory Team

July 2020
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5. Training and Specialized Experience
A. Training
Personnel/Group to be Trained

Description of Training

Frequency of Training

(Including Trainer(s))
Monitoring groups

Sample collection and
preservation, measurement of
temperature. Training via video,
webinar and written materials

Once, one month before Shell Day

Webinar reviewing sampling
protocol, datasheet details, and
primary hypotheses for the project

Training video: filmed and edited
by WHOI Sea Grant (Jennie
Rheuban)
B. Specialized Experience
Person

Specialized Experience

Years of Experience

Chris Hunt, UNH

Laboratory analyses for total
alkalinity and other carbonate
chemistry parameters

15 years

Kate Liberti, UMaine Darling
Marine Center

Laboratory analyses for total
alkalinity

6 years, including work at EPA
Narragansett

Michele Lavigne, Bowdoin College

Laboratory analyses for total
alkalinity

5 years

Isaac Westfield, Northeastern
University

Laboratory analyses for total
alkalinity

10 years
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Ryan Woosley, MIT

Laboratory analyses for total
alkalinity

12 years

Jennie Rheuban/Dan McCorkle,
WHOI

Laboratory analyses for total
alkalinity and other carbonate
chemistry parameters

5 years (Rheuban) to >10 years
(McCorkle)

Jason Grear/Adam Pimenta, EPA
Narragansett

Laboratory analyses for total
alkalinity and other carbonate
chemistry parameters

5 to 10 years. There might be a
Laboratory Quality Assurance
Management Plan in place also.

Penny Vlahos, UConn

Laboratory analyses for total
alkalinity and other carbonate
chemistry parameters

5 years, including 4 months on
Hydros

Parker Gassett, UMaine

Citizen science and community
engagement coordinator

4 years
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6. Documents and Records
A. Document Control
The QA Manager will provide the QAPP to all key personnel, including the Project Manager, Laboratory
Managers, and the Regional Coordinators.
B. Data Generation
A field datasheet (Attachment 2) will be generated for groups of samples collected by each monitoring
organization. This sheet will also double as the Chain of Custody form.
The training will provide instructions in how to fill out this sheet.
Each group will have one datasheet with columns for different times of sampling.
We will provide pre-printed labels for bottles which will include data and sampling order.
The datasheet will be transported in a plastic bag with the samples, which will be in a cooler on ice. The samples
will be preserved or stored at 4 degrees C for immediate measurements.
C. Data Report Packages
Each partnering laboratory will prepare a data package for delivery to the project manager Parker Gassett and
lead scientist Chris Hunt. Data entry will be performed by Emily Silva from NERACOOS. Each data package will
include electronic and paper copies of the results. Each TA analyzer will have a screen to input sample label,
salinity, temperature and instrument displays results for TA. Analyzer settings will also be written down in lab
notebooks. The instrument creates a data file with these fields. Note that some laboratory instruments provide
results in μmol per kg, and some are μmol per liter. For those laboratories providing results per volume, samples
are weighed to convert to per kg basis.
The data package will include QC checks including results from the certified reference materials, batch number
for CRM and for certified titrants, standard deviation of replicates, number of replicates, QC flags. See laboratory
SOPs Attachments 4 to 7) for additional information.
This file will be used to conduct quality control checks, such as for outliers, before delivery to the project
manager.
D. Reporting Format
The final electronic database will merge ancillary data from field sites based on the field datasheets and the data
files from the TA analyzers. Ongoing efforts through the Connecticut Department of Energy and Environmental
Protection to generate GIS layers that compile Northeast coastal acidification monitoring, as well as the
NERACOOS data platform are well suited to also host data.
E. Data storage
171

All electronic files and hard copies will be stored at the respective laboratories. Each laboratory will provide final
QC’ed file to the Project Manager, Parker Gassett, and Lead Scientist Chris Hunt for final storage. The final data
package will have flags for each data record.
Parker Gassett and Chris Hunt with the assistance of Emily Silva will be responsible for merging data files and for
storing official versions of data.
7. Existing Data and Data from Other Sources
A. Existing data
We will compare results to data collected by the following institutions:
• University of Maine Darling Marine Center for mid-coast Maine samples
• University of New Hampshire in the Gulf of Maine
• Woods Hole Oceanographic Institution in Buzzards Bay
• EPA Narragansett laboratory in Narragansett Bay
• Stony Brook University in Long Island Sound
• University of Connecticut
• Massachusetts Institute For Technology
• University of Rhode Island
Some of these institutions have collected total alkalinity data directly. Others have collected other carbonate
parameters that allow us to calculate TA or associated parameters, such as carbonate saturation, or omega.
B. Data sources
The data sources will include peer-reviewed academic journals, continuous monitoring results, government data
reports, unpublished data, etc.
C. Data usage
These data will be used to compare with concurrently collected data for TA and salinity relationships, and may be
used to evaluate expected ranges of data from studies conducted within the last ten years.
D. Requirements and limitations
We will evaluate quality of the data based on: standardized protocols in place and followed; whether QAPPs or
equivalent documents are available, and whether metadata are available; whether QC flags are utilized.
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8. Sampling Design and Data Collection Methods
A. Sampling Design
We are collecting all samples during the day on August 22, regardless of weather conditions. This approach aims
to generate a regional snapshot of carbonate chemistry conditions, and to acquire a range of tidal and
temperature conditions to establish the total alkalinity-salinity relationship.
Samples will be collected from docks, piers, shore, or boats, with buckets lowered into the water.
We plan to collect samples on a day when low tide is generally in the morning in New England. For example, low
tide on August 22 in Salem is at 10:25 am EDT, and high tide is at 4:38 pm EDT. We will take two samples at low
tide, one sample at mid tide, approximately 1:30 pm EDT, and two samples at high tide. The two samples at low
and high tides are field duplicates.
B. Methods
All samples are grab samples. Organizations will provide their own measures of temperature and salinity using
hand held multimeter probes, refractometers or handheld thermometers. Although we don’t have much control
on the quality of these instruments, we are asking each organization to provide information on whether they
have a QAPP in place, and when the meters were last calibrated. Many organizations have QAPPs in place,
including those under the umbrella of Rhode Island Watershed Watch, Long Island Sound Unified Water Study,
Buzzards Bay Coalition, Massachusetts Bays Program, Salem Sound Coastwatch, Piscataqua River Estuaries
Partnership, Friends of Casco Bay, and the Maine Coastal Ocean Alliance.
Here is the Standard Operating Protocol (SOP) for sampling surface water. Sampling from a dock or pier is
preferred but wading into water, or sampling by boat, is allowable. Bottles will be pre-labelled.
All sample collection methods, including sampling via a bucket, hand, and pole, are in Attachment 3 and
provided at the Shell Day website (www.necan.org/shellday), and also presented in a video (on a webinar and at
the website). Below is the protocol for the preferred (and most likely the most common) method using a bucket
from a dock or pier.
Bucket sampling protocol:
1) If using a multiparameter data sonde, measure temperature and salinity as per your normal
measurements (and other parameters) in the water body. Record the data and time on the datasheet.
2) Fill bucket
- Fill bucket ¼ full to rinse bucket with site water
o Take care not to stir up any sediments if sampling very shallow sites
o If wading into your site, take care to fill the bucket upstream of where you are standing
- Swirl water around in bucket to rinse.
- Dump rinse water downstream of where you will be sampling
- Fill bucket with site water, ½ to ¾ full.
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3)
4)

5)

6)

- Note the time the water was collected from the field site.
- Set bucket on dock, pier, ground, etc.
If using another method for temperature and salinity, measure temperature and salinity in the bucket.
Record the data and time on the datasheet.
Rinse sample bottle
- Keep the cap on the bottle, put sample bottle into bucket until the entire bottle is submerged.
- Open the bottle underwater with the mouth ~10cm from the surface of the bucket.
- Dump out half of the water, put cap on bottle, shake bottle to rinse and dump out water. Do not
dump the rinse water back in the bucket.
- Repeat bottle fill and rinse two more times.
Fill sample bottle
- Keep the cap on the bottle, put sample bottle into bucket until the entire bottle is submerged.
- Open the bottle underwater with the mouth ~10cm from the surface of the bucket.
- Dump out a small amount of water to leave a little headspace at the top of the sample bottle.
- Cap bottle, place on ice in a cooler.
- If collecting a duplicate sample, repeat the bottle rinse and fill for the second bottle (#4 and #5).
Fill out the rest of the data on datasheet: be sure to record time of sample collection, bottle numbers,
temperature, salinity, tidal stage, and any other ancillary measurements.

If collecting a sample by hand without a bucket (if you can reach the water by hand), skip #2 and proceed to
#3. Try to measure temperature and salinity (and other measurements) as close to the time of bottle
collection as possible and at the same depth as where the sample was collected.
If collecting a sample with the sampling pole method, complete #1 and proceed to the sampling pole
protocol.
C. Locations
We are sampling at multiple locations in estuaries and coastal waters throughout New England. These locations
are listed in the project description. The target salinity range is from 10 to 32 psu (i.e. ppt). The main criteria for
site selection include ease of access for sampling, expectation of wide range of salinity due to tidal range.
D. Frequency
We are taking samples on one day, to simulate a “blitz” and acquire a one-day snapshot of regional picture of
total alkalinity.
E. Quality control
Samples in morning and afternoon will be duplicates to estimate potential field variability.
Some samples will be co-located with other instruments, such as continuous monitoring stations located in
Casco Bay, Great Bay, or Duxbury Bay. These locations are still to be determined.
F. Data Collection Methods summary table
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Matrix

Parameter

# of
Sampling
Locations

# of
Samples
per

Type of Field
QC Samples

Total Number
of Samples/
Measurements

Location

Sampling SOP
Reference
(Attach SOP to
the QAPP)

Water

Total Alkalinity

Many

5

Duplicates in
morning and
afternoon
samples

300 to 500

Sampling SOP
and video
available at
www.necan.org/
shellday

Water

Salinity

Many

3

Depends on
organization

300 to 500

Depends on
organization
QAPP or
equivalent
documentation

Water

Temperature

Many

3

Depends on
organization

300 to 500

Depends on
organization
QAPP or
equivalent
documentation

9. Sample Handling and Custody
A. Summary table of activities
Activity

Name/Organization

Contact Information

SAMPLE COLLECTION, PACKAGING, & SHIPMENT
Sample Collection

Community water monitoring
organization

See Attachment 1

Sample Packaging

Community water monitoring
organization

See Attachment 1

Coordination of Shipment

Regional coordinators

Regional coordinators

SAMPLE RECEIPT & ANALYSIS
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Sample Receipt

Regional coordinators

See list of regional coordinators

Sample Custody & Storage

Laboratories

See list of laboratory managers

Sample Preparation

Laboratories

See list of laboratory managers

Sample Analysis

Laboratories

See list of laboratory managers

Sample Archiving (if appropriate)
Sample Disposal (if appropriate)
B. Sample Identification Procedure
Each sample will have a unique ID, numbered according to region and sampling location or group.
C. Chain-of-Custody Procedures
The field datasheet will double as a chain of custody form. This will be signed by the field sampler, the regional
coordinator and the laboratory managers.
D. Field Sample Custody/Tracking Procedures
Samples will be stored on ice in plastic bags with datasheets. Regional coordinators will deliver samples to
partnering laboratories on August 23. Laboratories will preserve samples not immediately analyzed using
mercuric chloride at .02 to .05% of volume. Maximum holding time for shipment to laboratories is 24 hours.
E. Laboratory Sample Custody/Tracking Procedures
Each lab may have its own tracking system.
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10. Analytical Methods

Matrix

Water

Analytical
group or
parameter

Reporting
or
Detection
Limits

Analytical and

Sample

Preparation
Method/SOP
Reference

Volume

Total
Alkalinity

Not
applicable

Potentiometric, 120 ml
or less
see Pimenta
and Grear,
2018

Container
s

Preservation
Requirements

Maximum
Holding Time
(preparation
and analysis)

HDPE 120
mL

Based on
Dickson, 2007

Saturated
mercuric
chloride, less
than 0.5% of
total volume
of samples

Each lab uses a different brand of titrator to measure Total Alkalinity.
Partnering Laboratory

Titrator Brand

SOP

University of New Hampshire

HydroFIA

Attachment 4

University of Maine Darling Marine
Center
Bowdoin College

Metrohm 877 Plus Titrino

Attachment 5

Customized apparatus

Attachment 6

Northeastern University Marine Science
Center
Massachusetts Institute of Technology

Attachment 7

Woods Hole Oceanographic Institution

Vindta 3C (Marine Analytics
and Data)
Custom built by Andrew
Dickson Laboratory UCSD
Metrohm 808 Titrando

EPA Atlantic Ecology Division
Narragansett RI
University of Connecticut

Apollo SciTech Model ASALK2
HydroFIA

Attachment 10
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Attachment 8
Attachment 9

Attachment 11

If preserved
with mercury,
up to a year; if
stored at 4° C,
24 hours
(assumed)

11. Equipment/Instrument Maintenance, Testing, Inspection and Calibration
A. Equipment and Instrument Maintenance, Testing, and Inspection
Analytical
Equipment
and/or
Instrument

Maintenanc
e Activity

Testing/
Inspection
Activity

Each
laboratory
analyzes
Total
Alkalinity
using
titrators

Check
See SOPs
functioning
of pumps,
titrators, etc.

Frequency

Acceptanc
e Criteria

Corrective Responsibl
Action
e Person

Analytica
l SOP
Referenc
e

Daily and
each batch

See SOPs

See SOPs

See SOPs

Laboratory
managers

B. Equipment and Instrument Calibration
Analytical
Equipment
and/or

Calibration
Procedure

Frequency of
Calibration

Acceptance
Criteria

Corrective
Action

Responsible
Person

Analytical
SOP
Reference

Check
accuracy
compared to
CRM

2x daily,
before and
after batches

< +/- 10 μmol/kg
of CRM

Repeat or
check
functioning of
instrument
and make
adjustments

Laboratory
managers

See SOPs

Instrument
Each
laboratory
analyzes
Total
Alkalinity
using
titrators
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12. Field and Analytical Laboratory Quality Control (QC) Summary

Matrix

Analytical
group or
parameter

Quality
Frequency or
Control (QC) Number of QC
Sample type samples

Method or SOP QC
Acceptance criteria or
DQI goals
(See Section 3)

Corrective Actions

Water

Total
Alkalinity

Duplicates
at low and
high tides

Duplicates at
low and high
tide samples

1%

NA

Water

Total
Alkalinity

Laboratory
analysis
duplicates

Duplicates of
each sample

<+/- 10 μmol/kg

Re-run samples,
inspect instrument, or
adjust functioning of
instrument

Water

Total
Alkalinity

Laboratory
CRMs

2x daily

<+/- 10 μmol/kg

Re-run samples, inspect
instrument, or adjust
functioning of
instrument

13. Data Management
The field datasheets will be delivered from monitoring organizations to the regional coordinators to the
partnering laboratories (see Section 6). Each laboratory will have different file formats, but we will ensure that
each file has the minimum information that can be used to provide capability to merge. This includes calculated
total alkalinity from the instrument, and bottle number, which can then be merged with the datafile generated
from the field (ancillary) datasheets. Datasheets will then be delivered to the Project Manager (Parker Gassett).
He will work with Emily Silva (NERACOOS), who will oversee transcription of data from field datasheets into an
electronic database. Chris Hunt and Parker Gassett will check for errors including consistency of units, range of
values and then merge the records from the laboratories datafiles into electronic data files. The datafiles will be
keyed on sample bottle ID. Other ancillary data will be used to verify that merging is correct, such as sample
time, location, and salinity, if available.
The regional coordinators and QA Manager will also assist in verifying these data.
Electronic files will be backed up routinely and stored at the University of Maine and NERACOOS under control of
the Project Manager.
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14. Reporting, Oversight and Assessments
Here are tables of reports and assessments expected to be produced related to the data generated. Each report
will include information regarding QC and any corrective actions, or deviations from project plans, and
assessment of quality of the data generated at each step of the way.
A. Reports
Type of Report

Frequency

Projected
Delivery Date(s)

Person(s) Responsible
for Report Preparation

Report Recipient(s)

Lab data reports
(data packages)
from partnering
laboratories
including QC
information and
flagged data
Field summaries
with datasheets,
observations and
deviations from
project plan
Draft data report

Once

Fall 2019

Laboratory managers

Project manager
(Gassett) and QA
manager (Liebman)

Once

Late August, 2019

Regional coordinators

Project manager and
QA manager

Once

Fall 2019

Project manager

Science advisory team

Final report

Once

January 2020

Project manager and
Science Advisory Team

Funding agencies and
public
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B. Assessments
Assessment
Type

Frequency Person(s)
Responsible
for Performing
Assessment

Person(s)
Responsible for
Responding to
Assessment
Findings

Person(s)
Responsible for
Identifying and
Implementing
Corrective Actions

Person(s)
Responsible for
Monitoring
Effectiveness of
Corrective
Actions

Assess
monitoring
organizations
sampling
locations
Confirm chain
of custody
completed

August 22

Regional
coordinators

Project manager
and QA manager

Regional
coordinators

QA manager and
Science Advisory
Team

August 23

Regional
coordinators
and laboratory
managers
Project
manager and
QA manager

Project manager
and QA manager

Regional
coordinators

QA manager and
Science Advisory
Team

Laboratory
managers

Laboratory managers

QA manager

Assess
Fall 2019
completeness
of data
packages from
laboratories
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15. Data Review and Usability
A. Data Review and Validation
Many of the data review steps have been described earlier at each step during the generation process.
We will review data packages, and datafiles to determine whether data quality indicators are met, and
whether data needs to be flagged.
Data files will be checked and sorted to determine whether sample id’s align with appropriate times and
locations, and whether sample id’s align between sample locations and laboratory datafiles.
Data will be sorted to check whether ancillary data or laboratory data are outside expected ranges.
Data will be compared among laboratories to evaluate potential bias in laboratory analyses.
Salinity and total alkalinity data will be plotted to determine whether there are any outliers, or
unexpected patterns.
Data will be flagged for many reasons, including:
• Sample time differs by more than 1 hour from expected low, medium, or high tide prediction.
• Bottle samples are clearly not filled or if there is debris in the bottle
• Salinity measurements outside expected range.
To validate data, we may need to review the field datasheets, interview monitoring organizations,
evaluate chain of custody, review instrument datafiles, calculations of total alkalinity from titrators,
corrective factors applied due to calibration from CRMs.
B. Data usability
Our reports will reconcile and address whether our project and data quality objectives are met, and
whether there are limitations on the use of the data.
C. Data presentation
The draft and final reports will include data summaries. These will include at a minimum descriptive
statistics of results of total alkalinity, by region, estuary or embayment, tidal stage. We will analyze
relationships statistically between salinity and total alkalinity by region, estuary or embayment, tidal
stage.
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16. Project Distribution List
The QAPP will be distributed to the Regional coordinators and the Laboratory Managers. Some of the
community water monitoring organizations may request a QAPP. The monitoring organizations will get
the sampling protocol and be trained by video.
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Data Sheet and Protocols
Figure 10. Data sheet and protocols
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Outreach and Communication Materials
Figure 11. Outreach and communication materials
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https://bangordailynews.com/2019/08/05/opinion/contributors/its-time-to-get-local-about-marineclimate-change/ 1/4
By Parker Gassett, Opinion guest column

It’s time to get local about
marine
climate change
BANGOR DAILY NEWS

It’s time to get local about marine climate change — Contributors — Bangor Daily News — BDN Maine
https://bangordailynews.com/2019/08/05/opinion/contributors/its-time-to-get-local-about-marine-climate-change/ 2/4

On Aug. 22, the first ever Northeast Shell Day has been planned as a single-day
monitoring blitz aimed to create a snapshot of coastal marine conditions. The
project strives to support a network approach generating science that can lead to
improving local and state decision making that addresses ocean and coastal
acidification.
Climate change projections for ocean acidification anticipate a world with steep
declines in populations of shellfish and calcifying organisms. The amount of
carbon dioxide (CO2) dissolved in ocean water can determine the acidity of
seawater, and the oceans are getting progressively more acidic with rising
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atmospheric CO2 levels.
Already in the Northeast and Gulf of Maine acidification is harmful to shellfish;
slowing growth rates and weakening the immune system’s ability to ward off
disease, causing shells to be smaller and softer, and limiting the survival of
juvenile bivalves. These effects threaten to decrease the abundance of commercial
species available for harvest. They could also impact water quality as large
populations of shellfish help to filter and clean seawater.
Thus, in the Northeast as well as many other coastal locations, marine research
teams are investigating how soon baseline populations may shift as a result of
acidification and other co-stressors of climate change, and how intensely
communities will feel the impact on environmental well-being and livelihoods.
In the past two centuries, burning fossil fuels has already caused the open ocean’s
surface to become 30 percent more acidic. However, acidification in the near
shore environment (which is called coastal acidification) is also driven by the
CO2 produced from the decomposition of organic material on the seafloor.
Marine mud can be a compost pile — with too much material decomposing,
episodic spikes in CO2 result in local acidification events magnified beyond the
global trends of climate change. Living and photosynthesizing marine plants and
algae have the opposite effect, taking up CO2 and reducing acidification.
However, overstimulated growth of planktonic microalgal will produce extra
material that falls to the bottom and decomposes, thereby exacerbating the
problem.
Maintaining a healthy balance between the compost pile and the garden of
photosynthesis in coastal waters is remarkably important for protecting coastal
ecosystems. In certain locations, improving nutrient pollution to the coastal
environment and helping to ensure healthy habitats for shellfish can reduce the
risk of acidification from globally rising atmospheric carbon dioxide.
However, throughout the thousands of miles of Northeast coastline, conditions of
coastal acidification vary and are affected by many different drivers including the
freshwater from rivers, the underlying chemistry of bedrock and soils among
watersheds, and the amount of open ocean water that enters each estuary.
The water monitoring blitz taking place on Shell Day is a part of a broader search
for regional understanding at the local scale. A growing and collaborative
community of water monitoring groups, state agencies, research scientists,
aquaculturists and fishermen are uniting around this issue. Policy making that
explores state management has recently begun, and there is a regional effort
underway to better study and adapt to coastal acidification in the Northeast.
Ask your local water monitoring organization if they are working with Shell Day
and find out more at necan.org/shellday.
Parker Gassett of Camden is a graduate student researcher at the University of
Maine studying municipal responses to ocean and coastal acidification.
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JUNE 26, 2019
Guest Blog by Parker Gassett, Graduate Student at the University of Maine
The theme for the 2019 year for Earth Day is the critical issue of Protecting Our Species. Species
protection has been the priority and driving force for researchers and resource managers investigating
ocean and coastal acidification. While threats to our species are a global challenge, a new understanding
of coastal processes demonstrates that there are many local actions we can also take to slow the
increase of coastal acidification.
As global institutions and heads of state recognize and address the rise in atmospheric CO2 and open
ocean acidification, local communities can and must also do their part to protect the ocean and improve
the resilience of their coastal ecosystems and economies. Many of the sources of coastal acidification
are within control of local coastal communities and can be addressed through adaptation and mitigation
strategies. Therefore, at a regional scale, re-imagining management of coastal water quality and
watershed monitoring can be an opportunity for local residents and communities to get involved and
make a difference
It is from this context that Project Shell Day emerged. In the Northeastern United States, hundreds of
community water quality monitoring organizations operate as integral stewardship partners for
thousands of nearshore locations. Many of these existing volunteer and citizen science water quality
monitors are already measuring marine carbon chemistry and are well positioned to collaboratively
investigate coastal acidification processes while focusing on traditional priorities for marine habitat
protection, nutrient pollution, and watershed management.
Project Shell Day will take place on August 22, 2019 to coordinate a blitz monitoring event for each of
the Northeastern organizations to simultaneously measure conditions of coastal acidification and to
raise awareness about this environmental priority. By involving municipalities and community science
organizations in research and mitigation for acidification, Project Shell Day can be a clear way to
galvanize action.
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Celebrating Earth Day and the 2019 theme to Protect Our Species all year long will require all of us to
work together and explore new ways to address our most urgent environmental challenges. If ocean and
coastal acidification matters to you, learn more through your region’s Coastal Acidification Network
website. In the U.S. Northeast, this is NECAN.org.
If Project Shell Day interests you, please visit our site for more information (http://necan.org/shellday)
or reach out to your local water quality monitoring organizations to ask if they are involved in this work,
and how you can help Protect Our Species!

Note from Earth Day Network: We are so grateful to Parker and this wonderful article about how his
community is taking action through citizen science to protect their local ecosystem. We encourage you to
review his website and resources to see how a program like this can be adapted for your community. We
will have many citizen science resources available in the coming months as we finalize preparations
for Earth Challenge 2020, the largest citizen science initiative in the world. Learn more about Earth Day
2020, the 50th anniversary, and Earth Challenge 2020 here- archiveedn.wpengine.com
Is your community working together in a citizen science or environmental protection program? Please
share your story with us! We can feature your story and project just like Parker’s! Together, as a global
community, we can make a difference for Earth Day 2020.
If you are interested in learning more about Project Shell Day or how this project could be applied in your
community, please email Parker.gassett@maine.edu.
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Face Book: "Check out this collaborative solution to address ocean acidification and climate change.
Find out more at http://necan.org/shellday and ask your region's Coastal Acidification Network about
blitz monitoring."
LinkedIn: What is the relationship between salinity and alkalinity? If this question interests you, learn
about Shell Day on August 22 where researchers, government institutions, and environmental
monitoring organizations from Long Island Sound to Downeast Maine are simultaneously collecting
water samples. Learn more about Shell Day at http://necan.org/shellday.
Twitter: Complex problems like ocean acidification and climate change require collaboration. Learn
more about Shell Day by visiting http://necan.org/shellday.
#OceanAcidification #EnviroEd #ClimateChange #ShellDay2019
•

•
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•
•
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Bangor Daily News “Time to Get local about Marine Climate Change”
https://bangordailynews.com/2019/08/05/opinion/contributors/its-time-to-get-local-about-marineclimate-change/
Camden Free Press: https://knox.villagesoup.com/p/shell-day-highlights-rockports-emphasis-onwater-testing/1829185
Weekly Packet Blue Hill Maine http://weeklypacket.com/news/2019/aug/30/shell-day-tests-thewaters-in-its-first-year/#.XW592ShKiM9
North American Association of Environmental Education Blog Post
https://naaee.org/eepro/opportunities/shell-day-needs-logo + ~ 10 cross posting within NAAEE
National Earth Day Network Blog Post
https://www.earthday.org/2019/06/26/project-shell-day-coordinating-local-community-action-toaddress-our-global-habitat-challenges/?eType=EmailBlastContent&eId=441e0fa2-9525-4e11-a7f2dad04718efad
Shellfish Commissions letter (in PR Folder)
Sent to ~18 Shellfish commissions in Maine
NERACOOS FaceBook Post 8/8/19
Woods Hole Sea Grant FaceBook Post 7/26/19
MIT Sea Grant circulated via NEMCO listserv 7/26/2019
MIT Sea Grant featured news item on homepage of new site (will stay up until after Shell Day)
MIT Sea Grant Facebook event post to page 8/9/2019
MIT Sea Grant Twitter post 8/13/2019
MIT Sea Grant sending press release to Boston-area media contacts morning 8/20/2019
MIT SEA Grant article : https://seagrant.mit.edu/2019/09/05/shell-day-ocean-acidificationmonitoring-blitz-engages-new-england-coastal-stewards/
Falmouth Enterprise article: https://www.capenews.net/falmouth/first-ever-shell-daytomorrow/article_fbb066ab-5435-58ab-a6ff-f7176008b437.html
https://www.facebook.com/100002914755458/posts/2447752935331841?s=100006700596921&sf
ns=mo Save the Bay Westerly Facebook
The Nature Conservancy Maine Facebook on
https://www.facebook.com/TNCmaine/photos/a.157844964275667/2483324998394307/?type=3&
theater August 13
https://m.facebook.com/photo.php?fbid=2447741611999640&id=100002914755458&set=a.24350
4842423339&notif_t=feedback_reaction_generic&notif_id=1566402214478329&ref=m_notif South
County Coast Keeper
Harbor Watch Facebook.com/harborwatch + Cross posting on Instagram and Twitter
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•
•

•
•
•

Shellfish Commissions Listserv
Connecticut Shellfish Initiative list serve (Anoushka Concepcion
Assistant Extension Educator for Marine Aquaculture
Connecticut Sea Grant and Department of Extension
CUSH Facebook page
Stonington Community Forum Facebook Page
AGU Twitter Account August 22
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Appendix B
Synoptic Assessment of Coastal Total Alkalinity through Community Science

Figure 12. Histogram of standard deviation and variation
Histogram of standard deviation (left) and coefficient of variation (right) between field
duplicates. Although this manuscript describes correlations consistent across the Northeast
region and various subregions, there are also likely distinct salinity-alkalinity relationships at the
watershed spatial scale. This dataset is extensive spatially, but it is limited at the individual
watershed/embayment scale, with most embayments having only a single sampling station and
thus at most 3 distinct datapoints, which is not enough data to evaluate a salinity-alkalinity
relationship for a single station. Figure 13 illustrates the myriad of different salinity-alkalinity
relationships that may exist within the Shell Day dataset by illustrating each sampling station as
data points connected by lines.
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Figure 13. Total alkalinity vs. salinity
Total alkalinity vs. salinity for all Shell Day data, analogous to Figure 7. In this graphic, data from
individual stations are connected by lines and colored by region, which match the map shown in
Figure 1

Table B. 1 Coefficients for linear regression analysis
Coefficients for simple linear regression analysis predicting total alkalinity (TA) from salinity for
the five subregions: Gulf of Maine (GOM), Cape Cod Bay (CCB), Buzzards Bay/Vineyard Sound
(BB/VS), Narragansett Bay (NB) and Long Island Sound (LIS), and all data combined (All
Data). Numbers in parentheses indicate the standard error for each fit parameter. GOM
indicates fits from the GOM region using laboratory salinometer measurements. Bold coefficients
indicate statistical significance at the p < 0.01 level.
lab

Region
GOM
CCB
BB/VS
NB
LIS
GOM
All Data
lab

N
48
84
34
14
14
10
194

RMSE
188.6
113.7
75.4
34.4
75.2
30.4
157.3

r
0.733
0.941
0.787
0.133
0.221
0.993
0.820
2
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Intercept
-93.6 (178.3)
422.3 (40.1)
828.6 (99.4)
1705.4 (193.5)
1692.7 (152.3)
103.3 (53.3)
472.0 (48.5)

Salinity
70.3 (6.3)
54.0 (1.5)
37.3 (3.4)
8.2 (6.1)
10.8 (5.8)
64.1 (1.9)
51.1 (1.7)

Table B. 2. Coefficients for multiple linear regression analysis
Coefficients for multiple linear regression analysis predicting total alkalinity (TA) from
temperature, salinity, and latitude for the five subregions: Gulf of Maine (GOM), Cape Cod Bay
(CCB), Buzzards Bay/Vineyard Sound (BB/VS), Narragansett Bay (NB) and Long Island Sound (LIS).
GOM indicates fits from the GOM region using laboratory salinometer measurements, and All
Data indicates the combined fit for the entire region (Eq. 1). Fits were of the form from Alin et al.
2012, and included interactions terms. Numbers in parentheses indicate the standard error for
each fit parameter. Bold coefficients indicate statistical significance at the p < 0.01 level, and
italics indicate significance at the p < 0.05 level.
lab

Region

N

RMSE

R

Intercept

Salinity

Temp (°C)

S*T

2

GOM

45

177.1

0.773

1876.4
(29.8)

62.3 (6.7)

-30.8 (12.7)

6.7 (2.9)

CCB

84

110.9

0.944

1794.1
(13.6)

53.5 (1.8)

-8.2 (4.7)

-0.3 (0.8)

BB/VS

34

70.3

0.814

1883.8
(21.8)

38.1 (5.4)

-3.1 (8.2)

-3.1 (2.6)

NB

14

33.5

0.176

1958.9
(15.7)

7.1 (8.2)

2.0 (11.0)

-6.7 (9.2)

LIS

14

48.7

0.674

1933.0
(28.0)

-7.1 (8.3)

-37.5 (14.2)

-6.6 (3.3)

10

26.8

0.995

1929.3
(28.7)

53.2 (9.6)

-13.9 (14.4)

3.2 (2.6)

R

Intercept

Salinity

Temp
(°C)

S*T

Lat

S*Lat

T*Lat

0.894

4958.9
(510.8)

-571.7
(73.9)

-29.2
(120.1)

0.8
(0.7)

-72.3
(12.0)

14.4
(1.7)

0.2
(2.8)

GOM

lab

Region

N

All
Data

191

RMSE
121.1

2
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Our expectation was that the lower precision and accuracy of refractometers would be responsible for
the anomalous relationships between the variability in salinity and the variability in total alkalinity.
However, higher precision multiparameter datasondes were used at most of the sampling stations that
displayed the anomalous variability and salinity and alkalinity (e.g. Groups 2 and 3, Figures 8 and Figure
16). This implied that the observed patterns in variability was not driven by low precision or accuracy of
instrumentation.

Figure 14. Method of salinity collection
Standard deviation in alkalinity vs standard deviation in salinity over a tidal cycle from each
sampling station (analogous to Figure 8). Symbols and filled or open data points follow the
observed tidal variation regimes illustrated in Figure 4. Data points are colored by method of
salinity collection.
To provide context for our total alkalinity samples, and to identify potential contributions of highalkalinity freshwater at stations sampled during Shell Day, we evaluated TA measurements from
the USGS Water Data for the Nation database (https://nwis.waterdata.usgs.gov/nwis). Water
quality field/lab data were searched using the parameter codes 00418, 29801, 29802, 29803,
39086, and 39087, which reflect multiple methods of alkalinity determination (Table S2), and
14808 measurements were found. Measurements from each station were averaged across the
entire dataset and mapped for context (Figure S4).
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Table B. 3. USGS water data
Parameter codes and descriptions from the USGS Water Data for the Nation database.
Parameter
Code

Description

00418

Alkalinity, water, filtered, fixed endpoint (pH 4.5) titration, field, milligrams
per liter as calcium carbonate

29801

Alkalinity, water, filtered, fixed endpoint (pH 4.5) titration, laboratory,
milligrams per liter as calcium carbonate

29802

Alkalinity, water, filtered, Gran titration, field, milligrams per liter as calcium
carbonate

29803

Alkalinity, water, filtered, Gran titration, laboratory, milligrams per liter as
calcium carbonate

39086

Alkalinity, water, filtered, inflection-point titration method (incremental
titration method), field, milligrams per liter as calcium carbonate

39087

Alkalinity, water, filtered, inflection-point titration method (incremental
titration method), laboratory, milligrams per liter as calcium carbonate
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Figure 15. Mean alkalinity reported in USGS Nation database
Mean alkalinity reported in the USGS Water Quality Samples for the Nation database for the New
England region. Major rivers are indicated on the map. The color scale has been maximized at
2500 umol kg for relevance to typical seawater values. Note that the maximum average value
per station was 10451 umol kg .
-1

-1
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List of Participating Water Monitoring Organizations
1 Aquacultural Research Corp, 2 Barnstable Clean Water Coalition, 3 Boothbay Region Land Trust,
4 Boston Harbor Island National and State Park, 5 Belfast Bay Watershed Coalition, 6 Bigelow
Laboratory, 7 Buzzards Bay Coalition, 8 Cape Cod Cooperative Extension, 9 Committee for the
Great Salt Pond, 10 Connecticut Fund for the Environment (Save the Sound), 11 Clean Up Sound
and Harbors, 12 Casco Bay Estuary Partnership, 13 Center for Coastal Studies, 14 Cohasset Center
for Student Coastal Research, 15 Derecktor Shipyards, 16 Downeast Institute, 17 EPA Atlantic
Coastal Environmental Sciences Division, 18 EPA Region 1, 19 Earthwatch/Schoodic Institute, 20
Friends of Casco Bay, 21 Falmouth Water Stewards/Pond Watch, 22 Harbor Watch, 23 Hurricane
Island Center for Science and Leadership, 24 Interstate Environmental Commission, 25 Island
Creek Oysters, 26 Island Institute, 27 Kennebec Estuary Land Trust, 28 Maine Coastal Observers
Alliance, 29 Maine Department of Environmental Protection, 30 Maine Maritime Academy, 31
Marine Biological Lab, 32 Martha's Vineyard Commission, 33 Martha's Vineyard Shellfish Group,
34 Massachusetts Maritime Academy, 35 Mook Sea Farm, 36 North and South River Watershed
Association, 37 Nantucket Land Bank, 38 Nantucket Land Council, 39 Nantucket Natural
Resources Department, 40 Neponset River Watershed Association, 41 New England Aquarium,
42 New England Science and Sailing, 43 Pleasant Bay Alliance (Friends of Pleasant Bay), 40
Rockport Conservation Commission, 41 Water for ME Foundation, 44 Salem Sound Coastal
Watch, 45 Swampscott Conservancy, 46 Salt Ponds Coalition, 47 Save Bristol Harbor, 48 Save the
Bay, 49 Setauket Harbor Task Force, 50 Shaw Institute, 51 Town of Mashpee Department of
Natural Resources, 52 University of Maine-Machias, 53 University of New Hampshire, 54 UNH
Marine Docents, 55 URI Watershed Watch, 56 University of New England, 57 Wampanoag Tribe
of Gay Head (Aquinnah), 58 Woods Hole Oceanographic Institution, 59 Woods Hole Sea Grant.
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BIOGRAPHY OF THE AUTHOR
Parker Gassett grew up in Maine, was born in Camden, and graduated from Camden
Hills Regional High School in 2007. He earned a degree in Environmental Biology from Beloit
College. Here his academic experience focused on ecological field study, which allowed
research in the U.S., Central America, the Galapagos Islands and throughout coastal Ecuador,
and on-board a research vessel sailing from the Caribbean Islands and Eastern seaboard of the
United States. His academic education in ecology and conservation transitioned to 6 years of
professional training linked by themes of team management and leadership. These qualities are
demonstrated within Parker’s dissertation work, which cultivated partnerships, facilitated
collaboration among diverse actors, and managed multi-year campaigns involving hundreds of
participating entities. Before graduate school, Parker’s professional role in the AmeriCorps
Conservation Corps, the Outward-Bound School, and the Ocean Classroom Foundation
informed an approach to community organizing and generated insights to coaching teams. His
graduate research extended beyond campus. He immersed himself in coalitions and grassroots
organizing at the interface of science and policy for marine climate change. He joined and was
later appointed to steering committee positions within Northeast Coastal Acidification Network
and the Maine Ocean and Coastal Acidification Partnership. He facilitated meetings with a focus
on decision-making, met with regional planning organizations, and worked with legislators
crafting policy and organizing political action. Ultimately, Parker served as the project manager
for the largest single-day synoptic assessment of coastal ocean alkalinity in the region. He also
played a key role in a process to synthesize understanding of ocean and coastal acidification
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and inventory the state-wide landscape of pertinent research and management activities for
Maine’s inaugural Climate Council. The chapters of his dissertation highlight multiple years of
diversified engagement and collective action. His portfolio is unique and embraces teamscience approaches. Under his leadership, more than 30 co-authors are adjoined through the
chapters of this dissertation, and hundreds more are acknowledged for their participation. His
work broadened social, scientific, and political capacity to confront the challenges of ocean and
coastal acidification in Maine and across the Northeast United States. Parker’s work fostered
collaborative relationships among national and regional agencies, legislators, marine resource
managers, non-profit organizations, and citizen scientists (referred to as community within the
text). The previous chapters demonstrate the opportunities and barriers of sustainability
science for OCA; a field which is focused on real-world problem solving in complex
circumstances. Parker now works as a Community Climate Resilience Coordinator for the Maine
Sea Grant Program of the University of Maine. He is a candidate for the Doctor of Philosophy
degree in Ecology and Environmental Science from The University of Maine in May 2022.
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