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Abstract: Thereisarapidly growing body of scholarship on climate change adaptation in diverse
contexts globally. Despite this, climate adaptation at the community level has not received
adeguate conceptual attention, and a limited number of analytical frameworks are available for
assessing place-specific adaptations, particularly in afisheries context. We use conceptual material
from social-ecologica systems (SES) resilience and human development resilience to build an
integrated framework for evauating community adaptations to climate change in a fisheries
setting. The framework defines resilience as the combined result of coping, adapting, and
transforming—recognizing resilience as a system’s capacity and as a process. This understanding
of resilience integrates with the three development resilience concepts of resistance, rootedness,
and resourcefulnessto devel op ‘place-based elements’ which refer to collective action, institutions,
agency, and indigenous and local knowledge systems. The proposed framework can capturealocal
setting’s place-specific attributes relating to the well-being of individuals, households, and
communities, and the through integration of SES and human development conceptualizations
addresses some of the key critiques of the notion of resilience. We have proposed this framework
for application in context-specific environments—including fisheries—as a means of assessing
community adaptations.

Keywords: adaptation; climate change; conceptual framework; development; fisheries; place-
based elements; resilience

1. Introduction

Fisheries and associated activities support millions of livelihoods and contribute to the creation of
food security and to the wellbeing of coastal, freshwater systems and beyond. More than 400
million people globally, for example, critically depend on fish for their food security [1], and
fisheries alone supply three billion people with ailmost 20 percent of their average [per] capita
intake of animal protein [2: 452]. Globally, more than 850 million people live within 100 km of
the coast and are being impacted by changing coasta systems [3]. Fisheries-dependent
communities are distinct environments that maintain unique activities, cultures, and governance
structures to face environmental and climate change [4]. People have always taken autonomous
actions to adapt to change [5]. The meaning of the term “adaptation” in the context of climate
change has evolved over the past decade [6], and adaptation research has grown rapidly with the
ideathat extensive preparedness is needed to manage climate-related risks, especially with respect
to vulnerable fishing populations [7].

Combined with other factors that have aready had profound consequences on socio-economically
vulnerable populations [8], climate change impacts affect communities in an integrated fashion,
increase the complexity of efforts to identify and understand adaptation [9, 10]. Research has
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recently focused attention on the study of vulnerable human societies (for example, small-scale
fisheries) in a global environmental change setting, using advancements in resilience thinking,
development studies, and vulnerability apporaches, and drawing upon interdisciplinary approaches
[11]. The concepts of climate change adaptation and resilience are becoming core concerns in
international development with many donors advocating for the mainstreaming of climate change
adaptation and resilience into development policy [12-14].

According to the IPCC fifth assessment report [2: 390], few frameworks are avail able for assessing
the characteristics of community adaptation to climate change in terms of identifying which
adaptations are needed and assessing the effectiveness of potential adaptation options. The lack of
a conceptual framework for assessing community adaptation to climate change limits our ability
to systematically analyse cases, build theory, upscale adaptations to the policy level, and answer
practical questions including: How can local adaptation initiatives be designed such that they are
effective and appropriate in different contexts? What enables or undermines the effectiveness of
community adaptations? How can community adaptations effectively link with government policy
to address national adaptation plans?

This paper seekstofill thisgap in theliterature, devel oping a conceptual framework for examining
community adaptations to social-ecological change with a focus on small-scale fisheries.
Specifically, the paper examines how the integration of resilience thinking and development
studies could create a better understanding of the implications of social-ecological change and
policy development. The paper begins by examining what resilience is and states the two domains
used to conceptualize this framework (SES and development studies), and then illustrated the
conceptual framework, including definitions of the conceptual elements, characteristics of the
framework, and indicators to evaluate community adaptation. Finally, the paper uses multiple case
studies to illustrate applications of proposed framework.

2. Notion of resilience and two domains

This paper understands resilience as the combined result of coping, adapting, and transforming in
response to a disturbance/change [15-17]. We conceptualise resilience as a function of coping
capacity, adaptive capacity, and transformative capacity. The concept of resilience developed
independently in diverse fields, such as psychology, engineering, disaster response, and systems
ecology; these different applications provide various meanings for the term ‘resilience’ [13, 18]
(Table 1). According to Folke [19: 2], “in resilience thinking, adaptation refers to human actions
that sustain development on current pathways.” A resilience approach takes advantage of
disturbances (or changes) and uses them as opportunities to do “new things, for innovation, and
for development” [20: 253]. For greater clarity, scientists have proposed the term “social-
ecological resilience” [20, 21]. In the socia-ecologica systems (SES) domain (what werefer to as
the first domain in this paper), resilience is a system’s capacity to continually change and adapt
while remaining within the same critical thresholds [22].

Table 1: Various definitions of the term ‘resilience’
Definition Key emphasis Reference
“The capacity of people to learn, share and make use  The capacity to face SESchange.  [23: 8]
of their knowledge of social and ecological
interactions and feedbacks, to deliberately and
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effectively engage in shaping adaptive or

transformative social -ecological change.”

“The capacity of individuals, communities, and The capacity to face stressand [13: 10]
systems to survive, adapt, and grow in the face of shocks.

stress and shocks, and even transform when

conditions require it.”

“Resilience is about cultivating the capacity to Cultivating the capacity to sustain  [19: 1]
sustain development in the face of expected and development.

surprising change and diverse pathways of

development and potential thresholds between them.”

“The capacity of a SES to absorb disturbance and The system’s property and ability  [24: 6]
reorganize while undergoing change so as to still to withstand shocks and rebuild
retain essentially the same function, structure, itself.

identity, and feedbacks. In other words, stay in the
same basin of attraction.”

As Berkes and Ross [25: 186] note, “the original idea of ecological resilience [26] is derived from
complex adaptive systems thinking.” An understanding of “complex adaptive SES” helps one
better appreciate resilience as a systems property or an emergent property of a system [25].
According to Brand and Jax [21], however, tension exists between the initially defined concept of
resilience in ecological literature (the system’s ability to bounce back or return to equilibrium
following disturbance) and the more recent notion of SES resilience. In contrast, Holling’s [26]
view of resilience says little about returning to the original state, assuming a constant range of
change [22: 6, 27]. Holling’s [26] proposes that ecological systems’ behavior stems from the
interplay between two different system properties: stability and resilience. “[...] there is another
property, termed resilience, that is a measure of the persistence of systems and of their ability to
absorb change and disturbance and still maintain the same relationships between populations or
state variables” [26: 14)].

Increasingly, many scholars have identified capacity and agency as important components rel ated
to resilience definitions [13, 17, 28-31]. Agency is a central component of SES resilience [28].
According to Brown [13: 6], “resilience is understood not only as a response to change but also as
a strategy for building the capacity to deal with and shape the change” which is increasingly
applied in both scientific and policy discourse. More recently, resilience thinking has been
increasingly adopted by development studies (second domain) to address problems such as climate
change, food security, natural disasters, political instability, and economic volatility [13, 17, 32-
35]. Scientists provide reasons why such a collaboration between these two domains has been
triggered and why this collaboration should persist [32]. The proposed approach developed in this
paper is aresult of the integration of a wide range of conceptual elements from both domains of
resilience, which are SES and development studies.

Baggio et a. [18] identify resilience as not only a boundary object [21] but a bridging concept
[36], particularly in the SES field. Thus, the facilitation of discussions about the dynamics of
complex systems could provide innovative theoretical and applied insights [18]. Brown [37]
though, questions the extent to which the relabeling of existing and conventional approaches such
as resilience embraces true innovation. Nevertheless, Brand and Jax [21] recognize that the
redefinition of resilience (conceptual vagueness) could help foster communication across
disciplines as well as between science and practice.
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3. Conceptual framework for assessing community adaptations

The proposed framework integrates and advances the work primarily of two key international
development scholars, who use the concept of resilience to study human development in the
context of SES change. First, this framework uses Christophe Bene’s three dimensions of
resilience (3D), which considers resilience to be the combined result of coping, adapting, and
transforming [17]. Second, this framework uses Katrina Brown’s 3Rs of resilience, which refers
to resistance, rootedness, and resourcefulness [13]. The framework’s three key components are
3D, the 3Rs, and place-based elements (Figure 1). (Please refer to Table 2 for definitions of the
conceptual framework.)

First, Bene et a. [17] identified (absorptive) coping capacity, adaptive capacity, and
transformative capacity as the three critical features of resilience—the three dimensions, or 3D.
Resilience emerges as a combined result of 3D capacities, leading to persistence, incremental
adjustments, or transformational responses, respectively [16, 17, 35]. Adaptive capacity and
transformative capacities are key emphases in socia-ecological resilience literature [17, 20, 27].
Bene et a. [17], Bahadur et a. [35], and Brown [13] are explicit about coping capacity being a
key aspect of resilience. Brown [13] and Bahadur et al. [35] also recognize three dimensions of
resilience; this conceptualization has already been applied in a human development context [34].
Further, Bene explicitly discusses how resilience functions as a process in a human devel opment
setting [16]. Second, Brown [13] argues that aresilience-centered approach towards devel opment
studies might radically transform (bounce forward)—rather than “bounce back”—a version of
resilience and responses to global problems [19]. By combining individual agency with adaptive
capacity and a systems perspective, she re-conceptualises a vision of resilience with the notion of
“everyday forms of resilience” to contribute a new development agenda with three core
components: resistance, rootedness, and resourcefulness [13] (Table 2). Third, this place-specific
framework captures unique attributes of alocal setting that relates to the well-being of individuals,
households, and communities. The core of the adaptation process represents a network of four
elements (collective action, ingtitutions, agency, and indigenous and local knowledge-1LK)
derived from the 3Rs and related intimately to the notion of resilience. This paper calls such a
network “place-based elements.”
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\Figure 1: Conceptua framework (building on Brown [13] and Bene [17])

Section (@) shows a cross-section of the tube-shaped system that grows forward in the face of SES change (for example,
climate change). The cross-section represents the framework’s key components, which are place-based elements, 3Rs,
and 3D capacities. All three components are connected through two-way nonlinear linkages. Section (b) illustrates the
network of place-based elements located in the center of the framework. The zoomed-in version shows how such
conceptual elements are positioned around the ‘place.’

Place-based elements and the 3Rs constantly determine and cordinate the 3D capacities of
resilience through multiple nonlinear linkages (connections) to face the social-ecological systems
(SES) change (Figure 1). Thistwo-way link between 3Ds and 3Rs, aswell asthe network of place-
based elements and the 3Rs, reflects their interdependence on each other. Such linkages represent
three key aspects of the system. First, continuous learning from past events and dlight failure [38]
returns to the place-based el ements to improve their capacity—social-ecological learning [38-40].
Learning can take place within the network of place-based elements (for example, community
ingtitutions such as cooperatives). Also, such interactions can be negative and could disrupt
learning (for example, the accumulation of vulnerability when community cooperatives are
malfunctioning) [41]. Second, interconnectedness among such elements creates feedback across
different levels and scales that change the dynamics and complexities of SES [42, 43]. This aspect
includes an understanding of ecosystem processes and dynamics, and ecological knowledge helps
tune human development with biosphere capacities [19]. Third, together they trigger a self- or re-
organization as a means of adapting to changing conditions [25]. For instance, a farmer-initiated
zonal crop calendar system that manages small-scale shrimp aguaculture in Sri Lanka is an
effective adaptation approach toward confronting the outbreak of shrimp diseases [44-46].

Table 2: Definitions of conceptual framework

Components of Definition Reference
the framework




Coping capacity

Coping capacity is actors’ ability to draw on available skills, resources, and
experiences as immediate responses for managing adverse stresses or shocks
and maintaining persistence. Coping refersto a set of cognitive or behavioral
strategiesanindividual or system usesto manage the demands of disturbances
by using coping capacities.

[8, 47. 91,
48, 49]

Adaptive capacity

Adaptive capacity is “the capacity to make adjustments and incremental
changes in anticipation of or in response to change...” [35: 11]. Adaptation
can be planned, spontaneous, reactive, or anticipatory-driven; regardless, it is
a manifestation of social adaptive capacity, as adaptive capacity consists of
pre-conditions necessary for adaptation.

[13, 35, 50,
51]

Transformative
capacity

Transformative capacity is a system’s ability to create a new system with new
fundamental characteristics when the existing system is untenable.
Transformation, as Bahadur et al. [35: 13] describe it, is the “radical action”
of resilience that creates change in power structures and social and economic
behaviors and that redefines drivers of risk and vulnerability regardless of
specific shocks. Transformation goes beyond incremental adjustments that
maintain the status quo; it brings more fundamental change to the social-
ecological systems than does adaptation.

[24, 35, 52]

Resistance

Brown [13: 194] defines resistance as the “ability and capacity of people to
withstand external forces and to shape their own strategies.” Here, resistance
indicates self-determination, strength, agency, and power. Brown establishes
the direct linkages among resilience, agency, power, and resistance based on
empirical evidence—resistance as power or the capacity to resist.

(13]

Rootedness

Rootedness recognizes the situated nature of resilience and the importance of
culture and place, including the focus on identity and attachment. Rootedness
is firmly associated with people, place, or space; cultural practices; social
networks; and a wide range of affective ties to “home”. Empirical evidence
shows that attachment to place, and place-rooted identity, is a determinant of
resilience, adaptation, and transformation.

[13, 53, 54]

Resourcefulness

Resourcefulnessis about the resources upon which people can draw and their
capacity to use these resources at the right time and in the right way to harness
the resources and human capacity together [13]. This understanding
emphasizes the ability to collectively deal with difficult situations that reflect
human agency and capabilities, opportunities, and innovation. This framing
links resourcefulness with a “sense of place being transformed into aresource
in times of need” [55] and “is about bouncing back, adapting and
transforming” [13: 198].

[13, 55]

Collective action

Refers to action taken together by a group of two or more people to meet a
common desired objective.

[56, 57]

Institutions

Refers to local organizations formed by the society to facilitate collective
action that meets a local goal (for example, community cooperatives and
associations).

[56, 58, 59]

Agency

A general understanding of agency is the individual’s capacity to act
independently in making his or her own decisions, while McLaughlin and
Dietz [60: 105] provide a more specific definition of agency as “capacity of
individuals and corporate actors, with the diverse cultural meanings that they
espouse, to play an independent casual role in history.”

[28, 60]

Indigenous and
local knowledge
systems

Refers to the co-evolving cumulative body of knowledge (including
observations, experience, lessons, and skills) belonging to a specific human-
environment system (or place) and handed down through generations by
cultural transmission; reflects Indigenous and/or local people’s cultura
identity.

[23, 61]

Place

Refersto asocial and physical space that has place attachmentsto individuals
(or cultural groups) and processors. Attachment to the place is understood as

[13, 62, 63]
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the bonding that occurs between people and their meaningful environments
[47]. The place is an essential consideration of the idea of rootedness.

Learning Refers to the socia learning, which itself refers to “collective action and [64: 4]
reflection that occurs among different individuals and groups as they work to
improve the management of human-environment interactions.”

Feedback “The secondery effects of a direct effect of one variable on another, they cause  [13: 206]

a change in the magnitude of that effect. A positive feedback enhances the
effect; a negative feedback diminishes it.”

We present the characteristics and indicators of the proposed conceptual framework to assess the
ways in which communities adapt to change (Table 3). Examination of such characteristics will
allow for abetter understanding of community adaptations asit broadly evaluates the effectiveness
of the process of adaptation and its needs that are unique to a fisheries context using a range of
place-based elements. Populations respond to change individually as well as collectively. In
addition, the framework’s characteristics work together as an interconnected SES. For instance,
collective action, loca institutions, and learning and knowledge systems are process integrated
with respect to adaptation strategies, such as the implementation of community-based resource
management systems in small-scale fisheries [65]. However, for evaluation purposes, we break
down a system into analysable pieces. As shown in Table 3, the indicators and measures of each
characteristic will alow for both quantitative and qualitative outcomes (for example, research
findings, results, and recommendations) that feed adaptation policy to link community adaptations
with government policies. Such outcomes will support the effective implementation of national
adaptation plans and the development of community-sensitive adaptation programs.

Table 3: Characteristics of the framework for assessing adaptation to change

Characteristic  Measures and indicators Key methods  References
Place Measured by recognising related context-specific data, such as  Participant [66]; [67];
natural capital, vulnerability, and meaningful attachmentsto observation, [68]; [69];
the place. Indicators: 1) number of species available for interviews [70, 71];
fishing, 2) level of fishery resource availability, 3) level of [72]
vulnerabilities for fishing operations such as climatic
uncertainties, 4) changesin livelihood activities relative to
place (for example, hunting to fishing), and 5) culture,
including belief systems and perceptions that link to the place.
Human Measured using fishers’ individual ownership/access to Questionnaire/  [73];[74,
agency resources, application of diversity as a strategy, and use of survey, 75]; [76-81]
technology. Indicators: 1) ownership of or access to fishing participant
gear (for example, number of assets such as boats, canoes, observation
nets, engines), 2) fishing gear diversity (number of different
items of fishing gear used), 3) occupational mobility (number
of different fishing operations practiced), 4) occupational
multiplicity (total number of jobsin the household), 5) access
to credit (loans) and insurance, 6) use of technological
advancements, and 7) perceptions, equality, and gender roles.
Collective Measured by examining the level of sharing resources, Participant [56]; [82];
action and information, and social networks. Indicators: 1) sharing of observation, [45]; [41]
collaboration  fish, 2) sharing of fishing gear, 3) spreading of weather interviews

information, 4) sharing of information related to fishing
operations (for example, fish market prices, production
quotas, and fishing techniques/management practices), and 5)
social networks. Application of Ostrom’s design principles
[56] alows for further assessment.
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Ingtitutions Measured by examining local institutions such as fishers’ Key informant  [58]; [83];
cooperatives, fish plants, and other local institutions support interviews, [47, 56, 58,
local fisheries. Indicators: 1) the aim of institutions (for observations, 59, 81, 84]
example, contribution to local fishing activities), 2) ownership  secondary data
(for example, communal, local/indigenous, private), 3)
decision-making power, 4) existence of partnerships, and 5)
leadership and influential individuals.

Indigenous Measured examining the use of Indigenous and/or local Interviews, [61]; [69,
and local knowledge in fisheries SES. Indicators: 1) application of such  observations 85-87]; [88-
knowledge knowledge, 2) the co-production of knowledge (combining 9]
systems indigenous knowledge with other kinds of knowledge such as

local knowledge and/or traditional knowledge), and 3) loss of
local/Indigenous/traditional knowledge throughout the SES

change.
Learning and Measured examining the aspects related to learning-by-doing,  Interviews, [81, 92;
feedback opportunitiesto learning, linkages, and philosophical observations, [93]
worldviews. Indicators: 1) extent of the practice of learning- secondary data

by-doing in fishing way of life, 2) the number of opportunities
for learning, 3) the waysin which local philosophical
worldviews are compatible with adaptive thinking, and 4)
existence of two-way local and government linkages within
the multi-level institutional structure.

The changing conditions in place-based elements can influence the 3D capacities, and vice versa,
which may itself influence the SES options of persistent incremental adjustments or
transformational responses. This interconnectedness implies that such elements have the ability to
control or partly govern the trgjectories (human development or SES) under complex and dynamic
human-environment conditions. Both 3D capacities and the 3Rs—including place-based
elements—together determine system trajectories (Figure 2). For instance, with the impacts of
climate change, it is important to examine the adaptations of remote Arctic communities, as each
community has unique conditions such as natura environment, capacities (local institutions,
knowledge systems, Inuit skills), resources (multiple species for food), vulnerabilities (changesin
sea ice conditions), and government policies affecting those communities [23]. An integrated
framework will provide useful inputs for adaptation policy for decision making, as it captures
insights related to resilience thinking as well as development studies. The practices of coping,
adapting, or transforming—depending on the selected SES—are adaptation policy options to
consider at various levels, from household to global.

N\ Policy options
3D capacities Coping
Trajectories ;
-(human development or SE;
3Rs and place | |-
based elements :
Transformation

Figure 2: Trgectories and policy options
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The suggested conceptual framework supports the assessment of climate adaptation and policy
development for a few key reasons. First, the policy directly manages humans, not the climate,
environment, or natural resources. Thus, human development aspects are key to assessing
environment and climate adaptation policies. Second, some irreducible uncertainty always exists
in any policy-level decision-making context. Thus, it is not advisable to assess policy goals using
stability-oriented assumptions rather than resilience-oriented approaches [13]. Third, the
widespread availability of information and technological advancements makes people
overconfident about their future adaptations and leads them to disregard vital aspects required in
policies [19]. Place-based considerations are among these missing aspects of the effective
evaluation of adaptations, particularly in complex and highly uncertain SES such as fisheries.

The novelty of the approach lies in the use of resilience thinking and systemic perspectives to
examine community adaptations aimed at a fisheries setting, and the integration of development
and SES resilience domains, which collectviely addresses some of the prevailing key critiquesin
the notion of resilience. Multiple critiques of resilience are available in various disciplines,
including development studies [13, 15, 17], and Table 4 illustrates how the proposed integration
of development and SES domains addresses some of these critiques.

Table 4: Addressing key critiques of resilience thinking using the proposed framework

Key critiques of resilience thinking  How integration (3D-Rs) addresses these critiques

Field is dominated by a small The framework is a combination of two schools of thought: resilience

network of scholars—*“discursive thinking and development studies [32]. This integration will enable the

dominance.” connections between the two domains to meet challenges related to food
security, poverty, and environment and human health. Resilience is
aready considered both a boundary and a bridging object [18]. This
conceptual vagueness allows resilience to blend across disciplines and
create more useful frameworks for human development [94].
The central idea of 3D framing is capacity. Resourcefulness refersto the
use of such capacities with the human agency to govern resources.
Rootedness refers to the power of place and identity and the strengths
associated with local knowledge. Power-related aspects can be explicitly
examined by including resistance as an element of resilience. Power,
politics, and agency are central to the suggested 3D-R integrated
framework [13, 17].

Failsto account for power, politics,
and agency.

Vague and normative;

for example, resilienceis
considered an antonym of
vulnerability. A large body of
literature does not clearly
distinguish resilience and adaptive
capacity.

In our framing, resilience is not seen as an “outcome” but as a “capacity”
surrounded by agency and power that reflects the “ability” of humansto
make decisions involving positive or negative outcomes in their own lives.
First, this human “ability” creates the critical distinction between
resilience and vulnerability. Bene et a. [15: 125] describe vulnerability “as
a passive condition that results from people’s sensitivity and exposure to
shocks and their lack of capacity that prevents them from managing
adverse events” and state that “resilience is an active ability to develop and
implement strategies/responses in an attempt to counter these vulnerability
conditions.” Thus, resilience is not merely the inverse of vulnerability.
Second, thisintegrated framework of resilience reflects adaptive capacity
as one important element of resilience among many others—explicitly
distinguishing adaptive capacity from resilience.

Focus on maintaining the status
quo.

Resilience as conceptualized in the framework involves coping
(absorbing), adapting, and transforming, challenging the concept of
resilience as only maintaining the status quo. In the new understanding,
resilience reflects stability, flexibility, and transformational change. The
status quo is only one aspect of resilience (bouncing-back version), and the
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suggested framework caters to a border response to global change aiming
at transformational change (a bouncing-forward version of resilience).

Agency, institutions, local knowledge, and collective action are place-
based elements of the integrated framework. This network of elements,
together with 3D capacities, can capture a broad range of endogenous and
exogenous drivers that are important to the understanding of SES change,
as well asto better contributing to human development.

A resilience approach underplays
the internal or endogenous drivers
and focuses on a system disturbed
by external or exogenous drivers.

4. Casestudy application of the framework
This section brings together different case study examples from Sri Lanka, Kenya, Bangladesh,
India, South East Asia, and the Canadian Arctic to illustrate the applications of each framework
characteristic (Table 5). Case studies were purposively selected to best explain the particular

characteristic.

Table 5: The extent to which cases address the proposed framework characteristics

Case Description of methods Key emphasis on the
characteristics of the framework
%)
5 .5 ¢f B
§ g4g s v 228 £35S,
S © B2 = 8§ §c83 55 =38
o = ® Q 8 S % = (Sl e]
a gog c @ §E =22 §F ¢ g'g
< S < T £ G088 £ 58
Sri Lanka[44]  Quadlitative  Participant Content analysis, VX N v v X
observations, descriptive statistics,
interviews, focus  ingtitutional mapping
groups
Kenya[73] Quantitative Household Statistical analysis, X A X X X X
surveys, linear mixed models
interviews
Bangladesh [95] Qualitative  Secondary data  Descriptive statistics, X = X N v X X
flow diagrams,
content analysis
India [96] Mixed Interviews, focus  Descriptive statistics, v X v o4 X
groups, quotes, content
household analysis
surveys
South East Asia  Qualitative  Workshops, Observations, X X X X N A
[97] focus groups documentation,
validation, and
categorization
Canadian Arctic  Qualitative ~ Secondary data ~ Descriptive statistics, X = X X N
[93] network diagrams,
content analysis
4.1 Place

The case from northwestern Sri Lanka examines how shrimp farmers adapt to the challenges of
shrimp disease and climate change by managing their lagoon system [44, 98]. Using a qualitative
narrative approach, this study captures how small-scale shrimp farmers collectively managed their
brackish water source, which is a combined system of three lagoons (Puttalam, Mundel, and
Chilaw) and a human-made canal named ‘Dutch canal’ that connects all three lagoons. Shrimp
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farmers rely on this common body of water to get salty water for shrimp farming ponds as well as
to rel ease used agquaculture water back into the lagoon system. This practice alows shrimp disease
to spread throughout the lagoon system and shrimp farms. Changing climate impacts such as
droughts, unusual monsoon patterns, and floods, as well as unexpected temperature fluctuations
and changes in lagoon salinity, increase the complexities surrounding shrimp disease control.
Thus, climate change becomes a threat to shrimp aquaculture management. This shrimp
aquaculture is a small-scale, environmentaly friendly operation (for example, protecting a
mangrove forest) that does not move from place to place, unlike large-scale commercial
operations. This study shows the importance of place to local livelihoods (i.e., shrimp disease
spreading along the lagoon system) and place attachments (i.e., managing the lagoon system and
protecting the environment) in adaptations to climate change.

4.2 Human agency

Cinner et al. [ 73] study the changesin the adaptive capacity of Kenyan fishing communities. Using
a qualitative approach, they examine the changes, over time, in nine indicators of communities’
adaptive capacity with respect to climate-change-related change. Such indicators are: access to
credit, occupational mobility, occupational multiplicity, social capital, materia style of life, gear
diversity, community infrastructure, trust, and human agency. For example, ‘Access to credit’ is
measured according to whether the respondent feels they can access credit through formal
institutions or informal means such as family and friends. ‘Occupational mobility’ is measured in
terms of the respondent’s experience with job changes, within the past five years, that led to an
occupation they preferred (vertical occupational mobility). ‘Occupational multiplicity’ is the total
number of jobs in the household. ‘Social capital’ is measured as the total number of community
groups to which the respondent belongs. This study shows various capacities of individual fishers
that help them build adaptive capacity at a community level to face the implications of change,
including climate change.

4.3 Collective action and collaboration

The case from southwest Bangladesh examines collective action and collaborations surrounding
community-based climate change adaptation strategies in integrated prawn-fish-rice farming [95].
Using a qualitative approach, this study explores how prawn-fish-rice culture systems adapt to
climateimpacts such asfloods, drought, sea-level rise, and sea surface temperature. L ocalsrespond
to climate change impacts using a bottom-up community-based adaptation approach that employs
collective action and collaboration (for example, the promotion of livelihood diversification,
floating vegetable gardens, and duck rearing through community-based organizations to increase
community adaptive capacities). The translocation of prawn-fish-rice farming from coast to inland
is another crucial adaptation strategy implemented using the community-based approach and
collaborations among industry stakeholders. This study shows how collaborations and collective
action surrounding community-based initiatives support climate adaptation in integrated prawn-
fish-rice culture systems.

4.4 Institutions

The case from south India’s Pulicat lagoon provides insights into how local fisheries institutions
are involved in adaptations to environmental and climate change [96]. Using mixed methods, this
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study illustrates how avillage fisheries society coordinates the management of the lagoon system.
The fishing society for the Pulicat lagoon reinforces the ‘Padu’ system, which regulates lagoon
access for fishing and fishing methods. The Padu system gives priority to members of the fishing
society in undertaking specific fishing activities in certain fishing spots in the lagoon [99]. The
Padu system is a context-specific resource management system in small-scale fisheries that helps
address local culture and power dynamics, such as the caste system. The Padu system involves
making and implementing community-level rules, and it requires majority consent (for example,
alottery system). Most recorded Padu systems in South Asia (for example, stake net fishery, Sri
Lanka [100, 101]; southern Tamil Nadu, India [102]) are managed by local institutions; such
institutions play a significant role in managing livelihood vulnerability and adaptation to
environmental and climate change [96].

4.5 Indigenous and local knowledge systems

The case from South East Asian small island communities examines the process of integrating
local and indigenous knowledge with science for climate change adaptation and disaster risk
reduction [97]. This study presents the process of combining local and indigenous knowledge of
climate changein coastal fishing communitiesin Indonesia, the Philippines, and Timor-Leste. This
process includes observation, documentation, and validation with the participation of local people,
and lets them select potential integration with scientific knowledge (for example, consideration of
the sky and the environment as a means of predicting strong winds and high waves in Indonesian
coastal communities). By promoting knowledge integration and the application of multiple
knowledge, systems increase local and indigenous people’s resilience to climate change impacts
and ability to adapt to the risk of disaster. For instance, selected local and indigenous knowledge
can be disseminated among policymakers to support high-level climate adaptation decision
making. This study shows how different knowledge systems can collectively support adaptations
to climate change impacts.

4.6 Learning and feedback

The case from the three Canadian Arctic coastal communities examines the role of knowledge co-
production as a mechanism that enables learning and adapting [93]. Using a qualitative approach,
this study draws on narwhal co-management in Arctic Bay, beluga co-management in Husky
Lakes, and char co-management in the Western Arctic to understand how knowledge co-
production enables learning and adaptation to change, including climate change. In the long term,
knowledge co-production within a co-management context |eads to positive social and ecol ogical
outcomes, while crises (or small errors) play an important role in catalyzing the production of
knowledge necessary for implementing change. For instance, one of the policy implications of the
char case study isto recognize crises as windows of opportunity for rethinking knowledge and the
learning processes for adaptation. This study shows how learning at the community level and
sharing such learnings with co-management institutions (i.e., feedback) can influence the long-
term climate adaptation process.

Given the concise narratives of multiple case studies, the proposed framework can create
additional insightsinto community adaptations [2]. For instance, the framework provides insights
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into the situated nature of small-scale shrimp aquaculture in the Sri Lankan case study. Here,
rootedness can refer to how firmly the shrimp farmers are associated with the lagoon system
(place), the socia value system (protect mangrove), the community-based institutions, and the
maintenance of a wide range of ties to the community. In part, this rootedness allows the shrimp
farmersto face and live with the changing climate and shrimp disease conditions. Resourcefulness
provides insights into accessible natural resources in the community. For instance, in the Indian
case study, and sharing fishing sites and fishing days using arotational system in stake net fishery
in Negombo estuary Sri Lanka [101] manages fishers’ access to lagoon fishing spots. These
resource management systems are implemented by loca institutions (i.e., the village fishing
society) with the guidance of government institutions. Shrimp farmers’ worldviews (for example,
abelief in collective action), along with their capabilities (including local knowledge systems and
ingtitutions), are key to the sustainable management of fisheries resources. In the Kenyan case
study, resistance provides insights into how fishers use nine human-agency-related capacities (for
example, access to credit, occupational mobility, occupational multiplicity, and social capita) to
withstand change and shapetheir strategies against vulnerabilities of climate changeimpacts. None
of the selected cases can address the associated nature of framework characteristics (Table 5).
Application of the proposed framework can provide additional insights into how such framework
characteristics are interconnected for better outputs in terms of climate change adaptation.

Place-based elements and their insights into the 3Rs reflect systems’ 3D capacities. This allows us
to understand community adaptation pathways. For instance, in Kenyan fishing communities,
reliance on short-term credit/loans to continue fishing helps individuals cope with short-term
challenges. Bangladesh’s prawn-fish-rice systems provide examples of such adaptations as
livelihood diversification, floating vegetable gardens, and duck rearing to face climatic challenges
like floods. The introduction of effective resource management systems such as the Padu system
(Indi@) or the translocation of prawn-fish-rice farming (Bangladesh) can make fundamental
changes in these small-scale fisheries systems (transformation).

5. Discussion and conclusions

This paper proposes a conceptual framework for evaluating community adaptations to change,
including climate change in a fisheries setting. This framework is built primarily on Bene’s and
Brown’s work on development resilience. The notion of resilience is not a single concept, but
rather acluster of multifaceted concepts that are lightly organized and sometimes overlapping [18,
21]. The paper uses this characteristic of resilience to develop an integrated framework that
represents a wide range of conceptual elements from the domains of human development and
resilience thinking. The paper recognizes resilience as a combined result of coping, adapting, and
transforming aimed at three capacities (coping, adaptive, and transformative) of resilience—the
three dimensions (3D) [13, 15, 17, 35]. This understanding is different from the usual definition
of resilience as stated by Walker et a. [24: 6]. However, building resilience requires the
strengthening of these three components at multiple levels—coping (absorptive) resilience,
adaptiveresilience, and transformative resilience [16]. Here, resilienceis seen as a “capacity” of a
system and as a process.
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We proposed this framework for application in context-specific environments, including fisheries,
to assess community adaptations to change. The purpose of the integrated framework is to create
abetter understanding of the SES change and assess adaptations for effective policy development.
Basic characteristics of the integrated framework are: i) consists of 3D capacities, 3Rs, and place-
based elements [8, 13, 16]; ii) pays attention to feedback and connections among capacities and
place-based elements [103]; iii) recognises resilience as a process and not an outcome [17]; and
iv) is concerned with trajectories of change that eventually lead to policy development [32]. The
strengths of this framework are: a) flexibility and adaptability for use in both SES resilience and
human development domainsto achieve specific (inter)disciplinary goals; b) addresses most of the
prevailing critiques of the previous (bounce back) version of resilience, including conceptual
aspects undermined in previous versions of resilience thinking (for example, power dynamics,
politics, and agency); c) integrates two domains to open doorsfor collaboration across disciplines,
such as resource governance, anthropology, development, vulnerability, and adaptation; and d)
provides information for policy development for adaptive governance considering complex
human-environment interactions, uncertainties, and processes. This framework can be further
developed for specific applications, incorporating specifics related to levels, scale, and “desired
state” [104, 105].

The proposed framework provided insights into three main areas of adaptation. First, how can
local adaptation initiatives be designed (for example, collectively using the participatory approach)
and facilitated (for example, through local institutions) so that they are effective and appropriate
in unique community environments? Detailed consideration of place-based elementsiscritical for
designing adaptation initiatives for communities (i.e., place, human agency, collective action and
collaboration, institutions, Indigenous and local knowledge systems, and learning and feedback).
Second, what enables (for example, social media and local institutions) and undermines (for
example, loss of local knowledge or inappropriate technology) the effectiveness of community
adaptations? ldentification of enabling and undermining factors for adaptation initiatives is
important for ensuring successful community adaptations [106, 107]. Third, how can community
adaptations be effectively linked with government policy to address national adaptation plans? For
instance, local institutions and their leadership play a centra role in linking the community and
the government. Overall, this proposed framework can create a link between concepts (such as
resilience and adaptation) and real-world applications (such as the case examples from Sri
Lanka/K enya/Bangladesh/India/South East Asia/the Canadian Arctic).

Why isthis proposed integrated conceptual framework important to the advancement of adaptation
research? First, a combination of various kinds of knowledge domains will improve adaptive
capacity by increasing the range of information available for knowledge co-production [108, 109].
The importance of fostering the complementarity of different knowledge systems is explicitly
recognized as one of the key methods of building resilience [109]. Second, as Folke [19] argues,
human-centered sustainable development actions can benefit from the guidance of development
approaches (such as climate adaptation) that seek a better understanding of complex human-
environment interactions. Third, collaboration is a timely approach for two selected reasons: 1)
increasingly, in certain human development arenas, “use resilience as a unit of analysis” has
become a condition for applying for project financing [32], and 2) collaboration has been triggered
with conceptual developments that provide the intellectual tools required for effective integration
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(for example, 3D and the 3Rs) to create the timely atmosphere; conceptual elements missing from
the SES literature are featured in the human development literature [13, 15, 19, 32, 110]. Finally,
essentially, this collaboration helps address aspects related to key critiques of resilience thinking.

Acknowledgements:

EKG acknowledges the financial support of the doctoral fellowship of the Social Science and
Humanities Research Council (SSHRC) of Canada. EKG has also received support from the
doctoral research award of the International Development Research Centre (IDRC) of Canada and
Northern Scientific Training Program (NSTP) through McGill University. Further, we
acknowledge the feedback we received about the paper from Oliver Coomes and Camila Florez
Bossio (McGill University) and Fikret Berkes (University of Manitoba).

References

1. Seggel, A. and C. De Young, Climate change implications for fisheries and aquaculture: summery
of the findings of the Intergovernmental Panal on Climate Change fifth assessment report, in
FAO Fisheries and aquaculture technical paper. 2016, Food and Agriculture Organization of the
United Nations: Rome. p. 54.

2. IPCC, Climate Change 2014: Impacts, Adaptation, and Vulnerability. Part A: Global and Sectoral
Aspects. C.B. Field, V.R. Barros, D.J. Dokken, K.J. Mach, M.D. Mastrandrea, T.E. Bilir, M.
Chatterjee, K.L. Ebi, Y.O. Estrada, R.C. Genova, B. Girma, E.S. Kissel, A.N. Levy, S. MacCracken,
P.R. Mastrandrea & L.L. White, eds. Contribution of Working Group Il to the Fifth Assessment
Report of the Intergovernmental Panel on Climate Change. 2014: Cambridge, UK and NY,
Cambridge University Press. p. 1132.

3. IPCC, Climate Change 2014: Impacts, Adaptation, and Vulnerability. Part B: Regional Aspects.
V.R. Barros, C.B. Field, D.J. Dokken, M.D. Mastrandrea, K.J. Mach, T.E. Bilir, M. Chatterjee, K.L.
Ebi, Y.O. Estrada, R.C. Genova, B. Girma, E.S. Kissel, A.N. Levy, S. MacCracken, P.R. Mastrandrea
& L.L. White, eds. Contribution of Working Group Il to the Fifth Assessment Report of the
Intergovernmental Panel on Climate Change. 2014: Cambridge, UK and NY, Cambridge
University Press. p. 688.

4, Adger, W.N., Place, well-being, and fairness shape priorities for adaptation to climate change.
Global Environmental Change, 2016. 38: p. A1-A3.

5. Parry, M., et al., Adapting to the inevitable. Nature, 1998. 395(6704): p. 741-741.

6. Pielke, R., et al., Climate change 2007: lifting the taboo on adaptation. Nature, 2007. 445(7128):
p. 597-598.

7. Moss, R.H., et al., Hell and high water: practice-relevant adaptation science. Science, 2013.
342(6159): p. 696-698.

8. Béné, C., et al., Contribution of fisheries and aquaculture to food security and poverty reduction:
assessing the current evidence. World Development, 2016. 79: p. 177-196.

9. Ford, J.D., et al., Community-based adaptation research in the Canadian Arctic. Wiley

Interdisciplinary Reviews: Climate Change, 2016. 7: p. 175-195.
10. Ford, J.D., B. Smit, and J. Wandel, Vulnerability to climate change in the Arctic: a case study from
Arctic Bay, Canada. Global Environmental Change, 2006. 16(2): p. 145-160.

11. Ford, J., et al., Vulnerability and its discontents: The past, present, and future of climate change
vulnerability research. Climatic Change, In Press.
12. Ayers, J.M,, et al., Mainstreaming climate change adaptation into development: a case study of

Bangladesh. Wiley Interdisciplinary Reviews: Climate Change, 2014. 5(1): p. 37-51.

15



468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514

13.
14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.
30.

31.

32.

33.

34.

Brown, K., Resilience, development and global change. 2016, New York: Routledge.

Sherman, M., et al., Drawing the line between adaptation and development: a systematic
literature review of planned adaptation in developing countries. Wiley Interdisciplinary Reviews:
Climate Change, 2016. 7(5): p. 707-726.

Béné, C., et al., Is resilience a useful concept in the context of food security and nutrition
programmes? Some conceptual and practical considerations. Food Security, 2016. 8(1): p. 123-
138.

Béné, C., et al., Resilience: new utopia or new tyranny? Reflection about the potentials and limits
of the concept of resilience in relation to vulnerability reduction programmes. 1DS Working
Papers, 2012. 2012(405): p. 1-61.

Béné, C., et al., Review article: resilience, poverty and development. Journal of International
Development, 2014. 26(5): p. 598-623.

Baggio, J., K. Brown, and D. Hellebrandt, Boundary object or bridging concept? A citation
network analysis of resilience. Ecology and Society, 2015. 20(2): p. 2.

Folke, C., Resilience (Republished). Ecology and Society, 2016. 21(4): p. 44.

Folke, C., Resilience: The emergence of a perspective for social-ecological systems analyses.
Global environmental change, 2006. 16(3): p. 253-267.

Brand, F.S. and K. Jax, Focusing the meaning (s) of resilience: resilience as a descriptive concept
and a boundary object. Ecology and society, 2007. 12(1): p. 23.

Berkes, F. and H. Ross, Community resilience: toward an integrated approach. Society & Natural
Resources, 2013. 26(1): p. 5-20.

Arctic Council, Arctic Resilience Report, Arctic Council, M. Carson and G. Peterson, Editors. 2016,
Stockholm Environment Institute and Stockholm Resilience Centre: Stockholm.

Walker, B., et al., Resilience, adaptability and transformability in social--ecological systems.
Ecology and society, 2004. 9(2): p. 5.

Berkes, F. and H. Ross, Panarchy and community resilience: Sustainability science and policy
implications. Environmental Science & Policy, 2016. 61: p. 185-193.

Holling, C.S., Resilience and stability of ecological systems. Annual review of ecology and
systematics, 1973: p. 1-23.

Folke, C., et al., Resilience thinking: integrating resilience, adaptability and transformability.
Ecology and Society, 2010. 15(4): p. 20.

Brown, K. and E. Westaway, Agency, capacity, and resilience to environmental change: lessons
from human development, well-being, and disasters. Annual review of environment and
resources, 2011. 36: p. 321-342.

Bohle, H.-G., B. Etzold, and M. Keck, Resilience as agency. IHDP Update, 2009. 2(2009): p. 8-13.
Coulthard, S., Can we be both resilient and well, and what choices do people have? Incorporating
agency into the resilience debate from a fisheries perspective. Ecology and Society, 2012. 17(1):
p. 4.

Robinson, L.W. and F. Berkes, Multi-level participation for building adaptive capacity: Formal
agency-community interactions in northern Kenya. Global Environmental Change, 2011. 21(4): p.
1185-1194.

Bousquet, F., et al., Resilience and development: mobilizing for transformation. Ecology and
Society, 2016. 21(3).

Bahadur, A.V., et al., The 3As: Tracking resilience across BRACED. Working and Discussion
Papers. London: Overseas Development Institute 2015: p. 57.

Jeans, H., G.E. Castillo, and S. Thomas, Absorb, Adapt, Transform: Resilience capacities. 2017,
Oxfam International: Oxford, UK. p. 8.

16



515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.
46.
47.
48.
49.

50.

51.

52.

53.

54.

55.

56.

Bahadur, A, E. Lovell, and F. Pichon, Effectiveness in Building Resilience: Synthesis report for
Oxfam's Resilience Outcome Area. 2016, Oxfarm International. p. 80.

Deppisch, S. and S. Hasibovic, Social-ecological resilience thinking as a bridging concept in
transdisciplinary research on climate-change adaptation. Natural hazards, 2013. 67(1): p. 117-
127.

Brown, K., 3 Policy discourses of resilience. Climate Change and the Crisis of Capitalism: A Chance
to Reclaim, Self, Society and Nature, 2012: p. 37.

Taleb, N.N., Antifragile: Things that gain from disorder. 2012, New York: Random House
Incorporated.

Berkes, F. and N.J. Turner, Knowledge, learning and the evolution of conservation practice for
social-ecological system resilience. Human Ecology, 2006. 34(4): p. 479.

Taleb, N.N., The black swan: The impact of the highly improbable. 2007, US: Random House.
Galappaththi, E.K., S.S. Kodithuwakku, and I.M. Galappaththi, Can environment management
integrate into supply chain management? Information sharing via shrimp aquaculture
cooperatives in northwestern Sri Lanka. Marine Policy, 2016. 68: p. 187-194.

Fischer, J., et al., Advancing sustainability through mainstreaming a social—ecological systems
perspective. Current Opinion in Environmental Sustainability, 2015. 14: p. 144-149.
Homer-Dixon, T., et al., Synchronous failure: the emerging causal architecture of global crisis.
Ecology and Society, 2015. 20(3).

Galappaththi, E., F. Berkes, and J. Ford, Climate change adaptation efforts in coastal shrimp
aquaculture: A case from northwestern Sri Lanka, in FishAdapt: Global Conference on Climate
Change Adaptation for Fisheries and Aquaculture. In Press, FAO: Rome.

Galappaththi, E. and F. Berkes, Drama of the commons in small-scale shrimp aquaculture in
northwestern, Sri Lanka. International Journal of the Commons, 2015. 9(1): p. 347-368.
Galappaththi, E.K. and F. Berkes, Can co-management emerge spontaneously? Collaborative
management in Sri Lankan shrimp aquaculture. Marine Policy, 2015. 60: p. 1-8.

Berman, R., C. Quinn, and J. Paavola, The role of institutions in the transformation of coping
capacity to sustainable adaptive capacity. Environmental Development, 2012. 2: p. 86-100.
Martin-Breen, P. and J.M. Anderies, Resilience: A literature review. 2011.

Lazarus, R.S., Psychological stress and the coping process. 1966, New York, NY, US: McGraw-Hill.
Smit, B. and J. Wandel, Adaptation, adaptive capacity and vulnerability. Global environmental
change, 2006. 16(3): p. 282-292.

Simonovic, S.P., Adaptation to climate change: risk management, in Sustainable Water
Resources Planning and Management Under Climate Change, E. Kolokytha, S. Oishi, and R.S.V.
Teegavarapu, Editors. 2017, Springer: Singapore. p. 157-187.

Kofinas, G., et al., Adaptive and transformative capacity. Arctic Council. Arctic Resilience Interim
Report. Stockholm Environment Institute and Stockholm Resilience Centre. Stockholm, 2013: p.
71-91.

Devine-Wright, P., Think global, act local? The relevance of place attachments and place
identities in a climate changed world. Global Environmental Change, 2013. 23(1): p. 61-69.
Lyon, C., Place systems and social resilience: A framework for understanding place in social
adaptation, resilience, and transformation. Society & Natural Resources, 2014. 27(10): p. 1009-
1023.

Chamlee-Wright, E. and V.H. Storr, “There's no place like New Orleans”: Sense of place and
community recovery in the Ninth Ward after Hurricane Katrina. Journal of Urban Affairs, 2009.
31(5): p. 615-634.

Ostrom, E., Governing the commons: The evolution of institutions for collective action. 1990,
New York: Cambridge University Press.

17



563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609

57.

58.

59.

60.

61.
62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.
73.

74.

75.

76.

77.

78.

Ostrom, E., Collective action and the evolution of social norms. Journal of Natural Resources
Policy Research, 2014. 6(4): p. 235-252.

Boyd, E. and C. Folke, eds. Adapting institutions: Governance, complexity and social-ecological
resilience. 2012, Cambridge University Press: New York.

Galappaththi, E.K. and F. Berkes, Institutions for managing common-pool resources: the case of
community-based shrimp aquaculture in northwestern Sri Lanka. Maritime Studies, 2014. 13(1):
p. 1-16.

McLaughlin, P. and T. Dietz, Structure, agency and environment: Toward an integrated
perspective on vulnerability. Global Environmental Change, 2008. 18(1): p. 99-111.

Berkes, F., Sacred ecology. 2012, New York: Routledge.

Scannell, L. and R. Gifford, Defining place attachment: A tripartite organizing framework. Journal
of environmental psychology, 2010. 30(1): p. 1-10.

Giuliani, M.V, Theory of attachment and place attachment., in Psychological theories for
environmental issues M. Bonnes and M.B. T. Lee, Editors. 2003, Ashgate: Aldershot. p. 137-170.
Keen, M., V.A. Brown, and R. Dyball, Social Learning: A New Approach to Environmental
Management, in Social Learning in Environmental Management, R. Dyball, V.A. Brown, and M.
Keen, Editors. 2005, Earthscan: London. p. 3-21.

Berkes, F., From community-based resource management to complex systems: the scale issue
and marine commons. Ecology and Society, 2006. 11(1).

Mayunga, J.S., Understanding and applying the concept of community disaster resilience: a
capital-based approach. Summer academy for social vulnerability and resilience building,
Munich, Germany, 2007. 1: p. 16.

Adger, W.N., et al., Social-ecological resilience to coastal disasters. Science, 2005. 309(5737): p.
1036-1039.

Folke, C., et al., Social-ecological resilience and biosphere-based sustainability science. Ecology
and Society, 2016. 21(3).

Fernandez-Llamazares, A., et al., An empirically tested overlap between indigenous and scientific
knowledge of a changing climate in Bolivian Amazonia. Regional Environmental Change, 2017: p.
1-13.

De Silva, C., et al., Predicting the impacts of climate change—A case study of paddy irrigation
water requirements in Sri Lanka. Agricultural Water Management, 2007. 93(1): p. 19-29.

Knapp, C.N. and S.F. Trainor, Adapting science to a warming world. Global environmental
change, 2013. 23(5): p. 1296-1306.

Bennett, E., Gender, fisheries and development. Marine policy, 2005. 29(5): p. 451-459.

Cinner, J.E., et al., Changes in adaptive capacity of Kenyan fishing communities. Nature Climate
Change, 2015. 5(9): p. 872-876.

Selim, S.A., et al., Direct and indirect effects of climate and fishing on changes in coastal
ecosystem services: a historical perspective from the North Sea. Regional Environmental Change,
2016. 16(2): p. 341-351.

Bene, C., Are fishers poor or vulnerable? Assessing economic vulnerability in small-scale fishing
communities. ). Dev. Stud., 2009. 45: p. 911-933.

Koralagama, D., J. Gupta, and N. Pouw, Inclusive development from a gender perspective in small
scale fisheries. Current Opinion in Environmental Sustainability, 2017. 24: p. 1-6.

Shyam, S.S., N. Shridhar, and R. Fernandez, Climate change and need for proactive policy
initiatives in Indian marine fisheries sector. Climate Change, 2017. 3(9): p. 20-37.

Oviedo, A.F. and M. Bursztyn, The Fortune of the Commons: Participatory Evaluation of Small-
Scale Fisheries in the Brazilian Amazon. Environmental management, 2016. 57(5): p. 1009-1023.

18



610 79. FAO, Assessing climate change vulnerability in fisheries and aquaculture: Available

611 methodologies and their relevance for the sector, by Cecile Brugére and Cassandra De Young.
612 FAO Fisheries and Aquaculture Technical Paper No. 597. 2015: Rome, Italy.

613 80. McClanahan, T., E.H. Allison, and J.E. Cinner, Managing fisheries for human and food security.
614 Fish and Fisheries, 2015. 16(1): p. 78-103.

615  81. Cinner, J.E., et al., Building adaptive capacity to climate change in tropical coastal communities.
616 Nature Climate Change, 2018. 8: p. 117-123.

617  82. Cox, M., G. Arnold, and S.V. Tomas, A review of design principles for community-based natural
618 resource management. Ecology and Society, 2010. 15(4): p. 38.

619 83. Munoz, S.-A., A. Steiner, and J. Farmer, Processes of community-led social enterprise

620 development: learning from the rural context. Community Development Journal, 2015. 50(3): p.
621 478-493.

622  84. Berkes, F. and D. Armitage, Co-management institutions, knowledge, and learning: Adapting to
623 change in the Arctic. Etudes/Inuit/Studies, 2010: p. 109-131.

624  85. McPherson, J.M., et al., Integrating traditional knowledge when it appears to conflict with

625 conservation: lessons from the discovery and protection of sitatunga in Ghana. Ecology and

626 Society, 2016. 21(1).

627 86. Danielsen, F., et al., Counting what counts: Using local knowledge to improve Arctic resource
628 management. Polar Geography, 2014. 37(1): p. 69-91.

629 87. Lebel, L., Local knowledge and adaptation to climate change in natural resource-based societies
630 of the Asia-Pacific. Mitig. Adapt. Strateg. Glob. Change, 2013. 18: p. 1057-1076.

631 88. Pearce, T., et al., Inuit traditional ecological knowledge (TEK), subsistence hunting and

632 adaptation to climate change in the Canadian Arctic. Arctic, 2015. 68(2): p. 233.

633 89. Reedy, D., V. Savo, and W. McClatchey, Traditional Climatic Knowledge: Orchardists' perceptions
634 of and adaptation to climate change in the Campania region (Southern Italy). Plant Biosystems-
635 An International Journal Dealing with all Aspects of Plant Biology, 2014. 148(4): p. 699-712.

636  90. Nakashima, D., et al., Weathering Uncertainty: Traditional Knowledge for Climate Change

637 Assessment and Adaptation. 2012.

638  91. Manseau, M., B. Parlee, and B. Ayles, A place for traditional ecological knowledge in resource
639 management, in Breaking Ice: Renewable resource and ocean management in the Canadian
640 North, F. Berkes, et al., Editors. 2005, Calgary University Press: Calgary, Alberta, Canada. p. 141-
641 164.

642  92. Kelman, I., et al., Learning from the history of disaster vulnerability and resilience research and
643 practice for climate change. Natural Hazards, 2016. 82(1): p. 129-143.

644  93. Armitage, D., et al., Co-management and the co-production of knowledge: Learning to adapt in
645 Canada's Arctic. Global Environmental Change, 2011. 21(3): p. 995-1004.

646  94. Strunz, S., Is conceptual vagueness an asset? Arguments from philosophy of science applied to
647 the concept of resilience. Ecological Economics, 2012. 76: p. 112-118.

648  95. Ahmed, N., et al., Community-based climate change adaptation strategies for integrated prawn—
649 fish—rice farming in B angladesh to promote social—-ecological resilience. Reviews in Aquaculture,
650 2014. 6(1): p. 20-35.

651  96. Coulthard, S., Adapting to environmental change in artisanal fisheries—Insights from a South
652 Indian Lagoon. Global Environmental Change, 2008. 18(3): p. 479-489.

653  97. Hiwasaki, L., E. Luna, and R. Shaw, Process for integrating local and indigenous knowledge with
654 science for hydro-meteorological disaster risk reduction and climate change adaptation in

655 coastal and small island communities. International journal of disaster risk reduction, 2014. 10:
656 p. 15-27.

19



657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686
687

688

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

1009.

110.

Galappaththi, E., Community-based Shrimp Aquaculture in Northwestern Sri Lanka, in Natural
Resources Institute. 2013, University of Manitoba: Winnipeg, Manitoba.

Lobe, K. and F. Berkes, The padu system of community-based fisheries management: change and
local institutional innovation in south India. Marine Policy, 2004. 28(3): p. 271-281.
Gunawardena, A. and P. Steele, The stake-net fishery association of Negombo lagoon, Sri Lanka:
Why has it survived over 250 years and will it survive another 100 years, in Promise, trust and
evolution: managing the commons of South Asia, R. Ghate, N.S. Jodha, and P. Mukhopadhyay,
Editors. 2008, Oxford University Press: New York. p. 144-154.

Amarasinghe, U., W. Chandrasekara, and H. Kithsiri, Traditional practices for resource sharing in
an artisanal fishery of a Sri Lankan estuary. Asian Fisheries Science, 1997. 9: p. 311-324.
Bavinck, M., Marine resource management: conflict and regulation in the fisheries of the
Coromandel Coast, Livelihood and Environment Series 5. 2001, New Delhi: Sage Publications.
Osterblom, H., et al., Incentives, social-ecological feedbacks and European fisheries. Marine
Policy, 2011. 35(5): p. 568-574.

Beymer-Farris, B.A., T.J. Bassett, and I. Bryceson, Promises and pitfalls of adaptive management
in resilience thinking: the lens of political ecology, in Resilience and the cultural landscape, T.
Plieninger and C. Bieling, Editors. 2012, Cambridge University Press: Cambridge. p. 283-299.
Cash, D., et al., Scale and cross-scale dynamics: governance and information in a multilevel
world. Ecology and society, 2006. 11(2).

Osbahr, H., et al., Evaluating successful livelihood adaptation to climate variability and change in
southern Africa. Ecology and Society, 2010. 15(2).

Ford, J.D. and D. King, A framework for examining adaptation readiness. Mitigation and
Adaptation Strategies for Global Change, 2015. 20(4): p. 505-526.

Tengo, M., et al., Weaving knowledge systems in IPBES, CBD and beyond—Ilessons learned for
sustainability. Current Opinion in Environmental Sustainability, 2017. 26: p. 17-25.

Folke, C., J. Colding, and F. Berkes, Synthesis: building resilience and adaptive capacity in social-
ecological systems, in Navigating social-ecological systems: Building resilience for complexity
and change, F. Berkes, J. Colding, and C. Folke, Editors. 2003, Cambridge University Press: New
York. p. 352-387.

Béné, C., et al., Is resilience socially constructed? Empirical evidence from Fiji, Ghana, Sri Lanka,
and Vietnam. Global Environmental Change, 2016. 38: p. 153-170.

20



