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Abstract

Nature provides numerous ecosystem services to people, yet the prioritization

of these services often depends on the goals of various stakeholder groups. The

eastern oyster (Crassostrea virginica) is an ecologically important species along

the Gulf and Atlantic coasts of the United States, where it provides essential

fish habitat and may mitigate against climatic variations in urban areas. The

eastern oyster also supports a multimillion dollar aquaculture industry in

coastal communities. Recent declines in eastern oyster populations, however,

have spurred widespread restoration activities. Here, we look at three expert

stakeholder groups (academics, nongovernmental organizations, and govern-

mental agencies) in Rhode Island (United States) to understand how stake-

holder perceptions of oyster ecosystem services differ. Stakeholders' mental

models showed differences among the groups' topologies and components,

although the terms “Water Quality” and “Habitat/Structural Complexity” were
prioritized in all the groups. Our results suggest that there is substantial inter-

group variation, but that there are common threads around which future oys-

ter restoration and management programs can be designed. By making these

mental models of ecosystem services explicit, we illuminate tacit assumptions

held by different stakeholders of the oyster stakeholder community in Rhode

Island. In doing so, we highlight opportunities for more efficient collaboration

around commonly shared goals for sustainable social and ecological

management.
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1 | INTRODUCTION

Decisions around optimizing ecosystem services are often
highlighted when incorporating the desires, needs, and

ecosystem visions of various stakeholder groups
(Menzel & Teng, 2010). Furthermore, management
actions will be based on the values and priorities held by
decision-makers and those communicated by other
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stakeholders. For example, farmers may want to manage
an area to optimize crops, while land managers may want
to diversify the suite of plants grown on a plot as a way to
mitigate against climate uncertainty (Knoke et al., 2014), or
stakeholders may differ on ways to reallocate the expendi-
ture of public funds among different management options
(Palacios-Agundez et al., 2014). When those priorities differ
along stakeholder lines, internal conflict or management
inefficiencies can emerge (St. John et al., 2019). These chal-
lenges can be further exaggerated when incompatible, or
even contradictory, policy mandates exist (Kellner, 2011).
However, by examining the tacit assumptions and value
statements of various stakeholders, we can gain insight into
the ways that miscommunication across stakeholder
groups may be leading to a breakdown in the effective
management of natural resources (Harrison, Kochalski,
Arlinghaus, & Aas, 2019).

Our research explores this theoretical framework in the
context of a commercially, ecologically, and culturally
important shellfish, the eastern oyster (Crassostrea
virginica) in Rhode Island, USA. Our goal is to provide a
proof of concept by surveyying several key management
stakeholders and describe the way they perceive how oys-
ter ecosystems are constructed and interact. Because of its
importance across multiple axes, oyster management
involves multiple stakeholders—each of which have their
own prioritizations and perceptions of how these
“oystersystems” are constructed.

While managing areas for biodiversity can simulta-
neously provide numerous ecosystem services (Palumbi
et al., 2008), it may be challenging to craft practices that
concurrently provide other, particularly extractive, goals.
The eastern oyster allows us to explore these challenges as
it plays multiple complex and instrumental roles in coastal
ecosystems and communities along the Northwest Atlantic
Ocean. These bivalves provide critical ecosystem functions
such as water quality improvements (Coen et al., 2007;
Newell & Koch, 2004), coastal protection (La Peyre, Serra,
Joyner, & Humphries, 2015), and nutrient cycling
(Humphries et al., 2016; Kellogg, Cornwell, Owens, &
Paynter, 2013; Pollack, Yoskowitz, Kim, &
Montagna, 2013). When oysters aggregate together over
multiple generations, the reefs they form also provide habi-
tat for numerous other species (Humphries & La
Peyre, 2015; Peterson, Grabowski, & Powers, 2003). In addi-
tion, oysters have been utilized as an economically and cul-
turally important fishery since human settlement began on
the U.S. East Coast. Oysters were an important fishery for
numerous Native American people throughout the east
coast of the North America where they provided both food
and material culture (Kurlansky, 2007; Thompson
et al., 2020). Today their value is still evident with, the oys-
ter fishery being valued at approximately USD 197 million

in 2015 (National Oceanic and Atmospheric Administration
2018). In Rhode Island, wild caught oysters were a major
component of the economy from the 17th through early
20th centuries (Figure 1) but today are no longer a major
fishery. However, today commercially raised oysters are a
6 million dollar per year aquaculture industry, with over
8 million oysters per year sold (Rhode Island Coastal
Resources Management Council, 2018). A variety of associ-
ated industries, such as gear manufacturers and food-based
tourism, are also predicated on healthy and marketable oys-
ters. In addition, oyster reef restoration has become a prior-
ity for protecting developed areas along the Atlantic coast
(Rodriguez et al., 2014). This is especially true in urban
areas that have witnessed the rise of extreme storms like
Sandy (2012) and Florence (2018) (Steiner, Simmons,
Gallagher, Ranganathan, & Robertson, 2013).

As a direct reflection of oysters' multifaceted ecological
utility, multiple stakeholders are involved in management
efforts. Engineers, marine scientists, educators, governmen-
tal bodies, nongovernmental organizations (NGOs), coastal
residents, aquaculture farmers, and many others have
added their voices to the growing conversation around oys-
ter restoration and aquaculture. In general, opinions on
both aquaculture and oyster restoration are mostly positive
(Dalton & Jin, 2018; La Peyre, Nix, Laborde, &
Piazza, 2012). However, there appears to be little agree-
ment or coordination in terms of priorities, management
strategies, and implementation. As these internal differ-
ences can lead to explicit and implicit variations in how
ecosystem services are perceived (Ban et al., 2013; Hicks,
Cinner, Stoeckl, & McClanahan, 2015), effective communi-
cation and priority-sharing between stakeholders is neces-
sary to foster restoration activities and policymaking
(La Peyre et al., 2012). Variations among different groups'
construction of oysters' ecosystem services can result in the
potential for miscommunication and inefficiency in multi-
stakeholder restoration projects ultimately impacting poli-
cies that support oyster management. By extension,
examining expert stakeholder opinions on the components
of an oyster ecosystem and the topology of the connections
among those components could help identify areas of
potential overlap and identify areas of collaboration.

Cash et al.'s (2003) systems of knowledge theory sug-
gests that information about ecosystem services, which is
salient, credible, and legitimate, has the power to engage
policy holders. Furthermore, when seeking to affect policy
change, especially in systems that are complex with multi-
ple stakeholders, the apparent legitimacy of the scientific
finding—a finding that the research presented to managers
was unbiased and considered multiple stakeholders' views
within its conclusions—is a strong predictor of the impact
of that research (Posner, McKenzie, & Ricketts, 2016).
Research that is inclusive of multiple viewpoints, and
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decisions made with clear and explicit representation, can,
therefore, provide this legitimacy to policymakers, and ulti-
mately help create more efficient management practices.

1.1 | Our approach

Here, we assess the different views stakeholder groups hold
regarding the ecosystem services oysters provide using
mental modeling, a technique that has been widely applied
in social science contexts, including conservation biology
(Stier et al., 2017). Mental models are simple yet powerful
tools that center around small-scale representations of how
participants view a system being structured (Moon
et al., 2019). When constructed, they give insight into both
the presence of key concepts (model components) and the
interrelationships among those concepts (model topology).
And while there are numerous kinds of mental models
which have been used in a variety of fields from geography
(Reinfried, 2006) to psychology (Johnson-Laird, 2004), here
we use fuzzy cognitive mapping (FCM)—a technique that
is being rapidly adopted in conservation biology (Gray,
Gray, Cox, & Henly-Shepard, 2013; van Velden, Moyo,
Ross, & Biggs, 2020). FCM is an analysis methodology for
creating quantitative mental models and analyzing them
using graph theory (Gray et al., 2013, 2014). This methodol-
ogy can be applied across several groups to elucidate
the differences and similarities among stakeholder groups.
For example, Bosma et al. (2017) used FCM to highlight
the different ecosystem services that stakeholder groups
prioritized when viewing a wetland in Uganda. While
some groups (government and farmers) prioritized the
land for agricultural support, a unique assemblage of
stakeholders (papyrus collectors, beekeepers, hunters, and
fishers) all valued the wetland as a conservation area.

Through using FCM, the authors were able to identify dis-
parate stakeholder groups that can form collaborations
around shared ecosystem service priorities. Mental model-
ing has emerged as a powerful tool for visualizing
stakeholder conceptions and has been used in numerous
contexts including wild meat harvesting (Nyaki, Gray,
Lepczyk, Skibins, & Rentsch, 2014), First Nation/
governmental coupled marine ecosystem planning (Stier
et al., 2017), international freshwater management plans
(Hobbs et al., 2002), and climate change resilience among
coastal Pacific Islanders (Chandra & Gaganis, 2016).

Our study examines how a subset of key stakeholders
perceive and organize the ecosystem services provided
by oysters. In this paper, we examined stakeholder
groups in Rhode Island, a place where oysters are a criti-
cal economic and social component of the community
(Dalton & Jin, 2018). As a proof of concept, we examined
three expert stakeholder groups that were active in oyster
science and management: academics, nongovernmental
conservation organizations, and state-level management
agencies. We aimed to tease apart how perceptions of
oyster ecosystem services differ among these groups. We
also wanted to demonstrate how understanding stake-
holder groups' perceptions might be translated into more
efficient, legitimate, and effective management practices,
and to provide a framework for a more inclusive sam-
pling in the future.

2 | METHODS

2.1 | Study design

Our study consisted of interviews with stakeholder
groups in Rhode Island, USA. Three expert stakeholder

FIGURE 1 The oyster

fishery in Rhode Island during

the late 19th century was an

important part of the state's

economy. In 1880, it was valued

at $680,500 dollars which has a

value in 2020 of $16,700,000

(Ingersoll, 1881). Narragansett

Bay Oyster Co. photograph,

circa 1908. VM013_WC0362, RI

General Photograph Collection,

Providence Public Library
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types were targeted to obtain group-level opinions about
oysters and the stakeholders' inputs in active manage-
ment: nongovernmental conservation organizations
(NGOs), academic groups, and governmental bodies. We
initially contacted oyster aquaculture farmers as a fourth
stakeholder group, but due to the considerable time con-
straints in their growing season, we were unable to coor-
dinate interviews. Thus, while we endeavored to include
a richer representation of stakeholder diversity, logistical
constraints limited stakeholder participation. Thus, our
results should be viewed as less of an accurate reflection
of the diversity of views held by those involved with oys-
ter aquaculture and restoration in The Ocean State, but
rather a proof of concept for the use of this technique,
and a touchstone for further investigations, especially for
areas north of Maryland where there has been relatively
less intense research focus on oyster fisheries.

The authors initially contacted individual members of
each group through emails or professional opportunities.
These initial contacts were then asked to name other
individuals who would be able and interested in partici-
pating (e.g., snowball sampling). These sampled groups
represented stakeholders with different objectives: resto-
ration/outreach and environmental advocacy (NGOs),
research (academic groups), and regulatory management
(government groups). Group sizes ranged from 11 to
16 participants (Table 1). Group members differed in
experience, from those relatively new to the field to life-
long career workers. Our research compared perceptions
from stakeholder groups, and therefore multiple individ-
uals from each stakeholder group were present at each
interview.

For each organization, we held workshops ranging
from 90 to 120 min in which we introduced FCM by
building an example model with participants for refer-
ence. Following this orientation, the group of participants
worked together to develop a mental model for the eco-
system services created by oysters. The group was

provided with a list of initial potential terms, processes,
or actors within the mental model (“components”),
which served to start the conversation and to provide a
common comparative framework (Table 2). These com-
ponents were derived from initial conversations with oys-
ter stakeholders in a neighboring region (New York), the
literature, and informal conversations with Rhode Island
stakeholders prior to interviews. To assess the willingness
of groups to toss out terms they felt were inappropriate,
we also included one dummy component (“pearls”), as
these oysters rarely produce pearls and pearling is not a
focus of oyster aquaculture or restoration.

To begin participants were prompted to choose a term
from the suggested component list of key species, pro-
cesses, and stakeholders and build onto it as necessary.
Importantly, as the model grew, participants were
encouraged to add any new autochthonous components
and connections that they felt were important, including
those that were not included in the initial list. In doing
so, the interviewees expressed a graphic representation of
their own visions of oyster ecosystems and their goods
and services and were not simply responding to the exis-
ting choices. As these new terms were added, there was
often vigorous debate about their placement within the
model.

Once the components (which represent nodes in a
graph theory approach) had been decided upon by partic-
ipants, they then assigned subjective measures of impor-
tance by estimating the strength and confidence of the
relationships (similar to edges in a graph theory
approach) among those components, using a positive or
negative rating scale (using +, ++, and +++ for positive
relationships, and �, ��, and ��� for negative rela-
tionships) to quantify relationship strength. Confidence
in each edge was provided on a scale of 0.25 for “unsure,”
0.5 for “weakly confident,” 0.75 for “somewhat
confident,” and 1 as “fully confident” (Gray et al., 2013).
This measure of ambiguity about the effect of an impact

TABLE 1 Number of participants,

terms, centrality scores, and similarity

indices for stakeholder groups

Academic NGO Government

Number of participants in each group 11 12 16

Components 24 22 21

Total connections 71 46 44

Density 0.129 0.100 0.105

Connections per component 2.958 2.090 2.095

Number of driver components 5 4 3

Number of receiver components 0 0 3

Number of ordinary components 19 18 15

Complexity score 0 0 1

Abbreviation: NGO, nongovernmental organization.
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provides the “fuzzy” in FCM and allows for more
nuanced models (Gray et al., 2013). The model was
drawn on a whiteboard by the workshop facilitator, while

another researcher simultaneously inputted connections
into the Mental Modeler software (Figure 2).

2.2 | Data analysis

The FCM software Mental Modeler (http://www.
mentalmodeler.com; Gray et al., 2013) was used to create
the constructed model and output summary statistics.
These data included the number of elements, the central-
ity of each individual component, and the role of each
component in the model (i.e., driver components, ordi-
nary components, receiver components). The models and
their associated summary statistics were then used to
compare differences and similarities among groups. Spe-
cifically, for each mental model, we calculated mean
complexity, mean number of drivers, and mean number
of components. We also calculated the density of the
model, the connections per model component, the com-
plexity of the model, the number of components in the
model, the number of connections within the model, and
the number of each component type.

A model's complexity is expressed by the ratio of
receiving variables compared to transmitting variables.
When a model is complex, it has a high number of receiv-
ing variables, indicating that the model is subject to
external influences (e.g., the number of components
influencing the system is greater than the number of
components the system influences). The reverse, when
there are a greater number of transmitting variables than
receiving variables indicates a unidirectional flow of

TABLE 2 : A list of oyster ecosystem services used to seed the

conversation

Initial terms

Storm surge protection

Biodiversity

Nutrient cycling

Water quality

Food and fisheries

Economy and job creation

Habitat and structural complexity

Luxury items (ex. pearls)

Oyster farmers

Coastal residents

Engineers

Educators

Restaurant establishments

Shell donation programs

Local government

City and municipal beach management

Spat recruitment and settlement

Seed stock

Fish recruitment and larval settlement

Sedimentation

FIGURE 2 An example of a raw mental model from this study. This model was generated from a session with the Government Group

DREW ET AL. 5 of 12

http://www.mentalmodeler.com/
http://www.mentalmodeler.com/


information out of the system and a hierarchical knowl-
edge structure (Özesmi & Özesmi, 2004; Williams
et al., 2020). The connections score is the total number of
edges between nodes. By definition, the more edges, the
higher the amount of interaction there is between
the components of the model (Özesmi & Özesmi, 2004).
The model density refers to the number of edges within
the model (the connections score) compared to the num-
ber of all possible potential connections among nodes,
and some studies have suggested productive management
strategies are found within groups with a higher density
score (Hage & Harary, 1983; Özesmi & Özesmi, 2004).

We also focused on components' centrality score.
Centrality is the absolute value of the influence of
variables for each component and is a key measure to
indicate not only the connections among components,
but the weights of those connections (Özesmi &
Özesmi, 2004). The higher the degree of centrality, the
greater the influence of the component on the dynamic

behavior of the model (Williams et al., 2020). We
recorded the 10 most central components for each model,
as well as the number of times a component appears in
the top 10 centrality list of any model.

Using the list of the top 10 central components, we
calculated both Jaccard's similarity index and the Bray-
Curtis dissimilarity indices for all pairwise comparisons
using the R package SpadeR (Chao & Shen, 2010; Sup-
plement 1). We used two similarity indices: Jaccard's,
which utilizes the presence–absence of shared terms
between different stakeholder groups, and the Bray-
Curtis dissimilarity index, which leverages a term's cen-
trality score within a stakeholder group's ranking
(in effect being analogous to the abundance of a species
within a community, Gardener, 2017). Additionally, we
calculated the “N-community” similarity indices for the
entire community data set using both the N-community
Jaccard similarity index (presence/absence data) and
the N-community Bray-Curtis index (using absolute

TABLE 3 : List of top 10 ecosystem services by centrality value per stakeholder group

Academic NGO Government

Term
Centrality
score Term

Centrality
score Term

Centrality
score

Oyster farms 9.83 Habitat structural complexity 6.45 State government 7.91

Restaurant 9.39 NGO 4.99 Habitat 6.83

Food and fish 9.06 Water quality 4.81 Aquaculture 6.32

Coastal
residents

8.59 Aquaculture 4.79 Water quality 5.37

Habitat 7.06 Coastal residents 3.65 Reef restoration 5.24

Local
government

5.36 State government 3.49 Jobs 3.65

Predators and
pests

5.23 Fish recruitment and larval
settlement

2.65 Food and fisheries 3.6

Jobs 5 Biodiversity 2.65 Fish recruitment and
settlement

3

Water quality 4.7 Nutrient cycling 2.5 Oyster disease 2.99

Disease 4 Researcher 2.34 Cultch 2.99

Abbreviation: NGO, nongovernmental organization.

TABLE 4 : Novel and endemic components added to models by a group

Organization
type Academic NGO Government

Total terms
added

Restaurant, predators and pests,
jobs, disease

NGOs, aquaculture, state
government, researchers

State government, reef restoration,
jobs, oyster disease, clutch

“Endemic” terms
added

Restaurant, predators and pests Researchers Oyster disease, clutch, reef
restoration

Abbreviation: NGO, nongovernmental organization.
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abundances), because these matrices can reveal patterns
of similarity not evident within pairwise comparisons
(Chao & Shen, 2010).

3 | RESULTS

We found substantial variation in how stakeholder
groups view oyster ecosystem services. The richest model
in terms of density and number of components was made
by the academic group. The NGO and the government
groups had similar levels of model richness.

“Habitat Complexity” and “Water Quality” appeared
as key model components, as they had high centrality
scores and were in the top 10 centrality scores for all
three stakeholder groups (Table 3). These components
were followed by others related to biodiversity (e.g., reef
restoration and “fish recruitment”), pointing to the influ-
ence of oysters on fish and invertebrates, and “Coastal
Residents” signifying that oyster ecosystems exist as
coupled social-ecological systems. Four major driver com-
ponents were revealed: “Environmental NGOs,”
“Engineers,” “Sedimentation,” and “Local Government.”
Each of these terms was on the initial list of potential
nodes. All groups rejected the component “Pearls,” indi-
cating that the interviewees were critically assessing the
initial list of terms. In addition to these initial terms, each
organization contributed its own set of novel or
“endemic” components to the models, which were
related to the group's particular interests (Table 4).

The pairwise diversity indices indicated relatively low
levels of similarity across stakeholder prioritizations. The
Jaccard coefficients, which are based on presence or
absence of shared components, ranged from 0.31 to 0.33
(with 1 being total overlap). Using the Bray-Curtis analy-
sis, which considers the centrality scores showed that the
pair with the most overall was the NGO/Government
couple with a dissimilarly index of 0.51 (Supplemental 1).
The estimated N-community indices which measure
diversity across the system as a whole resulted in similar
levels of lower similarity using the Jaccard's (0.29 ± 0.01)
than with the Bray-Curtis (0.43 ± 0.04).

4 | DISCUSSION

This study revealed that stakeholder groups perceive eco-
system services provided by oysters differently. These differ-
ences manifest themselves in three ways. First,
stakeholders differ in the unique terms incorporated into
their respective mental models. Second, the centrality
scores ascribed to each component differed across stake-
holder groups. Last, the arrangement of the terms, or the

model topologies, differed. Together, these differences high-
light how stakeholder groups, who all work with the same
species, and in many cases closely collaborate in that spe-
cies' management, retain fundamentally different mental
organizations of the ecosystem services provided. However,
despite these differences across terms and topologies, there
are some similarities across stakeholders with the terms
“water quality” and “habitat/structural complexity” emerg-
ing as components with consistently high centrality scores.

By using a mental modeling approach that included a
quantitative and qualitative approach, we have gained
insight into not only the species, processes, and stake-
holders that interviewees find important, but also by put-
ting them in a quantitative framework we are able to
ascribe specific centrality scores and leverage analytical
methods from community ecology to understand how
related these ecosystems of ideas are. The ‘fuzzy’ in FCM
allows us to evaluate the stakeholders' perceived
strengths of connections. This makes explicit the concep-
tualization of flow within the system and by extension
helps to highlight areas that small interventions may
bring about large management impacts (Williams, 2020).

The novel components added often reflected the
stakeholder groups' policy or institutional mandates. In
doing so, they displayed a sense of stakeholder agency
within the process by customizing the network to reflect
their views of how various oyster ecosystems worked. For
example, the government stakeholder group added
“Seed,” “Clutch,” and “Spat Settlement” highlighting
their keen interest in aquaculture, while the NGO added
both “Researchers” and “State Government” indicating
their position as a boundary spanning organization with
active roles in both the research and the policy communi-
ties. These “endemic” terms show what is unique, what
is special, and what is integrated into each stakeholder
groups' oystersystem construction.

The four most important driver components across all
of models were “NGOs,” “Engineers,” “Local Government,”
and “Sedimentation.” The NGO employees we interviewed
exercise influence on policy, monitoring, and outreach.
Likewise, engineers are responsible both for the creation of
reefs through restoration efforts and the destruction of reefs
through dredging. In a similar vein, local governments are
capable of being simultaneously responsible for policies that
both enhance and reduce oyster populations, depending
upon their priorities at a given time. This is by far the most
compelling evidence of just how complex the issues are sur-
rounding oyster ecosystems. The result of “Sedimentation”
as a driver was somewhat surprising—it can represent an
avenue of exposure of harmful pollutants to oysters (Gifford
et al., 2004) and is driven mainly by land use and develop-
ment (Squires, 1992). Ultimately, the inclusion of “Sedi-
mentation” as a driver in models might be an artifact of the
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way we conducted our mental modeling exercise, as it was
one of the terms introduced to participants (Table 2). Model
density and complexity were largely inconclusive and of lit-
tle use in making assumptions about the stakeholder
groups themselves.

While some terms resonated among all stakeholder
groups, there was substantial variation both within and
among groups, and there were a large number of single-
use components (10 out of 19 total components). The
most frequently cited components were “Water Quality”
and “Habitat/Structural Complexity” which appeared in
all three lists. These findings suggest that while there is
disparity in the conceptualization of ecosystem services
among groups, those differential rankings do not mean
that there is no common ground. Rather, by looking at
how these terms appear in the conceptualizations of dif-
ferent stakeholders, we find that focusing only on stake-
holder optima (e.g., the top ranked of each stakeholder
group) we miss opportunities for collaboration along
global (system wide) optima terms.

Throughout these analyses, we looked at how three
different stakeholder groups contextualize the ecosystem
services of oysters. While this is a critical way to assess
efficiencies and linkages across these stakeholder groups,
there are aspects of this work which must be treated with
caution. There are multiple potential causes for
unforeseen driver variables. One possible reason could
come from the artificial aggregating of different compo-
nents in a single term, such as “Local Governments.”
This potentially could contain both “Local Planning
Boards” and “Local Conservation Officers” being respon-
sible for the construction of buildings (i.e., aquaculture
facilities) and oyster reefs, respectively. Another potential
cause for unforeseen drivers could be interviewer fatigue,
and that toward the end of the sometimes 2-hr session,
the complexity of the model might lead interviewees to
fail to critically examine all variables. Similarly, these
interviews are dynamic, and often there is a vociferous
and free-flowing stream of ideas. Within-group, power
dynamics may lead to those with less social capital feel-
ing unwilling or unable to challenge the proclamations
made by their louder, senior (often white and male) col-
leagues (Femdal & Solbjør, 2018). Future research plans
could better capture this by incorporating a larger group
of researchers within groups to chronicle these ideas or
use smaller interview groups. Additionally, and impor-
tantly, the temporal stability of these models remains to
be tested. Finally, we recognize that the stakeholders
included only represent a subset of the available mem-
bers of the oyster system community. We therefore sug-
gest that moving forward additional research be
conducted to provide an avenue for these voices to be
included in the modeling of the oystersystems.

One strength of FCM specifically, and mental modeling
in general, is their ability to connect stakeholders together
and to allow those conversations to influence conservation
and management policies (Biedenweg, Trimbach, Delie, &
Schwarz, 2020). For example, in Wade and Biedenweg
(2019) used mental modeling to explore differences among
fishers, NGOs, and policymakers, finding that there were
significant differences among groups structured around
specific goals and outcomes, suggesting the need for greater
knowledge integration. Similarly, in the Philippines Horo-
witz, Pressey, Gurney, Wenger, and Pahang (2018) showed
that mental models illustrated how different stakeholders'
perceptions about declines in fish stocks were exacerbated
through lack of knowledge sharing. Finally, Gray
et al. (2014) examined local versus national perceptions of
climate change finding that, again, there were challenges
in integrating local values into national frameworks. While
all three results indicate variation among stakeholders' per-
ceptions, an optimistic reading of the papers also suggests
that mental modeling lays explicit these mental conceptu-
alizations and therefore offers an opportunity to find areas
where small policy interventions at critical points in the
models can have disproportionate, and positive, impacts on
conservation and management outcomes (Williams
et al., 2020).

While FCM and Mental Modeling are both powerful
tools, they are based on individual perceptions. Thus, it
is essential to include a discussion about their limita-
tions and potential confounding factors. As each model
was created through separate interviews, without a
scripted narrative, it is difficult to lead them in the
same standardized manner. All interviews were con-
ducted by the same researchers (J. D. and A. H.), which
decreases the variability among how each interview was
structured. However, differences in how the conversa-
tions were moderated could influence the responses of
the participants. Each of the participating stakeholders
was recruited through similar forms of communication
(i.e., email) and snowball sampling (e.g., respondents
were asked who else should be in the room for these
conversations), which reduces variation between groups
and helps to ensure each started with the same amount
of information. Finally, it is important to recognize that
perceptions and values are not the same thing. For
example, a group could perceive that a component was
part of the system, yet not place a heavy value on that.
For example, both NGOs and Academic stakeholders
introduced the term “engineers” into their mental
models; however, neither group's models gave that term
a high centrality score (e.g., .15 for NGOs and .99 for
Academics), suggesting that while both groups recog-
nized that engineers needed to be included in how
oystersystems work particularly as drivers, they both
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agreed that other components were more inter-
connected to the system.

4.1 | Policy implications

Focusing on commonalities among these expert stake-
holders provides insight into the development of robust
and effective management plans (Bennett et al., 2017). Our
results are qualitatively similar to other researchers work-
ing with oyster stakeholders who have described some of
the complex and challenging dynamics underlying the
management of these valuable bivalves. Looking at Chesa-
peake Bay (USA) oyster stakeholders, Freitag, Vogt, and
Hartley (2018) found that despite differences in topology,
there were similarities across stakeholder groups and that
these similarities facilitated the transfer of knowledge
across individual actors. While Holley, McComas, and
Hare (2018) found variation within New York City area
oyster stakeholders' values, there were themes that ran
across groups around which restoration plans may coa-
lesce. Similarly, a survey of Gulf Coast (USA) oyster stake-
holders showed divergence among stakeholders among
preferred oyster ecosystem services, yet those same stake-
holders also expressed a core set of preferences centered
around funding, enforcement, and appropriate site selec-
tion (La Peyre et al., 2012). More broadly, Vasslides and
Jensen (2016) showed a similar phenomenon in estuarine
stakeholder groups, where again, a limited number of con-
sistent ecosystem services were retained across the system
despite considerable variability in the individual stake-
holder group's mental models.

This study highlights the importance of understanding
different groups' perceptions of how systems are organized
to improve the efficiency of management efforts. Our
investigation of key stakeholders' views suggests that one
potential avenue to explore is that collaborations should
focus on global optima even if that involves emphasizing
ecosystem services, which, at the stakeholder group level,
are not most central. By extension, these shared ecosystem
services may represent incipient points of collaboration
for organizations and institutions interested in com-
anagement or prioritizing funding opportunities.

In the context of knowledge systems, our work presents
a path forward that explicitly includes views from multiple
stakeholders, which is a hallmark of “legitimate” knowl-
edge being produced (Cash et al., 2003). This knowledge
may ultimately reduce representational gaps within man-
agement and provide more cohesive management overall
(Cronin & Weingart, 2019). Factoring in knowledge about
shared concepts and organizations that were identified by
all of our stakeholders (e.g., that water quality, and habitat
complexity represent key components of oyster ecosystem

functioning) may support management efforts that are
likely to be more efficient and successful because stake-
holders agree on their importance and will be willing to
take action (Sterling et al., 2017). However, identifying that
these gaps, or similarities, exist is the first step. To fully
understand the motivations underlying the models' topolo-
gies will require more in-depth qualitative techniques such
as further interviews, photo voice exercises (Michaelis,
Walton, Webster, & Shaffer, 2020), or participant observa-
tional engagements out on the water.

Finally, our work, while situated within the context of
eastern oysters in the Northeast of the United States and in
Rhode Island specifically, speaks to a larger conversation
about ecosystem services and stakeholder integration. An
established theme in the literature is that conflict can arise
when stakeholder groups hold strong opinions about
resource management, and when those opinions are
viewed as being oppositional (de Juan, Gelcich, &
Fernandez, 2017; Harrison et al., 2019). Our work demon-
strates a methodology that makes these opinions more
explicit, and in theory, can illustrate areas where there is
overlap among mental models. Understanding the kinds of
ecosystem services that people expect out of the environ-
ment or a specific species such as water quality, as well as
the topology of the relationships among those services,
such as having habitat quality be connected to a variety of
components, are critical early steps toward finding com-
mon ground and helping to speak clearly about what win-
ners and losers in perceived conflicts might face (Daw
et al., 2015), although additional research should be done
as to highlight the motivations underlying those model
topologies and similarities. Cultural ecosystem services, in
particular, may offer shared ground around which manage-
ment plans can be established (Darvill & Lindo, 2016) as
they are difficult to quantify and therefore can reframe the
conversation to include strong motivating forces such as a
sense of place and identity (Hausemann et al., 2016).

ACKNOWLEDGMENTS
We wish to thank the participants of the interviews who
generously donated their time and effort to this research.
We would also like to thank Hannah L. Harrison and
Amy Freitag for insightful and constructive comments on
an earlier version of this manuscript. Joshua Drew would
like to thank his family for financial and moral support
while conducting this research.

CONFLICT OF INTEREST
The authors declare no conflicts of interest.

AUTHOR CONTRIBUTIONS
Research design: Joshua Drew; Data gathering: Joshua
Drew, Austin Humphries; Data analysis: Joshua Drew,

DREW ET AL. 9 of 12



Beryl Kahn, Montana Airey, Nicolas Locatelli; Manu-
script preparation: Joshua Drew, Austin Humphries,
Beryl Kahn, Montana Airey, Nicolas Locatelli; all authors
contributed critically to the drafts and gave final approval
for publication.

DATA AVAILABILITY STATEMENT
Data will be archived at the SUNY College of Environ-
mental Science and Forestry's Dataverse upon acceptance
of the manuscript.

ETHICS STATEMENT
Interviews were conducted under the approval of the
Institutional Review Board of Columbia University issued
to JD Protocol Number: IRB-AAAR7058.

ORCID
Joshua Drew https://orcid.org/0000-0001-9072-0885
Nicolas Locatelli https://orcid.org/0000-0001-7850-5015
Montana Airey https://orcid.org/0000-0002-6467-4966

REFERENCES
Ban, N. C., Mills, M., Tam, J., Hicks, C. C., Klain, S., Stoeckl, N., …

Chan, K. M. A. (2013). A social-ecological approach to conser-
vation planning: Embedding social considerations. Frontiers in
Ecology and the Environment, 11(4), 194–202. Retrieved from
https://esajournals.onlinelibrary.wiley.com/doi/10.1890/110205

Bennett, N. J., Roth, R., Klain, S. C., Chan, K., Christie, P.,
Clark, D. A., … Wyborn, C. (2017). Conservation social science:
Understanding and integrating human dimensions to improve
conservation. Biological Conservation, 205, 93–108.

Biedenweg, K., Trimbach, D., Delie, J., & Schwarz, B. (2020). Using
cognitive mapping to understand conservation planning. Con-
servation Biology, 34(6), 1364–1372.

Bosma, C., Glenk, K., & Novo, P. (2017). How do individuals and
groups perceive wetland functioning? Fuzzy cognitive mapping
of wetland perceptions in Uganda. Land Use Policy, 60,
181–196.

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 of the United States of America, 100(14), 8086–8091.

Chandra, A., & Gaganis, P. (2016). Deconstructing vulnerability
and adaptation in a coastal river basin ecosystem: A participa-
tory analysis of flood risk in Nadi, Fiji Islands. Climate and
Development, 8(3), 256–269.

Chao, A., & Shen, T. J.. (2010). Program SPADE (species prediction and
diversity estimation). Retrieved from http://chao.stat.nthu.edu.tw

Coen, L. D., Brumbaugh, R. D., Bushek, D., Grizzle, R.,
Luckenbach, M. W., Posey, M. H., … Gregory Tolley, S. (2007).
Ecosystem services related to oyster restoration. Marine Ecology
Progress Series, 341, 303–307. Retrieved from https://www.int-
res.com/abstracts/meps/v341/p303-307/

Cronin, M. A., & Weingart, L. R. (2019). Conflict across representa-
tional gaps: Threats to and opportunities for improved commu-
nication. Proceedings of the National Academy of Sciences of the
United States of America, 116(16), 7642–7649.

Dalton, T. M., & Jin, D. (2018). Attitudinal factors and personal
characteristics influence support for shellfish aquaculture in
Rhode Island (US) coastal waters. Environmental Management,
61(5), 848–859.

Darvill, R., & Lindo, Z. (2016). The inclusion of stakeholders and
cultural ecosystem services in land management trade-off deci-
sions using an ecosystem services approach. Landscape Ecology,
31(3), 533–545.

Daw, T. M., Coulthard, S., Cheung, W. W. L., Brown, K.,
Abunge, C., Galafassi, D., … Munyi, L. (2015). Evaluating taboo
trade-offs in ecosystems services and human well-being. Pro-
ceedings of the National Academy of Sciences of the United States
of America, 112(22), 6949–6954.

de Juan, S., Gelcich, S., & Fernandez, M. (2017). Integrating stake-
holder perceptions and preferences on ecosystem services in
the management of coastal areas. Ocean & Coastal Manage-
ment, 136, 38–48.

Femdal, I., & Solbjør, M. (2018). Equality and differences: Group
interaction in mixed focus groups of users and professionals
discussing power. Society, Health & Vulnerability, 9(1), 1447193.

Freitag, A., Vogt, B., & Hartley, T. (2018). Breaking stereotypes
through network analysis of the Chesapeake oyster community.
Marine Policy, 90, 146–151.

Gardener, M. (2017). Statistics for ecologists using R and excel: Data
collection, exploration, analysis and presentation. Exeter, UK:
Pelagic Publishing.

Gifford, S., Dunstan, R. H., O'Connor, W., Roberts, T., & Toia, R.
(2004). Pearl aquaculture—profitable environmental remedia-
tion?. Science of the Total Environment, 319(1–3), 27–37.

Gray, S. A., Gray, S. & Cox, L. J. (2013). Mental modeler: A fuzzy-
logic cognitive mapping modeling tool for adaptive environ-
mental management. 2013 46th Hawaii International Confer-
ence on System Sciences (HICSS). Wailea, HI: IEEE.

Gray, S. R. J., Gagnon, A. S., Gray, S. A., O'Dwyer, B.,
O'Mahony, C., Muir, D., … Gault, J. (2014). Are coastal man-
agers detecting the problem? Assessing stakeholder perception
of climate vulnerability using Fuzzy Cognitive Mapping.
Ocean & Coastal Management, 94, 74–89.

Hage, P., & Harary, F. (1983). Arapesh sexual symbolism, primitive
thought and Boolean groups. L'Homme, 23, 57–77.

Harrison, H. L., Kochalski, S., Arlinghaus, R., & Aas, Ø. (2019).
‘Do you care about the river?’ A critical discourse analysis
and lessons for management of social conflict over Atlantic
salmon (Salmo salar) conservation in the case of voluntary
stocking in Wales. People and Nature, 1(4), 507–523. Retrieved
from https://besjournals.onlinelibrary.wiley.com/doi/full/10.1002/
pan3.10049

Hausmann, A., Slotow, R., Burns, J. K., & Di Minin, E. (2016). The
ecosystem service of sense of place: Benefits for human well-
being and biodiversity conservation. Environmental Conserva-
tion, 43(2), 117–127.

Hicks, C. C., Cinner, J. E., Stoeckl, N., & McClanahan, T. R. (2015).
Linking ecosystem services and human-values theory. Conser-
vation Biology, 29(5), 1471–1480.

Hobbs, B. F., Ludsin, S. A., Knight, R. L., Ryan, P. A.,
Biberhofer, J., & Ciborowski, J. J. H. (2002). Fuzzy cognitive
mapping as a tool to define management objectives for complex
ecosystems. Ecological Applications, 12(5), 1548–1565.

Holley, J. R., McComas, K. A., & Hare, M. P. (2018). Troubled
waters: Risk perception and the case of oyster restoration in the

10 of 12 DREW ET AL.

https://orcid.org/0000-0001-9072-0885
https://orcid.org/0000-0001-9072-0885
https://orcid.org/0000-0001-7850-5015
https://orcid.org/0000-0001-7850-5015
https://orcid.org/0000-0002-6467-4966
https://orcid.org/0000-0002-6467-4966
https://esajournals.onlinelibrary.wiley.com/doi/10.1890/110205
http://chao.stat.nthu.edu.tw
https://www.int-res.com/abstracts/meps/v341/p303-307/
https://www.int-res.com/abstracts/meps/v341/p303-307/
https://besjournals.onlinelibrary.wiley.com/doi/full/10.1002/pan3.10049
https://besjournals.onlinelibrary.wiley.com/doi/full/10.1002/pan3.10049


closed waters of the Hudson-Raritan Estuary. Marine Policy, 91,
104–112.

Horowitz, J., Pressey, R. L., Gurney, G. G., Wenger, A. S., &
Pahang, K. A. (2018). Investigating stakeholder perceptions of
fish decline: Making sense of multiple mental models. Sustain-
ability, 10(4), 1222. Retrieved from https://www.mdpi.com/
2071-1050/10/4/1222

Humphries, A. T., Ayvazian, S. G., Carey, J. C., Hancock, B. T.,
Grabbert, S., Cobb, D., … Fulweiler, R. W. (2016). Directly mea-
sured denitrification reveals oyster aquaculture and restored
oyster reefs remove nitrogen at comparable high rates. Frontiers
in Marine Science, 3, 74.

Humphries, A. T., & La Peyre, M. K. (2015). Oyster reef restoration
supports increased nekton biomass and potential commercial
fishery value. PeerJ, 3, e1111.

Ingersoll, E. (1881). The history and present condition of the
fishery industries: The oyster industry. Washington, DC: US Census
Bureau (Tenth Census of the United States), Government Printing
Office.

Johnson-Laird, P. N. (2004). The history of mental models. In
K. Manktelow & M. Chung (Eds.), Psychology of reasoning: The-
oretical and historical perspectives (Vol. 8, pp. 179–212). Hove,
East Sussex: Psychology Press.

Kellner, J. B., Sanchirico, J. N., Hastings, A., & Mumby, P. J. (2011).
Optimizing for multiple species and multiple values: Tradeoffs
inherent in ecosystem-based fisheries management. Conserva-
tion Letters, 4(1), 21–30.

Kellogg, M. L., Cornwell, J. C., Owens, M. S., & Paynter, K. T.
(2013). Denitrification and nutrient assimilation on a restored
oyster reef. Marine Ecology Progress Series, 480, 1–19.

Knoke, T., Bendix, J., Pohle, P., Hamer, U., Hildebrandt, P.,
Roos, K., … Beck, E. (2014). Afforestation or intense pasturing
improve the ecological and economic value of abandoned tropi-
cal farmlands. Nature Communications, 5(1), 1–12.

Kurlansky, M. (2007). The big oyster: History on the half shell. New
York, NY: Random House.

La Peyre, M. K., Nix, A., Laborde, L., & Piazza, B. P. (2012). Gaug-
ing state-level and user group views of oyster reef restoration
activities in the northern Gulf of Mexico. Ocean & Coastal
Management, 67, 1–8.

La Peyre, M. K., Serra, K., Joyner, T. A., & Humphries, A. (2015).
Assessing shoreline exposure and oyster habitat suitability max-
imizes potential success for sustainable shoreline protection
using restored oyster reefs. PeerJ, 3, e1317.

Menzel, S., & Teng, J. (2010). Ecosystem services as a stakeholder-
driven concept for conservation science. Conservation Biology,
24(3), 907–909.

Michaelis, A. K., Walton, W. C., Webster, D. W., & Shaffer, L. J.
(2020). The role of ecosystem services in the decision to grow
oysters: A Maryland case study. Aquaculture, 529, 735633.

Moon, K., Guerrero, A. M., Adams, V. M., Biggs, D., Blackman, D. A.,
Craven, L., … Ross, H. (2019). Mental models for conservation
research and practice. Conservation Letters, 12(3), e12642.

National Oceanic and Atmospheric Administration (2018). Land-
ings Data. Retrieved from https://www.st.nmfs.noaa.gov/
commercial-fisheries/commercial-landings/annual-landings/
index

Newell, R. I. E., & Koch, E. W. (2004). Modeling seagrass density
and distribution in response to changes in turbidity stemming
from bivalve filtration and seagrass sediment stabilization.
Estuaries, 27(5), 793–806.

Nyaki, A., Gray, S. A., Lepczyk, C. A., Skibins, J. C., & Rentsch, D.
(2014). Local scale dynamics and local drivers of bushmeat
trade. Conservation Biology, 28(5), 1403–1414.

Özesmi, U., & Özesmi, S. L. (2004). Ecological models based on
people's knowledge: A multi-step fuzzy cognitive mapping
approach. Ecological Modelling, 176(1–2), 43–64. Retrieved
from https://www.sciencedirect.com/science/article/abs/pii/S0
30438000300543X

Palacios-Agundez, I., Fern�andez De Manuel, B., Rodríguez-
Loinaz, G., Pena, L., Ametzaga-Arregi, I., Alday, J. G., …
Onaindia, M. (2014). Integrating stakeholders’ demands and
scientific knowledge on ecosystem services in landscape plan-
ning. Landscape Ecology, 29(8), 1423–1433.

Palumbi, S. R., McLeod, K. L., & Grünbaum, D. (2008). Ecosystems
in action: Lessons from marine ecology about recovery, resis-
tance, and reversibility. BioScience, 58(1), 33–42.

Peterson, C. H., Grabowski, J. H., & Powers, S. P. (2003). Estimated
enhancement of fish production resulting from restoring oyster
reef habitat: Quantitative valuation. Marine Ecology Progress
Series, 264, 249–264. Retrieved from https://www.jstor.org/
stable/24867515?seq=1#metadata_info_tab_contents

Pollack, J. B., Yoskowitz, D., Kim, H.-C., & Montagna, P. A. (2013).
Role and value of nitrogen regulation provided by oysters
(Crassostrea virginica) in the Mission-Aransas Estuary, Texas,
USA. PLoS One, 8(6). Retrieved from https://journals.plos.org/
plosone/article?id=10.1371/journal.pone.0065314

Posner, S. M., McKenzie, E., & Ricketts, T. H. (2016). Policy impacts
of ecosystem services knowledge. Proceedings of the National
Academy of Sciences of the United States of America, 113(7),
1760–1765.

Reinfried, S. (2006). Conceptual change in physical geography and
environmental sciences through mental model building: The
example of groundwater. International Research in Geographi-
cal and Environmental Education, 15(1), 41–61.

Rhode Island Coastal Marine Resources Council. (2018). Annual
report available at http://www.crmc.ri.gov/aquaculture/
aquareport18.pdf (Accessed August 09, 2021).

Rhode Island Coastal Resource Management Council. (n.d.).
Retrieved from http://www.crmc.ri.gov/news/2018_0329_
aquaculture.html

Rodriguez, A. B., Fodrie, F. J., Ridge, J. T., Lindquist, N. L.,
Theuerkauf, E. J., Coleman, S. E., … Kenworthy, M. D. (2014).
Oyster reefs can outpace sea-level rise. Nature Climate Change,
4(6), 493–497.

Squires, D. F. (1992). Quantifying anthropogenic shoreline modifi-
cation of the Hudson River and Estuary from European contact
to modern time. Coastal Management, 20(4), 343–354.

Steiner, F., Simmons, M., Gallagher, M., Ranganathan, J., &
Robertson, C. (2013). The ecological imperative for environ-
mental design and planning. Frontiers in Ecology and the Envi-
ronment, 11(7), 355–361.

Sterling, E. J., Betley, E., Sigouin, A., Gomez, A., Toomey, A.,
Cullman, G., … Porzecanski, A. L. (2017). Assessing the evi-
dence for stakeholder engagement in biodiversity conservation.
Biological Conservation, 209, 159–171.

Stier, A. C., Samhouri, J. F., Gray, S., Martone, R. G., Mach, M. E.,
Halpern, B. S., … Levin, P. S. (2017). Integrating expert percep-
tions into food web conservation and management. Conserva-
tion Letters, 10(1), 67–76.

St John, F. A. V., Steadman, J., Austen, G., & Redpath, S. M. (2019).
Value diversity and conservation conflict: Lessons from the

DREW ET AL. 11 of 12

https://www.mdpi.com/2071-1050/10/4/1222
https://www.mdpi.com/2071-1050/10/4/1222
https://www.st.nmfs.noaa.gov/commercial-fisheries/commercial-landings/annual-landings/index
https://www.st.nmfs.noaa.gov/commercial-fisheries/commercial-landings/annual-landings/index
https://www.st.nmfs.noaa.gov/commercial-fisheries/commercial-landings/annual-landings/index
https://www.sciencedirect.com/science/article/abs/pii/S030438000300543X
https://www.sciencedirect.com/science/article/abs/pii/S030438000300543X
https://www.jstor.org/stable/24867515?seq=1#metadata_info_tab_contents
https://www.jstor.org/stable/24867515?seq=1#metadata_info_tab_contents
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0065314
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0065314
http://www.crmc.ri.gov/aquaculture/aquareport18.pdf
http://www.crmc.ri.gov/aquaculture/aquareport18.pdf
http://www.crmc.ri.gov/news/2018_0329_aquaculture.html
http://www.crmc.ri.gov/news/2018_0329_aquaculture.html


management of red grouse and hen harriers in England. People
and Nature, 1(1), 6–17.

Thompson, V. D., Rick, T., Garland, C. J., Thomas, D. H.,
Smith, K. Y., Bergh, S., … Ritchison, B. T. (2020). Ecosystem
stability and Native American oyster harvesting along the
Atlantic Coast of the United States. Science Advances, 6(28),
eaba9652.

van Velden, J., Moyo, B., Ross, H., & Biggs, D. (2020). Understand-
ing the bushmeat hunting crisis in African savannas using
fuzzy cognitive mapping and stakeholder knowledge. Ecology
and Society, 25(3).

Vasslides, J. M., & Jensen, O. P. (2016). Fuzzy cognitive mapping in
support of integrated ecosystem assessments: Developing a
shared conceptual model among stakeholders. Journal of Envi-
ronmental Management, 166, 348–356.

Wade, E., & Biedenweg, K. (2019). Exploring the diversity of mental
models associated with Belize's Managed Access Fisheries Pol-
icy. Ocean & Coastal Management, 178(2019), 104868.

Williams, D. S., Celliers, L., Unverzagt, K., Videira, N., M�añez
Costa, M., & Giordano, R. (2020). A method for enhancing
capacity of local governance for climate change adaptation.
Earth's Future, 8(7), e2020EF001506.

SUPPORTING INFORMATION
Additional supporting information may be found in the
online version of the article at the publisher's website.

How to cite this article: Drew, J., Kahn, B.,
Locatelli, N., Airey, M., & Humphries, A. (2021).
Examining stakeholder perceptions of oyster
ecosystem services using fuzzy cognitive mapping.
Conservation Science and Practice, e531. https://
doi.org/10.1111/csp2.531

12 of 12 DREW ET AL.

https://doi.org/10.1111/csp2.531
https://doi.org/10.1111/csp2.531

	Examining stakeholder perceptions of oyster ecosystem services using fuzzy cognitive mapping
	1  INTRODUCTION
	1.1  Our approach

	2  METHODS
	2.1  Study design
	2.2  Data analysis

	3  RESULTS
	4  DISCUSSION
	4.1  Policy implications

	ACKNOWLEDGMENTS
	  CONFLICT OF INTEREST
	  AUTHOR CONTRIBUTIONS
	  DATA AVAILABILITY STATEMENT

	  ETHICS STATEMENT
	REFERENCES


