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Climate change is dramatically altering the environmental context in which marine resources are harvested and
managed. A growing field of academic literature has begun to explore the adaptive capacity of fishers and
managers to respond to this change, but much of this field is abstract and theory-driven. Therefore, it is unclear
whether this literature accurately reflects the adaptation priorities of fishery management practitioners, or
whether there are gaps in the literature that these practitioners could fill with on-the-ground knowledge. Second,
even if these principles of adaptive capacity are perfectly aligned with management practitioners’ priorities, it is
unclear to what extent these principles are actively considered in the decision making process, and if not, why.
This study seeks to address these questions by confronting fisheries professionals with academic ideas around
adaptive capacity through a series of semi-structured interviews with federal fishery managers and scientists
whose work informs decision making in the United States regional fishery management system. The study then
uses these interviews to identify three low-cost, high-impact action items that could make concepts from the
academic literature more accessible and useful to these practitioners and expand the literature by incorporating
practitioners’ expertise. These action items are: 1) distinguish adaptive capacity from adaptive management, 2)
use practitioner insights to contextualize the elements of adaptive capacity within the constraints and oppor-
tunities of governance systems, and 3) expand academic research to explicitly consider the capacity to adapt on
appropriate timelines given the scale and pace of systemic change.

1. Introduction

Fisheries worldwide are facing unprecedented change linked to
climate change [1,2], including overall changes in productivity [2],
species distribution shifts [3], and increased frequency of severe storms,
among other impacts [4]. The vulnerability of specific fisheries and
communities to the impacts of climate change depends on their exposure
(the specific stressors that a system faces), their sensitivity (the degree to
which people depend on the natural resources threatened by those
stressors), and finally, their adaptive capacity (people’s ability to respond
to or take advantage of those stressors to create transformative change)
[5,6] (Fig. 1). The academic literature has produced proliferating defi-
nitions of adaptive capacity based on a variety of theoretical frameworks
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[7]. Therefore, for the purposes of this analysis, adaptive capacity is
defined here as broadly as possible as the ability of a system—including
ecological, socioeconomic, and governance components of the system-
—to anticipate and respond to change, including environmental, social,
and/or regulatory changes. This definition is adapted from the one used
by the Intergovernmental Panel on Climate Change [8], but expands that
definition to consider all types of change. Along with this definitional
complexity, another challenge to considering adaptive capacity in the
fishery management process is that, while a fishery’s exposure and
sensitivity can be evaluated using projected climate change and the
nature of the community’s reliance on seafood and marine
industry-related livelihoods, adaptive capacity is more difficult to
measure. This difficulty is due, in part, to this system characteristic’s
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dependence on a wide variety of emergent, difficult-to-observe traits,
including ecosystem variables, fishers’ material and sociocognitive
traits, and the governance structure that regulates a fishery [7].

Despite this complexity, adaptive capacity is increasingly being
incorporated into climate change vulnerability assessments [9] and
there is a growing academic literature on the aspects of complex
social-ecological systems like fisheries that enable adaptive capacity in
the face of change [6,10]. These include flexibility in governance sys-
tems, fishing communities, and ecosystems; assets like natural resources,
infrastructure, fishing gear, human capital and wealth; organized social
and ecological relationships at different scales that promote resilience,
including effective leadership, ecological connectivity and social capital;
opportunities for fishers and managers to learn and innovate; and people
and institutions’ freedom and agency to make and act on choices [6,10].
Some analyses also consider the socio-cognitive constructs of individuals
and communities, such as risk tolerance and cognitive biases [11].

The concept of adaptive capacity tends to be abstract and theory-
driven, and it is not clear to what extent it is useful or actionable for
the people who make on-the-ground decisions that can influence a
fishery’s adaptive capacity. When researchers have tried to link adaptive
capacity concepts to decision making, their advice has tended to be
generic and heuristic rather than specific to the context of the types of
decisions being made and the decision making process [12,13]. This is
particularly true in marine capture fisheries, where there has been little
formal attempt to identify and protect the components of the fishery
system that allows for adaptation to climate change, or to make de-
cisions to enhance the ability of the fishery to cope with climate change
(with some exceptions, e.g. [14]). Also, even if these principles of
adaptive capacity are perfectly aligned with managers’ priorities, it is
unclear to what extent the principles are actively considered in the de-
cision making process, and if not, why. This is important because de-
cisions that fail to consider the capacity to adapt to future change can
inadvertently weaken the components of a fishery system that provide
that capacity. For example, short-term economic goals and managers’
actions to regulate fishing effort (e.g. limited access permits) may drive
fishers to specialize on a few species. Yet, over the long run, fishers that
target a wide portfolio of species tend to better cope with change and
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have better economic outcomes [15-17]. Similarly, fishery policy de-
cisions that ignore species, stock, or genetic diversity are generally
easier and less costly in the short term than are decisions that do
consider these factors. However, such decisions can erode the ability of
ecological systems to adapt to environmental change [18,19]. These are
only a few of the ways that management decisions that focus only on
short-term consequences rather than potential influences on a fishery’s
adaptive capacity can put fishery social-ecological systems more at risk
of reduced performance in the face of environmental change.

This study uses semi-structured interviews with key individuals
involved in decision-making processes in the United States federal
fishery management system to explore the overlap between theoretical
concepts about adaptive capacity to change and these individuals’ per-
ceptions of what influences the ability of fisheries systems to adapt to
change. A previous report based on this interview process highlighted a
central tension in the U.S. governance system between the traits needed
to enhance adaptive capacity in fisheries and the current structure of the
fishery management process: the fact that fishers and managers cite an
urgent need for flexibility in order to adapt, but management systems
are built around rigid structures designed to promote fisheries sustain-
ability [20]. This paper delves into more detail about specific matches
and mismatches between academic ideas around adaptive capacity and
their application to fisheries governance. Specifically, it asks 1) How do
fishery management practitioners define adaptive capacity, and how do
their definitions compare to the understanding of these concepts in the
academic literature? And 2) What attributes of fisheries do practitioners
see as being important to their adaptive capacity, and how do these
attributes match or diverge from the domains of adaptive capacity
identified in the literature? The study then uses this analysis to identify
key mismatches between the academic literature and fishery pro-
fessionals’ perspectives on adapting to change, which we use to inform
three future pathways through which researchers can reconcile this
divide between theory and practice. These pathways are to 1) more
explicitly distinguish adaptive capacity from the existing fisheries
practice of adaptive management when communicating with fishery
professionals, 2) use practitioners’ practical insights to deepen the
literature on the adaptive capacity of governance systems, and 3)
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Fig. 1. Conceptual diagram showing hierarchical links between elements of vulnerability and adaptive capacity. Aspects of vulnerability commonly identified in the
literature are outlined in blue, and domains of adaptive capacity in orange. The subsystems of fisheries social-ecological systems in which each domain can appear are
outlined in yellow at the bottom. Note that some newer analyses include socio-cognitive constructs (indicated with an asterisk) as a domain of adaptive capacity, but
this concept is less fully operationalized than the other five domains of adaptive capacity, so it is not a main focus of this paper.
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expand the academic dialogue to explicitly consider the capacity to
adapt on appropriate timelines given the scale and pace of systemic
change.

2. Methods

The research team recruited and conducted in-depth interviews with
twenty key informants involved in federal fishery management pro-
cesses at a high level. These key informants represented all eight regions
of the U.S. fishery management system, and included scientists and
decision makers who had a high-level working knowledge of how and
why decisions get made at the regional council level. These included
individuals in leadership positions at seven of the eight regional fishery
management councils (both council members and staff), one of the three
interstate commissions, the six NOAA Fisheries Science Centers, and
three of the five NOAA Fisheries regional offices. These various roles
interact to define and implement management actions for federally
managed U.S. fisheries. Specifically, members of the regional fishery
management councils, made up of state-level fishery managers, fishing
industry members, and other stakeholders, provide harvest limit rec-
ommendations to administrators at the NOAA Fisheries regional offices
for species caught within the U.S. Exclusive Economic Zone. Scientists at
the NOAA Fisheries Science Centers provide scientific information to
inform these recommendations. Council staffers, who include scientists
and administrators, support Council activities and decision making
processes. Members of the interstate coastal commissions similarly
manage species that are harvested in state waters (0-3 nautical miles
from shore) across multiple states. Interviews were conducted with 2-4
respondents from each management region and included 1-7 re-
spondents from each role (Table 1). Respondents were recruited for a 60-
90 min interview, with actual interviews ranging from 60 to 160 min.
Sampling frame definition, interview recruitment, and the interview
script development process are described in detail elsewhere [20].
Throughout this paper, we use the terms “fishery professional” and
“fishery management practitioner” interchangeably to refer to people in
any of the roles outlined above. We use the terms “decision maker” and
“manager” interchangeably to refer to people in roles with decision
making power, including Council members, Commissioners, and NMFS
regional office administrators. We use “respondents” to refer to partic-
ipants in the study.

At the beginning of the interviews, respondents were briefly intro-
duced to the academic concept of adaptive capacity and its relevance to
fisheries through a standardized verbal script introducing the project
(Appendix). This script described adaptive capacity as the ability of

Table 1

Matrix of interview respondents by region and management role. Each x rep-
resents one respondent. Note that some respondents possessed expertise about
multiple management regions because of the regional structure of the NOAA
science centers and NMFS regional offices, represented here using merged cells.

Council Commission Council NOAA NMFS
member member staff Science Regional
Center Office
Western X X X
Pacific
North X X
Pacific
Pacific X XX
Gulf of X X X X
Mexico
Caribbean X
South X X X
Atlantic
Mid- XX X X
Atlantic
New
England
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systems to respond to change, but did not define it in concrete terms.
Respondents were then asked to define adaptive capacity in their own
words and to identify aspects of fisheries that are important to their
ability to adapt, before being introduced verbally to the five domains of
adaptive capacity identified by Cinner and colleagues: flexibility, assets,
organization, learning, and agency [6]. Once exposed to these concepts,
respondents were asked how the concepts aligned with their own un-
derstanding of adaptive capacity, then asked about each domain’s
relevance to fishery adaptation in their own management region(s).
They were then asked whether each of these domains were considered
actively in decision making in the respondents’ region(s) and, if so, how,
with reference to specific examples where possible (see Appendix for full
interview script). Note that while some respondents distinguished be-
tween broader governance structures like the regional fishery manage-
ment council system and day-to-day management activities, most
respondents used the two terms interchangeably. Here, we use the term
“governance” when referring to broad-scale legislative and structural
frameworks and “management” when speaking about the current U.S.
system for managing fisheries, regional organizations within that sys-
tem, or those organizations’ activities. In all direct quotes, we preserve
the language used by respondents themselves.

Interviews were conducted over video conference, video recorded,
and transcribed. The interview transcripts were analyzed using NVivo
qualitative coding software (Release 1.7.1). First, respondents’ defini-
tions of adaptive capacity were compared to concepts in the academic
research to identify commonalities and differences. Next, interview re-
sponses relating to the aspects of fisheries that influence adaptive ca-
pacity were analyzed. A hybrid inductive/deductive approach [21] was
adopted in which some domains of adaptive capacity were coded a priori
from the literature (assets, flexibility, organization, learning, agency
[6]) and additional domains were allowed to emerge inductively during
the analysis process. The interview text that was coded to each domain
was then compared to the aspects of that domain defined in a recent
synthesis [10] in order to determine whether and how respondents’
understanding of these domains overlapped with or diverged from ac-
ademic ideas. Domains of adaptive capacity that were introduced by
respondents themselves in early stages of the interview, before they
were exposed to the domains from the literature, were coded as “un-
prompted” and were assumed to be highly salient and/or top of mind for
respondents. This study was designated as Exempt by the University of
Washington Institutional Review Board.

3. Results
3.1. Defining adaptive capacity

Respondents’ definitions of adaptive capacity generally aligned with
the academic literature in describing adaptive capacity as the ability of
the ecological, socioeconomic, and/or governance components of a
fishery to respond to a variety of types of change (Fig. 2). A subset of
respondents (n = 3) defined adaptive capacity generically as the ability
of a system overall to respond to change writ large, without specifying
particular stressors or particular aspects of the system that were
responding to those stressors (Fig. 2, bottom light orange bar). One
typical expression of this was a description of adaptive capacity as “the
ability to adapt to different shocks and stressors that hit the system”
(NOAA Southeast region scientist). However, it was far more common
for respondents to drill down into the specific subsystems within fish-
eries that they saw as most important to this ability to adapt. Most
commonly (n = 9), this was the U.S. management system’s ability to cope
with a variety of changes (environmental, socioeconomic, and/or reg-
ulatory), rather than the ability of fishers or ecosystems to adapt: “I would
define it as the capacity of the management system to adapt to changing
conditions in any number of things, in the resource, the environment, or
the human component of a fishery” (NMFS Southeast region manager).
A few respondents (n = 4) went further in this narrow focus on
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ified stressor (9 linkag

no subsystem specified (6 linkages)

Fig. 2. Sankey diagram of the fishery subsystems (left) and types of stressor (right) that respondents included in their definitions of adaptive capacity. The width of
the link between each subsystem on the left and stressor on the right indicates the number of respondents who included this linkage in their definition of adaptive
capacity. The total number of links associated with each stressor and subsystem category is listed in parentheses next to the text label for that stressor/subsystem.
Note that the overall links sum to more than the number of respondents in the study, because several respondents identified links between multiple subsystems and/
or stressors in their definitions.
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Fig. 3. Number of interview respondents out of 20 who described each domain of adaptive capacity as relevant (purple) and not relevant (green) to their man-
agement region. The number of respondents who brought up a domain unprompted before the interviewer introduced it is indicated with a blue diamond overlaid on
the ‘relevant’ column. Note that the ‘relevant’ and ‘not relevant’ columns for each domain sometimes sum to less than twenty, since not all respondents chose to
address the relevance of all domains.
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management and conflated adaptive capacity with adaptive manage-
ment, defining it, for instance, as "a management paradigm where you
learn as you go along" (NOAA Pacific region scientist), a common
interpretation of adaptive management [22].

There were no clear trends in how respondents defined adaptive
capacity based on the region or role that they represented. Most re-
spondents (n = 16) expressed at least a superficial prior familiarity with
the concept of adaptive capacity, with the exception of the Gulf of
Mexico and the South Atlantic, where some respondents said they were
unfamiliar with the term “adaptive capacity” before their exposure to
this research process: “We’ve never had a discussion about, adaptive
capacity, what is it? Has anybody heard of that? And I was even talking
to a few colleagues around here, it was like, "Hey, you familiar with
this?’ They’re like, 'No, what’s that?’” (South Atlantic council member).
Instead, as this council member said, “We’re finding ourselves adapting
without thinking about what it is we’re doing...We don’t think about the
academics of it. We just do what we need to do to get things done”
(South Atlantic council member).

3.2. Domains of adaptive capacity

Respondents saw all five a priori domains of adaptive capacity
(flexibility, assets, organization, learning, and agency) as relevant to
their regions (Fig. 3). Flexibility was most often cited as relevant (n = 19
respondents, out of a total of 20 interviews) and came up frequently (n =
15) without prompting, suggesting that it is top of mind for respondents.
Agency was least frequently cited as being relevant (n = 10) and tied
with assets as being least likely to come up unprompted (n = 6). Across
domains, but especially with regard to flexibility, assets, and organiza-
tion, interviews revealed a mismatch between academic theory and re-
spondents’ priorities. Specifically, respondents barely addressed
ecological and socioeconomic aspects of these concepts, two areas that
synthesis efforts have explored in detail [10], but they explored the
governance and management aspects of them in far greater detail than
tends to be true in the literature. Specific instances of this mismatch are
explored for each of the five domains of adaptive capacity below. Note
that the adaptive capacity domain of socio-cognitive constructs [11] was
not introduced in interviews because it is not included in recent syn-
thesis efforts and therefore less fully operationalized than the other
domains [10,13]. Concepts that can fall under the broad category of
socio-cognitive constructs, such as a resilience mindset, emerged only
rarely in interviews, so they are discussed only briefly here as they relate
to other domains.

3.2.1. Flexibility

Although respondents found the concept of flexibility highly relevant
and it emerged unprompted near the beginning of 15 of the 20 in-
terviews, respondents rarely (n = 3) mentioned the aspects of ecological
flexibility that are prominent in the literature, such as environmental
niche breadth, fish mobility and dispersal, and phenotypic variation [10,
13,23]. Instead, respondents tended to give detailed responses about
flexibility needs within the governance system. These included the
flexibility to adapt data collection processes, the flexibility to adjust
management timelines, and the flexibility to adjust scientific assump-
tions. These flexibility needs are explored more fully in a previous study
based on this dataset [20]. However, more than any other system
attribute, we note that attitudes toward flexibility —were
context-dependent and polarized. Respondents in multiple regions
independently cited cases where fishers themselves drove more
restrictive access regimes in order to protect their economic interests in
a given fishery and prevent competition from new people entering that
arena, even in cases where managers wanted to provide more flexibility.
The resistance to reallocation of state-by-state quotas for black sea bass
and summer flounder on the East Coast is one example of this. Similarly,
respondents in some regions, like the Pacific and North Pacific, valued
the rigor of the U.S. federal fisheries management system and the clarity
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of its legal mandates, while respondents elsewhere (Western Pacific,
South Atlantic) expressed frustration with the restrictions it placed on
their ability to provide regulatory flexibility to fishers.

3.2.2. Organization

In interviews, the majority of respondents (n = 16) said that having
effective organizational structures was relevant to their regions, and
about half (n = 11) said that this aspect of adaptive capacity was
currently being considered in management, at least implicitly. When
describing the role of organization in the adaptive capacity of their re-
gion, respondents tended to focus heavily on the structure and organi-
zation of management bodies (n = 12) rather than ecosystem structure
(n = 1) or self-organization by fishermen (n = 4). For instance, re-
spondents across regions consistently brought up the participatory na-
ture of the U.S. fishery management system (n = 9), often in the context
of acknowledging tradeoffs between enabling stakeholders’ participa-
tion in transparent processes and the ability to make timely decisions. In
contrast, only three respondents mentioned ecosystem connectivity, an
aspect of ecological structure and organization, and they did so in the
context of challenges related to the fact that marine ecosystems often
overlap multiple jurisdictional boundaries of management bodies. One
exception to the above generalization was that the broad concept of
social capital was frequently raised during interviews with respondents
in New England, the Mid-Atlantic, and the South Atlantic. In particular,
respondents in these regions cited the East Coast’s many political en-
tities and diverse stakeholders as an impediment to organizing effec-
tively: “We’re a lot of different states with a lot of different personalities.
Florida is very different from Alabama and Texas...the cultural differ-
ences prevent effective organizational structures, because you're
dealing with very heterogeneous groups” (NOAA Southeast region
scientist).

Respondents also identified a number of organizational attributes of
governance systems that did not appear explicitly in the literature but
that influence those systems’ ability to adapt to change. One of these
that came up in almost every interview in some form (n = 19) was the
role of legal mandates in enabling or allowing organizations to adapt to
change. This sometimes emerged as a positive theme, as when a few
high-level administrators cited the “beauty” or the “genius” of the
Magnuson-Stevens Act’s transparent, participatory, and rigorous struc-
ture in enabling them to manage fisheries sustainably. A large number of
other respondents (n = 12), usually council members and staffers,
described the rigidity of the Magnuson-Stevens Act’s mandates or the
conflicting requirements of other regulations (e.g., Endangered Species
Act, National Environmental Policy Act, Regulatory Flexibility Act) as
impediments to adapting to new conditions or offering flexibility to
fishers. They often framed this barrier implicitly as a gap in agency, in
that management entities with all the attributes of effective organiza-
tional structure are still subject to competing legal mandates that can
deny them agency to make needed changes.

3.2.3. Learning

More than any other system attribute, respondents rarely thought of
learning as a key component of adaptive capacity on its own; instead,
they brought it up in dialogue with concepts of agency, assets, flexibility,
and organization. For instance, several respondents (n = 5) linked
fishers’ learning capacity to their possession of a resilience mindset
(flexibility) and their willingness to accept climate change (socio-
cognitive constructs) [11]: “Even when we have evidence to try to say
things are different now, it can be hard to get constituents to accept that
things are different and to really learn from a new situation” (South
Atlantic council staffer). Conversely, regions where fishers had the
agency to work effectively through the management process saw more
effective incorporation of diverse knowledge sources into management
decisions. In the Northeast, for instance, “all the information we were
getting early on about the change in the oceans was coming from the
fishermen” (Mid-Atlantic council staffer), and in Alaska, one respondent
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said, “I’ve seen fishermen work through the management process to try
and make sure we’re out there collecting more scientific data” (North
Pacific NOAA scientist).

Learning and organization structures were seen as especially tightly
linked. A number of respondents (n = 4) cited examples in which
polycentric governance structures, in which multiple connected regional
decision-making centers have autonomy to act within an overarching
regulatory framework [24], enabled them to innovate, learn, and adopt
new management strategies. For instance, several respondents identified
cross-jurisdictional groups like the Northeast Regional Coordinating
Committee and Council Coordinating Committee as crucial facilitators
of their ability to learn from other regions: “We’re not shy about stealing
ideas from other Councils and improving on them” (Mid-Atlantic council
staffer). One manager drew on his experience in international man-
agement to develop a new approach to quota allocations on the East
Coast:

Through my interaction with the New England Council, I was
fortunate to have participated in the Transboundary Resources
Assessment Committee [TRAC]. That is the committee that is set up
to manage jointly with Canada the Georges Bank stocks, namely cod,
haddock, and yellowtail, and so they have a system there that uses
science to kind of divvy up the allocations of these three species. And
so I kind of took that model and then tried to adapt it to fluke, scup,
and black sea bass in the Mid-Atlantic. (Atlantic States Marine
Fisheries Commission member)

Conversely, though, respondents also identified ways that organi-
zations could hamper innovation if they possessed strong institutional
inertia, lacked long-term institutional memory, or had siloed data
collection and analysis processes. For instance, the TRAC-inspired
reallocation plan for black sea bass, which was described as “brilliant”
by another manager (NMFS Greater Atlantic Region manager), was not
implemented because of strong economic and political incentives for
decision makers to maintain southern stakeholders’ access to quota of
northward-moving species, which resulted in inertia at the Council
level. As the same manager put it, “the Mid-Atlantic Council has no
reason to make it easier for a fisherman from Massachusetts to fish for
and land black sea bass, because Massachusetts is not represented on the
Mid-Atlantic Council, and so they don’t have a vote... there is an
inherent disconnect there.”

3.2.4. Assets

Respondents mostly identified assets as being relevant to adaptive
capacity in their regions (n = 16) but not actively considered in decision
making. Respondents focused on monetary resources and wealth in their
responses (n = 9), especially the ability of fishers to pay for new limited-
access permits to increase their fishing flexibility. Many (n = 8) also
cited processing and dock infrastructure and fishing gear as important
assets for fishers and fishing communities. A number of respondents (n =
9) cited diverse fisheries (in the sense of having many potential fishing
targets and the gear, vessels, expertise, and market availability to switch
between them) as an important asset and source of flexibility. Only a
handful (n = 3) identified abundant fish populations as an asset, and
none mentioned the related ecological characteristics of robust age
structure or intraspecific genetic diversity.

Many respondents specifically described scientific advice and data
collection as assets, in particular in the context of lacking the funding
they needed to collect the data and develop the scientific advice
necessary to facilitate learning for proactive adaptation. Maintaining
high-quality monitoring programs and cutting-edge science to support
decision making is not usually thought of as an asset in the way that
infrastructure or boats are, but many respondents made this comparison.
They also cited a related concern that formalizing the inclusion of
adaptive capacity into decision making would essentially create a new,
unfunded mandate within the U.S. federal fishery management system: a
requirement to add more data- and time-intensive tasks into the
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management process without the assets needed to do those tasks effec-
tively. One respondent compared that situation to the current status of
other data-intensive initiatives, like the adoption of ecosystem-based
management, within the U.S. system:

We still have our responsibilities to manage [single] species, we’re
doing what we’ve been doing, but now they’re saying, “Hey, now we
need you to consider climate change.” And so, okay, fine. That re-
quires more data...Data costs money...Then you start contemplating
something like ecosystem-based management and the data streams
that have to feed into any type of ecosystem-based management
model, in terms of habitat data, everything. That is a giant data-
sucking endeavor. If you don’t have additional money for it, you
just have to spread your existing assets. (South Atlantic council
member)

This respondent and four others worried that any formal mandate to
consider adaptive capacity would add another drain on those assets
because of the amount of data and longer decision-making timelines it
would require.

3.2.5. Agency

Respondents generally saw the Magnuson-Stevens Act as laying
effective groundwork for fishers’ agency within the current U.S. man-
agement system:

When they came up with [the Magnuson-Stevens Act] in the 70 s and
when they’ve updated it ever since, I think these principles [of
adaptive capacity] are sort of front of mind, and I think the
Magnuson-Stevens Act and the paradigm that it develops is really
beautiful in that respect. It has deliberately created agency, right? As
an example, the federal government inviting in the states and the
tribes and the industries and environmental groups and anybody else
who’s interested into the management process in really meaningful
ways. (NOAA Northwest Center scientist)

Some respondents complicated this idea by noting that stakeholders
vary in their ability to take advantage of these opportunities for
participation:

I would say that those [stakeholders] that have been in the process a
long time have the agency, and they know they have the agency, and
they’re using it to their benefit. I'd say those that are new to the
process, because of climate—so in particular I'm speaking of the
Indigenous communities—I'd say, they don’t think they can do
something about it and are learning how to play into the process.
(NOAA Alaska Center scientist)

However, respondents identified unavoidable tensions between the
U.S. management system’s participatory nature that facilitates stake-
holders’ agency and the need for increased flexibility in response to
change: “The Council process is a very publicly inclusive process...just
the process itself, the steps you have to take, public scoping, public
hearings, there’s a lot of back and forth...To just get an amendment
through can take years” (South Atlantic council member). However, this
did not mean that respondents recommended scrapping stakeholder
participation in favor of expediting timelines and enhancing their own
agency as leaders within the management system:

Should I [as a manager] wield all the power and just sit in my office
up here and be able to get a science report in the door and read it and
make a decision and tell somebody to go write this new reg? I don’t
think that would be great. We could be quick. We could be much
more responsive, and make decisions and respond to information
much quicker. But those decisions, there’d be no transparency in the
decision making process...There would be much less engagement by
the people that are affected, and the people who have to live with the
results of the decision, there would be much less engagement by a
variety of experts who might have different opinions and different
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interpretations of the data and what’s needed to adapt. (NMFS
Greater Atlantic region manager)

3.3. “Slow is not going to help you”: adaptive capacity and timing

Finally, interviews revealed an underlying theme that does not
appear to be commonly highlighted in academic explorations of adap-
tive capacity: the issue of being able to adapt governance systems and
day-to-day management operations on an appropriate timescale for the
pace and scope of change. This theme emerged in three contexts. First,
respondents identified that the pace of climate change-related stressors
has increased in recent years [25], creating new urgency in the struggle
to adapt: “Slow is good when climate is changing in the background.
Make sure you get it right, make sure you're not missing anything. But
that doesn’t help you with a heatwave. Slow is not going to help you”
(North Pacific NOAA scientist). This new sense of urgency resonated
across regions, emerging in such diverse areas as Alaska and the South
Atlantic:

I've been here, been working in this field for 40 years or whatever,
and things have changed, but it’s been kind of slower change. It’s just
the rate, the rate of change has really ramped up in the past 10 years.
And that’s where you start realizing, “Oh boy, we got to do some-
thing.” (South Atlantic council member)

Second, in the face of this new urgency, respondents identified time
lags in a variety of arenas, including data collection, scientific processes,
policy making, and fishers’ adaptive capacity, that all threatened the
ability of fisheries as a whole to adapt to long-term change. The time-
lines required for new data to be incorporated into management de-
cisions are just one instance of this: “Our really important species often
only get assessed every five to seven years....So you can see that, be-
tween the time lag and then a data update, from assessment to assess-
ment, you just get a completely different picture” (NOAA Southeast
region scientist). As one example, one Atlantic States Marine Fisheries
Commission member cited the southern New England lobster fishery as
a “cautionary tale” in which managers were able to implement adaptive
strategies to control fishing pressure, but too late to prevent recruitment
failure in the stock. Because of American lobster’s complex life history,
“there’s like a seven year gap for things that are going on in the popu-
lation to come into the actual fishery. That’s way out of the range of
most management cycles and management thinking” (ASMFC member).

Although the examples above focus on the need to be quicker in
response to change, some respondents also expressed concern that
overly nimble and abrupt management changes risked chasing adaptive
responses to short-term fluctuations that don’t represent the long-term
future. As one North Pacific council member said:

If you're really nimble you can end up running around a huge
amount chasing each and every unusual event that pops up, and
trying to respond, and making things up on the fly, and expending a
lot of energy. Everybody will be satisfied, it looks like you’re trying
to do something. And it probably feels right, because it’s really hard
to see those changes and not feel like you’re able to respond. But...it
might actually be somewhat counterproductive. And maybe our
process, maybe the slow, grinding, glacial aspects of our process,
might paradoxically be the more appropriate timing. (North Pacific
council member)

Practitioners in the Western Pacific and South Atlantic raised similar
concerns about responding too quickly to short-term trends in the data
that might not represent long-term deviations from the norm: “If there’s
a knee jerk reaction to a perceived change in one year [we] may do
something that looks good this year, but maybe that’s a temporary thing.
Maybe patterns return more toward normal two years down the road,
and how does that thing shift back?” (South Atlantic council staffer).
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4. Discussion

In general, the academic concept of adaptive capacity to change was
broadly salient to interview respondents, with the exception of two re-
spondents in the Southeast who were unfamiliar with the concept.
Overall, study respondents’ understanding of adaptive capacity over-
lapped broadly with academic ideas, with respondents considering all
five main components of adaptive capacity as relevant and important to
their regions. In addition, interviews revealed some important mis-
matches between the two. Specifically, respondents generally defined
adaptive capacity narrowly. They rarely identified it as an attribute of all
three components within fisheries (ecological, socioeconomic, and
governance) and/or rarely considered adaptation to multiple types of
change at once (e.g., intersecting stressors of climate change and
changing market conditions). Some of them also conflated adaptive
capacity with adaptive management, a more established idea in fisheries
science [22]. While all the domains of adaptive capacity from recent
synthesis efforts [6,10] were relevant to respondents, respondents added
useful complexity to these theoretical domains, mostly by providing
concrete examples of aspects of these domains within the governance
system. Finally, they emphasized a specific temporal dimension to
adaptive capacity that is not generally highlighted in academic discus-
sions but can be crucial to fishery social-ecological systems’ ability to
adapt. Overall, this research emphasizes the broad salience of the
adaptive capacity literature to on-the-ground practitioners, while the
areas of mismatch they identify point toward productive pathways for
making this literature more accessible and useful to marine fishery
managers, and toward places where these professionals can help provide
conceptual advances in defining theory in this field. These mismatches
are translated into three action items below.

4.1. Action 1: build a shared definition of adaptive capacity

First, to increase uptake of ideas around adaptive capacity, re-
searchers should consider ways to differentiate it from the concept of
adaptive management, which is more established within the field of
fishery science and which many fishery professionals will have prior
experience researching or implementing [22]. Although only a subset
(20 %) of respondents conflated the two concepts, the respondents for
this study were purposively selected as individuals in leadership posi-
tions with high-level expertise in climate-ready fisheries management
and science. Because even leaders in the field experienced this confu-
sion, clarifying what is meant by “adaptive capacity” will be crucial
when communicating with the profession as a whole. One way to do this
could be simply to define the two terms whenever discussing adaptive
capacity in the context of fisheries and to state explicitly that the ideas
are related but distinct. More broadly, this finding suggests the need for
more deliberate and evidence-based scientific communication strategies
to effectively share these critical topics to practitioners, including clear
communication goals; political, cultural and ethical sensitivity; and
collaboration [26].

4.2. Action 2: practitioner insights to gain a more nuanced understanding
of adaptive traits

This work revealed two clear mismatches between academic ideas
about the traits needed for adaptive capacity and how fishery pro-
fessionals conceptualized these traits. First, while the academic litera-
ture strongly emphasizes ecological flexibility (e.g. adult mobility, larval
dispersal, habitat diversity), ecosystem connectivity, abundant natural
resources, and biodiverse communities as traits that influence ecosys-
tems’ ability to adapt [10], respondents rarely spoke about these
ecological traits as an aspect of their decision making. Because re-
spondents’ expertise and day-to-day decision making exist within the
context of the fisheries management system, this gap in respondents’
priorities does not necessarily mean that these traits are irrelevant or
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unimportant. This mismatch could simply be the result of the
open-ended interview structure used here, in which respondents were
not prompted with specific adaptive traits and may have been more
likely to bring up the adaptive traits and strategies they considered in
their decision making on a day-to-day basis. Alternatively, respondents
could have been fully cognizant of these ecological traits but opted not
to raise them in the context of the interviews because they are less easily
managed using the tools available to fishery managers such as effort and
catch controls. However, it could also mean that the extensive literature
on ecological and evolutionary adaptation to climate change [e.g. 18,
19] is not reaching the on-the-ground fishery practitioners whose ac-
tions can influence ecosystems’ adaptive traits most strongly. Because
the root causes of this mismatch are not clear, it would be premature to
recommend a specific action item to address it. However, we intend to
follow up this open-ended interview study with a more systematic
closed-form survey approach that will provide more data to distinguish
between these alternative hypotheses and help clarify the source of this
mismatch.

In contrast to their lack of focus on ecological adaptive capacity, re-
spondents went into far more detail about governance adaptive capacity
than tends to exist in the academic literature, and their insight can help
us add more detail to this literature. This is important because the
adaptive capacity literature is especially abstract and high-level when it
comes to the adaptive traits of fishery governance structures and man-
agement processes, making it difficult to operationalize these ideas in a
concrete, practical way. The detail and nuance that respondents brought
to their discussions of adaptive traits within governance systems can
help make these abstract concepts more concrete and meaningful, as
well as identify places where theory falls short. For instance, the pres-
ence of assets is not generally considered an adaptive trait of governance
systems [10], but respondents made a compelling case that management
organizations are constrained in their ability to adapt if they lack the
paired assets of robust scientific data and skilled scientific personnel to
interpret those data (Section 3.2.4). Similarly, interviews suggest that
agency is important in governance systems beyond just the presence of
strong individual leaders; specifically, organizations’ overall agency
depends on the type and number of legal mandates that empower or
constrain them.

4.3. Action 3: make temporal factors explicit

Finally, interviews revealed an underlying question that shaped the
way respondents perceived their regions’ ability to adapt to change: on
what timescale are governance systems able to adapt, and does that
timescale match the pace and scale of change? As many respondents
emphasized, the U.S. fishery management system is already adaptive
and has the elements of adaptive capacity embedded in it. However, the
system is most able to adapt at a slow, deliberate pace, and that pace is
lagging behind the rate of environmental change. This question of
timing is not necessarily a domain of adaptive capacity per se, but can be
thought of as an essential consideration for all domains of adaptive ca-
pacity. This key insight from the interviews has implications for both
scientists and decision makers. As scientists conduct research relevant to
fisheries adaptation to change, they should incorporate a temporal lens
and should be clear in communicating the appropriate timescales of
proposed interventions. For management practitioners, respondents
cautioned against rushing to respond to every type of change, given that
some short-term adaptive coping mechanisms may be maladaptive in
the long run. An alternative approach could be to set long-term goals in
response to observed and anticipated changes and work towards those
goals incrementally.

4.4. Study limitations

While this study’s in-depth qualitative interviews provided nuanced
insight regarding how those involved in fishery management processes
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understand key concepts of adaptive capacity, the purposive sampling
technique used here limits the ability to identify differences between
management regions or different priorities for respondents based on
their role in fisheries management. Instead, this study focuses on
exploring consistent themes, identifying gaps in the current academic
literature, and generating hypotheses for future quantitative work.

5. Conclusions

This study adds to the growing literature on the ability of fisheries to
adapt to change, a literature that is becoming increasingly important as
global climatic change accelerates [25]. It adds a novel dimension to this
literature by systematically eliciting the perspectives of fishery pro-
fessionals whose expertise spans a broad range of marine systems across
multiple management regions in U.S. fisheries. The resulting analysis
reveals a broad concordance between practitioners and the literature:
respondents generally defined adaptive capacity in ways consistent with
the literature and generally considered all five broad elements of
adaptive capacity (flexibility, assets, organization, learning, and agency;
[6,10]) to be relevant to their regions. At a more granular level, it
identifies a number of mismatches between this current theory and how
on-the-ground fishery practitioners think about the specifics of what
they need in order to adapt to change. The manuscript then suggests
three shifts in how researchers frame and present new advances in the
adaptive capacity literature in order to help bridge this gap between
theory and practice. They are 1) distinguishing between adaptive ca-
pacity and adaptive management when communicating with practi-
tioners, 2) using practitioner insights to deepen the field’s investigation
of the adaptive capacity of governance systems, and 3) adding an
explicitly temporal component to studies of adaptive capacity to change,
especially when proposing specific interventions. Finally, this study
suggests intriguing trends in responses based on management region,
which can be explored further with more quantitatively robust methods
like surveys. A follow-up survey of a broader sample of fishery pro-
fessionals throughout the U.S. is currently in development to explore
some of these trends further.
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Appendix

1. First, I want to confirm your position at [X] in region [Y].
Have you worked in a management context in any other positions?
Other regions? How long have you been working in management?

Next, I want to introduce the project briefly and make sure we’re on
the same page:

Fisheries are facing unprecedented change. In order to continue
providing social and economic benefits and remain sustainable into the
future, they need to be able to adapt to this change. We call this ability to
respond to change adaptive capacity. There is a growing academic liter-
ature on the aspects of fisheries that can foster adaptive capacity,
including ecological, socioeconomic, and governance factors. However,
this academic research has struggled to provide concrete guidance to
managers about how to promote the adaptive capacity of fisheries. The
purpose of this project is to evaluate 1) the degree to which federal
fishery managers in the U.S. are considering adaptive capacity when
making decisions, 2) examples of decisions that promote adaptive ca-
pacity, and 3) what factors might prevent adaptive capacity from being
considered in decision-making. In this interview, we want to explore
what this concept of adaptive capacity to change means to you, and how
and whether it factors into policy and regulatory decisions in your re-
gion’s fisheries.

2. Briefly, how would you define adaptive capacity in fisheries
systems? In your opinion, what makes a fishery system more or less
able to adapt to change?

In the literature, some key principles of adaptive capacity include:

e Flexibility (for instance, access to alternative livelihoods or plasticity
in fishes’ behavior)

e Diversity (for instance, diversity of species or the ability to switch
between gear types)

e Assets, such as money or natural resources

e Organization structures that promote effective action

e Agency, which means the ability to make decisions and respond to
disruptions

e Learning, including the ability to learn from past experiences and
innovate

How do these principles from the literature align with the way
you think about adaptive capacity? Are there any key overlaps or
differences?

3. How/to what extent do you think these principles we’ve
discussed together are relevant or not relevant to your region?

4. To what extent do you think these key principles of adaptive
capacity are considered when making decisions about fishery
policy in the region in which you work?

5. Can you provide any examples of management decisions that
have affected the adaptive capacity of your region’s fisheries? If
there are no examples in your region, can you think of examples from
other regions?

-Please describe.

-Walk me through the process of making that decision. Was adaptive
capacity actively considered in the decision making process? If so, how?

- What elements of that decision do you see as supporting or inhib-
iting (or influencing) adaptive capacity?

[Repeat for all examples.]

- Specifically, can you think of any examples of management that
have harmed or reduced adaptive capacity in your region’s fisheries?

6. Are there any reasons why adaptive capacity might not be
considered in decision making in your region? Please describe these
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reasons.

7. Based on the literature and input from our advisory panel, we
have a few specific hypotheses about why managers in the U.S.
might not be incorporating adaptive capacity into decision mak-
ing. They include but are not limited to:

1. Disagreement with fundamental tenets of the concept
2. Belief that it will not benefit a particular management context
3. Insufficient information to support the inclusion of adaptive ca-
pacity in decision-making
4. Competing priorities in the decision-making process that make it
politically challenging to navigate trade-offs associated with
adaptive capacity
5. Jurisdictional boundaries and lack of coordination across
boundaries, e.g. for stocks with shifting ranges
6. Lack of a policy mandate to do so
7. The costs of managing to improve adaptive capacity are
perceived as outweighing the benefits, e.g. because of cumber-
some decision-making processes
8. Lack of ability to manage on a long enough time horizon
9. Lack of resources and time
10. Lack of acceptance that external forces (e.g. climate change) are a
driving factor in resource status
11. Stakeholders’ focus on protecting current interests
12. Lack of trust between stakeholders and management, for instance
that flexibility given to stakeholders won’t be misused or that
reductions in quota made by managers won’t be permanent
13. Length of timelines for decision-making (long timelines make it
difficult to respond adaptively; conversely, management de-
cisions are frequently focused on the 3-5 year range instead of
decadal scales required for long-term adaptation)
14. Potential for fishermen and managers to adopt a last-chance
mentality as stocks decline
15. Mismatch between the long-term goals of fishery management in
the U.S. (i.e. granting property rights) and the strategies required
for adaptive capacity (i.e. flexibility)

Do you have any other potential explanations to add to this list?

To what extent do you think these are (or are not) applicable to
your region? Have you encountered any of these specifically?

Provide examples if applicable.

8. Can you think of any potential ways to incorporate adaptive
capacity despite [barrier X]?

[Repeat as needed, for each barrier that was mentioned.]

9. In your opinion, are the issues we’ve talked about in this
interview specific to your region, or are they issues at the national
level?

10. Is there anything else you think we should know relating to
adaptive capacity and fisheries decision-making in your region?

References
[1] B.P. Mohanty, S. Mohanty, J.K. Sahoo, A.P. Sharma, Climate change: impacts on
fisheries and aquaculture. Clim. Change Var., InTech, 2010, pp. 119-138.

[2] C.M. Free, J.T. Thorson, M.L. Pinsky, K.L. Oken, J. Wiedenmann, O.P. Jensen,
Impacts of historical warming on marine fisheries production, Science 363 (2019)
979-983, https://doi.org/10.1126/science.aaul758.

[3] C.J.B. Sorte, S.L. Williams, J.T. Carlton, Marine range shifts and species
introductions: comparative spread rates and community impacts, Glob. Ecol.
Biogeogr. 19 (2010) 303-316, https://doi.org/10.1111/7.1466-8238.2009.00519.
X.

[4] M.A. Bender, T.R. Knutson, R.E. Tuleya, J.J. Sirutis, G.A. Vecchi, S.T. Garner, L.
M. Held, Modeled impact of anthropogenic warming on the frequency of intense
Atlantic hurricanes, Science 327 (2010) 454-458, https://doi.org/10.1126/
science.1180568.

[5] W.N. Adger, Vulnerability, Glob. Environ. Change 16 (2006) 268-281, https://doi.
org/10.1016/j.gloenvcha.2006.02.006.

[6] J.E. Cinner, W.N. Adger, E.H. Allison, M.L. Barnes, K. Brown, P.J. Cohen,

S. Gelcich, C.C. Hicks, T.P. Hughes, J. Lau, N.A. Marshall, T.H. Morrison, Building


https://www.lenfestocean.org/
http://refhub.elsevier.com/S0308-597X(24)00319-1/sbref1
http://refhub.elsevier.com/S0308-597X(24)00319-1/sbref1
https://doi.org/10.1126/science.aau1758
https://doi.org/10.1111/j.1466-8238.2009.00519.x
https://doi.org/10.1111/j.1466-8238.2009.00519.x
https://doi.org/10.1126/science.1180568
https://doi.org/10.1126/science.1180568
https://doi.org/10.1016/j.gloenvcha.2006.02.006
https://doi.org/10.1016/j.gloenvcha.2006.02.006

A.S. Golden et al.

[71

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

adaptive capacity to climate change in tropical coastal communities, Nat. Clim.
Change 8 (2018) 117-123, https://doi.org/10.1038/s41558-017-0065-x.

N.L. Engle, Adaptive capacity and its assessment, Glob. Environ. Change 21 (2011)
647-656, https://doi.org/10.1016/j.gloenvcha.2011.01.019.

B. Smit, O. Pilifosova, I. Burton, B. Challenger, S. Hug, R.J.T. Klein, G. Yohe,

N. Adger, T. Downing, E. Harvey, S. Kane, M. Parry, M. Skinner, J. Smith,

J. Wandel, Adaptation to climate change in the context of sustainable development
and equity, in: Clim. Change 2001 Impacts Adapt. Vulnerability Contrib. Work.
Group II Third Assess. Rep. Intergov. Panel Clim. Change, Cambridge University
Press, Cambridge, 2001.

H.-M. Fiissel, R.J.T. Klein, Climate change vulnerability assessments: an evolution
of conceptual thinking, Clim. Change 75 (2006) 301-329, https://doi.org/
10.1007/510584-006-0329-3.

J.G. Mason, J.G. Eurich, J.D. Lau, W. Battista, C.M. Free, K.E. Mills, K. Tokunaga, L.
Z. Zhao, M. Dickey-Collas, M. Valle, G.T. Pecl, J.E. Cinner, T.R. McClanahan, E.
H. Allison, W.R. Friedman, C. Silva, E. Yafiez, M.A. Barbieri, K.M. Kleisner,
Attributes of climate resilience in fisheries: From theory to practice, Fish Fish
(2021), https://doi.org/10.1111/faf.12630.

J.E. Cinner, M.L. Barnes, Social dimensions of resilience in social-ecological
systems, One Earth 1 (2019) 51-56, https://doi.org/10.1016/j.
oneear.2019.08.003.

T. r McClanahan, J. e Cinner, J. Maina, N. a j Graham, T. m Daw, S. m Stead,

A. Wamukota, K. Brown, M. Ateweberhan, V. Venus, N. v ¢ Polunin, Conservation
action in a changing climate, Conserv. Lett. 1 (2008) 53-59, https://doi.org/
10.1111/j.1755-263X.2008.00008_1.x.

C.K. Whitney, N.J. Bennett, N.C. Ban, E.H. Allison, D. Armitage, J.L. Blythe, J.
M. Burt, W. Cheung, E.M. Finkbeiner, M. Kaplan-Hallam, I. Perry, N.J. Turner,

L. Yumagulova, Adaptive capacity: from assessment to action in coastal social-
ecological systems, Ecol. Soc. 22 (2017) https://www.jstor.org/stable/26270135
(accessed May 5, 2020).

C. Creighton, A.J. Hobday, M. Lockwood, G.T. Pecl, Adapting management of
marine environments to a changing climate: a checklist to guide reform and assess
progress, Ecosystems 19 (2016) 187-219, https://doi.org/10.1007/s10021-015-
9925-2.

S. Kasperski, D.S. Holland, Income diversification and risk for fishermen, Proc.
Natl. Acad. Sci. 110 (2013) 2076-2081, https://doi.org/10.1073/
pnas.1212278110.

S.C. Anderson, E.J. Ward, A.O. Shelton, M.D. Adkison, A.H. Beaudreau, R.

E. Brenner, A.C. Haynie, J.C. Shriver, J.T. Watson, B.C. Williams, Benefits and risks
of diversification for individual fishers, Proc. Natl. Acad. Sci. 114 (2017)
10797-10802, https://doi.org/10.1073/pnas.1702506114.

10

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Marine Policy 168 (2024) 106321

A.H. Beaudreau, E.J. Ward, R.E. Brenner, A.O. Shelton, J.T. Watson, J.C. Womack,
S.C. Anderson, A.C. Haynie, K.N. Marshall, B.C. Williams, Thirty years of change
and the future of Alaskan fisheries: shifts in fishing participation and
diversification in response to environmental, regulatory and economic pressures,
Fish Fish (2019) faf.12364, https://doi.org/10.1111/faf.12364.

S.R. Palumbi, D.J. Barshis, N. Traylor-Knowles, R.A. Bay, Mechanisms of reef coral
resistance to future climate change, Science 344 (2014) 895-898, https://doi.org/
10.1126/science.1251336.

T.E. Walsworth, D.E. Schindler, M.A. Colton, M.S. Webster, S.R. Palumbi, P.

J. Mumby, T.E. Essington, M.L. Pinsky, Management for network diversity speeds
evolutionary adaptation to climate change, Nat. Clim. Change 9 (2019) 632-636,
https://doi.org/10.1038/541558-019-0518-5.

A.S. Golden, M.L. Baskett, D. Holland, A. Levine, K. Mills, T. Essington, Climate
adaptation depends on rebalancing flexibility and rigidity in US fisheries
management, ICES J. Mar. Sci. (2023).

J. Fereday, E. Muir-Cochrane, Demonstrating rigor using thematic analysis: a
hybrid approach of inductive and deductive coding and theme development, Int. J.
Qual. Methods 5 (2006) 80-92, https://doi.org/10.1177/160940690600500107.
E. Edmondson, L. Fanning, Implementing adaptive management within a fisheries
management context: a systematic literature review revealing gaps, challenges,
and ways forward, Sustainability 14 (2022) 7249, https://doi.org/10.3390/
sul4127249.

T. Seaborn, D. Griffith, A. Kliskey, C.C. Caudill, Building a bridge between adaptive
capacity and adaptive potential to understand responses to environmental change,
Glob. Change Biol. 27 (2021) 2656-2668, https://doi.org/10.1111/gcb.15579.
P.D. Aligica, V. Tarko, Polycentricity: from polanyi to ostrom, and beyond,
Governance 25 (2012) 237-262, https://doi.org/10.1111/j.1468-
0491.2011.01550.x.

C. Garcia-Soto, L. Cheng, L. Caesar, S. Schmidtko, E.B. Jewett, A. Cheripka,

1. Rigor, A. Caballero, S. Chiba, J.C. Béez, T. Zielinski, J.P. Abraham, An Overview
of Ocean Climate Change Indicators: Sea Surface Temperature, Ocean Heat
Content, Ocean pH, Dissolved Oxygen Concentration, Arctic Sea Ice Extent,
Thickness and Volume, Sea Level and Strength of the AMOC (Atlantic Meridional
Overturning Circulation), Front. Mar. Sci. 8 (2021) 642372, https://doi.org/
10.3389/fmars.2021.642372.

Committee on the Science of Science Communication, A Research Agenda, Division
of Behavioral and Social Sciences and Education, National Academies of Sciences,
Engineering, and Medicine, Communicating Science Effectively: A Research
Agenda, National Academies Press, Washington, D.C., 2017, https://doi.org/
10.17226/23674.


https://doi.org/10.1038/s41558-017-0065-x
https://doi.org/10.1016/j.gloenvcha.2011.01.019
http://refhub.elsevier.com/S0308-597X(24)00319-1/sbref8
http://refhub.elsevier.com/S0308-597X(24)00319-1/sbref8
http://refhub.elsevier.com/S0308-597X(24)00319-1/sbref8
http://refhub.elsevier.com/S0308-597X(24)00319-1/sbref8
http://refhub.elsevier.com/S0308-597X(24)00319-1/sbref8
http://refhub.elsevier.com/S0308-597X(24)00319-1/sbref8
https://doi.org/10.1007/s10584-006-0329-3
https://doi.org/10.1007/s10584-006-0329-3
https://doi.org/10.1111/faf.12630
https://doi.org/10.1016/j.oneear.2019.08.003
https://doi.org/10.1016/j.oneear.2019.08.003
https://doi.org/10.1111/j.1755-263X.2008.00008_1.x
https://doi.org/10.1111/j.1755-263X.2008.00008_1.x
http://refhub.elsevier.com/S0308-597X(24)00319-1/sbref13
http://refhub.elsevier.com/S0308-597X(24)00319-1/sbref13
http://refhub.elsevier.com/S0308-597X(24)00319-1/sbref13
http://refhub.elsevier.com/S0308-597X(24)00319-1/sbref13
http://refhub.elsevier.com/S0308-597X(24)00319-1/sbref13
https://doi.org/10.1007/s10021-015-9925-2
https://doi.org/10.1007/s10021-015-9925-2
https://doi.org/10.1073/pnas.1212278110
https://doi.org/10.1073/pnas.1212278110
https://doi.org/10.1073/pnas.1702506114
https://doi.org/10.1111/faf.12364
https://doi.org/10.1126/science.1251336
https://doi.org/10.1126/science.1251336
https://doi.org/10.1038/s41558-019-0518-5
http://refhub.elsevier.com/S0308-597X(24)00319-1/sbref20
http://refhub.elsevier.com/S0308-597X(24)00319-1/sbref20
http://refhub.elsevier.com/S0308-597X(24)00319-1/sbref20
https://doi.org/10.1177/160940690600500107
https://doi.org/10.3390/su14127249
https://doi.org/10.3390/su14127249
https://doi.org/10.1111/gcb.15579
https://doi.org/10.1111/j.1468-0491.2011.01550.x
https://doi.org/10.1111/j.1468-0491.2011.01550.x
https://doi.org/10.3389/fmars.2021.642372
https://doi.org/10.3389/fmars.2021.642372
https://doi.org/10.17226/23674
https://doi.org/10.17226/23674

	Enhancing the adaptive capacity of fisheries to climate change: Bridging academic theory and management practice through pr ...
	1 Introduction
	2 Methods
	3 Results
	3.1 Defining adaptive capacity
	3.2 Domains of adaptive capacity
	3.2.1 Flexibility
	3.2.2 Organization
	3.2.3 Learning
	3.2.4 Assets
	3.2.5 Agency

	3.3 “Slow is not going to help you”: adaptive capacity and timing

	4 Discussion
	4.1 Action 1: build a shared definition of adaptive capacity
	4.2 Action 2: practitioner insights to gain a more nuanced understanding of adaptive traits
	4.3 Action 3: make temporal factors explicit
	4.4 Study limitations

	5 Conclusions
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Data availability
	Acknowledgments
	Appendix
	References


