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Abstract

Small-scale fisheries (SSF) support over 90 percent of the 120 million people engaged in
capture fisheries globally (FAO, 2020) but are facing multifaceted vulnerabilities due to global
change impacts. Despite vulnerabilities, the SSF communities do possess certain strengths that
enable them to respond to the vulnerabilities. However, these strengths and capacities are poorly
understood. The Vulnerability to Viability (V2V) concept focuses on examining the inherent
capabilities of the small-scale fisheries communities to build resilience through short-term and
long-term responses. Though Vulnerability to Viability is a critical area of study in terms of
achieving sustainability of the small-scale fisheries, there is an absence of methodological
approaches to study SSF vulnerabilities and their responses using multiple case studies. The
main aim of this research is to explore quantitative and qualitative data analysis approaches using
the I-ADApT framework to understand the similarities and differences between small-scale
fisheries case studies, compare the case studies in terms of vulnerabilities faced by small-scale
fisheries communities, governability conditions, societal and governing responses, and appraisal
of the responses, and develop a typology of the case studies based on secondary data collected
using I-ADApT templates. I-ADAPpT is a research and decision-support tool that can be used for
understanding the vulnerabilities and responses to global change. The data from twenty-nine
small-scale fisheries social-ecological systems, representing nineteen different geographical
locations, was used in quantitative analysis. The qualitative analysis included twenty-eight I-
ADAPpT case studies.

The quantitative and qualitative data assessment methods employed in this research were
multivariate analysis (multiple factor analysis (MFA) and hierarchical clustering (HC)) in R-
Studio and thematic-content analysis in NVIVO, respectively. Hierarchical clustering (HC) on
multiple factor analysis (MFA) conducted in this research was highly useful to simplify a
complex set of variables and identify key variables that were most common in all the case
studies. These methods were also crucial in grouping the case studies to form clusters of case
studies that shared similar properties. Thematic-content analysis in this research enabled the
identification of the actual vulnerabilities, social and governing responses, their enabling factors,

and those that are preventing the social and governing responses. Both quantitative and



qualitative data assessment methods were effective in the study of transition of small-scale
fisheries from vulnerability to viability. Both methodologies were explored as proof-of-concept
and can be employed in future research considering a greater number of case studies. The I-
ADApT framework was an important tool that facilitated the development of a consistent
methodology for use in research focusing on small-scale fisheries social-ecological system. This
research highlights the importance of using both qualitative and quantitative research methods in

the study of small-scale fisheries.

Apart from methodological innovation, the results of this research will inform the
decision-makers, managers, and a crosssection of stakeholders to manage small-scale fisheries
more effectively by understanding the vulnerabilities and developing response strategies. In
doing so, the critical contribution of this research is the dedicated focus on learning from small-
scale fisheries community experiences of vulnerabilities and possible pathways towards their

viability through the use of place-based case studies.
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Chapter 1

Introduction

1.1 Background

Capture fisheries are classified into “small-scale” and “large-scale” fisheries (Smith & Basurto,
2019). Though definitions and understandings vary from one jurisdiction to other (Smith &
Basurto, 2019), the distinction between the two types of capture fisheries is mainly related to the
type of fishing technologies and nature of human involvement in capture fisheries. Small-scale
fisheries (SSF) are characterized by small-sized vessels, small crews, simple fishing gears,
family ownership, a traditional way of fish processing, and operating near the shorelines which
differentiate them from the large-scale fisheries, also known as industrial fisheries (Halim et al.,
2019). Large-scale fisheries use large sized-boats (greater than 10-15 m), sophisticated
technology to catch fish, and are associated with high capital costs (Canovas-Molina et al.,
2021). The classification also consists of social-cultural dimensions such as different ethnic
groups, caste, and religions involved in the fisheries (Nayak & Berkes, 2011; Smith & Basurto,
2019). SSF are not only important in terms of livelihood and food security for the millions of
small-scale fishers (Béné et al., 2016) but they contribute significantly to the amount of fish

destined for human consumption (McClanahan et al., 2009).

In this context, SSF are contributing to the socio-economic development of many regions around
the world, especially the developing countries (Teh & Sumaila, 2013). However, SSF remains
overshadowed by the large-scale fisheries (Teh & Pauly, 2018) and are undervalued despite
having social, economic, cultural, and environmental contributions to food security, poverty
alleviation and livelihoods, and local and national economies in several countries (Noman et al.,
2019). Underlying issues have not improved in many parts of the world where SSF are still
poorly planned, regulated, funded, governed, and neglected from mainstream sustainability
debates (Kura et al., 2004; Chuenpagdee & Jentoft, 2019). Currently, it is unknown what aspects
need to be emphasized in order to solve the fundamental problems in SSF.



Nevertheless, the positive side is that they have been gaining scientific attention over the last two
decades (Purcell & Pomeroy, 2015) and are being studied from multiple perspectives to generate
new knowledge for the sustainability of the SSF. One such perspective is the vulnerability to
viability (V2V) concept (Nayak, 2021) which not only describes SSF communities as vulnerable
groups but acknowledges the inherent capacity of these communities to absorb the shocks and

pressures to retain their important identity as SSF.

SSF are an example of a complex social-ecological system (SES) (Berkes, 2003). SESs are self-
organizing multifaceted adaptive systems governed by feedback mechanisms. SSF SESs
emphasize that fisheries communities, fisheries resources, economies, societies, and cultures are
embedded parts of the SSF system, and they function interconnectedly (Folke et al. 2016). In
many cases, due to the problems arising from global changes (Bundy et al., 2016), the natural,
social, and governing systems of SSF SESs have lost their ability to self-organize and adapt
leading to a loss of resilience (Folke, 2006). Global changes are large-scale changes in the earth
system characterized by anthropogenic and natural stressors such as environmental variability,
resource depletion, habitat loss, pollution, climate change, war, market globalization, and more
(Pimentel et al., 2013; Bundy et al., 2016; Nayak & Berkes, 2019). These changes directly or
indirectly have created vulnerabilities (Adger, 2006) in SSF communities worldwide
(Chuenpagdee, 2011; Canovas-Molina & Garcia-Frapolli, 2022) and have caused negative
impacts on the livelihoods, and wellbeing of SSF communities (Weeratunge et al., 2014) leading
to loss of resilience (Nayak & Berkes, 2019) and ultimately possessing threats to their existence.

Implementing sustainable solutions in the face of global change is challenging for managers,
decision-makers, or a cross-section of stakeholders who are managing the SSF SES. Social-
ecological changes are occurring at a much faster rate than experienced in the past and can
outpace the response capacity of the governing bodies to deal with them efficiently (Salas et al.,
2019). Multilevel drivers cause multiple vulnerabilities which need multiple responses targeted
to fulfill specific objectives. The obstacle among the managers, decision-makers, authorities or
other stakeholders managing the SSF SESs is not just to design the feasible management
measures but also to operationalize those measures emphasizing SES thinking ( Kittinger et al.,
2013) and later assess the performance of those responses. The ongoing hardships of the SSF

communities around the world entail that not all management objectives are successful and



contribute to the sustainability of SSF communities (Putten et al., 2018). It is necessary to
identify the most appropriate response to deal with changes (Bundy, et al., 2016) and to continue
strengthening sustainable efforts. This requires the help of decision-support tools (DSTSs)
(Macher et al., 2021) to understand the elements of SSF SES that needs to be improved or
developed for transforming SSF SES from V2V.

Viability, in the context of SSF, is understood as a concept that describes a state of SSF SES
where fishing communities are resilient to stressors arising from global change by developing
coping, adapting, or transformative strategies. It goes beyond the idea of profit maximization
(Schuhbauer & Sumaila, 2016) and encompasses the notion of social capital (Richmond &
Casali, 2022), good governance (Chuenpagdee & Jentoft, 2018), and high levels of wellbeing
(Nayak et al., 2020). Cury et al., (2005) coined the term “viability approach” to enable an
ecosystem approach to fisheries, describing it as an approach where the performance indicators

are used to reflect management effectiveness considering all the subsystems of the ecosystem.

Salas et al., (2019) highlighted that “viability theory” (Krawczyk & Pharo, 2013) answers
important questions in SSF, especially on how to maintain a balance between ecological,
economic, and social sustainability when aiming for stock sustainability. It was further
mentioned that the use of the viability approach in SSF management is not just to find an optimal
solution to the problem but to discover a satisfying solution. Hardy et al., (2017) also articulated
the same idea relating the viability approach to the dynamic system-based approach. This thesis
is oriented to advance the understanding of the V2V concept considering SSF SES around the
world. The V2V process involves co-adaptation (Savit et al., 2013), co-creation, co-identification
of the knowledge gaps, co-production, and co-dissemination (Woodall et al., 2021) of
interdisciplinary knowledge related to SSF, to examine innovative and feasible ways for
strengthening SSF SES.

1.2 Research Gap

Transitioning SSF SES from vulnerability to viability is considered a critical area of study
(Nayak et al., 2020), yet there are few studies dedicated to understanding the vulnerabilities
strategies followed to deal with those vulnerabilities in a single study in SSF. There is a need to
use the existing methodologies by integrating them with suitable types of DSTs to study the



transition of SSF SES from vulnerability to viability. Methodological improvements are required
to conduct a social-ecological analysis of SSF in terms of valuing the inherent capacity of the
SSF communities to deal with changes and to transform them from the V2V. The improvements
should be able to identify ecological, social, and governing variables that help in the integration
of the social and ecological system and specify a common language for better comparisons of
SSF SES across different geographical locations (Ostrom, 2009; McGinnis & Ostrom, 2014).
Both qualitative and quantitative assessments are needed to understand the social-ecological
interactions (Mathias et al., 2020) and the social-ecological change process over time. There has
been progress in applying qualitative and quantitative methods in SES research analyzing the key
concepts such as resilience, vulnerability, adaptive capacity, and governance (Refulio-Coronado
et al., 2021). However, the use of current methodologies in the context of the V2V study of SSF
SESs requires additional work.

The concept of transforming the SSF from V2V has just been initiated and is new in the
academic and scientific domain. In this context, the development of specific methodologies on
how to conduct studies to transform SSF SES from V2V holds paramount importance.
Inconsistent methodologies in studying individual SES are considered one of the barriers to
synthesizing the knowledge from those SESs to capture the ongoing changes in a broad context
(Magliocca et al., 2018). The I-ADApT framework (Assessment based on Description and
responses and Appraisal for a Typology) overcomes these inconsistencies by using a
standardized template to document, compare and synthesize information about the stressors,
vulnerabilities, governance, and response relating to multiple SSF SESs. This study makes use of
the I-ADApT framework developed by Bundy et al., (2016) to explore similar and dissimilar
characteristics of the SSF SESs located in different geographical regions.

1.3 Research Context

To date, there exist separate methodologies aimed at vulnerability or viability assessments of
SSF SES. A literature review of the past studies (see Chapter 2) showed three distinct
methodologies used in vulnerability assessments of SSF which are indicator-based methodology,
model-based methodology, and stakeholder-based methodology (Barsley et al., 2013). Viability
assessments in SSF to date, have mostly concentrated on economic and financial viability,

including gquantitative assessment methods such as cost-benefit analysis (Schuhbauer et al.,



2019). However, there is a lack of a comprehensive methodology that incorporates vulnerability

and viability factors in assessing the impacts of global change on SSF.

I-ADApPT was used in this study because it was designed to synthesize and compare different
types of SSF SESs. The I-ADApT framework includes a template designed to collect the
information from SSF SES as case studies and was built as a DST providing an opportunity for
decision-makers and resource managers to learn from past experiences to deal with global
changes. The design of I-ADApT was done in such a way that the information about the natural,

social, and governing system can be analyzed both quantitatively and qualitatively.

1.4 Research Objectives

The overall goal of this thesis is to use quantitative and qualitative approaches to explore the
linkages between vulnerability and viability in SSF SES using data collected with the I-ADApT
template. It is intended as a proof of concept to explore the utility of these approaches to further
understanding of vulnerability and viability in SSF.

The following two sub-goals and objectives guide this research:
e To understand the linkages between vulnerability and viability by conducting an in-depth
analysis of the I-ADApT case studies using quantitative research methods.
a. To expand the number of case studies in the typology,
b. to further develop the method used by Bundy et al., (2016) and Guillotreau et al.,
(2018a) using R-Studio (RStudio Team 2022) and

c. to develop new ways of communicating the results

e To understand the linkages between vulnerability and viability by conducting an in-depth
analysis of the I-ADApT case studies using qualitative research methods.
a. to develop a qualitative typology of case studies following the vulnerability to
viability approach, considering similarities and differences in the vulnerabilities faced
by SSF communities, responses, factors enhancing those responses, and factors

preventing those responses



b. to improve understanding on the common types of vulnerabilities experienced and
responses followed by fisheries communities that have helped them to make the

transition from vulnerability to viability

In this study, qualitative and quantitative data collected from the I-ADApT templates were used
to test the hypothesis that (i) having a consistent methodology to study the SSF SES helps to
understand the vulnerabilities and responses in a better way that can help the transition of small-
scale fisheries communities from vulnerability to viability (ii) both qualitative and quantitative
assessments are needed to comprehend the impacts of the global changes on small-scale

fisheries.

1.5 Research Design

A convergent mixed methods design was used where qualitative and quantitative secondary data
were collected using the I-ADApT template (Bundy et al., 2016; Guillotreau et al., 2018a). Both
forms of data were integrated to analyze the research data both quantitatively and qualitatively.
This approach was followed assuming that the qualitative and quantitative data will provide in-
depth knowledge of the ongoing social-ecological crisis due to the global change and the
combination would yield an improved understanding of the impacts of the global changes on the
SSF SES.

The research approach was pragmatic which helped in answering the research questions by
recognizing the importance of the natural, physical, and psychological world that includes
cultures, social institutions, and subjective thoughts. The pragmatic approach helped to view the
available knowledge of SSF SES based on the reality of the world (Creswell & Tashakkori,
2007). Pragmatism is not connected to any system of philosophy and reality rather it offers
freedom of choice to choose any type of research methodology to answer the research questions
(Cresswell et al., 2018). This research will not emphasize the development of new or novel
methodologies for the V2V study, however, will make use of existing knowledge to employ the
best methodologies which can be used to conduct the V2V study and help the stakeholders
managing the SSF SES to respond to the changes. Some of the approaches used in past



literatures to analyze the SES include typology development, expert modeling, pattern
recognition, statistical analysis, qualitative content analysis, comparative case study analysis, and

network analysis (Biggs et al., 2021).

Bundy et al., (2016) developed a typology using a quantitative methodology to understand the
societal and governing responses to global changes. While exploring the quantitative
methodology, this study will follow the theoretical and methodological base laid by Bundy et al.,
(2016) and Guillotreau et al., (2018a) throughout the study, however, a greater number of case
studies are considered in this study while exploring the use of multivariate statistical methods in-
depth. The qualitative methodology is guided by thematic-content analysis which is a type of
qualitative comparative method that can be used to make comparisons of the case studies and
perform a descriptive study of the qualitative information collected from the case studies.

1.6 Significance of Research

Globally, fisheries resources have been taken for granted by most people, and less attention is
paid to understanding the change in the structure and functioning of the fisheries systems until
recent decades (N. J. Bennett, 2019). The questions are not only the issues arising from the
global change but there is a range of other issues concerning poor management and governance
of SSF (Chuenpagdee & Jentoft, 2018a), collective rights issues (Sharma, 2011), good practices
in SSF (Charles, 2011), open access issues (Arthur, 2020), overcapacity issues (Pomeroy, 2012)
and other local issues experienced by SSF communities worldwide. With the severity and
frequency of the global changes, directly affecting the economies and livelihood of several
people, significant attention has been given to understanding the change processes as well as the
responses to adapt to change (Paterson & Charles, 2019). Still, implementation of the adaptation
measures on a local level across the globe remains a critical issue. So, this study holds paramount
importance to understand the adaptation measures grounded in societal and governing systems

and which were most beneficial to adapt to the social-ecological changes.

This study broadens existing knowledge to make use of statistical tools and qualitative data

analysis tools in solving complex social-ecological problems in SSF. For developing countries



where many communities are dependent on SSF for sustaining livelihood, the results of this
research may be important to achieving social-ecological sustainability. The results of this study
would be highly beneficial for government authorities, policymakers, non-governmental
organizations, and academicians to make decisions effectively, allocate resources effectively to
reduce vulnerability, and prioritize responses to promote the socio-ecological viability of marine

commons.

1.7 Thesis Overview

The thesis comprises five chapters in total — (1) Introduction, (2) Literature Review, (3)
Quantitative methodology development (4) Qualitative methodology development (5)
Conclusion chapter. Chapter 1 describes the background of the study, research context, research
gaps, objectives, research questions, and research significance. Chapter 2 is a review of the
literature regarding global changes, SSF SES, SSF governance, and management of the
common-pool resources and explains the key concepts, terms, and theories of this thesis work.
Chapter 3 discusses the use of quantitative data analysis tools such as statistical analysis in
conducting V2V studies and represents the quantitative methodology development. Chapter 4
examines the use of qualitative data analysis tools such as thematic content analysis in
conducting V2V studies and exemplifies the qualitative methodology development. Chapter 5
synthesizes the information from Chapter 3 and Chapter 4 and discusses the strengths and the

weakness of each of the methods used in the analysis.



Chapter 2

Literature Review

2.1 Introduction

The first part of the chapter describes the I-ADApT framework and the theories that were used to
develop the I-ADApT framework. The second part of the chapter consists of the description of
the concepts of the well-being of small-scale fisheries, resilience, and the V2V approach. In the
third part of the chapter, decision-support tools (DSTs) and the concept of typology development
are discussed. The idea is to understand the research base and approaches used in this research,
particularly related to untangling the complexity of SSF SESs in the face of global changes. The

literature areas were selected based on the problem statement, and research objectives.

2.2 I-ADApT framework as Decision-Support Tool

The I-Adapt framework is a novel DST based on systems thinking approach that builds on
existing concepts including Social-Ecological System (SES) (Berkes & Folke, 1998), Driver-
Pressure-State-Impact-Response (DPSIR) framework (Patricio et al., 2016), and Interactive
Governance (Kooiman, 2003). The systems thinking approach relates to the human-environment
interaction (VanWey et al., 2005). Central areas of the systems thinking approach include the
theory of wellbeing, resilience, SES, ecosystem services, and adaptive capacity (Bundy et al.,
2016). Interactive governance theory emphasizes solving societal problems through interaction
among all the actors of the society (Kooiman et al., 2008) and is situated on the assumption that
social activities are governed by a combination of the governing forces (Kooiman et al., 2008).
DPSIR framework highlights a link between driving forces, pressures, state, impact, and
response to understand the integrated links between social and environmental factors for a

complex system like SSF SES.

I-ADAPpT helps to collect information on the SES relating to the system state, stressors, change,
impact, adaptive capacities, and responses of the natural, social, and governing systems to

improve the understanding of the impacts of global changes on SSF SES through a consistent



template. The I-ADApPT template allows the qualitative and quantitative data to be collected and
analyzed together to understand the fundamental processes of the observed phenomena. Figure
2.1 is the conceptual framework of the I-ADApPT (Bundy et al., 2016) which recognizes the
linked social, governing, and social subsystems as the components of the SSF SES. I-ADApT
framework explores (1) the type of social-ecological issues faced by SSF SES, (2) strategies used
to deal with the global change issues at the local, regional, and national level, (3) appraisal of
those strategies and (4) factors stimulating or hindering the success of those strategies
(Guillotreau et al., 2018a).

L 4
Describe the State of the Describe the
natural, social and Stressorson the
governing systemsin Wes'ﬁtems
terms of diversity,
complexity, dynamics and
scale. G
Describe the Describe the Change
Responses of the in the three systems
governing systems to (as a result of the
adapt to, or mitigate stressors)
the impacts N S
Describe the Capacities Describe the Impact of
of the three systems to these changes on the
address the changes three systems
and impacts

Figure 2. 1 I-ADApT Framework

Showing the outline of the different steps for the description and response component of I-ADApPT. (N) is
for the natural system, (S) for the social system, and (G) for the governing system (Guillotreau et al.,
(2018a)

2.2.1 What is a Social-Ecological System

Social-ecological systems are characterized by a complex network of interactions (Oestreich et
al., 2019). Social-ecological systems can be defined as complex, adaptive, integrated, and

interdependent systems where the human system (individuals, communities, societies,
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economies) are linked with the natural system (the biophysical system) and vice versa (Berkes &
Folke, 1998). SESs are complex in a way that human actions affect biophysical systems;
biophysical factors affect human well-being and humans, in turn, again respond to these factors
(Berkes, 2011). The two-way linkages between these two systems may consist of knowledge
related to multiple fields including the local, traditional and indigenous knowledge, governance
arrangements, management of commons institutions, motivation to engage in collection action
(stewardship values), and rules and norms that arbitrate (Armitage et al., 2017) how humans
interact with the environment (Berkes, 2003). Analysis of SSF SESs generally differs from the
analysis of the social or ecological subsystems alone (Berkes, 2003). There is a need to connect
the theoretical idea of SES to realities experienced by the fisher’s communities to reveal how
system components change as a result of exposure to the local and global changes. The SES
framework developed by Ostrom, (2009) identifies four subsystems needed for the sustainability
of SES which are resource systems, resource units, governance systems, and end-users which are
all the core components of the I-ADApT framework. Both approaches or the framework
developed by Ostrom, (2009) and Bundy et al., (2016) focus to characterize the interdependent
linkages between social, environmental, and governance changes and how these connections
affect the sustainability outcomes in natural, social, and governance systems, at different levels

and scales.

SES research originated with a strong focus to understand the dynamics of complex human-
environmental systems and management of the common pool resources (Berkes et al., 2002).
Over several past years, the SES research concept has been widely used in sustainability science
research to understand the human-environment interactions (Stern, 1993) from the perspective of
global change and understand the process of social-ecological change within various sub-systems
of the linked human-environmental systems (Galaz et al., 2016). However, understanding the
change process hasn’t been easy due to the co-evolving nature of the human-environment
interactions. This is more complex for marine ecosystem management because of the varying
interest of multiple actors mainly related to marine conservation and developmental goals

(Chuenpagdee, 2011), especially in the case of SSF management (Brinson et al., 2009).

Global change effects on the natural, social, and governing systems have produced complicated

feedback dynamics making it difficult to determine the cause and effect of the changes at
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different levels of the SESs. SES perspective considers the integrated relationship of humans in
nature and any delineation between them would be artificial and arbitrary (Berkes & Folke,
1998). The interactions between the various drivers of global change (Biggs et al., 2021) are
creating challenges to discern the feedback process that helps SSF communities to adjust and
adapt to the changing conditions (Ommer & Neis, 2014). SES research is itself an iterative and
reflexive process (\Vos et al., 2021) where there is no “one-size-fits-all” situation (Hazard et al.,
2020). So, making decisions to manage these complex, intertwined systems would require the
help of decision support tools (DSTs) to make effective decisions by choosing the most

achievable alternatives out of many.

2.2.2 Interactive Governance Theory

Interactive governance theory is generated from the assumption that societies are governed by
many governing actors through social and governing responses (Kooiman, 2003). These
governing responses reflect the societal diversity, dynamics, and complexity of the ever-growing
social-ecological issues nested in the SSF system. The interactive governance approach differs
from others by its focus on horizontal and vertical linkages across different societal scales, from
the local to the global, which can take place in any form (Kooiman et al., 2008; Chuenpagdee,
2011). The core concept of interactive governance is “interacting” which highlights the
coordinating ability to deal with external pressure drivers, with shared responsibilities rather than

doing tasks alone by the constituent actors of our society.

The concept of governability comes along with the idea of interactive governance which
provides a conceptual basis for assessing and improving the interactive governance of the marine
systems (Kooiman et al., 2008). As explained by Kooiman et al., (2008) governability depends
on the characteristics of the system-to-be-governed, the governing system, and the governing
interactions. When analyzing a complex, dynamic, and diverse system, the system-to-be-
governed is the SSF SES which consists of the human system and the natural system; the
governing system is the elements and order of governance which consists of the images,
instruments, principles, and institutional arrangements (Bundy et al., 2016) and finally the

governing interactions which are guided by various forms of interactions such as participatory,
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collaborative, and management or policy interventions across different scales. Governing
interactions in SSF at the structural level are classified as self-governance, co-governance, and
hierarchical governance (Chuenpagdee & Jentoft, 2018). Initially, the practice of interactive
governance was thought to be theoretical, however, with a broader understanding of the
opportunities to solve problems using the theory, the concept has gained immense recognition in
SSF research (Chuenpagdee & Jentoft, 2018).

2.2.3 DPSIR Framework

Drivers-Pressures-State change-Impact-Response (DPSIR) framework, one of the widespread
frameworks, helps in understanding the links between human pressures, marine ecosystem
changes, and the cause-effect relationships among the “chain of the events leading to state
change, impact, and response” (Patricio et al., 2016). The framework was initially developed
around two decades back by the European Environment Agency (Stanners & Bourdeau, 1995) to
assist policymakers to solve environmental problems and better understand the “cause-effect
relationship between environmental and human systems” (Lewison et al., 2016). DPSIR
framework is helpful in the study of SSF SESs because it allows capturing and communicating
the complex interactions between the anthropogenic activities, environment, and the SSF
communities addressing different aspects of SSF management such as “research, monitoring,
mitigation, policy and society” (Patricio et al., 2016). One of the advantages of the DPSIR
framework is that it can be used both as a research tool, and decision-support tool (DSTSs), and
the framework can be utilized to conduct both qualitative and quantitative analysis (Lewison et
al., 2016). Also, the DPSIR framework has been valued for its multidisciplinary approach toward
problem-solving, and provisioning for stakeholder participation. The framework includes Drivers
that exert Pressures on the environment which can lead to unwanted or unavoidable changes in
the State of the environment which then can cause negative or positive Impacts on the natural
and social system. Responses are the formal or informal actions taken by individuals, and/or
households, and/or communities “to prevent, compensate, ameliorate or adapt to changes in the
state of the environment by changing drivers or pressures through actor-driven shifts in behavior,

prevention, mitigation or regulation” (Baldwin et al., 2016).
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However, the DPSIR framework has several limitations. One of the most common shortcomings
of the DPSIR approach is the interactions in the real-world realm are more complex than what
can be explained by the cause-effect relationships (Gari et al., 2015). Another limitation is that
the framework does not capture the dynamic trends except by repeating the same static
indicators; it assumes linear chains of the interactions in the context of analyzing the social-
ecological systems; there is a lack of explicit scale of analysis, and there is inconsistent use of

terminologies in the framework.

2.3 Theoretical development of Vulnerability to Viability approach

There are four major conceptual theories describing the Vulnerability to Viability (V2V)
research concept (conceptual framework shown in Figure 2.2) to study the transition of small-
scale fisheries communities (SSF) in the context of global changes. These are social-ecological
resilience and adaptive capacity; social wellbeing and sustainable livelihoods; interactive and
multi-level governance; and gender and political ecology (Nayak, 2021). This research does not
deal explicitly with the concept of gender and political ecology. Thus, this concept is not

elaborated on in detail in this research. The other three concepts are discussed below.

Small-scale fisheries

Vulnerability Viability
’,/// \\\’\\
/ Resilience Wellbeing \
Absence of Loss of / and and !
wellbeing resilience / adaptive Sustainable
To capacity | livelihoods \
I-ADApT framework '
4 |
\ Empowerment Multi-level and ,"
Global Lack of and access | interactive /
changes capitals to capital governance
\\\ //

Figure 2. 2 Vulnerability to Viability Conceptual Framework
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2.3.1 The Well-being of SSF communities

Wellbeing is defined as “a state of being with others, where human needs are met, where one can
act meaningfully to pursue one’s goals, and where one enjoys a satisfactory quality of life”
(Armah et al. 2010). Well-being in the context of SSF can be characterized as having three
dimensions: material, relational, and subjective (Gough and McGregor, 2007; Coulthard et al.
2011), which can influence the level of vulnerability and viability within a specific context
(Fischer, 2014). The well-being of SSF communities means allocating sufficient resources to
reduce vulnerability, build strength, and develop the adaptive capacity to enhance viability. The
ability to adapt does not imply that the SSF communities are resilient, instead, it relates to the
proactiveness and interactive capacity to prevent social-ecological regime shifts (Lade et al.,
2013).

2.3.2 Theory of resilience and its connection to Social-Ecological System

To date, many definitions and classifications exist for resilience theory. Each interpretation of
resilience theory reflects its corresponding origins in diverse fields and its perspective on
sustainable development (Hayes et al. 2019). Resilience theory now has applications in various
fields such as engineering science, social sciences, public health, organizational management,
environmental science, and supply chain theory, among many others to achieve sustainable
development goals (Bhamra et al. 2011). Holling (1973) first applied the concept of resilience to
ecology by using “the resilience and stability of ecosystems” to explain the non-linear
characteristics and unexpected changes in marine systems Berkes and Folke (1998) firstly started
to use resilience theory as an integrated concept to investigate external disturbances in SESs,
such as climate change (Folke, 2006; Nayak and Berkes, 2012).

Resilience theory explains how dynamic systems functioning at a variety of spatial and temporal
scales interact with each other whether by accelerating or dampening the change process (Walker
and Salt, 2006). Resilience theory challenges conventional approaches focused on control and
stability, to understand sudden and abrupt changes to SES without letting the system enter into
an undesirable state (Berkes & Folke, 1998b). Bounding to resilience theory, “social-ecological

resilience” (Berkes & Folke, 1998Db) can be defined as the capacity of SESs to absorb change and
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disorder without shifting to a new regime that consists of a set of processes and structures,
without changing into a new state (Walker and Salt, 2006). Social-ecological resilience theory
shows the way how SSF communities and marine ecosystems can benefit from disturbance and

reorganization to achieve overall sustainability (Gibbs, 2009).

2.3.3 Multi-level governance

Multi-level governance is defined as “institutional arrangements that facilitate the co-production,
mediation, translation, and negotiation of information and knowledge of SSF management within
and across levels” (Brondizio et al., 2009). Example of multilevel governance approaches
includes co-management, adaptative co-management, adaptive management, polycentric
governance, inclusive management, etc. (Armitage et al., 2017). The multi-level governance
approach facilitates power-sharing, knowledge sharing, building trust among the resource users,
institution building, and problem-solving to improve cross-scale linkages in marine commons
(Pomeroy and Berkes, 1997). Multi-level governance carries the notion of institutional interplay
in which the social and governing institutions interact horizontally (across the same level) and
vertically (across levels of the organization) (Berkes, 2021) and facilitates cross-scale interaction
(Young, 2002) which is one of the gaps I-ADApT filled. Vertical linkages focus on the
coordination of the management responses at higher levels of the organization whereas
horizontal linkages are helpful to coordinate the responses between the local SSF communities
(Berkes, 2021).

Multi-level governance arrangements are most suitable for the management of SSF SES due to
the complexity associated with the management of contested resources (e.g., in SSF the
questions about excludability and subtractability always remain complex and uncertain).
Excludability is one of the characteristics of commons which relates that exclusion of potential
users through physical and institutional means can be tricky. “It pertains to the question of who
is and who is not a legitimate user of a resource” (Nayak & Berkes, 2022). Subtractability is
another property of the commons that can be “defined as the idea that exploitation of the
resource by one user reduces resource availability for others, and deals with the rules of resource

distribution and allocation among users” (Nayak & Berkes, 2022). By following multi-level
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common-pool resource governance, the rulemaking system can be improved by issuing power to
SSF communities following a certain model or form. Regardless of the style adopted, it is crucial
for all the actors, especially SSF communities to remain actively involved in decision-making
processes (Eckerberg and Joas, 2004; Ho et al., 2012). There is not any guarantee that the multi-
level governance approach will always solve the problems related to SSF management, they may
also tend to fail if there stands a lack of coordination between the actors at various levels
(Ostrom, 2005).

2.4 Decision Support Tools

DSTs help to identify various strategies that will optimize a specific objective, detect knowledge
gaps, and provide transparency in the decision-making (Walshe et al., 2019). The decision-
making using DSTSs is more systematic and objective, which can be used to support the long-
term management plan (Pinarbasi et al., 2017). DSTs have been widely adopted in marine
ecosystem management to deal with wicked or complex problems (Courtney, 2001) such as the
problems related to understanding the human-environment pressures on the marine ecosystem.
There are various types of DSTs such as quantitative assessment tools (e.g. Krueck et al., 2019),
model-based management tools (e.g. Parrott et al., 2011), and operational systems linked to
databases (Nygard et al., 2020).

For example, Giupponi, (2007) developed a DST by combining DPSIR with multicriteria
analysis. Similarly, Balzan et al., (2019) used the DPSIR model as a DST to facilitate decision-
making and enhance collaborative interactions between various actors within the SES. Diedrich
et al., (2010) developed a DST considering social and ecological indicators to guide decisions on
integrated coastal management in the Balearic Islands, Spain with the focus on a participatory
approach for the development of the most influential ecological indicator and monitoring
systems. Defeo et al. (2017) assessed the responses of natural, social, and governance systems of
the yellow clam small-scale fisheries to mass mortalities in Uruguay using I-ADApT and showed
that the collaborative actions and adaptive responses coming from co-management initiatives are

useful to mitigate the adverse effects stressors to the SES.
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2.5 Typology in Social-Ecological System research

A typology can act as a guide for decision-making by grouping the case studies based on their
similarities and differences. Grouping the case studies here relates to the classification of the
SESs as described in the I-ADApT template. There have been various efforts by past researchers
to develop the typology of SES in considering different types of SESs and have explained how
typology helps in reducing the complexity of understanding the SESs.

For example, Alessa et al., (2009) developed a social-ecological typology to refine messy SESs
to improve short- and long-term adaptive strategies using variables derived from other various
frameworks. The authors concluded that there needs to be involvement of a diverse range of
communities while developing typologies of complex SESs. Maru et al., (2011) used typology
within the climate vulnerability assessment studies and highlighted that the application of
typologies leads to the advancement of research analysis when dealing with climate change
impacts. Considering social-ecological systems in the mountain regions, Altaweel et al., (2015)
investigated the use of SES typology. Authors determined that typologies are best suited to
systematically identifying the resilience and vulnerability levels. However, the authors here also
pointed out that, it is crucial to identify social-ecological, and biophysical metrics for fostering
resilience and vulnerability. Glaeser (2019) developed a typology considering the case study in
Indonesia to compare the ecological, sociocultural, and economic aspects of coastal and marine
ecosystem management. The author concluded that the typology can be used not only as an
analytical instrument but also as a planning tool at different levels by using it further for
multilevel and cross-scale analysis. The cross-scale analysis here means understanding the
interactions across different scales (Young, 2002). The cross-scale analysis is important to
understand the construction model of the successful management measures or governance types

using both scientific and local ecological knowledge (Berkes & Seixas, 2005).

Developing typologies with a focus on the SSF SESs at a broad level does not incorporate the
qualities and specialties of the social-ecological system at the community level. By developing
the typology using the I-ADApT framework, an effort was made to understand the vulnerabilities
and responses at the local, regional, and national levels. I-ADApT framework was used in

conjunction with quantitative and qualitative research methods to reduce the complexity of
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research data (consolidate a large number of variables into a small number of variables to
understand which variables had the highest influence on the social-ecological change process)
and identify major drivers causing the vulnerabilities and sustainable responses that helped

small-scale fisheries community to deal with those vulnerabilities.
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Chapter 3

Leveraging Multiple Factor Analysis and Hierarchical Clustering to Study the
Impacts of Global Change on Small-Scale Fisheries: Expanding the use of

I-ADApPT as a Research and Decision Support Tool

3.1 Introduction

Interaction with marine ecosystems is central to our survival as individuals, communities, and
societies. Marine ecosystems have provided critical nutritional, economic, cultural, and other
non-monetary benefits to human communities for millennia (Selig et al., 2019). However, marine
ecosystems have been confronting drastic changes, mostly due to global environmental changes
associated with anthropogenic and natural stressors, over the last 200 years (Thurstan, 2022).
Anthropogenic global changes are characterized by negative impacts due to increased human
activities such as over-exploitation of resources, climate change, sea-level rise, rapid population
growth, urbanization, industrialization, pollution, resource depletion, biological invasions, land-
use changes, war, aquaculture intensification, and overfishing (Turner Il et al., 1990; Owen et al.,
2006; Bundy et al., 2016; Armitage et al., 2017). Natural global changes are described by
extreme climatic and weather events such as hurricanes, earthquakes, flooding, and tsunamis,

which are usually unpredictable and tend to occur mostly because of natural processes.

These environmental global changes, which are referred to hereafter, as global change (Bundy et
al., 2016), directly or indirectly are causing hardships to coastal communities such as small-scale
fisheries (SSF) communities (Firth & Hawkins, 2011) at the local level. Alongside, the political
and economic interests of multiple stakeholders and varying laws at the national and
international levels are presenting significant risks to sustainable resource extraction, trade, and
marketing (Bundy et al., 2012; Okafor-Yarwood et al., 2022) of fish in SSF. These

multidimensional drivers of change create impacts on multiple sectors within SSF and catalyze
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the cascading effects (Nayak, 2014) in small-scale fisheries social-ecological system (SSF SES)
(Berkes, 2003). SSF SES represents an integrated social (human) and biophysical (ecological)
system and any delineation between these systems would fail to recognize the dynamic
interconnectedness, two-way linkages, and vibrant interrelation between them (Berkes, 2003).

SSF SESs are at the forefront of sectors affected by global change (Barange et al., 2014). As a
result, small-scale fishers are facing problems associated with poverty, marginalization, and
social injustice making them vulnerable due to the biophysical and social drivers of change
(Nayak & Berkes, 2010; Whitney et al., 2017; Glaeser, 2019). Nevertheless, the awareness of the
global changes has grown (Bundy et al., 2016; Calo et al., 2022 ) presenting risks and
opportunities for progressing toward the development of resilient (Hardy et al., 2017) SSF SES.
The survivability of the SSF communities despite facing bountiful vulnerabilities (Kolding et al.,
2014) across the globe suggests they have developed the adaptive capacity through coping,
adaptive and transformative responses to deal with those multidimensional social-ecological
vulnerabilities (Nayak, 2017). Methodological innovations are required to understand the
existing and emerging vulnerabilities and successful and unsuccessful responses to foster
sustainability in small-scale fisheries. There has been limited application of the quantitative
methods in SSF research in terms of understanding the vulnerabilities and responses to global
changes. There is a need to explore analytical quantitative research methods that can facilitate

the analysis of multidimensional data of SSF SES and compare case studies of the SSF SES.

Quantitative multivariate data analysis methods such as multiple correspondence analysis
(MCA), multiple factor analysis (MFA), and hierarchical clustering (HC) can be used to explore
and untangle the complexity of the multidimensional data of multiple SSF SESs. Multivariate
analyses such as MCA and MFA typically use the statistical procedure of dimensionality
reduction, which enables the creation of plots of the variables and individual case studies in
relation to the principal components (Lalloué et al., 2015). This allows the dimensionality
(attributes) of the data to be reduced (transforming a large set of variables into a smaller one that
still contains most of the information in the large set) and enables the interpretation of the most
important attributes (Fetzer et al., 2021) which were common in the SSF SESs. ldentification of

the common characteristics provides a way to understand common experiences of small-scale
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fisheries communities and devise feasible solutions for transitioning SSF from vulnerability to
viability (V2V).

The main goal of this study was to employ multivariate analysis methods such as MCA, MFA,
and HC to understand the links, associations, and correlations between categorical data/groups of
data of the SSF SESs collected using the I-ADApT template as case studies. The objectives were
(@) to further develop the method used by Bundy et al., (2016) and Guillotreau et al., (2018a) to
conduct an in-depth analysis of the I-ADApT case studies using R-Studio (RStudio Team 2022)
(b) to expand the number of case studies in the typology, and (c) to develop new ways of
communicating the results. This study is motivated to fill the gap of the lack of comparative
studies employing secondary data to assess ongoing and past empirical knowledge to inform
global small-scale fisheries adaptation (Galappaththi et al., 2022) to social-ecological changes

and assess the effectiveness of the responses/adaptation measures.

3.1.1 Vulnerability to Viability

The concept that recognizes the strengths and capabilities of the SSF communities and focuses
on the co-production of knowledge about how these communities cope and adapt to social-
ecological changes by developing resilience, adaptive capacity, and wellbeing is called the
Vulnerability to Viability (V2V) concept (Nayak, 2021). Under the V2V concept, the objective is
not just to identify the vulnerabilities and identify pathways to viability for SSF, but rather to
reveal the lived experiences of SSF communities, sustainable policy, practice, and governance to
build sustainable SSF across the world (more focus to developing countries). The concept
envisions building a ‘viable SSF’ where the SSF communities have a high state of wellbeing, a
healthy marine ecosystem, resilient governing systems, and a social system. It focuses on
building on the existing “bright spots” (Kittinger et al., 2013) where the successful responses to

deal with social-ecological issues have resulted in better outcomes.
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3.2 Literature Review

3.2.1 Need for Decision Support Tools

Given the ubiquitous influences of global changes on SSF SES all over the world (Guillotreau et
al., 2018a) there is growing interest to develop comprehensive knowledge about the impact of
the global change on SSF SES connecting the local and regional experiences of social-ecological
change at diverse locations (Magliocca et al., 2018). Decision-support tools (DSTs) can be used
to synthesize the causes, responses, and patterns of the social-ecological change in a way that is
useful for the decision-makers to understand those changes and make effective decisions to
respond to those changes. Observations from the individual case studies are place-based and
they give in-depth knowledge about the social-ecological changes in the local context. However,
individual case studies alone do not help to inform the impacts of ongoing changes in the global
context. Multiple case studies from different geographical locations need to be studied jointly to
comprehend the global picture of the effects of global change on SSF. A combination of these
case studies to disseminate important information in a global context requires the use of
multivariate data analysis approaches, without which it would be arduous to understand the

complexity of the data and synthesize the undergoing social-ecological processes.

Related examples are the coordinated efforts to understand the impacts of climate change by
intergovernmental panels on climate change (IPCC) (Portner et al., 2022) where they use
multiple case studies considering all the countries to help the stakeholders take action on the
issues related to climate change. DSTs can best answer the questions that policymakers often
face: how to select the best response among many alternatives to ensure the viability of SSF?
How to incorporate a multitude of information sources about SSF SES to make a logically
consistent, defendable decision (Jarre et al., 2008)?

3.2.2 Development of Decision Support Tools

Any type of tool which helps to visualize the complex information in a more presentative manner
and helps to reduce the complexity of the SES can be called the DSTs. The development of
DSTs for marine ecosystem management has taken several shapes and forms over the decades
based on its diverse applications in marine ecosystem management, including fisheries

management. Different types of DSTs include the use of scientific and non-scientific knowledge;
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integration of the ecological to the socio-economic data; integration of stakeholder involvement
to non-expert knowledge in uncovering the knowledge gaps in comprehending human-
environment interactions and contributing to the successful policy outcomes (Janf3en et al.,
2019). The use of any of these approaches or models as DSTs in SSF research is depends on the
type of problem for which the solution is being sought by the researcher as each approach has its

strength and weaknesses.

Bolman et al., (2018) argued that many DST tools are science-driven models and mentioned that
solely making the information and scientific data available doesn’t address the basic challenges
of decision-making unless it is aligned with the needs of the decision-makers and the
involvement of end-users. The potential of DSTs is high as they can help explore the capabilities
and weaknesses of the existing systems for making more informed decisions. However, the full
potential of DSTSs in supporting practitioners in implementing real solutions fostering SSF
viability doesn’t seem to have been realized yet. There is a need to conduct a greater number of
empirical studies that can produce results that can be used by decision-makers to make effective

decisions to plan feasible responses to reduce vulnerabilities.

3.2.3 I-ADApT as Decision-Support Tool

It is now an accepted reality that both stakeholders and other parties such as scientists play
important role in decision-making to make scientifically informed decisions (Bolman et al.,
2018). There are limited DSTs that assist policy implementation to address the impacts arising
from the global change and integrate multiple knowledge types in SSF research. Bundy et al.,
(2016) filled this gap by developing the IMBER)-ADApPT (Assessment based on Description
and Responses and Appraisal for a Typology) framework using an interdisciplinary approach as
a part of the Integrated Marine Biosphere Research (IMBeR) Human Dimensions Working
Group (HDWG), global research program. I-ADAPpT is an integrated assessment framework that
uses place-based case studies to capture essential information about vulnerabilities and guide the
pathway towards viability. The information gathered using the I-ADApT framework can be used
to make comparisons between the SSF SESs to guide effective management and governance. |-
ADAPpT is the only framework found in the existing literature that helps to evaluate the most

appropriate responses and assess what strategies worked and why they worked and how did it
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work across scales (spatial and temporal) and levels (local, regional, and national). These sort of
comparisons helps in developing concrete evidence to integrate knowledge and provide a

learning opportunity to respond to the social-ecological crisis.

3.2.4 1-ADApT as Research Tool

The I-ADApT framework used as a research tool facilitates co-creation of new knowledge
related to vulnerabilities and strategies enhancing viability in SSF. As a research tool the I-
ADAPpT framework (i) provides a simplified template with indicators to collect evidence of the
social-ecological change for different subsystems of SES (ii) it enables a systematic way of
reporting and communicating the results through typology development (iii) it acts as a learning
platform to co-develop knowledge through a collaborative and participatory process (iv) it can be
used on conjunction with any other methodological approaches either qualitative or quantitative
to integrate and analyze the data and (v) it offers flexibility for researchers to choose any type of

research design and research philosophy based on the problem statement.

3.2.5 Application of Multivariate analysis in Small-scale Fisheries Research

Glaeser, (2019) defined typology as the “systematic grouping of entities that have common
characteristics and specific differences”. Developing the typology of complex systems like SSF
SES from the V2V lens requires a focus on multi-disciplinary factors. Incorporating a broad
range of multi-disciplinary factors requires the use of multi-variate analysis to understand the
data pattern. There are plenty of examples where past researchers have used the multivariate
analysis tools to develop typology in fisheries research which are quantitative. Béné, (2003)
categorized the biophysical, socio-economic, and institutional factors to effectively manage the
resource and understand the paradigms between fisheries and poverty. Dominique & Ferraris,
(2000) developed typologies of fishing operations involving multivariate descriptive methods
which included factorial analysis and clustering analysis to determine the most dominant fishing
tactics considering the SSF of Senegal. Maynou et al., (2011) conducted a similar study to reveal
the frequently adopted fishing tactics using Principal component analysis (PCA) and hierarchical
clustering (HC) in the port of Vilanova, Spain. Tzanatos et al., (2005) examined the
characteristics of Greek SSF using PCA and HC, where the authors defined the characteristics of
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the Greek SSF by identifying the important characteristics, activity patterns, and differences of
SSF with large-scale fisheries. Guillemot et al., (2009) developed a typology to identify the
informal fishing activities practiced by fishers in the context of environmental degradation due to
mining on the North-West coast of New Caledonia and concluded that environmental
degradation was causing overfishing hindering the sustainability of the SSF in the region. Smith
et al., (2011) developed the typology using PCA considering fishing communities across
different countries and declared that factors such as strong leadership, allocation of protected
areas, quota system, and social unity are overarching for achieving success in the management of
SES. A more recent study Coronado et al., (2020) used PCA and HC to classify 22 SSF
communities located in the Yucatan Peninsula, Mexico into a typology, Authors highlighted that
the typology approach is suited to organize and integrate SSF data and understand the
complexity and attributes associated with the SSF SES.

3.3 Methodology
This study used 29 I-ADAPpT case studies (Table 3.1 for detailed information) from 19 different

geographical locations (Fig 3.1) to develop the typology. All case studies were collected using
the same consistent structured I-ADApT template (Appendix B). Of the 29 case studies, 24
represent SSF, and 5 represent aquaculture systems. Twenty of these case studies were presented
in detail by Guillotreau et al., (2018a), who used the case studies to develop a typology. The
other 9 case studies were collected by the Too Big Too Ignore (TBTI) project and are
unpublished. The I-ADApT templates were completed by the respondents from government
agencies, scientists, and academic researchers who were contacted by the IMBeR HDWG and
Too Big Too Ignore (TBTI).

Table 3. 1 List of case studies used in the study

Area % of local
#  Acronym Case study Main issue pt population

(km?)

affected
) Sekisei lagoon coral reef (Ishigaki Deterioration of coral
! SL-cora Island, Okinawa, Japan) reefs, loss of fish habitats 600 >21
2 ON_tour Onna village (Okinawa tourism, Water pollution by red 508 520
Japan) clay outflow
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% of local

#  Acronym Case study Main issue Areg population
(km?)
affected
3 OB _poll  Omura Bay pollution (Japan) Water quality degradation 320 >20
4 SH_poll Jln-_Shanzm village (Shanghai) Water_ po!lutlon from 35 520
(China) urbanization
5 PH_poll  MMO river system (Philippines) Water pollution from a 130 <5
river system
Cyclones causing major
6 BA_mang Bay of Bengal (Sundarbans) damages to mangrove 6000 >20
mangrove (Bangladesh) fisheries
Norovirus outbreak after
7 MB_oyst  Matsushima Bay oysters (Japan) the destruction of sewage 35.3 <5
facilities by a tsunami
8 BB _oyst  Bourgneuf Bay oysters (France) hOyster eplzooty caused by 100 <5
erpes virus
Ecosystem change (water
temperature increase, alien
species, human impacts)
9 GRC Kalloni and social issues 115 -
competition among fishing
gears, income decrease,
market access issues)
10 CM_mang Cameroon mangrove Overexploitation of 2,800 5to0 10
mangrove ecosystems
Southern Benguela pelagic fishery Shift of natural conditions
11  BU_pela (South Africa and Namibia) ;f;i(i:(tsmg small pelagic fish 220,000 15t0 20
12 GR_Amv  Amvrakikos Gulf (Greece) U_p\{velllng of anoxic water 525 <5
killing farmed fish
13 GR_Mal Maliakos Gulf (Greece) Ichthyotoxic algal blooms 92 5to 10
14  VL_clam  Venice lagoon clams (Italy) Introductlpn of an alien 550 <5
clam species
15  CB_oyst Chesapeake Bay oysters (USA, East ~ Qyster dlsgase (parasites) 19 5 10 10
coast) and depletion
Marine pollution caused
16 TB_shrm  Tokyo Bay mantis shrimp (Japan) by industry affecting 9000 <5
shrimp populations
17 IN_reef  Spermonde Archipelago (Indonesia) Popul_at|_on growth and 2500 10to 15
overfishing
18 US_oyst U.S. Pacific Northwest (Puget Ocean acidification killing 49000 <5
Sound) oysters oyster larvae
19 YB_clam  Yokohama Bay clams (Japan) Lack of property rights for 470 <5

clam gathering

27



Acronym

Case study

Main issue

Area
(km?)

% of local
population
affected

20

UR_clam

La Coronilla- Barra Del Chuy-
Yellow Clams (Uruguay)

Mass mortality of clams
by freshwater runoffs

2.3

<5

21

ESP_G

Galicia

Declining of the sardine
stock due to increases in
average sea surface
temperature and conflicts
among fishers emerged.

29,365

<5

22

ViIC

Lakes Victoria, Kyoga, and Albert

Reduction in size of small-
sized pelagic species
(SSPG), fluctuations in
proportion of bycatch and
variability in the socio-
demographic landscape of
SSPG in inshore waters of
lakes Victoria

7.5

<5

23

ARG

Argentine

Uncertainty associated to
the anchovy socio-
ecological system and the
vulnerability of the San
Matias gulf anchovy stock

20,000

<5

24

BS_fish

Baltic Sea fishery

Variability of salinity
conditions affecting fish
stocks

415,000

15t0 20

25

VEN

Venezuela

Sharp decline in catches of
sardine fisheries causing
fragile condition of stock
worsened by climatic
conditions with a threat of
collapsing fisheries

240

26

ESP_M

Murcia

Regulation no. 1967/2006
failed to account interests
of local fisheries
producing unfavorable
technical conditions

180

27

BGD

Sundarban Mangrove Forest

Reduction of mangroves
and mangroves inundated
area, and its negative
impact on the artisanal
fishermen’s livelihoods.

595,000

80

28

TAN

Lake Tanganyika

Fluctuation in fishing
capacity for pelagic fish
species

32,600
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% of local

#  Acronym Case study Main issue (ﬁrrﬁ?) population
affected
Decline in fish catch due
to various factors
29 KAR Lake Kariba including increased fishing 5500 -
pressure, and climatic
variability.
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Figure 3. 1 Representation of the case studies by the geographical locations (Number 1 corresponds to the

first case study described in Table 1 and so on, refer to Table 1 for the locations of case studies)

3.3.1 Description of I-ADApT Template

The I-ADApPT template consists of 30 questions which are grouped into six sections as described

below (Guillotreau et al., 2018a):

I Background information (2 questions about the description of the main issue affecting the

fishing or aquaculture in the SES)
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I Description of the stressors and their impacts (5 questions about the scale of the affected
natural, social, and governing systems; the main stressors affecting these systems, the

consequences of the stressors, and their impacts on these systems)

i Vulnerability (6 questions about the outcomes of the stressors; exposure and sensitivity of

the SSF communities to the social-ecological issues)

v Governance and governability (8 questions about the management of the commons

institutions)

\ Response (2 questions about the actions of the natural, social, and governing systems to

deal with the main issue)

VI Appraisal (7 questions to evaluate the response of the natural, social, and governing

systems to deal with the main issue

To build the typology, the qualitative responses to the questions in the I-ADApT template were
scored using a 5-point Likert Scale into categorical variables (semi-quantitative data) as
described by Bundy et al., (2016) and Guillotreau et al., (2018b). Note that the data were
provided to the author in this format. The details of the scoring are provided in Appendix C. The
questions from 4 sections: vulnerability, governance and governability, response, and appraisal,
were coded to 8, 11, 6, and 7 questions (Table 3.2) respectively The questions from the first 2
sections were not scored and were not used in the quantitative analysis.

Table 3. 2 Coded questions for the purpose of developing typology

A Vulnerability group

QB The number of people affected by the Main Issue (from Background section) expressed as
a ratio to the total number of people in your case study area (also from Background Section)
, Ie, size of affected population/total population:

Q3  What are the main stressors that affect this ecological system?

Q6  What is the ecological status of the affected ecosystem at the ecosystem level prior to the
main issue?

Q7

30



What is the productivity of the system (low, medium, or high)?

Q8  What are the main livelihood activities (e.g., fishing, tourism, etc.) directly affected by the
main Issue?

Q9  What other livelihood opportunities (e.g., farming, manufacturing, forestry, etc.) are there in
the affected area?

Q10 What % of the total catch/production is used for household consumption (not sold)?

Q11  What proportion of household income comes from local sales of fish catches, processing,

and wholesaling?

B Governance and Governability group

Q2N  Which of the following levels is the Main Issue related to for Natural system

Q2S  Which of the following levels is the Main Issue related to for Social system

Q2G  Which of the following levels is the Main Issue related to for Governing system

Q13 What is the mode of governance?

Q15 What are the key rules, regulations, instruments, and measures employed to achieve the
management objectives?

Q16  Are there any informal rules, regulations, instruments, and measures that play an important
role in the governance of fisheries and aquaculture?

Q17  What is the nature of the relationship between the different sectors or livelihood occupations
in this system (i.e., ranging from conflict to cooperation)?

Q18 Who dor_ninates or wields the m_ost social power in the area (e.g., fishers’, associations, unions,

corporations, governments, business owners, etc.)?

Q19 How concentrated is social power in the area?

Q20  Were there any structural changes in the governing system or individuals prior to the main
issue? Please describe the changes and why they occurred?

Q21  Were there any changes to the key rules, regulations, instruments, and measures, or have any
new ones been introduced prior to the main issue? Please describe the changes and why they
were introduced

C Response group

Q225 What were the short term responses of the social and governing systems to the main issue?
(Include structural changes in the governing system(s) or individuals, or the changes in key
rules, regulations, instruments and measures etc.)

Q22L  What were the long term responses of the social and governing systems to the main issue?
(Include structural changes in the governing system(s) or individuals, or the changes in key
rules, regulations, instruments and measures etc.)

0265 What factors contributed to the successful short term results described in Q24S (e.g., enabling
policy, government funding)

Q26L  What factors contributed to the successful long term results described in Q24L (e.g., enabling
policy, government funding)

Q27S What factors (if any) prevented the short term objectives from being fully achieved? (e.g.,

regulatory barrier, lack of social cohesion, costs too high, climate variability, judicial
decisions).
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Q27L

What factors (if any) prevented the long term objectives from being fully achieved? (e.g.,
regulatory barrier, lack of social cohesion, costs too high, climate variability, judicial
decisions).

D Appraisal group

Q24S V_Vhat were the re_sult_s of Fhe short terr_n response for the natural, social and governing systems
(i.e., were the objectives in Q23S achieved)?

Q24L  What were the results of the long term response for the natural, social and governing systems
(i.e., were the objective in Q23L achieved)?

Q25  Was the Main Issue addressed?

Q28 Has there been a formal evaluation of the response (how and when)?

Q29S What were the benefits related to costs of the short term response?

Q29L What were the benefits related to costs of the long term response?

Q30  Were other options considered for the short and/or long term responses? not selected?

Three phases were involved in the development of the typology (Fig 3.2). The first two phases,

the conceptual and data collection phases were not part of this study. Thus, they are not

described here, and the focus of this study is more on the third phase. The third phase is the data

assessment phase using multivariate data analysis methods such as MCA, MFA, and HC to

develop the typology of the case studies. All the analyses were performed using FactoMineR (Lé
et al., 2008) and Factoextra (Kassambara, 2017) in the R-Studio interface.
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Figure 3. 2 Research Methodology
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3.3.2 Exploratory Data Analysis

Exploratory data analysis is the process of performing an initial investigation of the data to
familiarize with the data and understand what data were collected, what possible trends can be
seen in the data, and what type of analysis will be suitable to use for the research purpose (Cox,
2017). In this research, exploratory data analysis was employed to fill 6 missing data in the final
list of the semi-quantitative data. This represented 0.64 percent of total data used in the analysis
[928 total data points (32 variables*29 case studies)]. The missing data were imputed using the
missMDA R package (Josse & Husson, 2016). missMDA function in R-Studio employed an
iterative MCA algorithm to predict the missing data.

3.3.3 Multiple Correspondence Analysis and Multiple Factor Analysis
Multiple factor analysis (MFA) (Escofier & Pages, 1994) helps to analyze individual and groups

of variables. There are two main steps involved in MFA analysis. The first step in MFA analysis
is to perform MCA on each group of variables to normalize each group by dividing the variables
by the square root of the first eigenvalue of the MCA (Lalloué et al., 2015). This process
determines the weight of each group of variables through the process of data normalization. The
second step was to perform MCA on the whole data set (global MCA), by merging normalized
dataset to form a unique matrix to understand the linkages (similarities and differences) between
the data (Abdi & Valentin, 2007). MCA analysis was used in this research as the variables were
categorical. If they were quantitative, principles component analysis (PCA) would be used
(Lalloué et al., 2015).

Multiple correspondence analysis (MCA) is an extension of correspondence analysis (White &
Scheld, 2022) and represents a type of dimension reduction method for multivariate datasets that
contains categorical variables. MCA analyzes the similarities between the case studies (I-
ADApT templates), the individual variables, and the individual variable categories (referred as
VC). Each question in the coded I-ADApPT template was referred to as a variable (e.g., QB, Q3,
Q6, etc. are variables. The categories of response for each question were coded as A, B, C, D, or
E. A combination of a variable with its category is called a variable category (VC). For example,
QB_A, QB B,QB C QB _D, QB_E, Q3_A, etc. are variable categories. Refer to Appendix C to
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see all the individual variables under vulnerability, governance, and governability, response, and
appraisal group). The results were viewed on the two-dimensional map represented by the
principal components (White & Scheld, 2022). Principal components are new variables that are
constructed as linear combinations or mixtures of the initial variables in a multidimensional

space.

MFA is a multivariate data analysis method for visualizing complex data which are categorized
by individual or group of variables (here termed as vulnerability, governability, response, and
appraisal) either continuous and/or categorical and/or nominal type (Kostov et al., 2013). The
core of MFA is based on MCA when variables are categorical or nominal. MFA considered the
contribution of all active groups of variables, called a ‘group/s’ for simplicity (here vulnerability,
governability, and response) to define the distance between the individual case studies and the
variables (725 data points). The supplementary group (here appraisal) did not have any
contribution to the construction of the principal components (here called dimensions) and thus,
did not play any role in the formation of clusters. However, they were highly important in terms
of analyzing the results as they appeared on the two-dimensional plane along with the active
variables (Di Franco, 2016). In MFA, the number of variables in each group was different and
the nature of the variables (continuous or categorical) varied from one group to another group
(Pages, 2014).

MFA is a powerful multivariate tool because it helps to understand the linear relationships
between the variables by detecting the main directions of the variability and it builds an
integrated picture of the relationships between the groups of variables of any type. MFA was
selected as the preferred type of analysis because it can handle a group of categorical data and it
was assumed that the groups (vulnerability, governability, response, and appraisal), variables,
and VC are correlated where a change in one variable affects other system variables directly or
indirectly. The two important coefficients Lg and RV obtained as the result of MFA analysis
(Josse & Holmes, 2016) were significant to understanding the relationships between the group of
variables and between the variables of an individual group. See Table 3.3 for further details.
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3.3.4 Hierarchical Clustering

Hierarchical clustering (HC) was conducted following the MFA analysis. MFA analysis was
conducted before clustering to identify and retain only the meaningful information describing the
variability in the data obtained from the case studies. This was a way to reduce the redundancy in
the data and improve the clustering results to make it more significant in terms of understanding
the vulnerabilities and sustainability responses.

Clustering is grouping the individuals or the set of objects which have some common features
with each other. Clustering analysis is one of the best methods for developing typologies
especially when multivariate variables are used in the analysis (Bailey, 1989). Clustering
analysis is a general methodology to classify various datasets and has broadly been used in the
field of statistics, bioinformatics, natural science, and other fields over the past decades (Janssen
et al., 2012). In studies related to SSF SES, clustering analysis is most appropriate because SSF
SES data are highly diversified and it requires interactive visualization and analytical tools to
understand those data (Yajie et al., 2017).

The fundamental behind HC is calculating the distances between the data points or the cases
until all the case studies ultimately turn into one cluster (Zolfaghari et al., 2019). This study used
squared Euclidean distance and Ward's method to estimate the distance between two different
clusters from the barycenter (see Table 3.3) of each cluster (Zhang et al., 2017). The Wards
method was selected among various other clustering algorithms because it uses the same method
to weight the units as in MFA to assess the inter-clusters distances (Zolfaghari et al., 2019).
While performing HC, the hierarchical tree was developed by cutting the dendrogram at the most
suitable location which best described the partitioning of the case studies. Generally, the partition
that is chosen is the one preceding a strong decrease in the class's inertia. However, in this
research, the optimal number of clusters was selected based on the form of the dendrogram and
gain within inertia to serve the purpose of the research (ad hoc delineation) (Lukens & Zhan,
2011). The approach followed was an agglomerative type which was a bottom-up approach
where each data point was assigned to its cluster and the similar pairs of the clusters were

merged (Pezoulas et al., 2020).

The partitioning of the clusters was based on two principles. First, if case studies that belong to
the same cluster were close to each other then it has a small within-cluster variability. Second, if
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the case studies in a different cluster were far from each other then it has large between/across-

cluster variability (Husson et al., 2017; Koh et al., 2022). Detailed mathematical explanations of

the MCA, MFA, and clustering can be found in the study conducted by Bécue-Bertaut & Pages,

(2008).

3.3.5 Statistical data analysis

The significance of the relationships between the variables, variable categories, and dimensions

was evaluated using the statistical tests: p-value (Schemmel & Friedlander, 2017), v.test (Frey,
2018), eta squared (eta?) (Richardson, 2011), r? (Pearson, 1902), Table 3.3. All the statistical

correlations in this study are with a confidence interval of 95%.

Table 3. 3 Key diagnostic terms used during data analysis

Diagnostic term  Acronym Corresponds to

Type of analysis

Description

Multiple factor

Lg coefficient ;
analysis

Lg

Lg coefficient is a measure of the dimensionality
of the 4 groups of variables (vulnerability,
governability, response, and appraisal groups) and
also, the richness of the common structure between
a single group and also between two different
groups (L& & Worch, 2018). A high Lg value (the
higher the multidimensionality of the group, the
more the Lg value. Lg value is always equal to or
more than 1) indicates that the group is/are
multidimensional and has a greater common
structure (Visbal-Cadavid et al., 2020).

It was used here to check which group consists of
the most heterogenous variable (identify the most
multidimensional group)

Multiple factor

RV .
analysis

RV coefficient

The RV coefficient is similar to the Pearson
coefficient and measures the linkages between the
groups (vulnerability, governability, response, and
appraisal) (Robert & Escoufier, 1976). The RV
coefficient varies between 0 and 1 and tends to be
larger when the number of case studies is small or
when the number of variables in each group is
large (Josse & Holmes, 2016).

It was used here to check the associations between
the groups. Strong association means some form of
similarity in the structure between two groups.
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Diagnostic term

Acronym

Type of analysis
corresponds to

Description

Inertia ratio

Hierarchical
clustering

The inertia ratio is the quality of the partitioning of
the cluster which is explained by the ratio of the
between inertia over the total inertia. Inertia ratio
is a numeric value between 0 and 1. If the value is
closer to 1, it indicates that the partition is better
(Koh et al., 2022). A better partitioning is when
high variability is observed between the clusters.
The total inertia can always be broken down into
within-inertia (variability within clusters) and
between-inertia (variability between clusters).

It was used here to evaluate the quality of the
clustering by linking it with the principal
components.

Barycenter

Hierarchical
clustering

The barycenter is the mean point of the partial
points that lie at the center of gravity within the
dimensional space of the cluster area.

Across-cluster
variation

Cla/Mod

Hierarchical
clustering

Cla/Mod measures the percentage of variable
category that was specific to a particular cluster
and was useful in characterizing the differences
between the clusters (Weiand et al., 2019).

It was used here to study the across-cluster
variability. What are the characteristics that are
different among the case studies that belonged to
different clusters?

Within-cluster
variation

Mod/Cla

Hierarchical
clustering

Mod/Cla measures the percentage of the variable
category within a cluster that represented the most
common variable category linked to the variable.

It was used here to study the within-cluster
variability. What are the characteristics that are
different among the case studies that belonged to
the same cluster?

Global similarity
percentage

GSP

Hierarchical
clustering

GSP measures the percentage of the variable
category (count of the variable category for that
variable divided by the total number of case
studies multiplied by 100%) that was repeated
frequently in all the case studies.
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Type of analysis

Diagnostic term  Acronym Corresponds to

Description

It was used here to study the similar characteristics
between all the case studies. What are the most
common similarities between all the case studies?

Hierarchical

Specificity clustering

Specificity measures the distance from the
barycenters of each cluster to the case study that
belongs to it.

It was used here to find the closest case study that
was linked to the cluster. The within-class and
across-class variability are influenced by the
characteristics of the case study that lies most close
to its barycenter.

Multiple factor
analysis and
Hierarchical

clustering

p-value

The p-values measures the association of the
variables and their categories with the clusters
using the chi-square test. A p-value less than 0.05
means that there is a high probability that the
qualitative variable and its category can explain
the characteristics of the clusters. The qualitative
variable and the variable categories that had a p-
value larger than 0.05 are not reported.

It was used here as a statistical significance
measure to understand the relationship between
variables and its categories with the principal
components, and variables and its categories with
the clusters.

39



Diagnostic term  Acronym

Type of analysis
corresponds to

Description

v.test
(Frey 2018)

Multiple factor
analysis and
Hierarchical

clustering

The v.test is the measure of the transformation of
the p-value into a quantile of the normal
distribution.

It was used here to was used to describe the
correlation between the two nominal/categorical
variables or variable categories. Hence, if the value
of the v.test is greater than 1.96 or less than -1.96
then the variable or the variable category has a
large positive or negative value in each dimension
which is significantly different from zero.

v.test was also used to compare the proportion of
the variable category in a cluster, or a principal
component (dimension) compared to the
proportion of the qualitative variables in all the
data sets. v.test value can also be used in
conjunction with the p.value. The sign of v.test is
important to reckon if the variable or variable
category is over or under-expressed in the
principal components and the clustering results.

Differentiation
ratio
(Richardson,
2011)

eta
squared
(eta?)

Multiple
correspondence
analysis

Eta squared (eta2) is the differentiation ratio that
measured the degree of the association between the
two variables (here between the variable and the
principal component), especially the proportion of
variation in the dependent variable that is
associated with different dimensions.

eta? was used to interpret the result of the multiple
correspondence analysis to study the correlation
between the dimension and the supplementary
qualitative variable. A value of 1 means a strong
correlation ratio between the dimension and the
qualitative variables.

Coefficient of
determination r
(Pearson, 1902)

Multiple factor
analysis and
Hierarchical

clustering

rz explain the proportion of the variation in one
variable based on its linear relationship with
another variable (Richardson, 2011).

r2 was used here to evaluate the link between the
active variable and the principal component to
understand the result obtained from the MFA
analysis.
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Figure 3. 3 Percentage of the variances explained by each dimension of the MFA

3.4 Results
3.4.1 MFA Results

3.4.1.1 Percentages of Variances

The first five dimensions of the MFA accounted for 8.8%, 7.9%, 6.9%, 6.8%, and 5.8% of the
variation in the dataset, representing a total of 36.2% of the total variation (Fig 3.3). This
percentage of variance associated with the first five dimensions is extremely low. However, the
case studies used in the analysis were heterogeneous including the SSF SES from four different
continents representing huge variation in the natural, social, and governing conditions and the
global change issues across the spatial and temporal scale. Due to the nature of the data used in
this research, which is multidimensional, the diversity noticed can be regarded as acceptable.
Only the first sixteen dimensions out of twenty-eight are shown in Fig. 3.3. Theoretically, the
number of principal components (dimensions) from the MFA is either the number of the case
studies or the number of the variables, whichever is smaller. All the associations, links, and
descriptions of the results are related to the first five dimensions (ncp =5). The results are shown
as plots of dimension 1 vs. dimension 2 (called as 1-2 plane) and dimension 3 vs. dimension 4

(called as 3-4 plane).
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3.4.1.2 MFA Dimensions, Variables, and Variable Categories

The first dimension of the MFA was most positively correlated with the first dimension of the
governability group and the third dimension of the vulnerability group. It was most negatively
correlated with dimension 1 of the response group (Fig 3.4, Table 3.4). The governability group
contributed the highest to the construction of the first dimension with a contribution percentage
of 40.8% (Table 3.5). The first dimension of the MFA was mostly linked to Q26S(R), Q2N(G),
Q2G(G), Q22S(R), Q26L(R), Q2S (G), Q11(V), Q17 (G), Q13 (G), Q18(G), Q6 (V) variables
(Table 3.6). The indication in the bracket after each of the variables refers to the group to which

the variable belongs (V: vulnerability, G: governability, R: response, A: appraisal).

The VC that contributed most to the construction of the first dimension were Q26L_E, Q2G_E,
Q26S_E, Q20_A, Q2S_E, Q21 E, Q26L_D, Q2N_E, Q22S_B, Q27S_E (Fig 3.6, Appendix D-
Table 1A). The description of the variables (coded I-ADApT questions) and the details of the VC
are shown in Appendix C. For the supplementary VVC, the first dimension of the MFA is
associated with the Q24L, Q25, and Q29L (Table 3.8). The governability group (first and third
dimension), vulnerability group (third dimension), and response group (fifth dimension) were

associated with the positive values of the first dimension of the MFA (Fig 3.8, Table 3.4).

The second dimension of the MFA was negatively correlated with the first dimension of the
vulnerability group and positively associated with the third dimension of the governability and
response group (Fig 3.4, Table 3.4). The vulnerability group contributed the highest to the
construction of the second dimension with a contribution percentage of 47.9% (Table 3.5). The
second dimension of the MFA was linked to Q19(G), Q9(V), QB(V), Q7(V), Q26S(R), Q6(V),
Q22S(R), Q15(G) (Table 3.6). The VC associated with the second dimension were Q19 A,
Q22S_A, Q19 B, QB _E, Q27S_E, Q9 _C, Q6_E, and Q17_D (Fig 3.6, Appendix D-Table 1A).
The second dimension of the MFA was also associated with Q25, Q24S, and Q29S
supplementary VC (Table 3.8)

The third dimension of the MFA was associated with the positive values of the second dimension
of the governability group, the second and third dimension of the vulnerability group, and the
third and fourth dimension of the response group (Fig 3.5, Table 3.4). The governability group
contributed the highest to the construction of the third dimension with a contribution percentage
of 43.7% (Table 3.5). The third dimension of the MFA was linked to Q8(V), Q2N(G), Q19(G),
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Q16(G), Q2S(G), Q20(G), Q27L(R), Q17(G), Q10(V), Q22L(R) (Table 3.5). The VC that
contributed high to the construction of the third dimension were Q22L_A, Q17_A, Q2N_C,
Q3 B, Q19 E, Q2N_E, Q27L_D, Q10_E, Q19 A, Q9_E (Fig 3.7, Appendix D-Table 1A). The
third dimension of the MFA was also related to Q29L, and Q28 supplementary VC (Table 3.8)

The fourth dimension was associated with the negative values of the fourth dimension of the
vulnerability and governability group and the positive values of the second dimension of the
response and vulnerability group. The vulnerability group contributed the highest to the
construction of the fourth dimension with a contribution percentage of 37.2% (Fig 3.5, Table
3.4). The subsequent response and governability group's contribution percentages were 32.3%
and 30.3% respectively (Table 3.5). The vulnerability and response groups lie close to each other
which indicates these groups have several dimensions in common (Fig 3.5). The fourth
dimension of the MFA was linked to Q6(V), Q27L(R), Q11(V), Q3(V), Q22S(R), Q18(G),
Q26S(R), Q13(G), Q16(G), Q21(G) (Table 3.7). The VC that contributed highest to the
construction of the fourth dimension were Q3 B, Q3 _C, Q22S E, Q6 D, Q26S D, Q6_C,
Q27L_A, Q27L_D (Fig 3.7, Appendix D-Table 1B). The fourth dimension of the MFA was also
linked to Q24S, Q25, and Q29S supplementary VC (Table 3.8)

The fifth dimension of the MFA was most associated with the positive values of the fourth
dimension of the response group and fifth dimension of the governability group and the negative
values of the second dimension of the vulnerability group (Table 3.4). The vulnerability group
contributed highest to the construction of the fifth dimension with a contribution percentage of
36.5% followed by the response and governability groups with a contribution percentage of
33.3% and 30.09%. respectively (Table 3.5). The fifth dimension of the MFA was linked to the
active variables like Q9(V), Q17(G), Q2S(G), QB(V), Q22L(R), and Q2N(G) (Table 3.6). The
VC associated with the fifth dimension were Q22L_A, Q2S D, Q17_A, QB_D, Q17 B, Q9 D,
Q27S_C, and Q2S_A (Appendix D-TablelB). The fifth dimension of the MFA was also linked
to Q29S, and Q28 supplementary VC (Table 3.8).

The appraisal group mapped on the 1-2 plane and 3-4 plane with very similar coordinate values
of 0.4, 0.34, 0.4, and 0.44 in the first four dimensions (Table 3.5). This indicates that the
appraisal group was slightly related to all four dimensions. The correlation value of the appraisal

group on the fifth dimension was very low with a value of 0.18 (Table 3.5).
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A high degree of correlation between the group of the three active groups of variables and
dimensions (Table 3.9) indicates the existence of the common variables between the groups
which are interrelated with each other. This shows that the association between the variables in
can be studied further to understand the variance in the data. This also showed a broad array of
the dispersion of the data along the multidimensional space where the groups had a high
correlation (a value of 0.87) even until the fifth dimension. This explains that there is not a single
characteristic group of variables/principal component that can explain the characteristics of the
data and studying first five principal components is necessary.

The r? and eta? of the variables with all the MFA dimensions and MCA dimensions were low
with r? for active variables varying from 0.22 to 0.75 (Table 3.6 and 3.7) and eta® for
supplementary variables varying between 0.01 to 0.36 (Table 3.8). This indicated that the
connection between the variables and the dimension of the MFA was not strong enough where
the MFA dimensions can best be interpreted by the variables because r? was not close to 1
(Schober et al., 2018). This explains the complexity, diversity, and nonlinearity (Berkes, 2003)
associated with data of the SSF SES when dealing with multiple case studies. Nevertheless, the
test values were different from 0 and statistically significant (P<0.05). So, they were used to
interpret the MFA dimensions.

The most important active VC that explained the first five principal dimensions were Q22L_A,
Q27S_E, Q26S_E, Q6_E, Q3_B, Q9 _D, Q27L_D, Q19 E, QB_E, Q22S_A, Q26S_A, Q2N_C,
Q9 B, Q6 D, Q2N_E, Q2S_E, Q17_A, Q11 A, Q19 A Q26L_E, Q9 C, Q2G_E, Q7_E,
Q22S E, Q11 E, QB _D, Q26S D, Q9 E, Q10 _E, Q22S_B (Fig 3.8, detailed questions in Table
3.10). Similarly, the important inactive VC mostly related to the first five principal dimensions
were Q24L_A, Q25 D, Q24S_D, Q28_B, Q24L_D, Q25_A, Q28 A, Q29L_B, Q29S D,
Q29L_E, Q30 _C, Q25 E, Q29L_E, Q28 C (Table 3.11 and 3.12). These groups, variables, and
VC that had a close link to the MFA dimensions are the ones that contributed most to the
partitioning of the. Other information from the sixth to the twenty-eighth dimension of the MFA

was not used as the intent of the analysis was to reduce the dimensionality of the information.
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The variable categories that have a greater contribution to the construction of the principal dimension are

colored in red whereas the ones that have less contribution are colored in light blue.
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Table 3. 4 Correlation value of the partial axes with the MFA dimensions. Dim.1: Dimensionl and so on)

Dim.1 Dim.2 Dim.3 Dim.4 Dim)5
Dim1.Vulnerability 0 -089 005 011 -0.15
Dim2.Vulnerability -0.39 0.12 045 046 -0.45
Dim3.Vulnerability 051 0.02 049 -0.02 -0.13
Dim4.Vulnerability -0.2 -0.07 0.16 -0.69 -0.42
Dim5.Vulnerability 0.05 004 009 -032 0.13
Diml1.Governability 0.8 0.06 -035 -0.07 -0.12
Dim2.Governability 023 018 068 -039 0.21
Dim3.Governability 023 055 0.03 -0.02 0.03
Dim4.Governability -0.07 -0.2 -0.02 -045 0.15
Dim5.Governability 0.03  -0.07 -0.37 -0.09 0.49

Dim1.Response -068 027 -012 -0.32 0.03
Dim2.Response -0.25 032 -024 056 -0.13
Dim3.Response 015 025 044 018 -0.16
Dim4.Response -0.15 -0.2 039 034 062
Dim5.Response 0.41 0.5 -0.11  0.09 0.06
Dim1.Appraisal 014 027 005 -0.17 0.14
Dim2.Appraisal 005 022 029 033 -011
Dim3.Appraisal 037 -002 012 -037 0.05
Dim4.Appraisal 037 012 003 -0.28 -0.28
Dim5.Appraisal -0.19 0.09 -0.12 -0.05 0.03
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Table 3. 5 MFA results on the group of variables. Ctr: contribution; Cod:Coordinate, Dim.: Dimension

Dllm. % D|2m. % D;m. % D|4m. % D|5m. %
Cod. Ctr. Cod. Cur Cod. Cur Cod. Cur Cod. Ctr
Vulnerability 0.48 24.05 087 4795 048 30.18 058 3726 048 36.56
govemab'“t 081 4080 047 2604 069 4372 047 3036 039 3009 Active
Response 0.70 35.15 047 2601 041 26.10 0.5 3238 044 33.35
Appraisal 040 - 034 - 040 - 044 - 018 '”agt"’
Table 3. 6 Description of the MFA dimensions by the active variables (dim 1 to dim 3)
Dim1 Dim 2 Dim 3
r? p.value r? p.value r? p.value

Q26S 0.65 3.04E-05 Q19 0.75 5.09E-07 Q8 0.44 5.30E-04

Q2N 0.60 1.48E-04 Q9 0.70  4.20E-06 Q2N 051 1.27E-03

Q2G 0.58 2.42E-04 QB 0.67 1.36E-05 Q19 0.50 1.84E-03

Q22S 0.55 5.20E-04 Q7 0.50 5.21E-04 Q16 0.37 8.45E-03

Q26L 0.55 5.33E-04 Q26S 0.51 1.40E-03 Q2SS 041 9.74E-03

Q2S 0,53 8.99E-04 Q6 0.40 4.80E-03 Q20 0.39 1.39E-02

Q11 044 6.27E-03 Q225 0.37 2.11E-02 Q27L 0.37 2.29E-02

Q21 0.27 1.58E-02 Q15 0.33 3.86E-02 Q17 0.29 3.23E-02

Q17 0.32 2.08E-02 Q10 0.22 3.72E-02

Q13 0.29 3.10E-02 Q22L 0.33 3.83E-02

Q18 029 3.29E-02

Q6 027 4.62E-02
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Table 3. 7 Description of the MFA dimensions by the active variables (dim 4 to dim 5)

Dim 4 Dim5

r? p.value r? p.value
Q6 0.61 2.83E-05 Q9 052 1.13E-03
Q27L 0.45 4.50E-03 Q17 042 2.82E-03
Q11 045 5.02E-03 Q2S 046  3.94E-03
Q3 044 6.50E-03 QB 037 2.05E-02
Q22S 040 1.27E-02 Q22L 0.37 2.13E-02
Q18 0.34 1.54E-02 Q2N 036 2.67E-02
Q26S 0.39 1.54E-02
Q13 030 2.70E-02
Q16 030 3.04E-02
Q21 022 4.10E-02

Table 3. 8 Description of the MCA dimensions by the supplementary variables (dim 1 to dim 5)

Dim.1 Dim.2 Dim.3 Dim.4 Dim.5
Q24s 0.12 0.23 0.13 0.36 0.05
Q24L 0.31 0.09 0.17 0.17 0.03
Q25 0.30 0.28 0.14 0.29 0.13
Q28 0.12 0.06 0.19 0.06 0.15
Q29s 0.03 0.20 0.16 0.19 0.18
Q29L 0.21 0.12 0.21 0.11 0.16
Q30 0.17 0.14 014 0.13 0.01

Table 3. 9 Correlation of the MFA dimensions with the group of variables (dim 1 to dim 5) (r?)

Dim.1 Dim.2 Dim.3 Dim.4 Dim.5
Vulnerability 0.84 0.95 0.83 0.92 0.87
Governability 0.94 0.91 0.91 0.87 0.87
Response 0.9 0.85 0.83 0.81 0.87
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Table 3. 10 Description of the active variables categories correlating with 5 dimensions

Q: What were the long term responses of the social and governing systems to the main issue?

Q22L_A ,
Category A: no responses
Q27S E Q: What factors (if any) prevented the short term objectives from being fully achieved?
——  Category E: no factors
Q26S_E Q: Whaf[ factors contributed to the _suqcessful short term results described in Q24S? Category
—— E:avariety of short term factors within all three systems
Q6.E Q: What is the ecological status of the affected ecosystem at the ecosystem level prior to the
- main issue? Category E: good
Q3B Q: V\_/hat are the r_nain stressors that affect th!s ecological system? Category _B: fishing, e.g.,
- causing changes in structure (e.g., reduced size structure), species composition, etc.
Q9 D Q What other livelihood opportunities (e.g., farming, manufacturing, forestry, etc.) are there
- in the affected area? Category D: several (5-6)
Q27L_D Q: What factors (if any) preyented the long term objectives_from being fully achieved?
—  Category D: one key factor in the natural, social, or governing system
Q19 E  Q: How concentrated is social power in the area? Category E: concentrated
QB _E Q: The number of people affected by the Main Issue? Category E: greater than 20%
Q225 A Q What were the short term responses of the social and governing systems to the main
—  issue? Category A: no responses
Q26S_A Category A: no factors
Q2N_C Q: Which of the following levels is the Main Issue related to natural system? Category C:
- national
Q9 B Q: See rows above. Category B: limited (1-2)
Q6 D Q: See rows above. Category D: improving
Q2N_E  Q: See rows above. Category D: all
Q2S E  Q: Which of the following levels is the Main Issue related to social system? Category E: all
Q17 A Q: Wha_t is tr_]e nature of the relationship betwgen the different sectors or livelihood
= occupations in this system? Category A: conflict
Q11 A Q: What prop_ortion of household income comes from local sales of fish catches, processing,
= and wholesaling? Category A: less than 20%
Q19 A  Q: Seerows above. Category A: dispersed
Q26L_E Q: Wha_t factors contributed to the_su_ccessful long term results described in Q24L. Category
—— E:avariety of long term factors within all three systems
Q9 C Q: See rows above. Category C: some (3-4)
02G_E Q Whi(;h of the following levels is the Main Issue related to governing system? Category C:
- international
Q7_E Q: What is the productivity of the system? Category E: very high
Q225 E Q: See_rows above. Category E: a variety of short term responses in both social and
—~ governing systems at more than one level (local, regional, national)
Q11 E  Q: Seerows above. Category E: greater than 80%
QB D Q: See rows above. Category D: between 15% and 20%
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Q: See rows above. Category D: a variety of short term factors within one or two of natural,

Q26S D X3 !
social or governing systems

Q9_E Q: See rows above. Category E: lots (7+)

Q: What % of the total catch/production is used for household consumption (not sold)?

QL0_E Category E: greater than 80%

Q22S B Q: See rows above. Category B: one key response at one level

Table 3. 11 Description of the MFA dimensions by the supplementary variables (dim 1 to dim 5)

Dim.1 v.test Dim.2 wv.est Dim.3 wv.est Dim.4 v.test Dim.5 v.test

Q24Ss A -028 -053 078 157 -019 -040 014 029 -0.13 -0.31
Q24s B 029 092 010 033 -020 -0.71 -0.19 -0.67 0.09 0.33
Q24s C -043 -108 -057 -150 -0.06 -0.18 -0.03 -0.09 0.01 0.03
Q24s D 026 018 -227 -169 254 202 328 263 -0.66 -0.58
Q24Ss E 178 126 152 113 158 126 -157 -1.26 031 0.27
Q24L_A 100 273 028 079 018 055 -0.08 -0.24 -0.23 -0.76
Q24L B -030 -089 -035 -1.08 020 066 -036 -119 016 0.56
Q24L_ C -069 -1.18 -035 -062 -0.79 -152 -0.04 -0.07 0.05 0.11
Q24L D -1.08 -138 094 126 -001 -0.02 164 236 010 0.16
Q25 A 039 115 049 151 034 112 -070 -232 -042 -151
Q25 B 006 010 -083 -166 -009 -019 -049 -107 032 0.76
Q25 C 015 025 -092 -166 -043 -083 040 077 028 0.60
Q25 D -130 -249 055 111 -027 -058 128 278 035 0.82
Q25 E 241 171 088 066 057 045 099 080 -0.82 -0.72
Q28 A -036 -131 010 039 052 213 0.05 020 -0.33 -1.48
Q28 B 031 083 -010 -028 -080 -244 014 044 017 057
Q28 C 107 136 034 045 041 058 -010 -014 078 1.23
Q28 E -060 -061 -073 -079 -0.28 -0.32 -091 -1.05 0.29 0.37
Q29S A 002 006 -041 -108 -020 -057 -022 -061 018 0.54
Q209s B -030 -030 028 030 069 079 -142 -164 -083 -1.05
Q209s C 032 068 083 183 -036 -085 -013 -030 0.28 0.73
Q2s D 016 016 074 080 190 218 090 1.04 100 1.25
Q29S E -024 -061 -046 -122 -0.10 -0.27 043 122 -043 -1.33
Q29L_ A 029 055 034 067 -048 -1.03 -0.20 -043 0.08 0.19
Q9L B -1.06 -224 010 023 -067 -158 0.08 019 050 131
QL C 178 126 152 113 158 126 -157 -126 031 0.27
Q2L D 053 038 -164 -122 -059 -047 -1.10 -0.89 0.84 0.73
Q2L E 024 088 -0.19 -0.71 047 191 024 096 -037 -165
Q30 A 004 022 015 086 020 128 0419 119 -0.02 -0.14
Q30 B -029 -044 008 013 -090 -152 -019 -032 016 0.30
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Dim.1 wv.test Dim.2 v.test Dim.3 wv.test Dim.4 v.test Dim.5 wv.test
Qv C 249 177 -112 -084 -182 -145 -0.48 -0.38 -0.57 -0.50
Q30D -119 -122 019 020 082 094 -132 -152 -024 -0.31
Q30E 014 015 -126 -135 -0.15 -0.17 0.05 0.06 041 0.1

Table 3. 12 Description of the supplementary variables categories relating with 5 dimensions

Q: What were the results of the long term response for the natural, social and governing
Q24L_A systems (i.e., were the objective in Q23L achieved)? Category A: objectives not achieved
inN,SorG

Q25 D  Q: Was the Main Issue addressed? Category D: 80% addressed
Q: What were the results of the short term response for the natural, social and governing

Q24S_D systems (i.e., were the objectives in Q23S achieved)? Category D: Most objectives met in
1lormore of N, Sand G

Q: Has there been a formal evaluation of the response (how and when)? Category B: yes,
partially

Q24L_D Q: See rows above. Category D: Most objectives met in 1 or more of N, Sand G
Q25_A  Q: See rows above. Category A: no
Q28 A  Q: See rows above. Category A: no

Q: What were the benefits related to costs of the long term response? Category B: costs
equaled benefits

Q: What were the benefits related to costs of the short term response? Category D: still
being assessed

Q29L_E Q: See rows above. Category E: unknown

Were other options considered for the short and/or long term responses? Why were these
not selected? Category C: yes, but too complicated

Q25 E  Q: See rows above. Category E: 100% addressed
Q29L_E Q: See rows above. Category E: unknown
Q28 _C  Q: Seerows above. Category E: yes, fully

Q28 B

Q29L_B

Q29S_D

Q30 C

3.4.1.3 Lg Values and RV Coefficient

Interpretation of the Lg value (Table 3.13) suggests that the appraisal group consisted of the most
heterogeneous variables and VC (Lg= 5.09) followed by the governability, vulnerability, and
response group (Lg =4.41, 4.31, and 3.75 respectively). This highlights that the appraisal group
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is a more heterogeneous group than the other groups., especially the response group, which had
the most homogeneous data with similar variable categories. Heterogeneous here means that the
group represents a wide range of the VC which are different across the case studies. Analysis of
the RV coefficient (Table 3.14) illustrated that the most linked pair of the groups were appraisal
with the governability group (a score of 0.57), governability with the vulnerability group (a score
of 0.56), response with the governability group (a score of 0.52) and finally appraisal with the
vulnerability group (a score of 0.5).

Table 3. 13 Lg values

Vulnerability Governability Response Appraisal MFA

Vulnerability 4.31 4.34
Governability 2.46 4.41 4,52
Response 1.88 2.13 3.75 3.9
Appraisal 2.32 2.71 2.11 5.09 3.58
MFA 4.34 4.52 3.9 3.58 6.4

Table 3. 14 RV coefficient

Vulnerability Governability Response Appraisal MFA

Vulnerability 1 0.83
Governability 0.56 1 0.85
Response 0.47 0.52 1 0.8
Appraisal 0.5 0.57 0.48 1 0.63
MFA 0.83 0.85 0.8 0.63 1

3.4.1.4 Results of the Case-Studies

The distribution of the case studies in the two-dimensional plane was uniform as the case studies
were well-separated from each other into four quadrants along the principal dimensions (Fig
3.9). This indicated that the individual case studies were distinct from each other. This further
supports the earlier argument for the low percentage of variance for the principal dimensions.
However, this does not entail that they do not have common characteristics between them. Case

studies that have an analogous group of variables and categories for each dimension lie close to
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each other, for example, the case studies TAN, ESP_M, VEN or ON _tour, SL_cora or ESP_G,
ARG or YB_clam, VL_clam (Fig 3.9 and 3.10).

3.4.1.5 MFA Dimension and the Case-Studies

Case studies TAN, ESP_M, ARG, ESP_G, VEN, and BGD were mostly related to the first
dimension and had significantly higher contributions to the construction of the first dimension
(Fig 3.9). The first dimension was also linked to the governability group and had a higher
contribution to the construction of the dimension. This meant the case studies TAN, ESP_M,
ARG, ESP_G, VEN, and BGD shared similar attributes related to the governability group of
variables (Q2N, Q2G, Q2S, Q17, Q13, Q18) having high coordinate values. A similar concept
applies to dimension 2 where the cases ON_tour, SL_cora, KAR, TAN, VEN, and OB_poll were
mostly associated with dimension 2, and these case studies shared similar attributes related to the
vulnerability group of the variables (Q9, QB, Q7, Q6).

Case studies KAR, YB_clam, TAN, ARG, BGD, and VEN had high coordinate values in the
third dimension (Fig 3.10), contributed significantly to the construction of the dimension, and
shared common variables related to the governability group (Q2N, Q19, Q16, Q2S, Q20, Q17).
Case studies YB_clam, OB _poll, BU_pela, BA_mang, and BB_oyst were linked to the fourth
dimension and shared similar attributes related to all the active groups of variables (Q6, Q27L,
Q11, Q3, Q22S, Q18, Q26S, Q13, Q16, Q21. The case studies (first twenty) that contributed
high to the construction of the first five dimensions were KAR, YB_clam, TAN, ON_tour,
BS_fish, ARG, BGD, VEN, SL_cora, BA_mang, ESP_M, ESP_G, CM_mang, OB_poll,
PH_poll, US_oyst, TB_shrm, and VIC. The contribution of the KAR case study was more than 4
folds higher than the contribution of the VIC case study. This indicated these case studies were
important in terms of explaining the variability of the data and played a higher role in the
partitioning of the case studies into clusters (Fig 3.11).
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Figure 3. 10 Representation of the case studies in 3-4 plane.

The case studies that have a greater contribution to the construction of the principal dimension are colored

in red whereas ones that have less contribution are colored in light blue.
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Figure 3. 11 Contribution of the case studies in the construction of 5 dimensions

3.4.1.6 Partial Point Representation of the Case-Studies

The point in black was the mean point corresponding to different groups when viewed from the
barycenter of the partial points (Fig 3.12 and 3.13, only 20 case studies are shown in the plot in
Fig 3.12 and 3.13 to make the plot readable). For any case study, the number of the partial point
(also called as partial axes) was equal to the number of the active groups (here 3 active groups).
The inertia ratio was calculated as 0.79 for dimension 1, 0.77 for dimension 2, 0.72 for
dimension 3, and 0.75 for dimensions 4 and 5. This explains that partial points of the case studies
for all the dimensions are somewhat close to each other. The partial points were closest when the
case studies were viewed from the first dimension (highest ratio of 0.79) which shows a better

partition of the data compared to other dimensions.

However, the influence of the different groups of variables on the case studies was not the same.
For example, the partial points for the BS_fish case study lay closer to the mean points than the
partial points of the ON_tour case study in the 1-2 plane (Fig 3.12, Appendix D-Table 2). This
indicated that the variability of the ON_tour case was relatively higher than the BS_fish case
study where some groups of variables had a higher influence on the ON_tour case study than the

others (response group along the first dimension and vulnerability group along the second
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dimension). The case-study YB_clam along the third and fourth dimensions had more influence
of the vulnerability group of variables compared to the governability and response group.
However, for the KAR case study, it has more influence of the governability and response group
along the third dimension (Fig 3.13, Appendix D-Table2). Likewise, TAN and KAR were mostly
influenced by the governability and response group along the first dimension and the
vulnerability and governability group along the second dimension. This difference in the
influence of the group of variables will impact the clustering results. The case studies ON_tour,
YB_clam, and KAR had a varied influence of a different group of variables along the first four
principal dimensions. So, they are likely to fall in different clusters, noticeably away from each

other.
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Figure 3. 12 Partial point representation of the case studies in 1-2 plane

The color point corresponded to the partial point (red for the governability group, green for the response

group, and blue for the vulnerability group).
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Figure 3. 13 Partial point representation of the case studies in 3-4 plane

3.4.2 Clustering Results

29 case studies were separated into 5 clusters based on the similarities and differences in which
they have experienced the vulnerabilities, followed the governance mechanisms, and initiated the
formal and informal sustainability responses (Fig 3.14 and 3.15). Cluster 1 was composed of four
case studies. Three cases from Japan are the Sekisei lagoon coral reef from Ishigaki Island
(SL_cora), Okinawa tourism at the Onna village (ON_tour), and Omura Bay pollution (OB_Poll)
and one case from china which was represented by Jin-Shanzui village pollution at Shanghai
(SH_Poll). Cluster 2 was composed of seven case studies all from different geographical
locations (the second-largest cluster). The first case study was from Bangladesh referring to the
Bay of Bengal Sunderbans mangrove (BA_mang). The second case study represented the
Marilao-Meycauayan-Obrando river system in the Philippines (PH_poll) and the third case study
was about the Southern Benguela pelagic fishery from South Africa (BU_pela). The fourth case
study was from Japan regarding the Tokyo bay mantis shrimp (TB_shrm). The fifth case study
was from France representing Bourgneuf bay oysters (BB_oyst). The sixth case study was from
Greece representing the Kalloni coastal bay (GRC). The final case study was from Cameroon
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representing the Cameroon mangroves (CM_mang). Cluster 3 was composed of five case studies
from 4 countries: Amvrakikos fish kills aquaculture (GR_amv) and Maliakos gulf fish Kills,
fishery-tourism (GR_mal) both from Greece; the Venice lagoon clams ((Italy); Chesapeake bay

oysters (east coast USA) and Yokohama bay clams (Japan).

Cluster 4 was the largest cluster with 8 case studies, each from a different geographical location,
mostly from developed countries. The cases that fell in this cluster were the Spermonde
archipelago from Indonesia (IN_reef), the U.S. Pacific coast (Puget Sound) from U.S. Pacific
Northwest (US_oyst), Matsushima bay oysters from Japan (MB_oyst), La coronilla-barra del
Chuy yellow clams from Uruguay (UR_clam), Galician grounds sardine fishery from Northwest
Spain (ESP_G), small-sized pelagic fisheries in Lakes Victoria, Kyoga and Albert from Uganda
(VIC), small-scale pelagic fisheries in San Matias gulf — North Patagonia from Argentina (ARG)
and Baltic sea fisheries from the Baltic countries such as Estonia, Latvia, and Lithuania
(BS_fish). Cluster 5 was composed of 5 case studies, all related to small-scale pelagic fisheries
from different geographical areas. The first case study was from Venezuela representing the
coastal fisheries in the Northeastern region of Venezuela (VEN). The second was the case study
from Spain representing the whitebait fishery on the coast of the region of Murcia in Southeast
Spain (ESP_M). The third case study was from the Sunderban mangroves forest SSF in
Bangladesh. The fourth case study represented the freshwater small-scale pelagic fisheries at the
lake of Tanganyika in Burundi, Congo, Tanzania, and Zambia (TAN). The last case study was
the SSF at lake Kariba in Zambia and Zimbabwe (KAR). Figure 3.16 shows the five clusters

distributed by their geographical locations.

Following the MFA results, the variables that were most important in partitioning and explaining
the characteristics of the clusters are Q26S, Q19, Q22S, Q25, Q27S, Q11, Q17, Q27L, Q13, Q6,
Q3, Q2N, and QB (statistically significant). Likewise, the case studies mostly specific to each
cluster (called specificity, Table 3.15) are ON_tour and SL_cora for cluster 1, BA_mang, and
BU_pela for cluster 2, YB_clam and GR_mal for cluster 3, ARG and BS_fish for cluster 4, KAR
and TAN for cluster 5. The clustering results are described as global similarities between

clusters, within-cluster variation (Mod/Cla), and across-cluster variation (Cla/Mod).
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Figure 3. 15 Clusters of the case studies in 3-4 plane
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Figure 3. 16 Representation of the clusters by the geographical locations.

Five clusters represented by Five different colors.

Table 3. 15 Specificity value for case studies in each cluster

ON_tour SL-cora SH_poll OB_poll
Cluster 1 4.03 371 2.98 2.92
Cluster 2 BA mang BU pela CM_mang TB_shrm PH_poll
3.98 3.66 3.09 3.04 2.88
Cluster 3 YB_clam GR_Mal GR_Amv  CB_oyst VL_clam
5.31 2.63 2.23 2.12 1.95
Cluster 4 ARG BS_fish ESP_G VIC US_oyst
4.00 3.85 3.32 3.00 2.69
Cluster 5 KAR TAN ESP_M VEN BGD
5.58 4.42 3.52 3.49 3.05

61



3.4.2.1 Global Similarities between the Clusters

The commonalities identified across the clusters for each of the governability, response,
vulnerability, and appraisal groups of VCs are detailed in Tables 3.16, 3.17, 3.18, and 3.19.
Global similarity showed the common VC between the case studies. This meant that the count of
these categories was very high because that issue was reported several times by the respondents
in the case studies of all the cluster (p-value<0.05, v.test>1.96 or v.test<-1.96). For example, for
the variable Q2S, category A was most common in all the clusters with a global similarity
percentage (GSP) of 51.72% (Table 3.16).

The most common variables in the case studies were related to the governability group (Table
3.16) with four VC having the highest GSP of 51.7% (Q2S_A, Q13 D, Q15 B, Q19 D). In the
governability group, there were six variables’ categories with a GSP between 20-50% (Q20_C,
Q2N_A, Q17 _C,Q17_D, Q2G_A, Q13 _C) and seven categories with a GSP between 0-20%
(Q18 C, Q2G_E, Q19 B, Q19 E, Q19 A, Q21_E, Q2N_C). For the response group (Table
3.17), five VC (Q22L_D, Q26S_C, Q27L_E, Q22L_E, Q26S_A) were between 20-50%, out of
which two categories had the highest GSP of 31.03% (Q22L_D, Q26S_C). Along with this,
seven VC Q26S_E, Q22S E, Q27L_C, Q26S_D, Q27S_C, Q27S_E, and Q22S_A in the
response group had a GSP between 0-20%.

For the VC in the vulnerability group (Table 3.18), the most common VC between the clusters
were Q9_C (44.8%), QB_E (34.5%), Q11 _E (31%), Q7_C (27.6%), Q9_B, Q6_E. There were
four VC (Q11_A, Q3_C, Q6_D, Q7_E) in the vulnerability group with a GSP between 0-20%. In
the appraisal group (Table 3.19), there were three VC with a GSP between 20-50%, Q28 A
(48.3%), Q24L_A (34.5%), Q25_D (20.7%), and one variable category with a GSP between 0-
20% which is Q24L_D (10.3%).

Table 3. 16 Global similarity between the clusters for the governability group of variables

Variable categories % common Description of the question and category

Q25=Q2S_A 51.72 The main issue was related to the social system at local level

The mode of the governance was hierarchical governance -

Q13=Q13 D 5172 regional/national/ international
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Variable categories

% common

Description of the question and category

The key rules, regulations, instruments, and measures employed to
achieve the management objectives were input measures (e.g., effort

Q15=Q15.8 51.72 limitation, spatial and seasonal closures, gear limitations, limits on
feed/chemical additions, stock enhancement, etc.)
_ The social power was eighty percent concentrated and twenty
QI9=Q19.D S1.72 percent dispersed
There were not any structural changes in the governing system or
Q20=Q20 _C 44.83 individuals
prior to the main issue
Q2N=Q2N_A 44.83 The main issue was related to the natural system at local level
_ There was equal cooperation and conflict between the livelihood
QL7=Q17. ¢ 34.48 occupations in the SSF SESs
The relationship between the different sectors or livelihood
Q17=Q17_D 31.03 occupations in the SSF SES was four folds cooperation condition
and one fold conflict situation.
Q2G=Q2G_A 24.14 The main issue was related to the governing system at local level
Q13=Q13 C 24.14 The mode of governance was hierarchical governance - local
Q18=018 C 1724 The most social power in the area was dominated by business
- ' owners/corporations
02G=02G_E 1724 The main issue was related to the governing system at international
s ' level
019=019 B 13.79 The social power was eighty percent dispersed and twenty percent
- ' concentrated
Q19=Q19 E 13.79 The social power was all concentrated
Q19=Q19 A 10.34 The social power in the SSF SES was all dispersed
There was addition of new sets of rules (e.g., introduction of output
Q21=Q21 E 6.90 controls to a system previously having only input controls) prior to
the main issue
Q2N=Q2N_C 6.90 The main issue was related to the natural system at national level

Table 3. 17 Global similarity between the clusters for the response group of variables

Variable categories

% common

Description of the question and category

There were variety of long term responses in social or governing
system at more than one level (local, regional, national) such as

Q22L=Q22L. D 31.03 structural changes in the governing system(s) or individuals, or the
changes in key rules, regulations, instruments, and measures etc.
There were a few (2-4) key factors within one or two of natural,

0265=026S_C 31.03 social, or governing systems that contributed to the successful short

term results described in Q24S (e.g., enabling policy, government
funding)
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Variable categories

% common

Description of the question and category

Q27L=Q27L_E

24.14

There were no factors (e.g., regulatory barrier, lack of social
cohesion, costs too high, climate variability, judicial decisions) that
prevented the long term objectives from being fully achieved

Q22L=Q22L_E

24.14

There were variety of long term responses in both social and
governing system at more than one level (local, regional, national)
such as structural changes in the governing system(s) or individuals,
or the changes in key rules, regulations, instruments, and measures
etc.

Q265=Q26S_A

20.69

There were no factors that contributed to the successful short term
results described in Q24S (e.g., enabling policy, government
funding)

Q265=Q26S_E

13.79

There were a variety of short term factors within all three of natural,
social, and governing systems that contributed to the successful short
term results described in Q24S (e.g., enabling policy, government
funding)

Q225=Q22S_E

13.79

There were a variety of short term responses such as structural
changes in the governing system(s) or individuals, or the changes in
key rules, regulations, instruments, and measures etc. in both social
and governing systems at more than one level (local, regional,
national)

Q27L=Q27L_C

13.79

There were a few (2—4) key factors within one or two of natural,
social, or governing systems (e.g., regulatory barrier, lack of social
cohesion, costs too high, climate variability, judicial decisions) that
prevented the long term objectives from being fully achieved

Q265=Q26S_D

10.34

There were a variety of short term factors within one or two of
natural, social, or governing systems that contributed to the
successful short term results described in Q24S (e.g., enabling
policy, government funding)

Q27S=Q27S_C

10.34

There were a few (2—4) key factors within one or two of natural,
social, or governing systems (e.g., regulatory barrier, lack of social
cohesion, costs too high, climate variability, judicial decisions) that
prevented the short term objectives from being fully achieved

Q27S=Q27S_E

10.34

There were no factors that prevented the short term objectives from
being fully achieved

Q225=Q22S_A

6.90

There were no short term responses of the social and governing
systems
to the main issue

Table 3. 18 Global similarity between the clusters for the vulnerability group of variables

Variable categories

% common

Description of the question and category

Q9=Q9 _C

44.83

There were some (3-4) livelihood opportunities (e.g., farming,
manufacturing, forestry, etc.) in the affected area

QB=QB_E

34.48

The number of people affected by the main Issue was greater than
20%
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Variable categories % common Description of the question and category

Greater than 80% of household income came from local sales of fish

QL1=Q1l E 31.03 catches, processing, and wholesaling
Q7=Q7_C 27.59 The productivity of the SSF SES was medium
Q9=Q9 B 20.69 There were limited (1-2) livelihood opportunities (e.g., farming,

manufacturing, forestry, etc.) in the affected area

The ecological status of the affected ecosystem at the ecosystem
Q6=Q6_E 20.69 level
prior to the main issue was good

Less than 20% of household income came from local sales of fish

QL1=Q11_A 17.24 catches, processing, and wholesaling
03=03 C 10.34 The main stressors that affe_cted the SSF_ ecolo_gice_ﬂ system were loss
- of key habitat or major habitat changes including invasive species
The ecological status of the affected ecosystem at the ecosystem
Q6=Q6_D 6.90 level
prior to the main issue was in improving condition
Q7=Q7_E 6.90 The productivity of the SSF SES was very high

Table 3. 19 Global similarity between the clusters for the appraisal group of variables

Variable categories % common Description of the question and category

Q28=0Q28 A 48.28 There had been no formal evaluation of the response

024L=Q24L_A 34.48 The_ long-term response did not achieve the objectives in the natural,
social, and governing systems

025=025 D 20.69 The main issue was eighty percent addressed and twenty percent not
addressed

Q24L=Q24L_D 10.34 The long-term response contributed to achieve most objectives in 1

or more of natural, social, and governing system

3.4.2.2 Across Cluster variation (Cla/Mod)
The VC such as Q27S_E(R), and Q22S_A(R) only belonged to cluster 1 (Table 3.20) and these

categories were not present in other clusters these categories were vital in separating cluster 1
from other clusters. These variables were also highly associated with the first five MFA
dimensions (Table 3.6 and 3.7). Furthermore, VC Q24L_D, Q19 A, Q25 D, Q26S_A, and
Q9_B belonged 66.7% to cluster 1. The variable category Q13 _D did not belong to cluster 1 at
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all. This indicated that the Q13 variable was not linked to category D and the response category

was evenly distributed among 4 other categories, A, B, C, and E (no specific patterns).

Similarly, the VC Q22S_E(R), Q26S_D(R), and Q3_C(V) belonged to cluster 2 case studies
(Table 3.21). Additionally, almost 80% of Q18_C and 57% of Q22L_E belonged to cluster 2.
However, VC Q22L_D and Q17_D did not belong to cluster 2 by any means. For cluster 3
(Table 3.22), there were not any VC that entirely belonged to it. Nonetheless, the Q11_A (V),
and Q19 B (G) were most close to cluster 3 with a membership percentage of 80%, and 75%
respectively. There were two more VC Q2N_A, Q2S_A that belonged to 57% and 38% percent
in cluster 3, whereas VC Q6_D does not belong to cluster 3 in any way.

Cluster 4 had two VC that fully belonged to it, Q27L_C(R) and Q27S_C(R) (Table 3.23). Apart
from this, there were five other VC that belonged to cluster 4 Q17 _D (66%), Q7_C (63%),
Q26S_C, Q11_E (56%), Q20_C (8%), and (Q28_A, Q2S_A (7%). Likewise, VC Q17_D and
QB_E did not belong to cluster 4 at all. Cluster 5 had the five VC that completely belonged to it,
Q26S_E(R), Q19 E(G), Q21_E(G), Q2N_C(G), Q7_E(V) (Table 3.24). The VC Q2G _E is
60%, Q6 _E is 50%, Q24L_A and QB _E are 40%, and Q15 B is 33% related to cluster 5.
Likewise, VC Q2N_A, Q9 _C, and Q19 D did not belong to cluster 5 in any way.

The variables that did not contribute to any clusters were Q8(V), Q10(V), Q16(G), Q26L(R),
Q24S(A), Q29S(A), Q29L(A), and Q30 (A). These variables might not have contributed to the
delineation of clusters because these variables did not represent the overall variability of the data.
Two variables correspond to the vulnerability group, one corresponds to each governance and
governability group, and the response group. Four variables correspond to the appraisal group.
Q8 relates to the main livelihood activities such as fishing, tourism, etc. that were directly
affected by the main issue. Q10 relates to the percentage of the total catch that was used for
household consumption that was not sold. Q16 relates to any informal rules, regulations,
instruments, and measures that played an important role in the governance of fisheries and
aquaculture. Q26L relates to the factors that contributed to the successful long-term results such
as enabling policy, government funding, etc. Q24S relates to the results of the short-term
response for the natural, social, and governing systems. Q29S and 29L relate to the benefits

related to the costs from the short-term and long-term response respectively. And Q30 relates to
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the additional options considered for the short and/or long-term responses and the reason behind

why they were not selected.

3.4.2.3 Within-Cluster characteristics (Mod/Cla)

Cluster 1: SSF SESs vulnerable due to the main issue, the main issue due to global change
mostly addressed, neither conflicting nor cooperative relationships between the livelihood
occupations, no hierarchical mode of governance

The SSF SESs in this cluster were characterized mainly by the response and governability group
and partially by the vulnerability group (Table 3.20) because most of the VC that belonged to the
response and governability group explained the characteristics of this cluster. VC Q25 D,
Q17_C, and QB_E were 100% associated with cluster 1 to explain within-cluster characteristics.
This meant that category D of Q25, category C of Q17, and category E of QB are 100% related
to cluster 1. The mode of governance in the case studies of this cluster was not the hierarchical

type for all the case studies, the variable category 13 D having a null value of Mod/Cla.

Cluster 2: Variety of short and long-term responses at more than one level (local, regional,
national), social power dominated by business owners, loss of key habitat as the main stressor to
social-ecological changes, most of the fish catch used for commercial purpose

These case studies were mostly related to the response and governability group and partially
related to the vulnerability group (Table 3.21). 3 VC that were mostly linked to this cluster are
Q22S_E, Q18 C, and Q22L_E and these VC were just 57% related to cluster 2.

Cluster 3: The main issue related to the natural and social system at the local level, low degree of
sensitivity to fishing, and hierarchical governance at the local level.

The case studies in this cluster were represented by the vulnerability and governability groups
(Table 3.22). VC that was 100% linked to cluster 3 were Q2N_A and Q2S_A. VC Q11_A and
Q13_C were 80% linked to cluster 3.

Cluster 4: Most of the total fish catches are used for commercial purposes, cooperative
relationships between various livelihood occupations, and a higher degree of sensitivity to
fishing.

The case studies in this cluster were mostly associated with the governability and vulnerability

groups and are partially represented by the response group (Table 3.23). VC that were mostly
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linked to this cluster are Q10_A, Q17 D, Q7_C, Q26S_C, and Q11 E. Q10_A and Q17_D were
100% and 75% linked to cluster 4 respectively whereas Q7_C, Q26S_C, and Q11 _E were only
62.5% related to cluster 4. Q10_A was also 100% linked to cluster 2. Also, the number of people
affected by the main issue was less than 5% for six case studies that belonged to this cluster and
there was not any case study in this cluster that had greater than 20% of the people affected by

the main issue (QB_E, Mod/Cla value being zero).

Cluster 5: Input measures as management objectives, variety of short-term factors contributing to
successful short-term results, concentrated social power, futile long-term responses, vulnerable
small-scale pelagic fisheries

This cluster was primarily represented by the governability and vulnerability groups and partially
described by the response group (Table 3.24). VC that was mostly linked to cluster 5 are Q15_B,
Q26S_E, Q19 E, Q24L_A, and QB_E. Variable category Q15_B was 100% associated with
cluster 5 whereas other VC were only 80% related to cluster 5.

Table 3. 20 Across cluster and within-cluster variation for cluster 1

Variable categories with significant p-value and v.test value are shown. A v.test value greater than 1.96
corresponds to a p-value less than 0.05. The sign of the v.test indicates if the mean of the cluster is under
or over-expressed for the VC: same applies to Table 3.20, 3.21, 3.22, 3.23)

Cluster number 1: Across-cluster (Cla/Mod) and With-in cluster (Mod/Cla) variation

Variable category Cla/Mod Mod/Cla p.value v.test Description of the variable category

The main issue was eighty percent

Q25=Q25. D 66.67 100.00  6.32E-04  3.42 addressed and twenty percent not addressed

There were no factors that prevented the
Q27S5=Q27S_E 100.00 75.00 1.09E-03 3.26 short-term objectives from being fully
achieved

There was equal cooperation and conflict
Q17=Q17 C 40.00 100.00 8.84E-03 2.62 between the livelihood occupations in the
SSF SESs

The number of people affected by the main

QB=QB_E 40.00 100.00 8.84E-03 2.62 issue was greater than 20%

There were no short-term responses from

Q225=Q22S_A 100.00 50.00 1.48E-02 2.44 the social and governing systems
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Cluster number 1: Across-cluster (Cla/Mod) and With-in cluster (Mod/Cla) variation

There were no factors that contributed to

Q265=Q265_A 50.00 7500 206802 231 the successful short term results
_ ) There were limited (1-2) livelihood
Q9=Q9_B 50.00 7500 206802 231 opportunities in the affected area
There were no factors that prevented the
Q27L=Q27L_E 42.86 75.00 3.54E-02 2.10 long term objectives from being fully
achieved
_ The main issue was related to the
Q2G=Q2G_A 42.86 75.00 3.54E-02 2.10 governing system at local level
The long term response contributed to
Q24L=Q24L_D 66.67 50.00 4.32E-02 2.02 achieve most objectives in 1 or more of
natural, social and governing system
019=019 A 66.67 5000 A432E-02 202 T_he social power in the SSF SES was all
dispersed
The mode of the governance was
Q13=Q13 D 0.00 0.00 4.21E-02 -2.03 hierarchical governance - regional/national/

international

Table 3. 21 Across cluster and within-cluster variation for cluster 2

Cluster number 2: Across-cluster (Cla/Mod) and With-in cluster (Mod/Cla) variation

Variable category Cla/Mod Mod/Cla

p.value

V.test

Description of the variable category

Q225=Q22S_E

100.00

57.14

1.47E-03

3.18

There were a variety of short term
responses in both social and governing
systems at more than one level (local,
regional, national)

Q18=Q18_C

80.00

57.14

6.84E-03

2.70

The most social power in the area was
dominated by business owners/corporations

Q26S=Q26S_D

100.00

42.86

9.58E-03

2.59

There were a variety of short term factors
within one or two of natural, social or
governing systems that contributed to the
successful short term results

Q3=Q3 C

100.00

42.86

9.58E-03

2.59

The main stressors that affected the SSF
ecological system was loss of key-habitat
or major habitat changes including invasive
species
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Cluster number 2: Across-cluster (Cla/Mod) and With-in cluster (Mod/Cla) variation

Q22L=Q22L_E

57.14

57.14

4.09E-02

2.04

There were variety of long term responses
in both social and governing system at
more than one level (local, regional,
national)

Q22L=Q22L_D

0.00

0.00

4.97E-02

-1.96

There were variety of long term responses
in social or governing system at more than
one level (local, regional, national)

Q17=Q17_D

0.00

0.00

4.97E-02

-1.96

The relationship between the different
sectors or livelihood occupations in the
SSF SES was four folds cooperation
condition and one fold conflict situation.

Table 3. 22 Across cluster and within-cluster variation for cluster 3

Cluster number 3: Across-cluster (Cla/Mod) and With-in cluster (Mod/Cla) variation

Variable category Cla/Mod Mod/Cla  p.value v.test Description of the variable category
Less than 20% of household income came

Q11=Q11 A 80.00 80.00 1.03E-03 3.28 from local sales of fish catches, processing,
and wholesaling

013=Q13 C 5714 8000 6.84E-03 270 'nemode of governance was hierarchical
governance - local

019=019 B 7500 6000 105E-02 256 The social power was eighty percent

- ' ' ' ' dispersed and twenty percent concentrated

Q2N=Q2N_A 3846  100.00 108E-02 255 'nemainissue was related to the natural
system at local level
The ecological status of the affected

Q6=Q6 D 0.00 40.00 2.46E-02 2.25 ecosystem at the ecosystem level prior to
the main issue was in improving condition

Q25=02S A 33.33 100.00 253E-02 224 The main issue was related to the social

system at local level
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Table 3. 23 Across cluster and within-cluster variation for cluster 4

Cluster number 4: Across-cluster (Cla/Mod) and With-in cluster (Mod/Cla) variation

Variable category Cla/Mod Mod/Cla

p.value

v.test

Description of the variable category

Q27L=Q27L_C  100.00

50.00

2.95E-03

2.97

There were a few (2-4) key factors within
one or two of natural, social, or governing
systems that prevented the long term
objectives from being fully achieved

Q17=Q17_D 66.67

75.00

4.06E-03

2.87

The relationship between the different
sectors or livelihood occupations in the
SSF SES was four folds cooperation
condition and one fold conflict situation.

Q275=Q27S_C 100.00

37.50

1.53E-02

2.42

There were a few (2-4) key factors within
one or two of natural, social or governing
systems that prevented the short term
objectives from being fully achieved

Q7=Q7_C 62.50

62.50

2.02E-02

2.32

The productivity of the SSF SES was
medium

Q265=Q26S_C 55.56

62.50

4.12E-02

2.04

There were a few (2—4) key factors within
one or two of natural, social or governing
systems that contributed to the successful
short term results

Q11=Q11 E 55.56

62.50

4.12E-02

2.04

Greater than 80% of household income
came from local sales of fish catches,
processing, and wholesaling

Q20=Q20_C 7.69

12.50

4.06E-02

-2.05

There were no any structural changes in the
governing system or individuals prior to
the main issue

Q28=Q28_A 7.14

12.50

2.40E-02

-2.26

There had been no formal evaluation of the
response

Q17=Q17 C 0.00

0.00

1.76E-02

-2.37

There was equal cooperation and conflict
between the livelihood occupations in the
SSF SESs

QB=QB_E 0.00

0.00

1.76E-02

-2.37

The number of people affected by the main
issue was greater than 20%

Q25=Q2S_A 6.67

12.50

1.34E-02

-2.47

The main issue was related to the social
system at local level
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Table 3. 24 Across cluster and within-cluster variation for cluster 5

Cluster number 5: Across-cluster (Cla/Mod) and With-in cluster (Mod/Cla) variation

Variable category Cla/Mod Mod/Cla  p.value v.test Description of the variable category
There were a variety of short-term factors
_ within all three of natural, social and
Q265=Q265_F 100.00 80.00  211F-04 371 governing systems that contributed to the
successful short-term results
Q19=Q19 E 100.00 80.00 2.11E-04 3.71 The social power was all concentrated
Q21=Q21 E 100.00 4000 2.46E-02 225 lherewas addition of new sets of rules
- ' ' ' ' prior to the main issue
_ The main issue was related to the natural
Q2N=Q2N_C 100.00 40.00 2.46E-02 2.25 system at national level
Q7=Q7 E 100.00 1000 246E-02 295 The productivity of the SSF SES was very
- — . . . = . high
02G=02G_E 60.00 6000 253E-02 224 The main issue was related to the
- ' ' ' ' governing system at international level
The key rules, regulations, instruments and
015=015_B 33.33 100.00 253E-02 204 'Measures employed to achieve the
- ' ' ' ' management objectives were input
measures
The long term response did not achieve the
Q24L=Q24L_A 40.00 80.00 3.78E-02 2.08 obijectives in the natural, social and
governing systems
_ ) The number of people affected by the main
QB=QB_E 40.00 80.00 3.78E-02 2.08 issue was greater than 20%
The ecological status of the affected
Q6=0Q6 E 50.00 60.00 4.85E-02 1.97 ecosystem at the ecosystem level prior to
the main issue was good
Q2N=Q2N_A 0.00 000  368E-02 -209 1nhemainissuewas related to the natural
T ' ' ' ' system at local level
_ L There were some (3-4) livelihood
Q9=Q9_C 0.00 0.00 3.68E-02 -2.09 opportunities in the affected area
019=Q19 D 0.00 0.00 169E-02 -2.39 The social power was eighty percent

concentrated and twenty percent dispersed
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3.4.2.4 Appraisal of the responses

Q24S What were the results of the short-term response for the natural, social, and governing

systems?

a)

b)

Out of 4 case studies, cluster 1 had two case studies where the objectives were not
achieved in natural (N), social (S), and governing systems(G) (N, S, or G systems) (Fig
3.17). Some objectives were met in one of the N, S, or G systems for one of the case
studies, and some objectives were met in more than 1 subsystem N and/or S and/or G
systems for one of the other case studies.

Out of 7 case studies, cluster 2 had two case studies where the objectives were not
achieved in N, S, or G systems. Three case studies where some objectives were met in
one of N, S, or G systems and two case studies where some objectives were met in more
than 1 subsystem N and/or S and/or G systems. The common short-term responses in
cluster 2 were mobilization of the local fishing communities in rehabilitation activities
after the occurrence of hazards to improve the health of the degraded ecosystem.
Migration of fisher communities in search of new jobs while leaving women and children
alone in the fishing occupation (BA_mang, CM_mang). Switching the target species,
e.g., from fish to crab even by crossing the religious norms or boundaries. Adaptation to
the remedial technologies to increase income such as the mechanization of the fishing
equipment (BU_pela, PH_poll).

Out of 5 case studies, cluster 3 had three case studies where some objectives were met in
more than 1 subsystem N and/or S and/or G systems and one case study each where some
objectives were met in one of N, S or G systems and most objectives met in 1 or more of
N, S, and G. The common short term responses in cluster 3 were the support from local
media publishing news about the environmental health of fishing grounds, the effects of
environmental degradation on the fishermen's incomes, and illegal activities prevalent in
the fishing grounds (GR_mal, VL_clam). Shift to alternative livelihood opportunities
such as farming and aquaculture (VL _clam). For cluster 3, the results of short-term
response were much more productive as either some or most of the management
objectives were met in 1 or more than 1 subsystem of N and/or S and/or G systems.
Cluster 3 had no objectives that were not achieved in N, S, or G subsystems.
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d) Out of 8 case studies, four case studies in cluster 4 had the state where some objectives
were met in one of the N, S, or G systems. Some objectives were met in more than 1
subsystem N and/or S and/or G systems for three case studies and objectives were not
achieved at all for one case study in this cluster. The common short-term responses in
cluster 4 were a shift to alternative employment during the low catch season (UR_clam,
VIC), advocacy campaigns from NGOs and INGOs introducing new technologies to
empower the fisheries communities (IN_reef, VIC).

e) Out of 5 case studies, cluster 5 had three case studies where some objectives were met in
one of the N, S, or G systems. One case study had met all the objectives in N, S, and G
subsystems whereas the other case study had the state where no objectives were met at
all. The common short-term responses in cluster 5 were a violation of management
measures indicating that they do not benefit fisheries communities (KAR, VEN).
Migration to nearby cities in search of better employment opportunities leaving fisheries
occupation permanently (BGD, KAR). Increased catch of premature species leading to
resource depletion (BGD, TAN).

Q24L What were the results of the long-term response for the natural, social, and governing
systems?
a) Cluster 1 had two case studies where most objectives were met in 1 or more of N, S, and

G. One case study had some objectives met in one of the N, S, or G systems and the other
had some objectives met in more than 1 subsystem N and/or S and/or G systems. The
common long-term responses in cluster 1 were formulating an effective strategy to
execute the individual measures formed by each management level and the establishment
of networks to monitor the effectiveness of those responses (OB_poll, ON_tour).
Formation of legally regulated areas to conserve the fisheries resources and forming the
ecosystem restoration committee incorporating all the stakeholders, i.e., adopting a co-
management type of governance (SL_cora). Formation of multilevel partnerships, and
government agencies making agreements with fisheries associations to provide the roles
and responsibilities to fishers in fisheries management (co-management) (OB _poll,
ON_tour).
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b)

d)

Cluster 2 had four case studies where some objectives were met in one of the N, S, or G
systems. Two case studies where the objectives were not achieved in N, S, or G
subsystems and one case study where some objectives were met in more than 1
subsystem N and/or S and/or G systems. The common long-term responses in cluster 2
were the development of the adaptive capacity of the fisherfolks through better
collaboration with the private sector (CM_mang, PH_poll), initiation of effective
monitoring activities and regulations with a special focus to reduce the impacts of
anthropogenic activities (BU_pela, GRC). Availability of external funding through the
INGOs and NGOs in consultation with the government agencies (BB_oyst, PH_poll).
Formation of strong governing institutions consisting of fisher communities, civil
societies, industry partners, scientists, and researchers to develop policy, instruments, and
acts for regulating the small-scale fisheries (BB_oyst, CM_mang, TB_shrm).

Cluster 3 had three case studies where some objectives were met in one of the N, S, or G
systems. One case study where most of the objectives were met in 1 or more of N, S, and
G and one case study where objectives were not achieved in N, S, or G. The common
long-term responses in cluster 3 were the establishment of risk communication and
monitoring system to improve the ecological health of natural ecosystem (GR_mal,
VL_clam), development of social power by grouping into cooperative and consortiums to
prevent illegal fishing (VL_clam, YB_clam).

Cluster 4 had three case studies where the objectives were not achieved in N, S, or G.
Some objectives were met in one of the N, S, or G systems for two case studies, and
some objectives were met in more than 1 subsystem N and/or S and/or G systems for
other three case studies. The common long-term responses in cluster 4 were permanently
switching to new employment alternatives (ARG, ESP_G, VIC), developing social
cohesion, and trust to strengthen the co-management practice (UR_clam, VIC),
developing experimental fishing to increase fish production, effective coordination with
research scientists, and research centers to find ways to consolidate the co-management
system (MB_oyst, UR_clam, US_oyst), strengthen the polycentric governance system
based on both vertical and horizontal cooperation to improve systems resilience (IN_reef,
VIC).
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e)

Cluster 5 had four case studies where the objectives were not achieved in N, S, or G.
One case study had a situation where some objectives were met in one of the N, S, or G
systems. The common long-term response in cluster 5 was a shift to a co-management
form of governance from a hierarchical model of governance (ESP_M, TAN). The co-

management in the case of the TAN case study worked only for a short time.

Q25 Was the Main Issue addressed?

3)
b)

c)

d)

e)

The main issue in cluster 1 was partially addressed for all the case studies.

For cluster 2, the main issue remained completely unresolved for 71% of the case studies
and the main issue was somewhat unresolved for 29% of the case studies in cluster 2.

For cluster 3, the main issue was somewhat unresolved for 40% of the case studies,
undetermined for 40% of the case studies, and partially addressed for 20% of the case
studies.

For cluster 4, the main issue was completely unaddressed for 25% of the case studies,
somewhat unresolved for 25% of the case studies, undetermined for 37% of the case
studies, and partially addressed for 13% of the case studies.

For cluster 5, the main issue remained completely unresolved for 80% of the case

studies, and the main issue was completely addressed for 20% of the case studies.

Q28 Has there been a formal evaluation of the response (how and when)?

a)

b)

d)

For cluster 1, two case studies did not have a formal evaluation of the responses and the
rest of the two case studies had a partial evaluation of the responses.

For cluster 2, no evaluation had been done for 5 case studies, partial evaluation was done
for one case study and the status of the evaluation was undetermined for one of the case
studies.

For cluster 3, no evaluation of the response had been done for 4 case studies and partial
evaluation was done for one case study.

For cluster 4, no evaluation of the response had been done for one case study, partial
evaluation was done for 5 case studies, full evaluation was conducted for one case study,

and the status of the evaluation was unknown for one case study.
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e)

For cluster 5, no evaluation had been done for 4 case studies and the status of the

evaluation was unknown for one case study.

Q29S What were the benefits related to the costs of the short-term response?

a)

b)

d)

Out of four case studies in cluster 1, the cost exceeded benefits for one case study,
benefits exceeded costs for one case study and the benefits related to costs were unknown
for two case studies.

Out of seven case studies in cluster 2, the cost exceeded benefits for three case studies,
costs equaled benefits for one case study, benefits exceeded costs for one case study, and
the benefits related to costs were unknown for two case studies.

Out of 5 case studies of cluster 3, the cost exceeded benefits for one case study, benefits
related to costs are still being assessed for one case study and the benefits related to costs
were unknown for three case studies.

Out of 8 case studies of cluster 4, the cost exceeded benefits for four case studies,
benefits exceeded costs for two case studies, and the benefits related to costs were
unknown for two case studies.

Out of 5 case studies of cluster 5, costs equaled benefits for one case study, benefits
exceeded costs for three case studies, and benefits related to costs are still being assessed

for one case study.

Q29L What were the benefits related to the costs of the long-term response?

a)

b)

c)

d)

For cluster 1, the cost exceeded benefits for one case study, costs equaled benefits for two
case studies, and benefits related to costs were unknown for one case study.

For cluster 2, the cost exceeded benefits for two case studies, costs equaled benefits for
two case studies, and benefits related to costs were unknown for three case studies.

For cluster 3, costs equaled benefits for one case study, and benefits related to costs were
unknown for four case studies.

For cluster 4 the pattern was very similar to cluster 2. However, cluster 4 had one more
case study where benefits related to costs is still being assessed.

For cluster 5, the cost exceeded benefits for one case study, benefits exceeded costs for

one case study, and benefits related to costs were unknown for three case studies.
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Q30 Were other options considered for the short and/or long-term responses? Why were these
not selected?

a) For cluster 1, no other options were being considered.

b) For cluster 2, no other options were considered for the three case studies. Other options
were considered for two case studies, but they were found to be very expensive. Also, for
the other two case studies, additional options were considered but they were not selected
because of a lack of social support.

c) For cluster 3, no other options were considered for four case studies. Also, for the other
case study, the status of other options was unknown.

d) For cluster 4, no other options were considered for five case studies. Other options were
considered for two case studies, but they were found to be very expensive and
complicated. Also, for the other case study, the status of other options was unknown.

e) For cluster 5, no other options were considered for four case studies. Other options were

considered for one case study, but it was found to be very expensive
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Figure 3. 17 Appraisal of the responses for 5 clusters

78



3.5 Discussion

3.5.1 Synthesis of Appraisal

Most of the short-term responses were coping responses related to adaptation at the household
and community level mostly within the social subsystem. For clusters 2, 4, and 5, in the majority
of cases, only some objectives were met in one of the N, S, or G systems. This shows that the
result of short-term responses was partially effective where only some objectives were met in N,
S, or G systems. Most of the long-term responses were adaptive and transformative responses
related to adaptation at the community to international level mostly within governing and natural
subsystems. Also, most of the long-term responses were management responses targeted at
improving existing management and governance systems such as co-governance, ecosystem-
based management, community-based management, and adaptive co-governance. These
approaches have already been identified as progressive approaches in terms of dealing with the
complex social-ecological changes arising from global changes (McConney et al., 2019; Miller
et al., 2018; Galappaththi et al., 2022). The result of the long-term response yielded slightly
positive benefits for clusters 1, 2, 3, and 4. However, the long-term responses did not meet the
management objectives for case studies in cluster 5 except for 1 case study where all the
objectives were met. The adaptation intervention was mostly intended to solve problems on the
social and governing scale. (Berkes et al., 1998) stated that “resource management is people
management”. The focus should be given much more to building the resilience and adaptive
capacity of the social and governing system. However, devising adaptation measures related to
the natural systems is equally essential for maintaining the stock level of fish and conserving the
marine ecosystem, and sustaining a healthy ecosystem. This is imperative when trying to solve
the problems due to global change in SSF from the SES perspective and systems thinking

perspective.

The overall analysis showed that the main issue mostly remained unaddressed for all the clusters.
Even when the main issue was addressed, it was addressed partially, for example, in the case of
cluster 1. Only one case study in cluster 5 was found to have the main issue completely
addressed (ESP_M from Spain). However, this is an ongoing process where the outcomes of
some responses might not still be noticeable. The case studies in cluster 4 had done well in

terms of assessment of the responses to evaluate whether the responses were able to address the
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effects due to the main issue. For most other case studies in different clusters, no evaluation of
the response was conducted. Poor monitoring and evaluation are regarded to be one of the major
causes of failure of fisheries management and policies (Komul Kalidin et al., 2020). Monitoring
and evaluation of the responses are key for effective decision-making because it helps to identify
the successful management objectives and increase the efficiency of ongoing activities. Effective
application of monitoring activities might require additional capacity and resources (either

human or financial) to plan and execute various activities.

Considering benefits related to the costs for implementing the short-term response, the benefits
exceeded the costs of implementing the short-term response only for cluster 5. For other clusters,
the common pattern witnessed was either the cost exceeded benefits, and/or the benefits related
to costs were unknown. The benefits related to the costs of implementing the long-term response
were mostly unknown for most of the case studies. Usually, the outcomes of long-term response
might take a longer time to appear in social and governing subsystems. Therefore, any
conclusions indicating the failure of management objectives resulting from the long-term
response would be premature. However, timely monitoring and appraisal should be conducted to

elucidate the effectiveness of the long-term responses.

3.5.2 Variation Across the Clusters

Five clusters contrasted distinctly from each other and therefore had unique characteristics that
were related only to the case studies of the cluster. The case studies in cluster 1 (SL_cora,
ON_tour, OB_poll, SH_poll) lacked short-term responses to deal with the main issue and
therefore had no factors that prevented the short-term objectives from being fully achieved.
Cluster 4 (IN_reef, US_oyst, MB_oyst, UR_clam, ESP_G, VIC, ARG, BS_fish) instead had a
few (2-4) key factors within one or two natural, social, or governing systems that prevented both
the short term and long term objectives from being fully achieved.

In contrast to cluster 1, cluster 2 (PH_poll, BA_mang, TB_shrm, BB_oyst, GRC, CM_mang,
BU_pela) had a variety of short-term responses at more than one level, i.e., local, and regional
and national and predictably had a variety of short term factors within one or two of natural,

social, or governing systems contributing to the successful short term results. A bit different from
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cluster 2, cluster 5 (VEN, ESP_M, BGD, TAN, KAR) had a variety of short-term factors but
within all three natural, social, and governing systems. The main stressors that affected the SSF
SES of cluster 2 were loss of key habitat or major habitat changes including invasive species.
The case studies in cluster 2 did not have a variety of long-term responses in the social or
governing system at more than one level (local, regional, national). The number of people

affected by the main issue was not greater than 20% for the case studies in cluster 4.

For the case studies in Cluster 3 (GR_Amv, GR_Mal, VL_clam, CB_oyst, YB_clam), less than
20% of household income came from local sales of fish catches, processing, and wholesaling.
This indicates that the degree of dependency on fishing was low. This could have happened
because fishers abandoned the SSF occupation and joined other livelihood options, which can be
referred to as livelihood diversification. The ecological status of the affected ecosystem at the
ecosystem level before the main issue was not in improving condition for the case studies in
cluster 4. The social power in the SSF SES was highly dispersed (80%). Inverse to cluster 3, the
social power in the SSF SES of cluster 5 was entirely concentrated. The main issue in cluster 5
was related to the natural system at the national level and the productivity of the SSF SES was
very high. In addition to this, there was the addition of new sets of rules (e.g., the introduction of
output controls to a system previously having only input controls) before the occurrence of the
main issue. The main issue for the case studies in cluster 5 was not related to the natural system
at the local level. Also, some (3-4) livelihood opportunities (e.g., farming, manufacturing,

forestry, etc.) were not open in the affected areas in cluster 5.

3.5.3 Similarity between the Case-Studies

The results of the global analysis showed that the main issue faced by more than half of SSF SES
(e.g., over-fishing, invasive species, ocean acidification, pollution, globalized markets, tourism,
etc.) was related to the social system at the local level (Q2S_A). Almost half of the SSF SES
(45%) had the main issue related to the natural system at the local level (Q2N_A). Q2S_A and
Q2N_A were also the two most linked VVC with cluster 3. This demonstrates, that though the
effects of global changes are much apparent on the natural system, the consequences are
significantly high in the social system, SSF SES being coupled human-environmental systems
governed by complex feedback and interactions between the sub-systems (Salgueiro-Otero &

Ojea, 2020). At the same time, global drivers are causing local changes hindering the
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sustainability of SSF. This result is consistent with previous findings by Chuenpagdee, (2011)
and Nayak & Berkes, (2014). Nayak & Berkes, (2014) highlighted that the linkages between the
global driver and social-ecological changes at the regional and local level are a two-way process
where global drivers of change affect the sustainability of the SSF SES and in return, the
invisible bottom-up processes having governance implications catalyze the global change
process, both processes potentially impacting each other. The main issue was relevant to the
local scale also clarifies that the vulnerabilities were most prevalent at the local level. Hence, the
adaptation activities should also be undertaken at the local level based on the local practices,
indigenous knowledge, and traditional understanding of the ecosystem (Miller et al., 2018)
following evidence-based management (Refer to Appendix A for definitions) (Cooke et al.,
2017).

The mode of governance in most of the case studies (more than half) was hierarchical
governance on a regional/national/international scale (Q13_D). Having a hierarchical mode of
governance does not necessarily mean the governing system is not appropriate (Jentoft &
Chuenpagdee, 2015) because even the self-governance may only be suitable for some SSF SES
but not all (Chuenpagdee & Jentoft, 2018). However, the hierarchical mode tends to work only in
right and tight conditions, for example, if there is strong support from the state and other
organizations (Putten et al., 2018). Governance arrangement can be of any type (single, hybrid,
or mixed), however, it should be suitable in local, regional, and national contexts helping to build
strong SSF. The single mode of governance system includes a standalone type of governance
arrangement to govern SSF SES. Hybrid or mixed modes of governance refer to a mixture of
different types of governance modes to address governability (Kooiman, 2003) and management
issues and “promote cross-scale networks and multi-level interactions” in SSF (Chuenpagdee &
Jentoft, 2018). Governability conditions under the governance should be strong and of high
quality to ensure SES are adapting to changing social-ecological, political, and economic
conditions. Proper governance and strong fisheries management can ultimately lead to improved

ecosystem status (Bundy et al., 2017).

The key rules, regulations, instruments, and measures employed to achieve the management
objectives were input measures (e.g., effort limitation, spatial and seasonal closures, gear

limitations, limits on feed/chemical additions, stock enhancement, etc.) for more than half of the
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case studies (Q15_B). Q15 B is also mostly linked variable category to cluster 5. Input measures
are usually laid by the resource managers to slow down or control resource exploitation to bring
fisheries on track (Purcell et al., 2013). Input control measures are different from the output
control measures such as territorial user rights fisheries (TURFs), and total allowable catch and
catch quotas (Purcell & Pomeroy, 2015b). In simple terms, “input controls limit the amount of
fishing effort as a way to control the number of fish caught, while output controls are direct
limits on the amount of fish harvested” (Selig et al., 2017). In addition to this, there is another
type of control measure called a technical measure which describes where and when the
fishermen can fish and the size they can harvest (e.g., marine protected areas, time-area closures,
and size limits) (Selig et al., 2017). The result observed in this study doesn’t support the previous
findings by Purcell & Pomeroy, (2015) where the authors highlighted that SSF management
heavily rely upon output control measures (in this study more than half of the case studies were
found to have input measures as the management objectives). However, the suggestion by
Purcell & Pomeroy, (2015) to impose a balanced set of input and output control measures is a
reasonable recommendation. The management decision should be decided based on the type of
fishery and the ecosystem and fisheries species being managed. For example, output control
measures are more appropriate for the management of SSF SES having single target species, low
fisher density, and centralized landing sites (Selig et al., 2017) as monitoring and enforcing the
laws becomes easier in this condition. All in all, adopting input control measures can be regarded
as one progressive practice to move SSF from vulnerability to viability. This is not because input
measures are less costly but it’s because output measures are considered to have as many

disadvantages as advantages in the context of SSF (Purcell et al., 2014).

The social power was highly concentrated (80%) in more than half of the case studies (Q19_D).
This shows a lack of pluralistic approach in managing the SSF SES and the power relations are
contested. This leads to challenges in collective decision-making through the social institutions
(Alexander et al., 2018) in managing the fisheries resources. With concentrated social power
community-based management systems, co-management, or any formal/informal
partnership/collaboration may not yield viable outcomes in SSF management ( Ostrom, 2009;
Berkes, 2021). Practically, it creates challenges in coordination, delegation, cooperation, and
alliance formation creating hurdles in the collective action to form relevant policies and establish

good governance to address emerging challenges. Concentrated social power may not favor the
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move from hierarchical to co-governance or self-governance mode of governance. From the
perspective of global change, an inclusive approach (Berkes, 2021) is vital to building diverse
social power. Diverse social power may lead to well-connected social networks (horizontal,
vertical, and cross-scale connections) that can possibly influence fishers to engage in some form
of cooperative management and execute common goals. The well-distributed social network in
SSF helps to build robust social bonding ultimately enhancing social capital (Pamungkas, 2018),
and governance of the SSF SES. The key to developing social-ecological resilience is building
social networks and social capital through the decentralization of power to all governance actors
through social institutions at all scales (Berkes, 2021). This helps in the timely implementation of
response, effective utilization of the resources, and disaster preparedness (Marin, 2019). Results
show that vulnerability reduction requires subtle attention to how social power is constructed in
the SES (Eriksen et al., 2021).

There had been no formal evaluation of the response in almost 48% of the case studies (Q28_A).
This is an important observation because the formal evaluation of the responses is key to
ascertaining whether management objectives have helped to reduce the vulnerability and develop
the adaptive capacity (resilience) to deal with changes. One of the unique features of the I-
ADApT framework is that it provides the opportunity to assess the effectiveness of the responses
which were formal or informal either implemented for the short or long term. Most of the past
studies have focused to identify the coping and adaptive responses in face of climate change
from the international level to even household level (e.g., Silas et al., 2020) however very few
have assessed the outcome of the response. For example, Marin, (2019) evaluated the factors
causing successful and unsuccessful responses and concluded that identifying underlying
mechanisms or factors behind success helps to create a more resilient and less vulnerable SSF
system. Future research should dive more to answer the questions as to whether the responses
met the intended management objectives to deal with the vulnerabilities? were the responses

successful? what factors led to the successful implementation of the responses?

There were some (3-4) livelihood opportunities (e.g., farming, manufacturing, forestry, etc.) in
the 44% of the affected SSF SES (Q9_C). This suggests that small-scale fishers had an
alternative form of livelihood opportunities to diversify income in case of livelihood crisis in

44% of the SSF SES. Success in livelihood diversification doesn’t mean SSF communities are
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transitioning from V2V. Livelihood diversification is an adaptation option to reduce vulnerability
by reducing poverty and increasing wealth (Davies & Hossain, 1997; Roscher et al., 2022).
However, it causes human-environmental disconnection of fishers with the fisheries resource
while they engage in other occupations other than fisheries (Nayak, 2017). In the short, term,
when followed as a coping strategy, they may provide some benefits (Huynh et al., 2021) but if
practiced in long term it leads to marginalization of the SSF communities by failing to improve
the resource condition and weakening the social and governing institutions (Nayak, 2017).
Following livelihood diversification as a single management and policy goal may potentially
lead to vulnerability of the SSF in long term and potentially lead to building a situation of social-
ecological traps (Cinner, 2011; Hanh & Boonstra, 2018). Livelihood diversification should not
be used as use alone adaptive or transformative strategy but can be used in conjunction with
other strategies which are more sustainable.

This research has contributed by expanding the multivariate method of data analysis that can be
used to assess the vulnerabilities and viabilities in the SSF SES and make comparisons between
the case studies individually and as a cluster. The use of the I-ADApT framework as a research
tool was successful as the data analysis provided promising results that were helpful to reduce
the complexity of data and understand the impacts of global changes. I-ADApT framework was
instrumental in designing sequential and exclusive research steps to fulfill the research
objectives. The vulnerabilities and efforts toward viability would have been more evident if more
case studies were used in the analysis. Despite less, in number, huge variability was observed in
the case studies. With the addition of more case studies, the pattern will appear overtly and start
to settle showing the usefulness of the proposed methodology and functionality of the I-ADApT
framework as a DSTs. Still, this analysis is being explored as proof of the concept and can
further be improved to use it in the context of the transition of SSF from vulnerability to
viability. Hence, it is suggested to conduct an analysis using the same methodology with a
greater number of case studies, nevertheless, all case studies used in the analysis should be
related to SSF, and the I-ADApT template should be filled with all the information. The results
could have been biased due to several reasons. There could have been biasness when choosing
the number of principal components while conducting the clustering analysis and when deciding
the number of clusters. The number of the principal components used in the clustering was

decided based on the percentage of the information retained by the principal components and the

85



critical observation of the results obtained from the MFA analysis. The number of clusters was
decided based on the preliminary observation of the pattern of formation of the clusters, inertia
gain results, and the research objectives. There could have been biasness in the way the number
of the cluster was decided because the process was not purely technical and included a reflective

process.

3.6 Conclusions

This research aimed to explore the use of MFA and HC in-depth and synthesize the lessons that
can be learned from the I-ADApT case study templates. The approach was useful in delineating
the similarities as well as the differences between the I-ADApT case studies representing the
SSF SESs with different attributes. This method of multivariate analysis was found to be highly
valuable in studying the global similarities between the case studies, across cluster variation, and
within cluster characteristics (typology of the case studies). MFA was used to understand the
relationship between the individual variable, variable categories, group of variables, group of
variable categories and I-ADApT case studies with each other. It was seen that variable
categories related to the vulnerability, governability, response, and appraisal groups were
somewhat interrelated with each other creating complex relations. Further, the appraisal group
had the most diverse variable categories, and the response group the least. High Lg values for
appraisal group indicates that there is a low probability of successful response as different types
of responses might have caused the data to be heterogeneous. Moreover, the richness of the
common structure between the response and appraisal group is not high (Lg=2.11) relative to
other pairs which have higher richness. The most linked pair of groups were appraisal with the
governability group; governability with the vulnerability group; and response with the
governability group. As the governability group was found to have a higher affinity with all other
groups, the most common variables in the case studies were related to the governability group
highlighting similar type of governance issues. The five case studies that had a high contribution
in separating the clusters were KAR, YB_clam, TAN, ON_tour, and BS_fish.

Most of the short-term responses were coping responses related to adaptation at the household
and community level mostly within the social subsystem. Instead, most of the long-term
responses were management responses targeted at improving existing management and

governance systems. Cluster 3 had somewhat successful short-term responses which helped to
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meet some objectives, however, the benefits related to cost were mostly unknown for the
majority of the case studies (3 case studies out of 5). Some of these short-term responses are
support from local media by reporting the illegal and unregulated SSF issues and shifting to
alternative livelihood opportunities. Cluster 1 had somewhat successful long-term responses
which helped to meet some objectives, however, the benefits related to cost were unknown for
the majority of the case studies (2 case studies out of 4). Some of these long-term responses are
the formulation and execution of coherent plans, and the establishment of networks to monitor
the effectiveness of long-term responses (OB_poll, ON_tour). Formation of legally regulated
areas to conserve the fisheries resources and forming the ecosystem restoration committee
incorporating all the stakeholders, i.e., adopting a co-management type of governance (SL_cora).
Formation of multilevel partnerships, and government agencies making agreements with
fisheries associations to provide the roles and responsibilities to fishers in fisheries management
(co-management) (OB_poll, ON_tour). Cluster 5 had four case studies (out of five) where the
objectives were not achieved from the long-term responses. One of the long-term responses was
a shift to a co-management form of governance from a hierarchical model of governance (TAN).
This suggests that co-governance doesn’t always result in success. Institutional transformation is
regarded to be one of the major necessities for co-governance to function (Chuenpagdee &
Jentoft, 2018). Strong institutions, regular interactions between the government and other actors,
a well-defined resource system and property rights system, coordination between the actors
across scales and levels, and capacity development at the state and community levels are crucial
to achieving benefits from co-governance. For cluster 5, there were a variety of factors within all
three of natural, social, and governing systems that prevented the long term objectives from
being fully achieved. The major cause of failure of co-management in TAN case study was the
social unrest which caused failure of local institutions due to lack of funding and management

plans.

The main issue faced by more than half of SSF SES was related to the natural and social system
at the local level. The mode of governance in most of the case studies (more than half) was
hierarchical governance at a regional/national/international scale. The key rules, regulations,
instruments, and measures employed to achieve the management objectives were input measures.
The social power was highly concentrated (80%) in more than half of the case studies. There had

been no formal evaluation of the response in almost 48% of the case studies. There were no
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structural changes in the governing system or individuals before the main issue. There were
some (3-4) livelihood opportunities (e.g., farming, manufacturing, forestry, etc.) in the 44% of
the affected SSF SES.
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Chapter 4

Vulnerability and Adaptation to Global Change in Small-scale fisheries: A

Thematic-Content analysis using the I-ADApPT framework

4.1 Introduction

Small-scale fisheries (SSF) around the world are in a state of continuous decline (Palomares &
Pauly, 2019) due to the increasing demand, outpacing the natural sustainable yield limit.
Nevertheless, in present times, SSF have received prominent attention because fisheries
resources are getting scarce at an alarming rate with decreasing fish stocks and the future of the
millions of SSF communities is at risk (Pita et al., 2019). The sustainable management of SSF,
also known as artisanal or subsistence fisheries (Palomares & Pauly, 2019) has been a
challenging task to pursue due to the increase in the manifold vulnerabilities resulting from the

global change.

Global change is a complex process, that occurs on large scales, with multiple factors impacting
the state of the SSF systems (Turner et al., 1990; Vitousek, 1992). Global changes are
characterized by events such as climate change, rapid population growth, urbanization, pollution,
resource depletion, biological invasions, and land-use changes (Turner et al., 1990; Owen &
Pickering, 2006; Stott et al., 2016). Global change is one of the drivers, while there are other
multiple drivers causing vulnerabilities within SSF. Most of these are attributed to the expansion
of large-scale fisheries, aquaculture expansion, developmental goals targeting tourism and
recreation, industrialization (Nayak & Berkes, 2010), economic transformation, technological
change, sociocultural evolution, and demographic change (Bennett et al., 2016). The open-access
nature and common property regimes of SSF make it more challenging to manage these
resources (Berkes, 2001; Nayak & Berkes, 2022). Unclear property rights can lead to changes in
the structure and functioning of institutions, governance failure, and overall violation of the

excludability and subtractability characteristics (Refer Appendix A for definitions) creating
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practical challenges for managing the fisheries commons and maintaining their state as commons
(Nayak & Berkes, 2011).

Different types of vulnerabilities due to the negative effects of multiple drivers in the SSF sector
are already apparent and do not remain hidden facts anymore (Cinner et al., 2015). Islam &
Chuenpagdee (2022) classified the vulnerabilities within SSF into five different groups mainly
biophysical, social, economic, technological, and governance. These vulnerabilities may not only
impact the livelihood and wellbeing of the SSF communities directly, but they can also interact
with each other to disturb the stability of the natural, social, and governing system (Bundy et al.,
2016) indirectly and thereafter giving rise to a new type of vulnerability having feedback effects.
The concepts that often come with vulnerability are exposure, sensitivity, and adaptive capacity
(Tuler et al., 2013). Vulnerability can be understood as an impact due to global changes because
of the inability of the natural, social, and/or governing systems to respond to changes (Bennett et
al., 2016). The magnitude of impact usually depends on the capacity of system components to
self-organize, adjust, resist and absorb the change (Bennett et al., 2016). Adaptive capacity is
defined as “the ability of systems, institutions, humans, and other organisms to adjust to potential
damage, take advantage of opportunities, or to respond to the consequences” (IPCC, 2014).
Adaptive capacity is usually high when small-scale fisheries social-ecological system (SSF SES)
(Berkes et al., 1998) have high access to capital (human, social, physical, financial, ecological),
self-organization capability, good leadership, mutual learning and knowledge systems (Folke et
al., 2002; Bennett et al., 2014). Exposure, sensitivity, and adaptive capacity are interrelated with
each other in a way that vulnerability for any system can be determined by exposure plus
sensitivity minus the adaptive capacity of the system (Adger, 2006a).

Considering any type of system (natural, social, or governing), stressors such as global change
cause exposure to the system components, which can cause consequences for SSF communities.
Consequences can be positive or negative and can be realized immediately or after some time
after the occurrence of the outcomes. Sensitivities are the factors that mediate the way stressors
act on the system (Tuler et al., 2013). Responses are any formal or informal action taken by the
state, non-state agencies, or the SSF communities themselves to mitigate or avoid the short-term

and long-term effects of these consequences due to global change (Bundy et al., 2016).
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Responses can have various forms with different targets such as coping with, adapting,

preventing, recovering, and responding to the stressors (Green et al., 2021).

The premise is that responses help to build the adaptive capacity of the SSF communities by
building resilience. Resilience is a dynamic concept and useful for understanding the self-
organizing capability of the SSF SES, and the ability of the natural, social, and governing system
to buffer the undesirable external and internal changes (Mason et al., 2022). Resilience can be
understood as a “function of coping capacity, adaptive capacity, and transformative capacity” in
response to social-ecological changes (Galappaththi et al., 2019). If the SSF communities have a
low adaptive capacity, then they will not be able to take advantage of the opportunities and
utilize the ecosystem services. Also, with a high adaptive capacity, they may be better able to use
all the resources (either biophysical or economic resources) to convert them to successful
adaptation outcomes to reduce vulnerability (Cinner et al., 2015). Adaptation can be defined as
“proactive planning or taking collective action, reaction as an unplanned response, and coping as
passive acceptance of consequences” (Green at al., 2021). In this sense, vulnerability (
consequences of exposure, sensitivity), adaptation, adaptive capacity, and resilience are
interrelated when it comes to understanding the impacts of global change phenomena in SSF
(Smit & Wandel, 2006; (Refulio-Coronado et al., 2021). The vulnerability concept bridges the
ideas of resilience and adaptive capacity together (Oestreich et al., 2019). An integrated approach
should be followed to study the associations between stressors, vulnerabilities, responses,
adaptive capacity, and resilience. The I-ADApT framework (Bundy et al., 2016) recognizes all
these components, providing the opportunity to record and analyze information about the
stressors and their impact on the SSF, vulnerabilities faced by SSF communities, governance,
and issues related to the governability, short term and long-term responses and appraisal of those
responses considering the natural, social, and governing systems of the SSF. The I-ADApT
framework bridges the ideas of vulnerability, governance and governability, response, adaptive
capacity, and resilience in the context of marine SSF SES to holistically understand

vulnerabilities, as well as the responses from household level to international level.

A growing number of research studies have explored the strategies and responses for adaptation
in SSF (e.g., Aguilera et al., 2015; Frawley et al., 2019; Silas et al., 2020; Green et al., 2021;
Huynh et al., 2021; Susilo et al., 2021; March & Failler, 2022; Mpomwenda et al., 2022).

91



Galappaththi et al., (2022) conducted a relevant study to identify common adaptive responses,
management responses, and barriers to responses considering climate change adaptation
responses by taking 230 case studies of global fisheries. Though relevant studies exist, three
major gaps were noticed in past literature. First, none of these studies has performed a
comparative study analyzing the vulnerabilities and responses combinedly. Second, there were
limited efforts to understand the barriers to responses. Third, no effort was made to classify SSF
SES based on the observed similarities and differences of response followed and vulnerabilities
faced. Analyzing the responses or the adaptation strategies alone without examining the
vulnerabilities would be inadequate. It is necessary to study the factors causing vulnerabilities
and factors strengthening viability together following the same thread which is referred to as the
Vulnerability to Viability (V2V) (Nayak, 2021). V2V concept particularly focuses on the
transition of small-scale fisheries from a vulnerability situation to a viability situation where SSF
are not just economically viable but have developed social-ecological resilience and adaptive
capacity; social wellbeing and sustainable livelihoods; and good governance (see Fig 2.2, chapter
2). Though SSFs are affected by different types of drivers, the prognosis is not all negative
(Nayak et al., 2020). The survivability of the SSF communities around the world to date shows
that they possess certain capacities and strengths which are poorly understood (Nayak & Berkes,
2019). Understanding strengths include identifying various forms of resilience (Berkes & Seixas,
2005) grounded within the SSF SES and which are being practiced to deal with the drivers of
change.

The goal of this chapter was to explore a qualitative approach to understanding the
vulnerabilities faced and the responses followed by SSF communities from the V2V lens. The
two objectives of this research are (i) to develop a qualitative typology of case studies following
the V2V approach, considering similarities and differences in the vulnerabilities faced by SSF
communities, responses, factors enhancing those responses, and factors preventing those
responses (ii) to improve understanding on the common types of vulnerabilities experienced and
responses followed by fisheries communities that have helped them to make the transition from

vulnerability to viability.
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4.1.1 Concept of Transition and Transformation

Unlike the concept of transformation, which deals only with the large-scale change in structure,
properties, and control of the SSF SESs (Biggs et al., 2010; Chapin et al., 2010), transitioning
means focusing on small-scale changes as well as large-scale changes within various sub-
systems of the natural, social, and governing systems that trigger resilience development through
coping, adaptive and transformative responses (Holscher et al., 2018). The concept of transition
may be helpful in understanding how the components of the SSF SESs undergo non-linear shifts
(Holscher et al., 2018) from one state to another to bring up a profound change within the linked
natural, social, and governing systems. Small perturbations to SES might not cause
transformation in SES but it might cause a transition of the subsystems (or its components) from
one state to another state. If the perturbation is large enough then the subsystems might get

transformed due to a lack of adaptive capacity (Armitage et al., 2017).

4.1.2 The Transition from Vulnerability to Viability

One of the approaches to the transition of the SSF SESs from V2V is understanding the drivers
of change, discovering responses followed to deal with change and uncertainty, and assessing the
effectiveness of those responses to progress toward viability following the I-ADApT framework.
It is pivotal to understand whether these responses enhance or harm the resilience of the SSF
SESs (Guillotreau et al., 2018). The premise is such that all responses followed might not carry
the notion of sustainability, but it’s necessary to recognize those responses to enhance
sustainable ones and eliminate others. The approach to viability here in this research is
developing comprehensive knowledge about the social and governing responses grounded within
the SSF systems, which have helped to develop the strengths of SSF communities. This is a
process of policy evaluation where lessons deriving from past experiences are used to debate the
current policy development (Bovens & Hart, 1995). While doing so, the ideas from the SES
perspective, resilience, and sustainability science are used in this study. It is necessary to identify
various aspects of social-ecological resilience and sort the factors enabling the resilience of SSF.
The V2V approach focuses on both incremental and transformative adaptation measures (Eriksen
et al., 2021), which includes both small-scale and large-scale adaptation measures for SSF

viability.
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4.2 Methodology

In this research, a qualitative methodology was followed to understand the vulnerabilities faced
by the SSF communities, and the responses being implemented. Furthermore, the factors
enhancing those responses and barriers to those responses are analyzed in detail. To do so,
twenty-eight case studies! from 19 different geographical locations, collected using the I-ADApT
template were used (See chapter 3 for the detail of the case studies and how these case studies
were collected, Table 3.1). The I-ADApT template consists of six sections background
information, a description of stressors and their impacts, vulnerability, governance, and
governability, response, and appraisal (see Chapter 3, section 3.3.1 for the detailed description of
these sections). Out of these six sections, all of the information in the first five sections of the I-
ADAPpT template was used for the thematic-content analysis. The appraisal section was not
included in the data analysis as it was not completed in several of the case studies, therefore there
was insufficient information. The Qualitative- Data Analysis Software (Q-DAS) NVIVO 12
Plus (QSR International, 2022) was used to import data from the I-ADApT template, encode
data, classify, and display data.

Qualitative methodologies such as a qualitative descriptive approach include multiple approaches
that include content analysis, and thematic analysis (Vaismoradi et al., 2013). Thematic content
analysis was employed as a method of data analysis in this research (Green & Thorogood, 2018).
A theme can be defined as an “abstract entity that brings meaning and identity to a recurrent
experience and its variant manifestations. As such, a theme captures and unifies the nature or
basis of the experience into a meaningful whole” (DeSantis & Ugarriza, 2000) Thematic
analysis (Sparker & Holloway, 2005) was used to create themes and the content analysis (Powers
& Knapp, 2010) was used to code the qualitative information in the I-ADApT template to the
themes created in the thematic analysis and analyze them. Content analysis can be defined as a
“systematic coding and categorizing approach used for exploring large amounts of textual

information unobtrusively to determine trends and patterns of words used, their frequency, their

! Note that the Sekisei lagoon Japan (SL-cora) case study used in Chapter 3 was not used in this analysis because the
I-ADApT template was not available.
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relationships, and the structures and discourses of communication” (Vaismoradi et al., 2013).

The conceptual research framework is shown in Figure 4.1.

Content analysis \\
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Figure 4. 1 Conceptual research framework

The research procedure is shown in Figure 4.2. Firstly, the I-ADApT template was reviewed in
detail to create the major themes. Secondly, the information in each of the I-ADApT templates
was reviewed to explore the sub-themes (here referred to as minor themes). This included
searching for frequently repeating terms in the I-ADApT template that carried social-ecological
meaning in the context of V2V research. Both inductive and deductive data analysis (Creswell &
Creswell, 2017) were employed in this research to conduct the thematic content analysis. The
inductive process included working back and forth between the I-ADApT case study template
and the minor themes. This process resulted in the consolidation of the minor themes after a
better understanding of the context of the answers to each I-ADApT question. A codebook (see:

Appendix E) was developed to outline the major and minor themes with a description of the
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common terms, or the elements found in the I-ADApT template that contributed to the structure
of the minor themes in this research. The codebook shows the number of files which contains
information related to the minor theme and references which indicates how many times the

information in the template was referenced to the minor theme.

After creating the themes (both major and minor), the information in the I-ADApPT templates
was coded to the minor theme based on the matching criteria (qualitative content analysis).
Several times, a deductive process was employed to revise the themes based on the analysis of
the information in the I-ADApPT template during the content analysis. Usually, the information in
the I-ADApPT was reviewed more intensively during content analysis than the thematic analysis
as the information is read line by line. This process was conducted for all 28 case studies,
reviewing all the qualitative information in the I-ADApT templates. Inductive analysis was
purely data-driven; however, the deductive analysis involved some level of the analytical
interpretation of the qualitative information or researchers’ judgment to re-organize the themes.
Usually, during the deductive analysis, some themes collapsed onto the other themes, some
themes were deleted and most of them were refined. Deductive analysis was useful to maintain

the coherence and consistent flow of the themes (Braun & Clarke, 2006).
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Figure 4. 2 Research methodology
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As the aim of the study was to use the lens of V2V in the research analysis, two major
distinctions were made while coding the themes. The first section was named ‘Vulnerability’
which was further subdivided into 5 major themes named ecological, economic, institutional,
social, and technological vulnerability, which were further coded into minor themes. Ecological,
economic, institutional, social, and technological vulnerability consisted of 9, 9, 11, 7, and 2
minor themes, respectively. The second section was identified as ‘Towards Viability’ which was
further segmented into 6 major themes as a governing response, social response, enabling
governing response, enabling social response, preventing governing response, and preventing the
social response, which comprised 13, 10, 9, 10, 16, and 8 minor themes, respectively. Table 4.1

shows all the major and minor themes that were coded into NVIVO 12 plus.

The results of the analysis were generated by comparing the codes and minor themes. Three
types of analyses were conducted, beginning with clustering analysis of the case studies,
followed by matrix coding and development of hierarchical charts using the major and minor
themes in NVIVO software. The results are described for all the case studies (called global
analysis) and consequently for the clusters of the case studies. The relative proportion of
different minor themes is shown in the pie chart. The count of the different minor themes
referenced in each I-ADApT case study template is shown in the bar chart. The major and minor

themes for the clusters are shown in the form of a tree map.

Table 4. 1 Major and minor themes defined in research study

The number after the themes indicates the number of I-ADApPT templates that consist of information
related to the minor theme (the first number, e.g., 18 for resource depletion) and the number of times the
information in the I-ADApT template was coded to the minor theme (the second number, e. g., 38 for

resource depletion). Main parent themes: bold and underlined. Major themes: in bold.
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Pollution (17,32)

Overfishing
(10,16)

Extreme weather
(8,14)

Environmental

Revisions &

inspections (13,17)

Relief & subsidies
(9,16)

Proper funding
(10,16)

Policies &
regulations (21,42)

Participatory

Youth engagement
(23)

Valuing fishers (6,8)

Switch target species
(4,5)

Social unity (8,14)

Social campaigns (4,5)

Ecological ]
N degradation management ]
vulnerability Enabling
(22,36) (11,15) .
(26, 214) i social —
Disease outbreak Management Permanent migration
response
(8,11) systems (18,31) (24, 72) (2,4)
Climate change Governing | Institutional ’ Media outreach (3,5)
(13,26) response framework (7,15)
Biodiversity loss | (28, 269) Good governance Control invasive
(14,24) (5,8) species (2,2)
anthropogenic Extended Awareness (9,11)
activities (11,17) collaboration
(12,20)
Productivity Evidenced-based Active involvement
decrease (19,36) management (8,15)
(13,16)
Poverty & Decentralization Revenue oriented
illiteracy (6,11) (5,5 policies (5,5)
Poor value chain Co-management Poor enforcement
(4.5) (16,38) (11,16)
Economic _ E—
N Lack market Appropriate Political interference
vulnerability S
(24, 103) (6,6) legislation (14,30) | Preventing | (6,7)
’ Lack investment Temporary governing | Lack resource (3,6)
(5,5) migration (6,10) response
Lack income Social Partnership (25,147) Lack monitoring
(15,26) response development (8,13) (11,14)
Lack credit (3,4) | (28, 161) Nature-based Lack management

High production

solutions (5,5)

Multi-level

plans (16,28)

Lack coherent strategy
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Vulnerability (28, 511)

Towards Viability (28,799)

cost (2,2)

Corruption (4,8)

Technological

Destructive

technology (3,3)

collaboration
(12,22)

Malpractices (8,16)

Livelihood

diversification

(11,14)

Insufficient funding
(9.11)

Ignoring science (8,11)

vulnerability (14,28)
(3,4) Poor connectivity Informal local Ignoring climate
1,2 Social practices (12,20) change (6,6)
Weak property response Habitat Hierarchical decision-
rights (9,13) (28,161) | conservation (6,6) making (5,5)
Unsuitable Community-based | Preventing ["Fund mismanagement
governance management (7,19) | governing | (4 5)
(9,16) response
Poor legislation Capacity (25,147) Distrust to government
(10,17) development (5,5
(16,22)
Institutional Lack Restrict access Delayed responses
vulnerability | accountability (5,5 (6,8)
(20,82) (6,6)
Inappropriate Restore fish stock Conflicting agendas
management (9,12) (4,4)
(7,11) Enabling
Fragile governing | Quota system Communication
Institutions (2,3) | response (7,11) problems (2,2)
Centralized (22,87) License system Social un-rest (7,8)
management (8,8)
(11,16)
Unemployment Implementation of Short-term measures
(9,13) plans (10,13) Preventing | (5,7)
Social Political Government social Opportunistic behavior
vulnerability | instability (2,2) incentives (7,10) response (8,10)
(24, 108) Outward Experimental (15, 63) Lack social institution
migration (6,9) fishing (5,5) (4,5)

Newcomers in
fisheries (6,7)

Expansion of

fishing grounds

Lack social cohesion
(10,16)
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Vulnerability (28, 511) Towards Viability (28,799)

3.3)
Low Empowerment Lack fishing
environmental Enabling (4,6) knowledge (3,4)
concern (3,4) governing Preventing
Lack wellbeing response Control social Excludability (7,10)
(5.5) (22,87) exploitation (7,12) | response
Intrasectoral By-catch limit (2,2) | (15, 63) Dependency in state
conflict (12,18) (3.3
Intersectoral
Social conflict (14,23)
vulnerability [jjjegal activities
(24, 108) (6,9)
Catch uncertainty
(7,10)

Behavior issues
(5,8)

4.2.1 Clustering Analysis in NVIVO

Clustering analysis was carried out in NVIVO to group the case studies based on the similarities
and differences in the information coded to each minor theme created in this study and develop
typology of the case-studies. NVIVO first builds a table where it sorts rows and columns
automatically based on the themes and the information coded from each I-ADApT case study to
the theme. Rows are the I-ADApT for each case study, and columns are each minor theme.
NVIVO assigns a value of 1 if the minor theme is present in the case study (which means if any
information from the I-ADApT case study has been coded to that theme then a value of 1 is
assigned), otherwise, a value of 0 is assigned. NVIVO then calculates the similarity index using
the Pearson correlation coefficient metric for each pair of items (row and column) and forms the
cluster and dendrogram using a complete linkage (farthest neighbor) hierarchical clustering
algorithm (Vijaya et al., 2019; QSR International, 2022). The default number of clusters formed
by NVIVO is 10 and the method of generating a cluster map was an iterative multidimensional

scaling algorithm (QSR International, 2022).
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4.3 Results

4.3.1 Global Results Considering 28 Case-Studies: Vulnerabilities

The most common ecological vulnerabilities within the twenty-eight SSF case studies are shown
in Fig 4.3. and Table 4.2. The most ecologically vulnerable SSF SESs, based on the total
number of ecological vulnerabilities experienced were ARG from Argentina, BGD from
Bangladesh, CM_mang from Cameroon, VEN from Venezuela, and BA_mang from Bangladesh
(Fig 4.4). (Refer to Table 3.1 for the acronyms of the case studies). The ecological vulnerability
was tracked in 26 case studies and was referenced or coded 214 times in total in all the case

studies.

Figure 4. 3 Relative proportions of different types of ecological vulnerabilities across all case studies

Table 4. 2 Most common ecological vulnerabilities

(F){rijnelﬁ Ecological vulnerabilities Common examples in I-ADApT case-studies
1 Environmental Environmental variability
degradation Changes in hydrological regimes
Eutrophication
9 Pollution Oil spills and agricultural effluents

Toxic industrial effluents
Ocean acidification
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Over-exploitation of resources (uncontrolled exploitation,
commercial exploitation, destructive fishing such as bombing,
use of chemicals)

Changes in distribution and availability of resource

3 Resource depletion

4 Climate change impacts Global warming

Changes in species abundance, loss of species
Continuous encroachment of protected forest areas
Illegal poaching of wildlife

5 Biodiversity loss } )
Disappearing mangroves
Decrease in breeding and nursery grounds of mangrove
fisheries
Unsustainable use of resources

6 Anthropogenic activities  rpanization, industrialization, and environmentally
irresponsible development

—_ Overfishing due to a decrease in fish catch

7 Overfishing . - .
Increased mechanization of fishing equipment

8 Extreme weather events Cyclones, hurricanes

9 Disease outbreaks Mass mortalities

Ecological Vulnerability

Count of the vulnerabilities

Case study
-Anthropogenic activities Environmental degredation Resource depletion
.Biodiversit_v loss .Exueme weather
Climate change .O\'erﬁshjng
Disease outbreak .Pollution

Figure 4. 4 Frequency of ecological vulnerabilities for each case-study
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The most common economic vulnerabilities within the twenty-eight SSF case studies are shown
in Fig 4.5. and Table 4.3. The economic vulnerability was seen as the major type of vulnerability
for the BGD and BA_mang case from Bangladesh, the VEN case from Venezuela, and the ARG
case from Argentina (Fig 4.6). The economic vulnerability was found in 24 case studies and was

coded 103 times in total in all the case studies.

Figure 4. 5 Relative proportions of different types of economic vulnerabilities across all case studies

Table 4. 3 Most common economic vulnerabilities

Rank order  Economic vulnerabilities Common examples in I-ADApT case-studies
Low fish catch
1 Productivity decrease Impact of fish stock fluctuation and decrease in economic

yields from fisheries

Unemployment
2 Lack of income Drop in fish price
Increase in fishing costs

Iliteracy leading to unemployment, and unemployment
leading to poverty

3 Poverty and illiteracy ) ] .
The nearest school were inaccessible because of distance or
poor road connectivity
Inaccessible market
High cost of transport of caught fish
4 Lack of a market g P g

Syndicate controls the price of fish catch where fishers end up
getting paid lesser
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Fishers live far from the city where they don’t get a good
market for their catch

Poor fisheries value chain

The conventional approach, which is inequitable, complex,
and lengthy

Changed with women and youths involved in all value-chain
segments

Lack of investment

Lack of new investments to bring opportunities for fishers
such as establishing alternative employment opportunities

Corruption

Need to pay a bribe to governmental officials
Corrupted officials as well as leaders of fisher’s associations.

Lack of credit access

Lack of credit access because fishers failed to pay back
previous loans

NGOs or cooperatives providing micro-credit did not provide
further loans

Unaffordable credit system

High-interest rates

Economic Vulnerability
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.High production cost Lack investment .Poveny & Illiteracy
Lack credit .Lack market Productivity decrease

Figure 4. 6 Frequency of economic vulnerabilities for each case-study
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The most common social vulnerabilities within the twenty-eight SSF case studies are shown in
Fig 4.7 and Table 4.4. Social vulnerability was the most common type of vulnerability for the
cases IN_reef from Indonesia, VIC from Uganda, VEN from Venezeula, BA_mang from
Bangladesh, and VL_clam from Italy (Fig 4.8). Social vulnerability occurred in 24 case studies

and was coded 108 times in total in all the case studies.

0. )
6%@/ % "$ A
3 R 3
2 < &
2 5 ?
%, = .S &
(éah 2 o Q&
0, EE >
L/rw ©, () Py
3 . %@ @
J R WDe
grah' . X \ 2c
on 4 A \eg?
} !
ioc
Newcomers in fisheries \§ V.
2 > ”I'e,.
g T Secy
o < 5 Ory,
v N 2 /e,
S 3 ng,
2& \gx\ % g
s N 8
& 9
3o S
8
=
=
&

Figure 4. 7 Relative proportions of different types of social vulnerabilities across all case studies

Table 4. 4 Most common social vulnerabilities

Rank

order Social vulnerabilities Common examples in I-ADApT case-studies

_ The conflict between SSF communities with other groups of
1 Intersectoral conflict  people following different professions such as tourism, oil
companies, and large-scale fisheries

The conflict between the fishermen group, and new entrants’

2 Intrasectoral conflict ~ fishermen.
The conflict between aquaculture and the small-scale fishers
3 Unemployment Lack of alternative livelihood opportunities
Newcomers in
fisheries Outplacing fishers who use traditional methods of fishing
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Youths migrate in search of new opportunities leaving the

5 Outward migration historical profession followed by their parents or the older
generation.
Uncertainties were the common feature of the fisheries making it
. difficult for fishermen to estimate what type of catch becomes
6 Catch uncertainty X
abundant and what can be supplied to the markets to meet the
demanded quota.
Illegal unauthorized fishing
Unsustainable fishing methods such as the use of poisons and
7 Illegal activities bombing
Illegal fishing gears
Unlicensed fishermen
8 Behavioral issues Opportunistic behavior of the fishermen
. Social frustration due to lack of job, and income
9 Lack of wellbeing . .
Effects on physical and mental wellbeing
Social Vulnerability
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Case Study
.Social Intersectoral conflict Newcomers in fisheries
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Catch uncertainity .Lack wellbeing .Political instability
Ilegal activities .Low environmental concem Unemployment

Figure 4. 8 Frequency of social vulnerabilities for each case-study
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The most common institutional vulnerabilities within the twenty-eight SSF case studies are

shown in Fig 4.9 and Table 4.5. The institutional vulnerability was the most common type of

vulnerability for the ARG case from Argentina, CM_mang from Cameroon, GRC from Greece,

and IN_reef from Indonesia. (Fig 4.10). The institutional vulnerability was found in 20 case

studies and was coded 82 times in total in all the case studies.

Figure 4. 9 Relative proportions of different types of institutional vulnerabilities across all case studies

Table 4. 5 Most common institutional vulnerabilities

Rank Inst|tut|_o !‘?" Common examples in I-ADApT case-studies
order vulnerabilities
1 Unsuitable governance Weak and poc_Jr ggvernarjce of hierarchical (top-down) type
Weak governing institutions
Fishermen must comply with any type of rules the administration
lized legislates
2 Centralize Poor participation of fishers in decision making
management .
Concentrated social power
Absence of common fishery right
N Poor law enforcement, rules, regulations, instruments, and
3 Poor legislation .
policies
Encroachment of resources by external agents
Open-access nature of property rights
4 Weak property rights | ack of defined ownership and established rights in the
management of fisheries commons
Unclear rules about the resource excess
5 Inappropriate Uncoordinated developmental activities

management

Lack of management measures
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Lack of area-based management measures

Lack of transparency, and accountability in management
decisions

6 Lack of accountability =~ Management decisions are politically biased
Compliance has been a key challenge in fisheries
Unfair distribution of relief and subsidies

Institutional Vulnerability
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Figure 4. 10 Frequency of institutional vulnerabilities for each case-study

Only two types of technological vulnerabilities were discovered in 28 case studies (Table 4.6).

Technological vulnerability was the most common vulnerability in the case studies from
Bangladesh (BGD), South Africa (BU_pela), and IN_reef (Indonesia). The technological
vulnerability was found in 3 case studies and was coded 4 times in total in those case studies.

Table 4. 6 Most common technological vulnerabilities

Rank Technological
order vulnerabilities

Common examples in I-ADApT case-studies

1

Heavy mechanization of the fishing boats led to unequal fish catches

Destructive technology C o o
within the fishing communities

2

Poor connectivity Use of digital technologies, digital connectivity to market
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Results showed that the SSF SESs dealt with multiple types of vulnerabilities at a given
time. Based on the count of the items coded to the minor themes for each of the five main
vulnerabilities, the ecological vulnerability was the most widespread type of vulnerability

followed by the social, institutional, economic, and technological vulnerability.

4.3.2 Global Results Considering 28 Case-Studies: Towards Viability

4.3.2.1 Social and Governing Responses
Different responses were designed and implemented to deal with the vulnerabilities to help the

SSF communities progress toward viability. Not all responses were coming from the
governmental agencies, many responses were initiated by the local communities themselves
through collective action and also by non-state agencies such as non-governmental organizations

and international non-governmental organizations.

The most frequent governing response within the twenty-eight SSF case studies are shown in Fig

4.11 and Table 4.7. The governing response was mostly implemented in the following case
studies: ESP_M, ESP_G (Spain), VIC (Uganda), VEN (Venezuela), UR_clam (Uruguay), TAN
(Burundi, Congo, Tanzania, and Zambia) (Fig 4.12). The governing response was reported in all

28 case studies and was referenced 269 times in total in the coding process.

3 IS
< 0
F =
3 g
% &
P e 2
% 3z g
L S < x
2 & &
S "(16 . a %e
op, % 3 & s . eﬂ!“‘“ce
erfll/; A ,Qr = q o got
,_7/,)8 4 5 '%\,\0 GQQA |2
\ . Evid
: jations | SVidenced.p,
Po\iues&'es“ A ,_,gv“q’ sed managemen¢
@é‘ GRS Y,
7 B
& T oy,
2 S 3. %,
@,@ o] NS o’éb.
5 %
X s 3
@
o g E
X g 2 °
= %

Figure 4. 11 Relative proportions of different types of governing response across all case studies
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Table 4. 7 Most common governing responses

Rank
order Governing response Common examples in I-ADApT case-studies
Formulation of rules, policies & regulations at the regional
and national level
1 Policies and regulations Clear property rights _ _
Giving autonomous rights to fishers to make their own
rules
Resolutions to solve practical challenges, legal agreements
Beach management systems
2 Management systems
Water quality management systems
_ Management based on findings from the scientific reports,
3 Evidenced-based research, and investigations
management Backing up fisheries through its research programs
including indigenous knowledge
Moving from a hierarchical system to a co-management
model
Involvement of multiple stakeholders in the management
4 Co-management of fisheries
Co-existence, the co-prosperity relationship between
government and fishers
Legislation for development planning
Prohibition to use small sized mesh
5 Appropriate legislation g)i)éster harvest rotation plan o capture oysters before they
Control dredging
Prohibition of inappropriate fishing gear
6 Monitoring and inspection Check the progress of implementation of the plans such as
by surveys, and surveillance system
) Collaboration between fishermen, NGOs, INGOs, and the
7 Extended collaboration governments at regional and national levels (horizontal
and vertical interactions)
8 Relief and subsidies Subsidy and relief distribution (usually temporary) after
the occurrence of disasters
. Allocation of funding to kick start and execute the
9 Proper funding
management plans
10 Institutional framework Establishment of frameworks for policy development

Frameworks to develop a management plan, and acts

In most of the cases, governance responses were seen as management responses that included a

transition from a hierarchical form of governance to co-governance, integration of the concept of

adaptive co-management into the policy formulation, and management systems more focused on
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ecosystem-based management and evidenced-based management. The governing responses were
adaptive types of responses, which were usually designed as long-term responses or proactive
responses except for a few. For example, relief & subsidies, and inspection activities may not be
considered as long-term responses but are reacting responses to help the fishers sustain a living.
Governing responses were focused on establishing the strong management systems needed to

deal with both acute and chronic stressors through adaptive management at different levels.

GOVGI’I’llﬂg résponse
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Case study
.Appropn'ate legislation Extended collaboration Participatory management .Revisions & Inspections
.Co-managemem .Good govemance Policies & regulations
Decentralization .Insﬁtuﬁonal framework .Proper funding
Evidenced-based management .Managemem systems Relief & subsidies

Figure 4. 12 Frequency of governing response for each case-study

The most frequent social response within the twenty-eight SSF case studies are shown in Fig
4.13 and Table 4.8. Social responses were largely followed in cases like IN_reef (Indonesia),
VIC (Uganda), VEN (Venezuela), VL_clam (Italy), BA_mang, and BGD (Bangladesh) (Fig
4.14). The social response was reported in all 28 case studies and was referenced 161 times in

total in the coding process.
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Figure 4. 13 Relative proportions of different types of social response across all case studies

Table 4. 8 Most common social responses

Rank
order Social response

Common examples in I-ADApT case-studies

1 Capacity development

Educating them about sustainable fisheries practice
Introduction of new technologies among fishers
Technological development and promotion of modern fishing
equipment among fishers

Opportunity to engage in other professions

2 Livelihood diversification

Fisheries communities changed their professions from fisheries to
other sectors such as starting to practice aquaculture, new jobs in
the food processing industry for large-scale fisheries

3 Multi-level collaboration

Collaboration of the fishing communities with other stakeholders,
governmental agencies, non-governmental agencies, and

international non-governmental agencies at local, regional, and
national levels

4 Malpractices in fisheries

Catching pre-mature species
Violating and disobeying management rules

5 Community-based
management

Joint community-based management initiatives to implementation
of plans and programs

Community-based knowledge mobilization activities

6 Informal local practices

Low price trading of fish
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Self-compromising and eating an unhealthy diet to save money for
family and children

Using children as labor without sending them to school

7 Partnership development ~ Partnership to strengthen the local actions through the formation of
associations and councils

Migration where small-scale fisheries communities migrated to
8  Temporary migration other cities to pursue other occupations during low catch fishing
season

Implementation of nature-based solutions through community-based

9 Nature-based solutions R
initiatives to reduce the harm from the extreme weather events

10  Habitat conservation Local initiatives supporting habitat conservation activities such as
the implementation of the marine protected areas

Social response
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Habitat conservation .Multi-level collaboration

Informal local practices -Natuxe-based solutions

Figure 4. 14 Frequency of social response for each case-study
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There were varied kinds of social responses, some of which included unsustainable responses
from SSF communities such as illegal activities violating the fishing norms and changing to
unsustainable fishing practices. Most of the social responses were directly or indirectly
associated with the household and community-based adaptation and management measures.
Such community-based adaptation measures were the result of a bottom-up management
approach (Schluter et al., 2021) which included collaboration with multi-level stakeholders and
collective action by the SSF communities. Social responses were a mix of the adapting and
reacting responses (Green et al., 2021), where the adapting responses included collective action
to formulate strategies to reduce the vulnerabilities and reacting responses included personal
effort through informal practices to deal with vulnerabilities. These types of informal local
practices may provide temporary financial benefits to the fishers usually in the short term.
However, this may negatively influence the relational and subjective well-being (Coulthard et
al., 2011) of the fishers.

4.3.2.2 Factors Enabling the Social and Governing Responses

The most common factors enabling social response within the twenty-eight SSF case studies are
shown in Fig 4.15 and Table 4.9. The case studies ESP_G (Spain), VIC (Uganda), and VEN
(Venezuela) had numerous factors enabling the social response in comparison to the other 28
case studies (Fig 4.16). Factors enabling social responses were reported in 24 case studies and
were referenced 72 times in total in the coding process. Four case studies, ARG, BU_pela,
CB_oyst, and GRC, did not report any factors enabling social response. Most of the factors
enabling the social response were the factors that helped the SSF communities build resilience
either through social unity, social campaigns, awareness activities, media outreach activities, or

informal activities that ultimately helped to build the adaptive capacity of the SSF communities.
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Figure 4. 15 Relative proportions of different types of factors enabling social response across all case

studies

Table 4. 9 Most common factors enabling social responses

Rank order Factors enabling social response

Common examples in I-ADApT case-studies

1 Social unity

Fishers remained united to achieve a common goal such
as reducing the economic crisis

Joint acceptance of the leadership decision

Unity through involvement in the fisheries associations
and organizations

2 Active involvement

Active involvement of fishers in decision-making and
policy formulation

The willingness of fisher communities to work jointly

3 Awareness

Awareness among the fishers through training,
workshops, and public hearing on the need to conserve
the resources

4 Valuing fishers

Fishers being valued in the management and
governance of SSF

Participation of the fishermen in regional advisory
councils and coastal action groups (with other
stakeholders)

Fishermen themselves also have realized that it is much
better to participate in the management of the fishery
(co-management) than to be simple compliers with the
regulations imposed on them

5 Switching target species

Switching target species such as from fish to crab to
catch economically profitable fish species
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Switch target species as per the demand in the local and
international market

6 Social campaigns

Campaigns among the fishers to put pressure on the
government to fulfill their demands

Campaigns targeting youths

Campaigns lobbying for more research funding and
potential subsidies

Political campaigns to raise the voice of fishers

7 Permanent mi

gration

Fishers permanently left the SSF occupation and joined
new occupations such as opting to work as a
construction worker after being severely affected by the
social-ecological changes

8 Media Outreach

Media support disseminating the problems in small-
scale fisheries to the broader audience

Reporting of illegal fishing activities and resource
depletion issues

9 Controlling invasive species

Finding scientific ways to control invasive species to
reduce the mortality rate

Enabling social response
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Figure 4. 16 Frequency of common factors enabling social responses considering all cases
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The most common factors enabling governing response within the twenty-eight SSF case studies
are shown in Fig 4.17 and Table 4.10. These factors were mostly targeted toward marine

ecosystem management (Larkin, 1996), which incorporated long-term adaptation planning. This
showed that the adaptation measures were not only limited to developing the strategies that
provided immediate benefits, but the focus was also given to the development of sustainable
strategies aiming specifically at biodiversity protection, and habitat conservation. The factors
that enabled the governing response were most dominant in the case study ESP_G (Spain), BGD
(Bangladesh), BA_mang (Bangladesh) and BU_pela (South Africa), KAR (Zambia and

Zimbabwe) (Fig 4.18). Factors enabling governing responses were reported in 24 case studies
and were referenced 72 times in total in the coding process.
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Figure 4. 17 Relative proportions of different types of factors enabling governing response across all case
studies
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Table 4. 10 Most common factors enabling governing responses

Rank
ordet

Factors enabling governing
response

Common examples in I-ADApT case-studies

Implementation of the plans

Implementation of developmental plans for the
development of coastal areas

Crisis management plans and fisheries management
plans

Special focus on the execution of the formulated plans

Restoration of fish stocks

Collaborative efforts to restore the fish stocks
focusing on the sustainable practices

Exploitation control mechanisms

Seasonal bans on the exploitation of commercially
important fish species

Ban on the extraction of wood to protect the
mangroves

Quota and license system

Limit the no. of the resource users, somewhere set by
the regional government, and somewhere thorough
local institutions

Government incentives

Tax rebates to the fishers

Subsidies for survival following the occurrence of the
disasters

Experimental fishing

Experimental fishing provision before implementing
the new fishing systems to test and validate such
techniques

Establishment of labs/ factories for testing and
assessment purposes

Access Restrictions

Administrative restrictions to access to the fishing
grounds without the fishing permit and during no
fishing period to allow stock rejuvenation

Empowerment

Empowerment of the social institutions (commons
institutions) through a democratic system of election
to elect the leaders

Empowerment of the local communities at the local
level through training and workshops to re-engage in
fisheries

Introduction and promotion of the commercially
viable fisheries among the communities

Expansion of the fishing grounds

Expanding the harvesting grounds
development of the fishing village
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Figure 4. 18 Frequency of common factors enabling governing responses considering all cases

4.3.2.3 Factors Preventing the Social and Governing Responses

There were a large number of factors preventing the governing response relative to the factors
preventing the social response. The most common factors preventing the social response within
the twenty-eight SSF case studies are shown in Fig 4.19 and Table 4.11. Most of these factors
were dominant in UR_clam (Uruguay), ESP_G, ESP_M (Spain), IN_reef (Indonesia), VL_clam
(ltaly), VIC (Uganda), and VEN (Venezuela) (Fig 4.20). Factors preventing the social responses

were reported in 15 case studies and were referenced 63 times in total.
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Figure 4. 19 Relative proportions of different types of factors preventing social response across all case

studies

Table 4. 11 Most common factors preventing social responses
Common examples in I-ADApT case-studies

Rank Factors preventing social response
order P g P
Individualism and opportunistic behavior of fishermen

and stakeholders
Fishers and the fisher leaders concentrated on personal

benefits and wellbeing
Lack of organization of fishing communities

Limited cooperation between government officials and
between the small-scale fisheries communities

1 Opportunistic behavior of fishers

Lack of trust

2 Lack of social cohesion
Lack of willingness to work jointly and engage in

collective action
Differences in political ideology, and culture, that

affected the co-management initiative negatively

3 Social unrest . S
Unfair social divisions

Violence and threats among fisher
Exclusion of marginalized fishers from the community

from decision making
Inequitable distribution of subsidies, reliefs, funds, and

4 Excludability
other incentives
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Short term measures

Local community-based initiatives were conducted in
the short-term due to a lack of adaptation planning

Lack of social institutions

Poor institutional arrangements

Fragile social institutions which are functional only for
a short time

Lack of common property rights

High dependency on state

The high expectation on state agencies to fulfill all the
needs

Lack of fishing knowledge

Newcomers in fisheries lacked fishing knowledge

Newcomers did not harmonize with the
customary/traditional fishing groups

Preventing social response
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Figure 4. 20 Frequency of common factors preventing social response considering all cases

The most common factors preventing the governing response within the twenty-eight SSF case

studies are shown in Fig 4.21 and Table 4.12. Most of these factors were dominant in GR_mal

(Greece), IN_reef (Indonesia), MB_oyst (Japan), PH_poll (Philippines), TAN (Burundi, Congo,
Tanzania, and Zambia), CM_mang (Cameroon), VIC (Uganda) and VEN (Venezuela) (Fig 4.22).
Factors preventing the governing responses were reported in all 25 case studies and were

referenced 147 times in total.
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Figure 4. 21 Relative proportions of different types of factors preventing governing response across all
case studies

Table 4. 12 Most common factors preventing governing responses

Rank Factors preventing governing Common examples in 28 I-ADApT case-studies
order response
Lack of operational management plans with performance
1 Lack of management plans indicators to manage the fishing zones, fishing market,
and risk management plans
Lack of risk management plan
Poor monitoring due to the lack of financial capital and
2 Lack of monitoring activities human capital
Lack of technical expertise to conduct effective
monitoring activities
Poor coordination between different government agencies
3 Lack of coherent strategies

while developing frameworks, policies, rules, and act
balancing all needs of all the sectors (e.g., coastal area

development and small-scale fisheries fishing ground
expansion)

Negligence of government agencies to operationalize their
4 Poor enforcement

management plans
Lack of the community support
Weak enforcement of regulatory measures
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Limited action from the central public administration

Require a lot of approval process to implement rules and
policies at the local level

5 Insufficient funding

Lack of funding to operationalize the monitoring, control,
and surveillance activities

6 Political interference

Political biases in the allocation of the resources

Co-management initiatives were interrupted due to varied
political interests

7 Revenue-oriented policy

Government objectives strongly shifted towards
operationalizing profit-generating strategies for local
government

8 Hierarchical decision-making

Top-down governance where there was no involvement of
fishers in decision making

Centralized governance does not allow local action to
foster

Leadership became too dictatorial and hypocritical in the
governance of the resources

9 Delayed response

Delayed response from the governmental agencies after
the effect of the crisis has reduced significantly (e.g.,
delayed reconstruction of damaged embankments, parts of
which were broken during the cyclone, delayed
restoration of sewage treatment facility)

The government agencies were not resilient to deal with
surprises from extreme weather events and disasters

The delayed response followed by the slow
implementation of the response

10  Distrust towards government

Muistrust the political leaders and their agendas

Muistrust towards the local, regional and national
government

11  Ignoring climate change impacts

The response did not explicitly address the sustainability
of fisheries resources in respect of climate change impacts

Legislation and policies incorporate climate change to a
much lesser extent because authorities assume climate
change to be a global problem

Government agencies were unable to find mitigation
measures to cope with unusual changes in the fisheries
due to climate change

Government institutions did not consider any proactive
and preventive plan against the climatic variability that
impacted fishing communities
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Figure 4. 22 Frequency of common factors preventing governing response considering all cases

4.3.3 Clustering Results

The 28 case studies were separated into 5 different clusters as depicted in the cluster dendrogram
in Fig 4.23. Two case studies in cluster 1 (KAR from Zambia and Zimbabwe, TB_shrm from
Japan). Seven case studies in cluster 2 (IN_reef from Indonesia, PH_poll from the Philippines,
UR_clam from Uruguay, ARG from Argentina, GRC from Greece, CM_mang from Cameroon,
and VL_clam from Italy). Six case studies in cluster 3 (CB_oyst from East Coast of the USA,
BB_oyst from France, BS_fish from Baltic sea region, BU_Pela from South Africa and Namibia,
BA_mang and BGD from Bangladesh). Nine case studies in cluster 4 (SH_poll from China,
OB_poll from Japan, ON_tour from Japan, US_oyst from Northwest USA, TAN from Burundi,
Congo, Tanzania, and Zambia, VIC from Uganda, VEN from Venezuela, ESP_G and ESP_M
from Spain. Four case studies in cluster 5 (YB_clam from Japan, GR_mal and GR_Amv from
Greece, and MB_oyst from Japan. Each cluster is interpreted based on the major vulnerabilities
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encountered by the SSF SES and responses that helped them to develop resilience against the

global changes.

Items clustered by coding similarity
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Figure 4. 23 Cluster dendrogram
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4.3.3.1 Cluster 1

The major types of ecological vulnerabilities faced by the 2 SSF communities that belonged to
this cluster (Fig 4.24) were resource depletion, pollution, overfishing, climate change impacts,
biodiversity loss, and anthropogenic activities. The institutional vulnerabilities were a mix of
unsuitable governance, centralized top-down management, and poor legislation of the rules and
regulations. Economic vulnerability included productivity decrease due to low catch of the fish
and the social vulnerability constituted by intersectoral and intra-sectoral conflicts. None of the

technological vulnerabilities were found in the case studies of this cluster.

Governing responses were a shift to a co-management form of governance, increased
collaboration, good governance, and decentralization of the power and authority from the
national to the local level. Social responses were temporary migration to find alternative
employment opportunities during the off-seasons, livelihood diversification, informal local
practices, and community-based adaptation measures. Factors enabling the governing response
were the provision of licenses and the quota system, experimental fishing practices, government
incentives, and a ban on overexploitation of the resources. Factors enabling the social response

included awareness programs.

Factors preventing the governing responses were political interference, insufficient findings to
achieve the management objectives, and delayed response from the government. For the case
studies in cluster 1, vulnerabilities were mostly of the ecological type with other issues of
governance, lack of social and outdated regulations. The social and governing responses were
targeted to foster the governance systems. Most of the responses were governing responses while
the social responses were limited and applied less rarely.
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Figure 4. 24 Cluster 1

4.3.3.2 Cluster 2

The most frequently observed ecological vulnerabilities for the 7 case studies that belonged to
cluster 2 (Fig 4.25) were environmental degradation, resource depletion, biodiversity loss,
pollution, climate change impacts, and overfishing. Institutional vulnerabilities included
centralized management systems, poor legislation of the rules and policies, and the lack of
accountability among the stakeholders. Intra-sectoral and intersectoral conflicts, unemployment,
and behavioral issues among the fishers were seen as the major social vulnerabilities. Economic
vulnerabilities were productivity decrease and lack of income to sustain a living. None of the

technological vulnerabilities were found in the case studies of this cluster.

Governing responses were the formulation of the policies and regulations, participatory
management, effective monitoring activities such as frequent revisions of the management
objectives & inspections, co-management form of governance, and proper funding. Social
responses were capacity development of the SSF communities, community-based management,
multi-level collaboration, and livelihood diversification. Factors enabling the governing response
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were restoring the fish stock by restricting access for a certain time and implementing the
management plan. Factors enabling the social responses included awareness among the fishers
and social unity among the fishers in joint management of the marine resource. Lack of
operational management plans, a distrust of the government, lack of monitoring activities,
conflicting agendas due to different management objectives, and hierarchical decision-making
were the reasons that prevented the successful application of the governing response. Factors
preventing the social response contained lack of social cohesion and exclusion of some members

of the community from decision-making.

The most frequent type of vulnerability seen in the case studies of this cluster were ecological
and social vulnerabilities. This cluster had plenty of factors preventing the governing responses
while there were few factors enabling the social and the governing response. Governing
responses were more common than the social response, nevertheless, some factors were

preventing the social response.

The governance responses in the case studies in cluster 2 were as follows:

» Formation of local regulations for the access and use of marine resources (IN_reef).

» Ban on using marine resources after the occurrence of major hazards (UR_clam).

» Development of co-management institutions by creating new governance bodies and
implementation of the site-specific plan by local stakeholders (UR_clam).

» Practicing ecosystem-based management approach to fisheries management to stop
overexploitation of the resources (UR_clam).

» Continuous monitoring of the resource extraction, performance of the governance model,
and effectiveness of the ecosystem-based approach through periodic meetings between
scientists, fishers, and governmental authorities (UR_clam).

» Implementation of short-term responses such as distribution of relief assistance including
food, cash, drinking water, emergency medicine, and other non-food materials to the
affected communities by the government agencies. Introduction of effective training and
awareness to upgrade the fishing practices instructing fishers about the ways to be more
productive and economical (CM_mang).

» Joint experimentations involving government officials and local fisheries management

committees to test various approaches for restoring the natural habitat (CM_mang).
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» Provisioning of concessions for aquaculture (VL_clam). Development of scientific
studies to evaluate issues such as impacts of fish farming, fishing market, and biological
assessments (VL_clam). Development of management model which includes diversified
roles of government agencies in governance including local stakeholders, fisheries
communities (co-management), and adoption of an ecosystem-based approach
(VL_clam). Proper government funding to implement the monitoring activities
(VL_clam).

The social responses in the case studies in cluster 2 were as follows:

> Development of community-based resource conservation measures (CM_mang).

» Community empowerment to educate sustainable fisheries practices to increase income
(UR_clam).

Figure 4. 25 Cluster 2

4.3.3.3 Cluster 3

The ecological and economic vulnerabilities for the 6 case studies that belonged to cluster 3 (Fig

4.26) were the same as those for cluster 2. The most frequently occurring social vulnerabilities
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included unemployment, newcomers in fisheries, intra-sectoral conflicts, and lack of well-being.
Institutional vulnerabilities were comprised of centralized management systems and unsuitable
governance. Technological vulnerabilities included destructive technology and poor connectivity

issues.

The governing responses were the development of the policies and regulations, the establishment
of the management systems, evidence-based management, relief & subsidies, and proper
funding. Factors enabling this governing response included measures such as a quota system and
a ban on the exploitation of the resources by restricting access. Factors that prevented the
governing responses were lack of management plans, delayed responses to deal with social-

ecological issues, and ignoring the climate change effects on management plans.

The social response included malpractices from the fishers, capacity development of the fishers,
and habitat conservation efforts. Factors enabling the social responses were switching the target
species and permanent migration of the fishers leaving the SSF profession. The themes that
prevented the successful application of the social responses were short-term measures and
opportunistic behavior from the SSF communities. This cluster was mainly impacted by

ecological and economic vulnerabilities.

Responses were mostly related to strengthening the governance systems of the SSF SES. Most of
the social responses were coping responses that included unsustainable and illegal activities such
as using the family member and children as labor to increase the family income. Factors enabling
these social responses were also unsustainable factors where the fishers were permanently

leaving the SSF and were migrating to find an alternative form of livelihood opportunity.

The governance responses in the case studies in cluster 3 were as follows:
> Establishment of land use regulations and agricultural policies (CB_oyst).
» Execution of administrative restrictions on the transfer of fisheries species between
basins to improve the market in short term (BB_oyst).
» Opening of breeding and research centers to test disease-resistant fisheries species and
develop hybrid breeds which are commercially viable (BB_oyst).
» Revisions of rules acts, and development of frameworks for enhancing participatory

resource management involving all the stakeholders (BB_oyst).
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» Implementation of the open-access to use the marine resources for the short term to
reduce the impact of acute stressors (BA_mang).

» Implementation of prohibitions, restrictions, and quota system for sustainable fisheries
development (BS_fish).

>

The social responses in the case studies in cluster 3 were as follows:

» Local fisher communities implemented joint control mechanisms such as increasing the
vessel size, no. of boats, and autonomous ban of operation for a certain time (BA_mang).

» Allocation of different harvesting zones and rotation plans by the agreement among the
fisherman to reduce pressure on the fishing ground (CB_oyst).

» Higher exploitation of the marine resources due to a lack of alternative income generation
methods (BA_mang).

» Switch target species to catch commercially viable fish species (BGD). Increase in the

number of families taking loans from cooperatives and NGOs to meet their basic needs
(BGD).

Figure 4. 26 Cluster 3
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4.3.3.4 Cluster 4

Cluster 4 (Fig 4.27) which consisted of 9 case studies had environmental degradation,
anthropogenic activities, and pollution as the most common drivers of ecological vulnerability.
Intra-sectoral conflicts, unemployment, and outward migration were the major drivers causing
the social vulnerabilities. The economic vulnerability was mainly due to the decrease in
productivity, lack of market, and lack of income. Poor legislation and weak property rights were

considered the major source of institutional vulnerability.

The governing responses were the formation of the policies and regulations, extended
collaboration, appropriate legislation of the local rules & plans, and establishment of the
institutional frameworks. Factors enabling the governing response were the implementation of
the plans, efforts to restore the fish stocks, and the government incentives to the fishers. Factors
preventing the governing response were lack of coherent strategies, insufficient funding to
execute the management plans, and lack of monitoring to assess the effectiveness of the plans

implemented.

Social responses were livelihood diversification, multi-level collaboration, informal local
actions, and capacity development of the fishers. Factors enabling the social responses were the
active involvement of the fishers in community-based management initiatives, social campaigns,
and social unity. Factors preventing the social responses were social unrest, opportunistic
behavior of the fishers, lack of social cohesion, and excludability. Social unity was the enabling
factor, simultaneously, lack of social cohesion was the factor preventing the social response. This
IS a matter of concern. This may be due to the difference in fishers’ behavior which directly
affects the policy outcomes. The psychological behavioral differences and the adaptation
behavior of the fishers (Andrews et al., 2021) can be considered as one of the drivers affecting

the outcomes of the adaptation and strategic planning to SSF viability.

Few vulnerabilities were reported in the case studies of this cluster, while there were numerous
governing and social responses reported in the I-ADApT templates. The most common type of
vulnerabilities were ecological and economic vulnerabilities. Responses were mostly governing
responses which were limited to the policy development and legislation of the rules and

regulations. However, implementation of plans and enforcement of the laws were particularly
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poor. Responses and the factors enabling those responses were most common and were

repeatedly mentioned than the factors preventing those responses.

The governance responses in the case studies in cluster 4 were as follows:

>

Government policy to motivate the fishing communities to shift to alternative
employment options and strengthen the infrastructure to foster other sectors (SH_poll).
Formation of autonomous management units to fulfill specific objectives such as the
creation of the institutional framework, promoting co-management (good governance),
sustainable resource management, and ensuring democratic participation for small-scale
fisheries viability (VIC).

Formation of councils involving fisheries leaders, researchers, and technical experts from
government authorities to innovate new management measures (VEN).

Joint training courses for newcomers in the fisheries profession by the active involvement
of the government authorities and fishers’ organization (ESP_G).

Implementation of decentralization concept granting administrative and economic
autonomy to the SSF regions called “autonomous communities” (ESP_G).

Provisioning of tax reductions to the businesses opened by the small-scale fisheries
communities (ESP_G).

Development of management plans consisting of operational management measures and

monitoring plans (ESP_M).

The social responses in the case studies in cluster 4 were as follows:

>

Providing better multifunctional roles to all the actors involved in sustainable
management of fisheries to execute the management plan to revitalize fishing activities
and overall small-scale fishing industries (OB _poll).

Introduction of the series of new local rules concerning fisheries development, and
regional collaboration (ON_tour).

Formation of the prior consultation system, co-existence, co-prosperity relationship
among the stakeholders (tourism operators, fisheries communities, and village officials,
etc.) (ON_tour).

Proper property rights systems, autonomous management practice, bold leadership, and

willingness to jointly enhance the fishery practice and the economic situation (ON_tour).
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> Development of protective policies, informal rules, and creating public awareness
(US_oyst). Development of innovative solutions to reduce loss during catch and post-
harvesting period (TAN).

» Revision of management plans including most recent social-ecological changes (TAN).
Realization by fishers to shift to a co-management form of governance to be the part of
the leadership committee and form better collaboration to respond to regulations from
national and regional levels (ESP_M).

» Promotion of activities like conservation of marine resources to restore fishing grounds.

Overexploitation of the resources to sustain the livelihood of the fishing communities
(ON_tour, OB_poll, SH_poll).

Figure 4. 27 Cluster 4

4.3.3.5 Cluster 5

The most recuring ecological vulnerabilities for the 4 case studies that belonged to cluster 5 (Fig
4.28) included pollution, mass mortalities due to disease outbreaks, and resource depletion.
Economic vulnerabilities were a decrease in productivity, and lack of income. Institutional
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vulnerabilities were weak property rights and poor legislation. Social vulnerabilities were

represented by political instability and outward migration.

The governing responses were timely revisions & inspections, formation of the management
systems, appropriate legislation, relief & subsidies, and participatory management. The factors
enabling the governing responses were setting up the by-catch limit, along with the establishment
of the quota & license system. This cluster had the largest number of factors preventing the
governing responses which were poor enforcement of the policies & regulations, lack of coherent
strategy, lack of feasible management plans, ignoring the scientific evidence while formulating
the management objectives, lack of proper monitoring activities, fund mismanagement and
communication problems between the stakeholders. There were few social responses such as
community-based management and habitat conservation. Factors enabling the social responses
were proper media outreach where the issues of mass mortalities and environmental degradation
were frequently reported in the local and national media. No factors were preventing the

successful application of the social responses.

The governance responses in the case studies in cluster 5 were as follows:

» Field management of the social-ecological crisis through direct interaction between
different authorities (local, public, and private) and decision-making at multiple levels for
successful action on the field (GR_amv).

> Public acceptance of government policies acts, and regulations (GR_amv).

> Inspection of land-based facilities (e.g., processing units) that do not meet the
environmental standards as per the rules (GR_mal).

» Collaboration between various stakeholders such as research institutes and academic
institutions (GR_amv, GR_mal).

The social responses in the case studies in cluster 5 were as follows:
» Promotion of monitoring activities to prevent environmental degradation (GR_mal).
> Development of negative behavioral attitude among fisheries communities discarding
locally caught fish referring they were caught from polluted water ecosystem (GR_mal).
» Formation of cooperatives and coordination committee to revitalize the fisheries market
(MB_oyst).
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4.4 Discussion

4.4.1 Vulnerability in Small-Scale Fisheries

Vulnerabilities in the context of SSF were seen as multidimensional and multilayered (Islam &
Chuenpagdee, 2022) arising from the perturbations in economic, environmental, ecological,
political, and social systems. As witnessed, vulnerabilities were of different types intertwined
with each other and it was challenging to differentiate between the stressors, exposures,
sensitivities, and consequences due to multiple feedback effects happening within the SSF SESs.
For example, in the case of GR_mal and GR_amv (refer to Table 1 for details of the case
studies), “Pollution to the water bodies had negative impacts on tourism as well as the fish
caught from those water bodies did not get any market directly affecting the supply chain”. This
requires a transdisciplinary perspective to study the vulnerabilities in SSF to understand the
complex vulnerability dynamics. The vulnerability discourse should go beyond the concept of
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just managing the usual problems in the short term. Vulnerabilities in the context of global
changes should be viewed as inherent to the SSF systems where they are part of SSF systems.
Therefore, should be given priority and incorporated into management plans, policies, and
regulations (Chuenpagdee, 2011).

Three classes of vulnerability were observed. First-class represented the vulnerabilities that were
the direct consequences of the outcomes from the global changes, second, was the indirect
vulnerabilities due to feedback effects because of reactive response from SSF communities, state
agencies, and non-state agencies (outcome of the social and governing response); and third was
the new sources of vulnerabilities due to interaction among emerging vulnerabilities, feedback
outcomes, and dormant responses. This explains that there are different determinants of
vulnerabilities that vary by type, are dynamic, and vary from stimulus to stimulus (Smit &
Wandel, 2006). The first class of vulnerabilities linked directly to local and global drivers of
change, the interplay between these drivers (Nayak & Berkes, 2019) giving rise to various
stressors, and the lack of adaptive capacity to absorb theshocks and pressures. The most
important examination is the second and third class of vulnerability, which was caused due to the
social and governing interventions and their interactions - despite those interventions being
designed with good intentions, were reinforcing new sources of vulnerabilities. Eriksen et al.,
(2021) specified three different reasons behind this phenomenon occurring in the social-
ecological realm. First, is the lack of ability of decision-makers and policymakers to understand
the contextual basis of sources of vulnerabilities before implementing the responses.
Understanding the current problems and pattern of change is important for adaptive planning of
strategies to reduce the vulnerabilities. The second is the inequitable participation of the
vulnerable groups in planning the responses and the final reason is the poor approach to
retrofitting the adaptation plans in line with other developmental goals and previously designed

interventions.

The results of this study about the global context of vulnerabilities are largely coherent with
other studies such as Ruiz-Diaz et al., (2020); Sowman, (2020); Canovas-Molina & Garcia-
Frapolli, (2022), and Islam & Chuenpagdee, (2022) where the ecological vulnerability was the
most reported type of vulnerability followed by the social vulnerability. These vulnerabilities

include overfishing, poor stakeholder participation, overcapacity of fishing fleets, conflicting
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agendas where there were overlaps in the management objectives, unsustainable fishing
practices, unrestricted access, and unnecessary and untimely relief and subsidies Islam &
Chuenpagdee, (2022) reported institutional and technological as the least reported vulnerabilities,
however, the results in this study showed that economic and technological vulnerability were the
least reported types of vulnerability. Most of the minor theme’s considered in the 5 domains of
vulnerability were the same, nevertheless, Islam & Chuenpagdee, (2022) found more drivers of
technological vulnerabilities such as gear side effects, catching power of the boats, safety
condition of the devices, and vessel capacity. Along with this, the authors reported gender issues
and biases as one of the major social vulnerabilities. However, gender issues, religious issues,
economic valuation, and psychological behavior issues were not reported in this study as those
themes are not included in the I-ADApPT template. This points to a potential gap in the I-ADApT

template. However, the template is being actively revised based on experts’ opinions.

4.4.2 Towards Viability

Important steps to viability included the development of reacting capacity (to react to
vulnerabilities and be able to live with change) (Green et al., 2021) and adaptive capacity (to
proactively plan responses to respond to vulnerabilities), i.e., building resilience to reduce
vulnerabilities (Reyers et al., 2022). Factors that helped to make that leap included effective
leadership, balanced authority and power relationships, social cohesion, and a shift to a co-
management form of governance from the hierarchical type of governance. The most influential
reacting strategies were livelihood diversification, collective actions, malpractices in fisheries,
migration, and opportunistic behavior of fishers. Long-term adaptive strategies included formal
and informal management systems, multi-level collaboration, capacity development, and
participatory management. In most situations, the government agencies played a dynamic role in
creating a favorable environment for community-based management through extended
collaboration & multi-level governance and incorporating fishers’ values in the process of policy
formulation forms of multi-level governance. However, the government agencies in developing
countries lacked accountability and were corrupted and the SSF communities had a high distrust

of their government. Most of the adaptive and coping response strategies found in this study are
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compatible with the previously documented adaptation measures by past researchers such as Deb
& Haque, (2017); Limuwa et al., (2018); Galappaththi et al., (2021); Galappaththi et al., (2022).

Moving forward, the problem doesn’t seem to be a lack of rules and policies but it’s the
enforcement of those rules which requires robust management measures and a diverse and
flexible governance system that suits the local, regional, and national context. Enforcement of
rules to control overfishing is rather challenging given that SSF communities want proper rights
to access the resources to make up a standard living in the fisheries profession. The deep-rooted
problem is depleting fish stock in the oceans due to overfishing. Weak governance and fragile
institutions were found to be one of the major underlying causes of overfishing. With the
increase in the population of the fishermen and relative increase in the capacity of fishers with
the mechanization of the fishing equipment (Jadhav, 2018), overfishing has increased which has
created other vulnerabilities. If the current trend continues for some more years the SSF might be
difficult to manage as it may lose its capacity to self-organize and protect their resource. There
are already clear signs that fishers are not able to make their living through SSF. With this, the
decision-makers and managers should have a clear vision, mostly to balance the social and
economic sectors within SSF. The strategies should be clear where the goal should be the
restoration of fish stocks and optimization of benefits from SSF. Lacking plans and the ability to
restore fish stocks yet aiming to generate more livelihood opportunities from SSF will result in a

situation where the poor will be invited to join the poor.

4.4.2.1 Inviting Poor to Join Poor

Growing studies are demanding that currently employed SSF communities and youths should
stay in SSF and continue fishing as major employment (Blythe, 2015; Tzanatos et al., 2020). But
it’s time to think if there are enough opportunities for fishers to get hold of fishing. With current
SSF communities already vulnerable, are we inviting poor people to join other poor people? The
absolute focus should be on the SDG target 14.4 which motivates to eliminate unregulated and
illegal fishing and implement science-based management practices to restore the fish stocks in
the shortest time feasible.
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4.4.3 Transition of Small-Scale Fisheries from Vulnerability to Viability
The transition of SSF SESs from V2V (Nayak et al., 2020) is a discontinuous, iterative,

disruptive, and turbulent process. The components of SSF SESs i.e., the natural, social, and
governing systems do not remain constantly static at any point of time when various
multidimensional drivers are acting adversely and delimiting the self-organizing capabilities of
those linked systems across spatial and temporal scales. Nayak et al., (2020) while studying the
traditional fishing communities postulated that the transition of SSF from V2V is
multidimensional, dynamic, complex, and relative. Nayak & Berkes, (2019) referring to
vulnerable fishing communities presented three approaches to pave the way towards viability.
First, by building resilience, secondly by aggregating the capital and the resources, and thirdly by
promoting the well-being of the SSF communities. These three approaches should be given high

consideration while devising the responses to enhance the viability.

The transition of the whole of SES is rather challenging due to the non-linear nature of feedback
dynamics between the social, ecological, and governing systems. Transitioning is much more
like trial and error or a back-and-forth process of fitting the right objects to fill the voids in the
sub-systems when a social-ecological crisis looms. The concept of trial and error in managing
the SSF was initially suggested by McClanahan et al., (2009) to test various alternatives and the
progress of those alternatives. This may be understood as an adaptive learning process involving
several cycles of learning-by-doing (Berkes et al., 2000). Transition requires the system to have
flexibility and should undergo continuous improvisation which are the key derivatives of
adaptive management (Armitage et al., 2015). It may involve several cycles of commonisation
and decommonisation of the fisheries' pool of resources which comes along with the notions of
resource sustainability, questions about access and property rights along with formation and
destruction of the social and political institutions (Nayak & Berkes, 2011). For example, in the
case of UR_clam case, it was reported that “after several years in which successful co-
management was in place, the fishery collapsed because of the occurrence of mass mortalities
and the fishery was closed again until the resource was recovered in 2008/2009. Then the fishery
was reopened with a co-managed system following the previous successful experience during the
early 90s . This indicates several cycles of commonisation and decommonisation of the

resources in the process of transition from V2V. A shift in the perceptions and actions such as
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“shift from capital to capacity, from object to relation, from generic interventions to context-
specific interventions, from linear understanding to social-ecological understanding, from closed
to open SSF system and shift from outcomes to processes” (Reyers et al., 2022) is necessary for
the transition of SSF from V2V. Much of the answers to current management problems can be
better addressed if we can understand how SSF communities have adapted to change and by
understanding the patterns of social-ecological change with time (following the vulnerability to
viability approach). It was found that household and community-based actions such as social
unity, social campaigns, awareness activities, media outreach activities, or informal activities
helped the SSF communities build resilience that helped them to build the adaptive capacity.

Two pathways are suggested that might help the SSF transition from Vulnerability to Viability.

e Adaptive co-management as a transition pathway (Galappaththi et al., 2021)

Transition in the context of global change requires balanced environmental, social, economic,
and governance objectives (Kotzé, 2019). What constitutes a balanced objective is a shared
vision of SSF stewardship, valuing varied knowledge inputs and supported by strong social
institutions at all scales as shown in the description of the cluster of the case studies (typologies).
There is not a single ideal pathway that can be followed to progress the way towards viability.
What responses did produce successful results for one SSF SES may not be entirely suitable for
others and even within a single SES, all responses might not yield useful benefits, helping
fisheries communities to transform from V2V. For example, in the case of Uruguay clam
management (UR_clam), authorities forcefully closed the access to fishing grounds immediately
after the mass mortalities began where no alternatives were provided to the fishers to sustain
their livelihoods which caused financial problems for the fishers. The understanding after
analyzing 28 SSF SES is that the natural, social, and governing systems need to be resilient to
deal with changes. What defines the resiliency of these systems, again, may have different
constituent aspects based on the specific context of how the SES has been managed. Generally,
the review of 28 SES showed system resiliency is achieved when these systems develop adaptive
capacity through management partnerships at multiple levels (adaptive co-management)
(Armitage et al., 2008) and community-based management (Berkes, 2021). However, they seem
to have worked only when there is willingness shown from the local communities and there is a

periodic investigation of the governance outcomes to ascertain if they are working accurately and

142



have fulfilled the required objectives for which they were formulated. Community surveillance
and monitoring are important factors to improve adaptive co-management by constantly
communicating and negotiating the needs and demands of fisheries communities as they
continue to deal with various challenges. The dynamic nature of vulnerabilities and viabilities
requires flexibility and adaptability from all the stakeholders. This establishes a learning
opportunity for all actors involved in governance to reflect on ongoing practices and discover

future strategies.
e Effective communication as a transition pathway

The key to developing the adaptive capacity to deal with global change is deciding on the
appropriate choice of responses in time (Putten et al., 2018). Choosing the appropriate mitigation
response entails clear communication that can be challenging due to differences in power, social
values, priorities, and social structure. Risk assessment and communication involve quantifying
and communicating the shared goals, knowledge, and risks to prevent the SSF SES to shift
towards an unfavorable state, which can be referred to as the black hole state of the SSF SESs.
The term black hole state of the SSF SESs is conceptualized to describe a state of SSF SES after
undergoing a rough transition where natural, social, and governing systems are all vulnerable due
to a lack of adaptive capacity, capital, and well-being. To prevent SSF SES to enter such a state,
there should be clear communication about the vulnerabilities, and ways to build adaptive
capacity, and resilience of the natural, governing, and social systems. Communication might be
challenging when stakeholders are managing a larger ecosystem as changes occur
disproportionately faster in the larger ecosystem (Cooper et al., 2020) and it may take time to
frame strategies to communicate. E.qg., risk communication was one of the major barriers in the
case of Amvrakikos fish kills in Greece (GR_amv) where the governing system was unprepared
to handle multi-tiered outcomes of responses, and this prevented the successful application of the
short-term objectives. Ineffective risk communication among the stakeholders creates distrust
about the management measures and eventually leads to the failure of the operational
management plan. The conflicting interest of multiple actors involved in the management of SSF

commons requires certain flexibility from each of the stakeholders to agree to a common goal.
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4.4.4 Summary of the Research Approach

The approach of employing qualitative methodology to understand the vulnerabilities and the
progress towards the viability of SSF SES was found to be useful. Results can be biased due to
the way data has been coded, analyzed, and reported which included the personal reflection of
the researcher about the field of study, personal lived experiences, and perception of the problem
context itself (Galdas, 2017). However, the methodological approach used in this study holds
importance in the context of further understanding SSF from a V2V perspective. This concept
can be further expanded by incorporating the appraisal component of the I-ADApT framework
which has not been incorporated in this study. Incorporating the appraisal component in this
analysis would enable the assessment of the effectiveness of the social and governing responses.
Moreover, it is suggested to consolidate the minor themes to reduce the number of the minor
themes which makes the analysis simpler. Re-coding should be conducted to make sure there are
no faulty codes and there is not any inappropriate information coded to the minor themes which
don’t relate to it. The link between the frequently observed vulnerabilities and responses can be
further studied by conducting a query search in NVIVO. Separate analysis can be conducted only
considering higher order themes to understand the links between vulnerabilities, responses,

adaptive capacity, and resilience.

Thematic-content analysis was employed in this study assuming that these approaches would
help to identify the vulnerabilities faced by fishers because of global change and discover
responses that helped fisher communities adapt and respond to those vulnerabilities. It was
assumed that both approaches would help to analyze the data qualitatively. However, content
analysis was not purely qualitative. Though it involved some form of descriptive analysis of the
qualitative data, the interpretation was based on the quantitative count of the codes and minor
themes. Antagonistically thematic analysis was purely qualitative. Thematic analysis was chosen
assuming that the qualitative information in the twenty-eight case studies had common terms and
patterns that were similar to each other. Content analysis was chosen assuming that the I-ADApT
case studies had rich information about the impacts of global changes on SSF SES and this
information could be used to reveal the experience of fishers. NVIVO software was handy to

use, and it was user-friendly to conduct both analyses even dealing with multiple case studies.
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However, the formatting options to edit charts and figures weren’t built nicely and it was

difficult to format the charts and figures using the software.

4.5 Conclusions

The typology of the SSF SES developed in this research clarified the vulnerabilities and current
efforts towards viability in a simple way that is easy for stakeholders to understand the ongoing
processes in SSF SES. Most importantly, the factors preventing the efforts to viability are
discovered which shows the weaknesses of the current responses/management objectives. The
most frequently observed factors preventing the social and governing response were
opportunistic behavior of the fishermen, lack of social cohesion, excludability, social unrest, lack
of management plans, poor enforcement of the rules, law, and policies, lack of coherent strategy
for management of the marine ecosystem, lack of monitoring activities and lack of funding.

The prognosis was not all negative and the results showed SSF communities are capable and
have adapted to social-ecological changes through adapting and reacting responses. The similar
social and governing responses among various case studies included a shift toward alternative
livelihood opportunities by the fishers, a shift from hierarchical management to a co-
management type of governance, formulation of formal and informal rules, regulations, and
policies by collaboration with various stakeholders. The most common factors that prevented the
application of short and long-term management objectives in the case studies were lack of social
cohesion and unity among the fishers to work for collective good, lack of financial capital, and
delayed response to deal with the social-ecological crisis. Multiple examples showed the
importance of a favorable environment for policy development, the establishment of social-
economic enterprises such as cooperatives, the formation of research institutes, and good
leadership at all management levels for transforming SSF SES from vulnerability to viability.
Reacting strategies or the short-term responses included using children as labor to increase
additional income, temporary migration, switching the target species, adopting traditional fishing
practices, conducting training programs, distributing relief packages, providing concessions to
change the employment option, tax exemptions to small-scale fisheries businesses. The long-

term adapting responses included capacity development of small-scale fisheries communities,
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establishing effective governance, building partnerships at multiple levels, valuing varied
knowledge inputs in policy formulation, adapting to new technologies, providing rights to fisher
communities to establish social institutions, and economic incentives to strengthen local
participation in resource management, market revitalization, and livelihood diversification.
Large-scale transformative actions are needed to transform SSF from V2V (Wise et al., 2014).
Small scale incremental changes at all levels supporting sustainable practices in catching,
harvesting, and marketing the fish products would be enough to cope and adapt to the global
changes. However, they will not be able to transform SSF from vulnerability to viability.

The self-organizing capability of the small-scale fishers is best regulated when they are given the
power, authority, and resources to govern the fisheries resource however the institutional and
governance arrangements should be robust which helps fishers to develop resilience to social-
ecological changes (Ostrom et al., 2007). A global governance system (Brodie Rudolph et al.,
2020) is required to promote the transitioning process and further explicitly recognize the SSF
SESs as the global commons. A governance system that is flexible, polycentric, network-based,
and, adaptive is required to accommodate the varying interest of the stakeholders. Enough space
should be given for equitable participation of the resource users in designing, planning, and
implementing the response strategies by implementing a participatory form of governance to deal
with the change. With this, stakeholders themselves also should be proactive to learn and adapt
to the change. Motivation and approach to learn and adapt may be different for the different SES
across the world, but stakeholders should thrive to overcome the friction and contestations to
transform SSF from V2V.
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Chapter 5

Appraisal of the Data Analysis Approaches: Implications for Typology Development

5.1 Introduction

The objective of this research was to explore quantitative and qualitative approaches to
synthesize and compare SSF SES case studies that were collected using the I-ADApT
Framework and link the analysis with enhancing our understanding of transitioning from
vulnerability to viability. Two specific objectives guided this research: (1) to explore
quantitative research methods for conducting vulnerability to viability study using the I-ADApT
framework; (2) to explore qualitative research methods for conducting vulnerability to viability
study using the I-ADApPT framework. The quantitative research method used in this research was
a statistical approach that included multiple factor analysis and hierarchical clustering (known as
the multivariate method of analysis) in the R-Studio interface. The qualitative research method
used in this study was thematic-content analysis in NVIVO software. An attempt was made to
enumerate the vulnerabilities and current efforts to progress towards viability using similar data
(29 case studies for the quantitative analysis and 28 case studies for the qualitative analysis, all
collected using the I-ADApT template), however, applying separate research methods. The goal
of the research was not just to compare the results obtained from qualitative and quantitative
analysis but to understand what can be explored about vulnerabilities, social and governing
responses, the effectiveness of the responses and governability conditions in the SSF SESs, and
what were the common characteristics between the clusters and vice-versa using both types of

research methods for data analysis.
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5.2 Summary of the Findings from the Quantitative Approach

The quantitative research method was explored to full depth and an effort was made to interpret
all the useful results obtained from multiple factor analysis and hierarchical clustering. Twenty-
nine case studies were grouped into five clusters. Typology was developed by taking the
variables that were most correlated with each of the clusters (within-cluster characteristics). The
result showed that there were many similar and dissimilar characteristics between the case
studies and between the clusters of the case studies. Each cluster had unique characteristics
which only belonged to the cluster. For example, the case studies in cluster 1 lacked short-term
responses to deal with the main issue and therefore had no factors that prevented the short-term
objectives from being fully achieved. Cluster 4 instead had a few key factors that prevented both
the short-term and long-term objectives from being fully achieved. Different from cluster 1,
cluster 2 had a variety of short-term responses and a variety of short-term factors within one or
two natural, social, or governing systems contributing. Resembling cluster 2, cluster 5 also had a
variety of short-term factors but within all three natural, social, and governing systems. The
formation of the social power was entirely different in cluster 3 and cluster 5 where the social
power in cluster 3 was highly dispersed while the social power in cluster 5 was entirely
concentrated. Likewise, the result of the quantitative research approach revealed that most of the
short-term responses related to adaptation at the household and community level mostly within
the social subsystem and most of the long-term responses were management and institutional
responses targeted at improving existing governance systems. This shows that the adaptation
measures were somewhat circular aiming to develop adaptive capacity within multiple linked

systems.

5.3 Summary of Findings from Qualitative Approach

The qualitative data analysis was novel as the thematic-content methods has not been explored
very often in the past studies in the development of the typologies of the small-scale fisheries
social-ecological system. In the qualitative analysis, twenty-eight case studies were grouped into
five clusters. Typology was developed by taking the major and minor themes to which the data
was coded from the case studies belonging to that cluster.
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The most common type of vulnerabilities considering all the 28 case studies used in the analysis
were environmental degradation, resource depletion, pollution, productivity decrease, lack of
income, poverty and illiteracy, centralized management, poor legislation, unsuitable governance,
intersectoral and intra-sectoral conflicts, and unemployment. The most frequently observed
social and governing responses were effective policies and regulations, appropriate legislation,
co-management, livelihood diversification, capacity development of the fishers, multi-level
collaborations, informal local practices, and partnership development. Factors enabling the social
and the governing response were social unity, awareness among fishers, active involvement of
fishers in decision making, valuing fishers as an integral part of the system, implementation of
the plans, government incentives, and license and quota system. Factors preventing the social
and governing response were opportunistic behavior of the fishers, lack of social cohesion, short-
term measures, social unrest, lack of management plans, lack of coherent strategy, lack of

monitoring activities, and insufficient funding.

5.4 Comparison of the Clustering Results

Though the qualitative and quantitative analysis both resulted in five clusters, the grouping of the
case studies was different (Table 1). This was because they were subjected to completely

different types of analysis which were independent of each other.

Table 5 1 Similarities in the clustering results

Cluster Case-Study Comparison with qualitative clustering analysis
| ; SL-cora
C uster 1 rom ON_tour Slightly matches with cluster 4 of the qualitative clustering results
quantitative .
. OB Poll (Three case studies out of Four)
analysis =
SH_poll
PH_poll
BA_mang
TB_shrm
Clustgr 2. from - Slightly matches with cluster 3 of the qualitative clustering results
quantitative BB_oyst .
X (Three case studies out of Seven)
analysis GRC
CM_mang
BU_pela
Cluster 3 from GR_Amv  Slightly matches with cluster 5 of the qualitative clustering results
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guantitative GR_Mal (Three case studies out of Five)

analysis VL clam
CB_oyst
YB_clam
IN_reef
US_oyst
MB_oyst
CJZ:;E[?{ afi\t[eom UR_clam Slightly matches with cluster 2 of the qualitative clustering results
g . ESP G (Three case studies out of Eight)
analysis -
VIC
ARG
BS_fish
VEN
ESP_M
CIUSt?r 5. from - Slightly matches with cluster 4 of the qualitative clustering results
quantitative BGD . . A
. (Three case studies out of Five, highlighted ones)
analysis TAN
KAR

In the quantitative study, it was challenging to drive the research focus toward vulnerability to
viability context because of uncertainty in what variables will be retained by the principal
components and what variables will be correlated to the clusters. As the coding of the qualitative
data was not conducted specifically in the vulnerability to viability context, it was challenging to
expand the thread. In the qualitative study, the whole of the approach was dedicated to
vulnerability to viability establishing them as the parent theme. However, the qualitative coding
was highly subjective where the textual information could be interpreted in various ways based
on the researcher’s experience, background, and personal understanding of the subject matter
(Creswell & Creswell, 2017). Early career researchers might not have enough background
understanding of the problem context, and this was true in my case. There is a higher probability
that the qualitative results might change if the coding is carried out by a different researcher as
data might be interpreted differently. Overall, both methods were found to be useful and fulfilled
the research objectives, and helped to answer the research questions. Two approaches were
found to be useful because the two were undertaken in parallel to each other which allowed for

drawing comparisons and gaining insights about the vulnerabilities and efforts to viability.
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There were some similarities in the clustering results derived from the quantitative and the
qualitative methods (Table 1). Cluster 1 from the quantitative analysis matches 75% with cluster
4 obtained from the qualitative analysis. Cluster 2 from the quantitative analysis matches 43%
with cluster 3 obtained from the qualitative method. Cluster 3 from the quantitative analysis
matches 60% with cluster 5 obtained from the qualitative analysis. Cluster 4 from the
quantitative analysis matches 38% with cluster 2 obtained from the qualitative analysis. And
cluster 5 from the quantitative analysis matches 60% with cluster 4 obtained from the qualitative
analysis.

Similarity in the clustering results signifies that the qualitative and quantitative methods can
provide somewhat similar outcomes and may be used complementary to each other. There are
some similarities between the quantitative and qualitative methods as both methods use the same
type of clustering algorithm (hierarchical clustering algorithm) to group the case studies into the
cluster. In both cases, the qualitative data were transformed into categorical data, but using
different methods, to test similarities in the data using statistical analysis. Unfortunately, some of
the I-ADApT templates lacked all the relevant information to conduct detailed coding because
respondents did not fill those sections. Hence, there are chances that the qualitative and
quantitative analysis might be more similar if all information is available in the templates.
However, all the I-ADApPT templates used in the analysis should have all the data filled for all
the sections, minor themes optimized, and the coding carried out by an interdisciplinary group of
researchers which can be done in NVIVO. Overall results though show broad similarities
observed in Table 1 provide encouragement to dig deeper to understand the similarities and

differences between the methods.

5.5 Strengths and Weakness of the Quantitative and Qualitative methods

5.5.1 Strengths of the Quantitative Approach

Based on the results from Chapter 3, the quantitative approach, which used multiple factor
analysis and hierarchical clustering analysis, was found to be useful in terms of elucidating the
overall patterns in the data such as identifying the type of vulnerabilities, the types of responses

(one or few or variety of short-term responses and/or long-term responses) and the factors that
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enabled those responses. The quantitative approach helped find the similarities and
dissimilarities between the clusters of case studies and make comparisons between the clusters.
One of the strengths of the quantitative approach was the simplicity of the data analysis tools in
terms of understanding the theoretical base and the computational methods to reckon how the
results were generated. Multiple factor analysis was useful for simplifying multi-dimensional
data on small-scale fisheries social-ecological systems (multidimensional here means multiple
variables or the system properties that describe small-scale fisheries social-ecological systems) to
low dimensions (few variables) making it easier to understand the common attributes of different
case-studies located in different geographical regions. Multiple factor analysis was also
instrumental in examining both single and multiple variables. Hierarchical clustering was
important in terms of categorization of the case studies and understanding their
interrelationships, commonalities, and differences. Clustering analysis does not require
specifying the number of clusters in advance which is less burden to the researcher as it is always
difficult to estimate the number of clusters in advance just by looking at the number of case
studies and this method of clustering is also reliable because even a small similarity between the
variables of the case studies would form clusters.

One of the strengths of the quantitative approach is its strong theoretical foundation which has
already been explored in-depth. This method has already been tested and verified by researchers
worldwide and has been used in multiple research fields in science, engineering, economics,
health, agriculture, and medicine. This method of data analysis has been robust to reveal the
underlying structure of the data. There are no issues of credibility and validity in the results
obtained from the quantitative analysis and it has a high level of trustworthiness providing high-
quality results. The method was less time-consuming relative to the qualitative methods in

context of data assessment that was conducted in this study.

5.5.2 Weakness of the Quantitative Approach

The findings from the quantitative analysis were limited to the interpretation (scope) of thirty-
two questions that were coded to develop the typology. However, the case study templates
contained additional information that could be used to identify major drivers causing
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vulnerabilities and link them with the responses. Before conducting the multiple factor analysis
and hierarchical clustering it was assumed that the variables used in the study (i.e., the questions
in the I-ADApT template) were both linearly and non-linearly correlated with each other. Non-
linear interactions between the linked natural and social systems are also important properties of
the small-scale fisheries social-ecological systems. However, multiple factor analysis only
considers the linear combination of the original data to form the principal components or the
dimensions. Hence, there was a high probability of missing some of the original information
provided by the respondents in the I-ADAPpT case study templates, especially the data
representing outliers which sometimes can be a loss of important variables explaining the

characteristics of small-scale fisheries social-ecological systems.

Principal components (also called dimensions) were not straightforward to interpret. The results
of the MFA can also be challenging to interpret, with different aspects of the 4 groups,
vulnerability, governance, response, and appraisal captured across the 5 principal components.
This made it difficult to connect the information captured by the principal components, for
example, connecting the threads related to vulnerability, governance, governability, response,
and appraisal because a disproportionate number of variables was retained by the principal
components which belonged to different groups. It is recommended that the information retained
by principal components should be discussed among a multidisciplinary group of researchers
through a workshop or similar form of meeting.

The researcher should not blindly follow the results from the clustering analysis, however,
should closely assess if it makes sense to have the case studies in the same clusters. The use of
different distance metrics in the clustering analysis might change the formation of the clusters
providing completely different results to what was obtained in this study. It is recommended to
check the results by altering different distance metrics to optimize the clustering results further.
The interpretation of the clustering results obtained from the quantitative analysis was highly
subjective. Other researchers might interpret the results differently to come up with new or
different findings.
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5.5.3 Strength of the Qualitative Approach

The qualitative approach was highly useful to reveal the actual vulnerabilities and responses
reported by the respondents in the I-ADApT case study templates. Thematic-content analysis
was found to be a sophisticated tool in terms of recording, systematizing, and analyzing the
qualitative data collected through the I-ADApT case study templates to study the vulnerabilities
and prospects of the viability of the small-scale fisheries social-ecological systems. No prior
significant prior theoretical knowledge about the qualitative research methods was required to
employ the thematic-content analysis as these methods are independent of others and can be used
as standalone methods. The method was simple to learn and was used to derive a descriptive
explanation of the qualitative data collected using the I-ADApT case studies.

Thematic analysis was helpful in “identifying, analyzing, organizing, describing, and reporting
themes” (Nowell et al., 2017). The application of the thematic analysis did not require any
previous experience in working with qualitative methods. However, there was a need to review
all the case studies in detail to identify the common terms in the data. During the thematic
analysis, the interpretation of the qualitative data in the I-ADAPpT case studies was kept to a
minimum making it very easy to learn and apply. This method was useful to summarize the key
features of the I-ADApT case study templates to produce an organized list of themes that
represents the majority of information provided by the respondents in the I-ADApPT template.

Thematic analysis was the foundational step for the content analysis.

Content analysis was useful in examining the contextual meaning of the qualitative data in the I-
ADAPpT case study templates. The coding approach followed was a conventional type (Hsieh &
Shannon, 2005) where all of the codes were derived during the process of the data analysis from
the I-ADApT case study templates filled by the respondents. This was a very effective method
of distilling and communicating the essential information in the data. Content analysis also had

some portion of the quantitative analysis (hidden use of statistics) while creating the hierarchical
charts, performing the clustering analysis, and performing the matrix coding. This increased the

significance of the results.
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Results of the thematic-content analysis in this research highly relied on the quality of the data,
the quality of the creation of the minor themes, and most importantly, the quality of coding of the
qualitative data. Improper creation of the themes can potentially lead to poor quality of the
content analysis and vice-versa. Hence, it is required to conduct a rigorous analysis that can
confirm the research findings and reflect the information provided by the respondents as

accurately as possible.

5.5.4 Weakness of the Qualitative Approach

Sometimes it can be difficult to make a distinction between thematic and content analyses as
individual researchers have used the concept of thematic-content analysis (\Vaismoradi et al.,
2013) differently and interpreted the method in different ways. Thematic-content analysis itself
has not been used very frequently in research related to small-scale fisheries social-ecological
systems, though it has been used in other fields of study such as nursing and psychology (Hsieh
& Shannon, 2005). There can be questions about the overall data analysis process in the
thematic-content analysis as a pure qualitative data analysis approach (Nowell et al., 2017)
because this concept is relatively new in the academic domain. Hence, the focus should be more
on the type of results generated from the use of a method if it satisfies the purpose of conducting
qualitative analysis. If the data analysis process yields meaningful results and helps in fulfilling
research objectives, credibility should not be of major concern provided that the assumptions are
clearly laid out and the researchers explain the methodological process well which is easy for the
reader to understand. The entire process of data analysis was time-consuming and required a

detailed analysis of the qualitative information in the I-ADApT template.

Thematic-content analysis requires the researcher to familiarize themselves with the research
data. Both methods used in this research have potential issues of bias when working and
interpreting the qualitative data from the I-ADApT templates and included subjectivity. It was
challenging to define the themes because there was a lot of information and other details
provided by the respondents in the I-ADApPT templates which were difficult to define and
categorize. This resulted in the creation of too many themes and coding the same sentence

multiple times to different sub-themes which could have led to biases in the research. The data
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analysis process was not simple, as it was required to conduct both inductive and deductive

analysis working back and forth between twenty-eight case studies.

Though thematic-content analysis offered flexibility in designingand interpreting the different
groups of qualitative data, the same flexibility could also lead to weak “consistency and
cohesion” (Holloway & Todres, 2003) when working back and forth with a large number of case
studies. Therefore, it is recommended to take a clear epistemological position when conducting
thematic-content analysis to ensure that the research does not divertin a different direction which
might not fulfill the research objectives. Thematic-content analysis is also a kind of reductive
approach to data analysis, the same as the multiple factor analysis where the complex data was
treated to make it as simple as possible to understand. This might have caused the loss of some
information. One of the other important drawbacks of content analysis was that the context of
qualitative data might have been ignored in several places during the coding process. Coding
involved assigning some textual data to the minor themes. So, taking a small section of textual
data and assigning it to a theme can be confusing to readers and it may not give a clear
understanding of why the sentence was coded to that theme.

One of the important drawbacks of content analysis is that the plots generated may be
analytically biased. The results (hierarchy charts, matrix coding, and clustering analysis) will
vary according to the length of data/response provided by the respondents in the I-ADApT case
study template. The more information provided by the respondents in the template, the more the
probability that data gets coded to the themes. While conducting the data analysis, for most of
the case studies, the length of the responses was not the same (some respondents had provided a
lot of information, and some had provided few or no answers). However, the final comparison
of the result was done based on the count of the codes that were coded to the themes. So, the

overall analysis could have been biased due to this.

5.6 I-ADApT framework as a Research and Decision-Support Tool

The I-ADApT framework was used as a research tool here as a proof of concept to explore

qualitative and quantitative methods of data analysis using 29 I-ADApT case studies. It is
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ultimately intended as a decision-support tool and this type of analysis contributes to its
development as both a research and decision-making tool. I-ADApT was designed to inform
decision-making choices for effective responses to deal with the impacts of the global changes,
based on lessons learned from detailed, place base case studies. The results obtained in this study
may not be directly useful in terms of decision-making, but the methodological concepts used in
this study are valuable and can be used as a tool to develop a “full’ typology that includes all the
information about the social-ecological crisis. From the appraisal of the responses, it was seen
that the outcomes of the responses in most of the cases were unknown. This indicates that it is
early to develop a full typology including the vulnerabilities, strategies used to respond (coping,
and/or adaptive and/or transformative) to those vulnerabilities and appraisal of those responses.
Some patterns have started to appear where it was seen that the short-term responses and some
long-term responses were helpful to reduce the vulnerabilities and develop the adaptive capacity
of the small-scale fisheries communities. To use the results of the typology in decision-making,
the typology should include detailed results including the outcomes of the responses to deal with
vulnerabilities. To understand the transition of small-scale fisheries from vulnerability to
viability, it is recommended to code more questions or maybe different types of questions,
especially about vulnerability and responses which can help to understand existing
vulnerabilities and detailed coping, adaptive and transformative responses to those

vulnerabilities. There is a need to tailor the coded questions to the context of the V2V study.

5.7 Quantitative and Qualitative Approaches in Development of Typology

Both qualitative and quantitative analysis resulted in clusters of case studies which were further
used to develop a typology of the SSF SES. Developing typology was found to be an effective
way of communicating the common characteristics of complex social-ecological systems like
small-scale fisheries which are inherently distinct yet are analogous in numerous aspects when
viewed from a multidisciplinary lens (e.g., interdependencies, cross-level and cross-scale

interactions, numerous domains of emergence, non-linear feedbacks, and uncertainty).

In the case of quantitative research, the typology concept was more valuable in terms of the

identification of common characteristics related to vulnerabilities, governance, response, and
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appraisal of response (Chapter 3). Identification of key common characteristics helped in better
understanding the most common attributes of small-scale fisheries social-ecological systems.
This may be of importance for managers and stakeholders to make comparisons between small-
scale fisheries social-ecological systems at regional and global level, linking common types of
vulnerabilities, measures being followed to reduce those vulnerabilities either through coping or
adaptive or transformative responses, and appraisal of those responses. Overall, it can be
concluded that the typologies developed in this research using the I-ADApT framework serve to
inform the knowledge base required to help small-scale fisheries transition from vulnerability to
viability.

The notion of typology in the qualitative research helped identify the attributes of vulnerabilities
and viabilities to understand the common types of drivers causing vulnerabilities, responses,
factors enhancing those responses, and factors preventing those responses for five different
clusters (Chapter 4). This result may be important to stakeholders in terms of understanding
existing vulnerabilities, types of responses followed to deal with those vulnerabilities, and further
understanding of what factors enabled those responses and what factors prevented those
responses. This provides an opportunity for the stakeholders to assess whether existing
interventions or the responses were able to capture short-term and long-term shocks and stresses
and whether stakeholders can use the results to design proactive interventions in the future that
support viability.

5.8 Sustainable Development Goals and Small-scale Fisheries

United Nations Sustainable Development Goals, (UN SDG) target number 14 relates to life in
water and is associated with conserving the aquatic resources in our oceans. There are 10 targets
under SDG 14, five out of which are related to fisheries and how humans can sustainably use the
living aquatic resource to promote overall sustainable development (Neumann et al., 2017). Sub-
target SDG14b specifically stresses the provision of “access of small-scale artisanal fishers to
marine resources and markets” (Nayak & Berkes, 2019). Furthermore, sub-target 14.b.1
highlights the necessity to monitor “progress by countries in the degree of application of a
legal/regulatory/policy/institutional framework, which recognizes and protects access rights for
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small-scale fisheries” (Nayak & Berkes, 2019). Targets are high, yet the path to achieving those
targets is still unclear due to the growing conflicting agendas such as blue economy initiatives,
existing competition for resources, and climate change (Martinez-Véazquez et al., 2021). In this
context, there is a growing need to conduct comprehensive studies considering multiple case
studies to observe the progress toward achieving SDG14b (Said et al., 2020). With SDG14b and
small-scale fisheries guidelines (Nayak & Berkes, 2019) providing a clear direction, there is a
need to conduct more studies on a global scale incorporating different methods to reach the
globally relevant targets.

5.9 Recommendation on the Methodological Approaches

It is suggested to conduct both quantitative and qualitative analysis separately but parallel in the
context of vulnerability to viability study of SSF SES and explore the methods in-depth,
especially the qualitative research method. The quantitative method was explored in-depth
analyzing all the results. Both research methods have their importance in terms of identifying the
vulnerabilities, understanding the prospects of the viability, comparing the case studies, and
finally developing the typology. However, both methods require high analytical skills and
knowledge of small-scale fisheries (such as knowledge about social-ecological systems,
environmental governance, social and environmental equity, political ecology, fisheries ecology,
and indigenous knowledge) to be employed in vulnerability to viability study. Typologies using
the quantitative and qualitative methods can be conducted separately and later can be merged to
develop a combined typology. Another way, after both methods are explored in-depth as
suggested above, it is recommended to conduct the quantitative study first using the multivariate
methods to develop the clusters and later employ the thematic-content analysis to assess
vulnerabilities, social and governing responses, factors enabling the social and governing
responses, factors preventing the social and governing responses and appraisal of the responses.
It is suggested to develop the clusters using the quantitative method because it has a stronger
theoretical base relative to the qualitative method which has not been used frequently in small-

scale fisheries research and still has not been widely used in other fields too.
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5.10 Personal Reflections

My master's research began with no prior knowledge of fisheries, even I had not heard of small-
scale fisheries before getting to the University of Waterloo. Not knowing anything about
fisheries and being able to write this thesis is a steep learning curve for me. Lots of reading
involved, being confused with several times, reflecting constantly, and experimenting new ways
were the things | did the most in the last 2 years. | came from a background of civil engineering
where every analysis or laboratory test was aimed to get a value that could be considered a
“pass”. I now feel the world | was living in at that time was completely black and white (fail or
pass). Getting into transdisciplinary research, I sought knowledge relating to multiple disciplines,
and perspectives and | can say this world is more colorful where everything has a meaning in its

ways be it right or wrong, pass or fail.

For the first year of my master's, | studied online from my home country due to COVID. That
time was challenging, and | was a bit slow at that moment where I couldn’t make much progress.
| should thank my supervisors for allowing me that flexibility during those times and for
understanding my situation. | never felt discouraged due to the constant motivation from my
supervisors. Thank you both for your unprecedented support to finalize this thesis. I am lucky
that I got the opportunity to be supervised by the best people.

Personal perspective about small-scale fisheries

SSF are not only about how much fish is contributed by SSF destined for human consumption or
the share of SSF in the global market. Once we start to understand the SSF from the business
perspective alone, then they will start to lose their essential characteristics. This would further
complicate the situation by making small-scale fishers the competitors of the large-scale
fisheries or aquaculture which would make them much more vulnerable. A significant proportion
of SSF communities do not follow SSF occupation not only because it’s a way to live their lives
and feed their family but because they are emotionally and physically connected to the oceans
for the whole of their lifetime, and they cannot imagine themselves being in other occupations.
SSF communities in developing countries do not only need monetary support, incentives, reliefs
& subsidies, but they also need care, and warm hearts to hold their hands to help them progress

towards viability.
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Appendices

Appendix A

Related definitions and key concepts

SSF communities: SSF communities refer to the group of fishers (usually smaller) who have
been physically, socially-ecologically, culturally, and historically connected to the oceans
(Armitage et al., 2017) over the years as primary resource users and who depend, operate on the
ocean for their survival and livelihood. The large-scale industrial fisheries are not considered as

SSF communities because they are rarely tied to a community (Berkes & Nayak, 2018).

Driver in the context of social-ecological change: “A driver is any natural or human-induced
factor that directly or indirectly causes a change in an ecosystem. A direct driver unequivocally
influences ecosystem processes. An indirect driver operates more diffusely, by altering one or

more direct drivers” (Millennium ecosystem assessment, 2005).

Vulnerability to climate change: “Vulnerability is defined as the characteristic of a system and
as a function of exposure, sensitivity and adaptive capacity” (Adger, 2006). It is also understood
in terms “of the ability or inability of individuals and social groupings to respond to, in the sense
of cope with, recover from or adapt to, any external stress placed on their livelihoods and well-
being” (Kelly & Adger, 2000). In a broad context, “Vulnerability is a socially constructed

phenomenon influenced by institutional and economic dynamics” (Adger et al., 2003).

Adaptation in the context of global change: “Adaptation refers to a process, action or outcome
in a system (household, community, group, sector, region, country) for the system to better cope
with, manage or adjust to some changing condition, stress, hazard, risk or opportunity” (Smit &
Wandel, 2006).

The adaptive capacity of SSF communities: Adaptive capacity of the SSF communities refers
to the ability to adapt to social-ecological changes. In the context of the global change “adaptive
capacity is a critical system property, for it describes the ability to mobilize scarce resources to

anticipate or respond to perceived or current stresses” (Engle, 2011).

Coping response: Immediate response to abrupt challenges to reduce the effect of the global
change stressors (Schreiber et al., 2011). Coping responses are the temporary responses followed
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at the individual, household and community level which helps to develop the adaptive capacity
of the SSF communities. Coping responses become adaptive responses if they are followed for
long time to develop the resilience (Marschke & Berkes, 2006).

Ecosystem based management: “An ecosystem approach to management is management that is
adaptive, specified geographically, takes into account ecosystem knowledge and uncertainties,
considers multiple external influences, and strives to balance diverse social objectives” (Burgess
et al., 2005). Ecosystem based management approach falls within nature-based solution concept
which incorporates “wide range of actions, such as the protection and management of natural and
semi-natural ecosystems, the incorporation of green and blue infrastructure in urban areas, and

the application of ecosystem-based principles to natural systems” (Seddon et al., 2020).

Governance: “Governance refers to the processes (e.g., decision making, planning, political
alliances) and institutions (e.g., rules, rule- making, rights, practices) through which societies

make decisions” (Armitage et al., 2021).

Common-pool resources: “Defined as those resources in which exclusion of beneficiaries
through physical and institutional means is especially costly, and exploitation by one user

reduces resource availability for others” (Adapted from: Nayak & Berkes, 2022)

Excludability: “Defined as the difficulty of excluding potential users through physical and
institutional means. It pertains to the question of who is and who is not a legitimate user of a
resource” (Adapted from: Nayak & Berkes, 2022)

Subtractability: “Defined as the idea that exploitation by one user reduces resource availability
for others, and deals with the rules of resource distribution and allocation among users” (Adapted
from: Nayak & Berkes, 2022)

Evidenced based management approach: “Defined as the approach where indigenous, local
and scientific knowledge systems are viewed together to generate new knowledge” (Berkes,
2021).

Community-based management (CBM): “CBM is the widespread form of participatory type
of governance applied to SSF management problems which involves fisheries communities in

the design, implementation and monitoring of the management measures” (Kearney et al., 2007)

Participatory governance: “Refers to the effort to achieve change through actions that are more
effective and equitable than normally possible through representative government and

bureaucratic administration by inviting citizens to a deep and sustained participation in decision
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making. Participatory governance focuses on tangible problems, involves all the people affected

by those problems, and comes up with practical solutions” (Kearney et al., 2007).

Multi-disciplinarity in SSF research: ‘Refers to research efforts of different disciplines carried
out towards a shared goal for the SSF sustainability but with multiple disciplinary objectives and

without integration between the disciplines’ (Tress et al., 2005; Macher et al., 2021).

Inter-disciplinarity in SSF research: ‘Refers to research efforts crossing boundaries to
integrate different academic disciplines and create new knowledge and theory towards a common
goal for the SSF sustainability’ (Tress et al., 2005; Macher et al., 2021).

Trans-disciplinarity in SSF research: ‘Refers to integration of academic and non-academic
knowledge (local fishers and professional scientists knowledge) to create new knowledge and
theory towards a common goal for the SSF sustainability’ (Tress et al., 2005; Macher et al.,
2021).

Common-pool resource theory: Common-pool resource (CPR) theory explains that the
fisheries communities (resource users) are self-sufficient in sustainably managing marine
resources which they depend on for their survival and existence such as fish, mangroves, and
coral reefs (Ostrom, 1990). Several past studies support this hypothesis by Ostrom (1990) (e.qg.,
Basurto, 2008; Cox et al., 2010). The self-organizing capability of the social-ecological system
highly depends on social-ecological factors including institutional factors (Nenadovic & Epstein,
2016). However, social-ecological system properties of the fisheries commons such as cross-
scale dynamics and feedback, self-organization, numerous domains of attraction, emergence,
uncertainty, and change (Berkes et al. 2003) make it challenging to shape commons governance
(Nenadovic & Epstein, 2016).

Co-management and co-governance: Co-management is defined as “a management
partnership in which the SSF communities and other stakeholders share power and responsibility
with the government agencies — it becomes adaptive co-management if there is social learning
involved” (Berkes, 2021). Co-management has different faces such as co-management as power-
sharing, co-management as governance, co-management as institution building, co-management
as problem-solving, co-management as a process, and co-management as knowledge innovation
(Berkes, 2021). Jentoft & Chuenpagdee, (2015) mentioned that “co-governance is synonymous
with co-management” where the term ‘management’ involves institutional factors. Co-

governance enables better stakeholder participation, power-sharing, and democracy and also
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enhances the governability of issues in fisheries (Jentoft & Chuenpagdee, 2015a).

Social learning: is defined as a self-organized learning process “of iterative reflection that
occurs when experiences and ideas are shared with others” (Berkes, 2021).

Adaptive governance: is mostly related to untangling the self-organizing capability of the SSF
SES and building resilience mainly through the adaptation measures suitable for all the principal
actors of the society (Serrao-Neumann et al., 2016). Self-organizing characteristics of SSF SES
lead to uncertainty in decision-making that grows with time (Folke et al., 2005), in this context,
the adaptative co-governance approach provides an opportunity for the stakeholders to learn,

adjust and adapt themselves to the change.

Adaptive co-governance: follows the basic logic of adaptative management (Pomeroy &
Andrew, 2011) and collaborative environmental governance (Bodin, 2017). However, it is
distinguished by its focus on decision-making and power-sharing in the broader social context
(Karpouzoglou et al., 2016), which involves horizontal and vertical linkages for learning-by-
doing (Armitage et al., 2010). Building networks, participation, collaborations, and partnerships
(Armitage et al., 2010) are the core features informed by adaptive co-governance allowing

societal actors to engage in cross-scale interactions and multi-level engagements.

188




CASE STUDY TEMPLATE FOR I-ADApT

Integrated Marine Biogeochemistry and Ecosystem Research

www.imber.info

Appendix B

The purpose of this case study template is to collect case studies to develop a decision support tool to enable managers, researchers and local
stakeholders to: (1) make decisions efficiently, (2) improve their response and (3) evaluate where to most effectively allocate resources to "reduce"
vulnerability and enhance the capacity of coastal peoples to adapt to global change. This decision tool, MBER)-ADApPT (Assessment based on
Description and responses and Appraisal for a Typology), will build on knowledge learned from existing marine case studies, where some action
was taken to counteract the environmental, social or other impacts of global change. The case studies should take into account the highly
interconnected natural and human systems of today. Here we explicitly ask what can be learned from existing responses that were taken to global
change generally and how this information can be used to decide how best to respond to current and future global change. Thus, the information

that you will provide is key to the development of this decision support tool.

I-ADAPpT has been developed by the Human Dimensions Working Group of IMBER (Integrated Marine Biogeochemistry and Ecosystem

Research project, www.imber.info). I-ADApT has the capacity to be applied to a wide range of global change issues in the terrestrial and marine

realms, but our current focus is on marine social and ecological systems related to fisheries and aquaculture with respect to global change. By
taking a broad perspective on human-ocean interactions, from biogeochemistry to governance, and recognising the interconnections and

feedbacks, we address the complex nature of both the marine ecosystems and of the human interactions. As marine ecosystems are subjected to a
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complex set of natural, social and/or governance drivers, with responses and interactions occurring at multiple levels and scales, focusing on
understanding how humans interact with the marine environment can help us address issues threatening security of food, shelter, livelihoods, and
human health.

The development of such a framework necessarily requires an interdisciplinary approach. The case study template is comprised of six sections (A-
F in “Contents” below) with a total of 30 questions, which will probably require input from several people. We encourage you to consult with your
colleagues in order to complete the case study template. The case study template is designed around an “Issue” affecting fisheries and aquaculture
that links the natural properties of the marine ecosystem with the social and governance systems. In completing this case study template, please
focus on only the most prominent issue (e.g. over-fishing, invasive species, ocean acidification, globalised markets, tourism etc.). If there are other
relevant issues, please note these in the background section and where appropriate in the case study template. Sections A-F should be completed in

full and Section G is a glossary of terms.

Our longer term intention is to develop a database of global case studies as an open-access web site to help decision makers, researchers and
stakeholders decide how to respond when faced with difficult choices and trade-offs. This means that some of the information and data that you
provide will be made accessible to other users. By returning the completed case study template to us, it is understood that we have your permission

to include this information on-line. If you do not agree to this, please let us know by returning a completed non-consent form (Section I).

We are currently publishing a book that will describe I-ADApT and synthesise lessons learned from its application to specific case studies. We
intend to continue to publish collections of case study and extend our analyses and would like to invite you to join us and contribute a chapter

about your case study. Please let us know if this is of interest to you, and we will be in touch with further details.

Thank you once more for agreeing to complete this case study template. This case study template is downloadable from our website

(http://www.imber.info/index.php/Science/Working-Groups/Human-Dimensions/IMBER-ADApPT). We have also provided an example of a

completed case study template for a case study from Uruguay for your guidance. Please submit your completed case study template to IMBER
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HDWG at: imber@imr.no . We will keep you informed of progress and in the meantime please visit our website
http://www.imber.info/index.php/Science/Working-Groups/Human-Dimensions

IMBER HDWG Members

Annette Breckwoldt(Leibniz Center for Tropical Marine Ecology,
Germany)

Alida Bundy (Fisheries and Oceans Canada)

Omar Defeo (Universidad de la Republica, Facultad de Ciencias
Marine Science Unit, Uruguay)

Bernhard Glaeser (German Society for Human Ecology, Germany)

Patrice Guillotreau (University of Nantes, Nantes, France)

Yinji Li (Tokai University, Japan)

Prateep Nayak (University of Waterloo, Canada)

Henrik Osterblom (Stockholm Resilience Center, Sweden)

lan Perry (Fisheries and Oceans Canada)

Ingrid van Putten (CSIRO, Australia)

Associate IMBER HDWG Members

Edward Allison (University of Washington, USA)

Ratana Chuenpagdee (Memorial University, Canada)

Sarah Cooley (Woods Hole Oceanographic Institution, USA)
Moenieba Isaacs (University of Western Cape, South Africa)
Mitsutaku Makino (National Research Institute of Fisheries Science,

Japan)
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If you have any questions, please contact us at imber@imr.no

Many thanks for agreeing to complete this case study template!
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CASE STUDY TEMPLATE SECTIONS

A. BACKGROUND INFORMATION

B. DESCRIPTION OF THE STRESSORS AND THEIR IMPACTS

C. VULNERABILITY (6 questions)

D. GOVERNANCE AND GOVERNABILITY (8 questions)

E. RESPONSE (2 questions)

F. APPRAISAL (7 questions)

G. GLOSSARY

I. NON-CONSENT FORM
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BACKGROUND INFORMATION
In this section, please provide background information about yourself and your case study, as well as a clear description of the Main Issue
affecting fishing or aguaculture in your case study. Please provide as much information as necessary to understand the Main Issue. If

required, use an extra page and feel free to provide references where relevant.

INFORMATION DETAILS

CASE STUDY CONTRIBUTORS NAME: NAME: NAME:

(please include all contributors) AFFILIATION: AFFILIATION: AFFILIATION:
Email: Email: Email:

NAME OF STUDY AREA

COUNTRY/COUNTRIES WITH JURSIDICTION

GEOGRAPHIC LOCATION
(Temperate, Tropical or High Latitude)

ECOSYSTEM TYPE
(Coastal, Lagoon, Shelf or Open Ocean, other)
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MAIN ISSUE Description of Main Issue
(a) Provide a concise, detailed description of the
Main Issue affecting the case study. Include the
following information to show the extent of the effect | location
of the Main Issue:

size of marine area in your case study (km?)

main species

main habitats

size of area inhabited by people in your case study (km?)

key stakeholders

number of people affected by the Main Issue

total number of people in your case study area

(b) When did the Main Issue occur?

(c) Are there other geographical areas that are also
affected by this issue, but not included in this case

study? If so, please indicate what they are.
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Please insert a map of the area of your case study here
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DESCRIPTION OF THE STRESSORS AND THEIR IMPACTS

This section aims to gather information about the scale of the affected natural and social systems, and the governing systems, the main

stressors affecting these systems, the consequent changes that these cause, and their impacts. Please provide as much information as

necessary, but in no more than 200-300 words for each question. Please provide references where relevant.

1.

Questions

What are the boundaries of
the natural, social and
governing systems?

Natural system

Social system

Governing system

Which of the following levels
is the Main Issue related to?
Please describe for each
system and level, where
appropriate.

A. LOCAL

B. REGIONAL (within country)

C. NATIONAL

D. INTERNATIONAL/GLOBAL

A. LOCAL

B. REGIONAL

C. NATIONAL

D. INTERNATIONAL

A. LOCAL

B. REGIONAL

C. NATIONAL

D. INTERNATIONAL

What are the main natural,
social and/or governance
stressors that affect this
system?

What changes in the natural,
social and governing systems
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do these stressors cause and
where?

What are the impacts or
consequences of this change
on the natural, social and
governing systems?
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VULNERABILITY (6 questions)
Please provide as much information as necessary in no more than 200-300 words for each question, and provide references where
relevant.

NB: These questions refer to the period PRIOR to the Main Issue

QUESTION Details

6. What was the ecological status of the ecosystem (e.g.,
eutrophication, changes in size and/or trophic level,
loss of key species, habitat quality, invasive species
structure, dead zones) prior to the main issue?

7. What was the productivity of the system (low,
medium or high) prior to the main issue?

8. What were the main livelihood activities (e.g., fishing,
tourism, etc.) directly affected by the Main Issue?

9. What other livelihood opportunities (e.g., farming,
manufacturing, forestry, etc.) were there in the
affected area prior to the main issue?

10. What % of the total catch/production from fisheries
and or aquaculture was used for own household
consumption (not sold) prior to the main issue?

11. What proportion of household income came from fish
caught or produced locally (including post-harvesting
activities) prior to the main issue?
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GOVERNANCE AND GOVERNABILITY (8 questions)
Please provide as much information as necessary, but in no more than 200-300 words for each question, and provide references where
relevant.

NB: These questions refer to the period PRIOR to the Main Issue

QUESTION Details

12. What were the relevant organisation(s) LOCAL:
or individual(s) (including state, market
and civil society) responsible for
governance of fisheries and aquaculture | REGIONAL:
at local, regional and national levels in
this area prior to the main issue?

NATIONAL:

13. What was the mode of governance (e.g.,
self-, co-, hierarchical (local),
hierarchical (larger scale), mixture) prior
to the main issue.

Please describe.

14. What were the long-term management
objectives prior to the main issue?
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15.

What were the key rules, regulations,
instruments and measures employed to
achieve the management objectives prior
to the main issue?

16.

Were there any informal rules,
regulations, instruments and measures
that play an important role in the
governance of fisheries and aquaculture
prior to the main issue?

Please describe.

17.

What was the nature of the relationship
between the different sectors or
livelihood occupations in this system
prior to the main issue? (i.e., was there
conflict or cooperation)

Were there any special circumstances in

their relationships that should be noted?

Please tick the box corresponding to the most appropriate situation

~ Conflict

N
Coopération

18.

Who dominated or wielded the most
social power in the area prior to the main
issue? (e.g., fishers’ associations, unions,
corporations, governments, business
owners, etc.)
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19.

How concentrated was social power in
the area prior to the main issue? (ie., was
power held by a few people/1
organisation (concentrated) or was it
dispersed over several organisations)

Please tick the box corresponding to the most appropriate situation of the social system

" Dispersed

Concentrated

20.

Were there any structural changes in the
governing system or individuals prior to
the main issue? Please describe the
changes and why they occurred?

21.

Were there any changes to the key rules,
regulations, instruments and measures,
or have any new ones been introduced
prior to the main issue? Please describe
the changes and why they were
introduced
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RESPONSE (2 questions)

The objective of this section is to evaluate the response of the natural, social and governing systems to the Main Issue. We ask for

information about Short Term (within 2-5 years) and Long Term responses for the natural, social and governing systems. Please provide

as much information as necessary, but in no more than 200-300 words for each question. Please provide references where relevant.

Natural Social

Governing

22. TYPE OF RESPONSE
a. What were the short term N A
responses of the social and
governing systems to the actors)
main issue?

(eg behavioural change, exit of

(Include structural changes in
LEVEL OF RESPONSE

(national, regional, local) of

the governing system(s) or

individuals, or the changes in

TYPE OF RESPONSE
(eg management measure,

technological change, $ aid )

LEVEL OF RESPONSE

(national, regional, local) of

key rules, regulations, response)) response)
instruments and measures etc.)
b.  What were the long term TYPE OF RESPONSE TYPE OF RESPONSE

responses of the social and
governing systems to the
main issue? actors)

(eg behavioural change, exit of

(eg management measure,

technological change, $ aid)
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(Include structural changes in
the governing system(s) or
individuals, or the changes in
key rules, regulations,

instruments and measures etc.)

LEVEL OF RESPONSE

(national, regional, local) of

LEVEL OF RESPONSE

(national, regional, local) of

response response
23.
a. What were the objectives of
the short term social and
governing responses for the
natural, social and governing
systems?
b. What were the objectives of

the long term social and
governing responses for the
natural, social and governing
systems?
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APPRAISAL (7 questions)
The objective of this section is to evaluate the response of the natural, social and governing systems to the Main Issue. We ask for
information about Short Term (within 2-5 years) and Long Term responses for the natural, social and governing systems. Please provide

as much information as necessary, but in no more than 200-300 words for each question. Please provide references where relevant.

Natural Social Governing

24,

a. What were the results of the
short term response for the
natural, social and governing
systems (ie were the
objectives in Q.23.a
achieved)?

b. What were the results of the
long term response for the
natural, social and governing
systems (ie were the
objectives in Q. 23.b
achieved)?

25. Was the Main Issue addressed
(Section A)? Please describe

Undetermined “FULLY

ZAN\
@)

Please describe
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26.

What factors contributed to
the successful short term
results described in Q 24.a
(e.g., enabling policy,
government funding)

What factors contributed to
the successful long term
results described in Q 24.b
(e.g., enabling policy,
government funding)

217.

What factors (if any)
prevented the short term
objectives from being fully
achieved? (e.g., regulatory
barrier, lack of social
cohesion, costs too high,
climate variability, judicial
decisions).

What factors (if any)
prevented the long term
objectives from being fully
achieved? (e.g., regulatory
barrier, lack of social
cohesion, costs too high,
climate variability, judicial
decisions).
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28.

Has there been a formal
evaluation of the responses? If
s0, how was this done and
when?

29.

a.  What were the benefits
related to costs of the short
term response?

b. What were the benefits
related to costs of the long
term response?

30. Were other options considered

for the short and/or long term
responses?

Why were these not selected?
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GLOSSARY
Driver

Any natural or human-induced factor that directly or indirectly causes a change. (http://www.greenfacts.org/glossary/def/driver.htm)

Ecosystem
A discrete unit that consists of living (e.g. assemblage of plant and animal species) and non-living parts (e.g. the physical environment), interacting
to form a stable system.*2

Eutrophication (Q#6)

The process of nutrient enrichment (usually by nitrates and phosphates) in aquatic ecosystems, such that the productivity of the system ceases to be
limited by the availability of nutrients. The increased growth of plants and algae depletes the dissolved oxygen content of the water and often
causes a die-off of other organisms. It occurs naturally over geological time, but may be accelerated by human activities (e.g. sewage disposal or

land drainage); such activities are sometimes termed ‘cultural eutrophication’.™

Governance

Governance refers to groups of people coming together to achieve a particular outcome. It involves all interactions among government, private
firms, civil society, citizens as well as any other relevant stakeholder groups to solve societal or environmental problems and to create
opportunities. In addition to the day-to-day management tasks, the boundary of governance includes the formulation and application of principles
and visions guiding those interactions and care for institutions that enable and structure them.

Governance refers to mechanisms, processes and institutions through which public and private sectors articulate their interests, exercise their

rights, meet their obligations and mediate their differences in order to make decisions affecting society (Rosenau, 1999).

Habitat (Main Issue)
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The natural environment, characterized by its physical features (e.g., temperature range, availability of light, food availability or dominant plant
types) in which an organism or population normally lives. Marine habitats include, for example, mangroves, intertidal zones, coral reefs, deep sea.

Household (Q#10, 11)
A household is a domestic unit consisting of the members of a family, as well as any non-relatives who live together in the same dwelling.

Instruments (or measures) (Q#15, 16, 21, 22)
Instruments are tools used in governance to overcome problems or obtain a desired effect. They are usually of a regulatory or economic nature.
There is a large variety of instruments including ‘soft” ones, like information and advice, and ‘hard’ ones such as taxes and regulations. Laws,

treaties and appointments are formal instruments, while oral agreements, visits, or making a speech are more informal.[“!

Invasive species (Q# 6)
A species that is not native to an area that it colonizes and that is capable of causing harm to native species or the natural environment, and incur

economic damage, or injury to human health.™

Mode of governance (Q#13)

There are three forms of governance: hierarchical, co-governance or self-governance. Hierarchical governance is a top-down ‘steering and control
‘style of intervention, that uses policies and in law. Co-governance requires involvement from various parties with a common purpose (e.g.
fisheries co-management). In self-governance (e.g., community- or market-based) the actors take care of themselves, outside the purview of
government. While self-governance may be initiated by governments through deregulation or devolution, it can also come about of its own

accord.l!

Power (relations) (Q#18)
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Power is the ability to influence the behaviour of others and in social relationships is determined by the actors’ access to power resources. Besides
obvious power resources such as wealth and control over jobs, many others exist, for example, organizational capacity, expert knowledge, control
of information, being in certain social positions, and even having a reputation of being powerful. Power has a reciprocal nature: A acts, B reacts, A

reacts to B’s reaction, and so on.[”). This can manifest as power to exclude, power to influence markets or power to influence decision-making

Primary Productivity (Q#7)
The photosynthetic fixation of carbon by chlorophyll containing organisms, such as phytoplankton, macroalgae, mangroves, sea grasses and other

sea plants. It is measured as the weight of carbon fixed per unit area per time, usually as g.C.™2.yr?

Rules (formal and informal) (Q# 15, 16, 21, 22)

Formal rules (e.g., constitutions, laws and regulations) are consciously designed and often codified in written form. They are often enforced by an

external authority such as the police and the courts. Informal rules evolve spontaneously and unintentionally over time through human interaction,

and take the form of unwritten conventions, routines, customs, and behavioural norms. Informal rules are often self-enforced, because all (or most)
actors find it beneficial to adhere to them (as long as others do too). Those who do not abide by the informal rules of society can expect the other

actors to show their disapproval even to the extent of expelling them from the group.?!

Social system
Organisation of individuals into groups or structures that have different functions, characteristics, origin or status.

http://www.businessdictionary.com/definition/social-system.html. Characteristic pattern of interrelationships between individuals, groups, and

institutions to form a coherent whole http://www.merriam-webster.com/dictionary/social system

Stressor (Section B, Q# 3, 4)

An event, condition, individual, or other stimulus that causes stress to a system.[®]
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Structural changes (Q#20, 22)
Changes to the structure of an organization to achieve its goals. These can be either a partial adjustment or a total overhaul of the duties, tasks, and
responsibilities of individuals and departments, as well as reporting relationships and the number of levels in the organization’s hierarchy.[®

Trophic level (Q#6)
The position that an organism occupies in a food chain. For example, green plants (which obtain their energy directly from sunlight) are the
primary producers, and herbivores are primary consumers (and secondary producers). A carnivore that eats only herbivores is a secondary

consumer and a tertiary producer. Many animals feed at several different trophic levels.[?
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NON-CONSENT FORM

Purpose

The Human Dimensions Working Group of the Integrated Marine Biogeochemistry and Ecosystem Research project (IMBER) is developing a
decision support tool known as IMBER-ADApPT (Assessment based on Description, Responses and Appraisal for a Typology). It will be built
from lessons learned from case studies collected from around the world, dealing with issues relating to global change impacts on marine fisheries
and aquaculture, and the people who depend on them. Its aim is to provide managers, decision makers and other stakeholders faced with difficult
decisions with considered options on how to respond effectively.

Information and data

Once developed, the IMBER-ADApPT will be made available as an open-access web application available to all stakeholders. This means that
some or all of the information that you provide in the ADApT Case study template will be available on-line. By signing this form, you have
indicated that you do not agree to having the information that you have provided made available on-line.

If you have questions regarding this study, contact:

Dr. Alida Bundy, Chair Human Dimensions Working Group

Alida.Bundy@dfo-mpo.gc.ca

Statement:

The nature and purpose of this project have been adequately explained to me but | do not agree to the use of my data and research as indicated
above.

Signature: Date:
NAME:

ADDRESS:

Email:

Please send this form with your completed case study to imber@imr.no. You will receive a copy of this form for your records.
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Appendix C

Note (1): This scoring has been done by members of the IMBeR HD Working
Group, and not by the respondents.

A. VULNERABILITY

Vulnerability assesses how ‘vulnerable’ or susceptible the system (compris-
ing natural, social, and governance components) is to shocks or pressures.

QB - BACKGROUND INFORMATION- Main Issue Question

The number of people affected by the Main Issue (from Background section)
expressed as a ratio to the total number of people in your case study area (also
from Background Section), ie, size of affected population /total population:
(QBA) less than 5%

(QBB) between 5% and 10%

(QBC) between 10% and 15%

(QBD) between 15% and 20%

(QBE) greater than 20%

Q3. What are the main stressors that affect this ecological system?

(Q3A) eutrophication, and /or other water quality issues

(Q3B) fishing, e.g. causing changes in structure (e.g., reduced size structure),
species composition, etc.

(Q3C) loss of key-habitat or major habitat changes including invasive species

(Q3D) environmental changes (e.g. freshwater flows, climate change, etc.)

(Q3E) mix of above responses (plus other responses?)

Q6. What is the ecological status of the affected ecosystem at the ecosystem level
prior to the main issue?

(Q6A) severely degraded (Q6B) degraded (Q6C) some concerns
(Q6D) improving (Q6E) good
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Q7. What is the productivity of the system (low, medium or high)?
(Q7A) verylow (Q7B)low (Q7C)medium (Q7D) high (Q7E)very high

Q8. What are the main livelihood activities (e.g., fishing, tourism, etc.) directly
affected by the Main Issue?

(Q8A) fishing

(Q8B) aquaculture

(Q8C) industrial activities (eg. shipping)
(Q8D) tourism

(Q8E) mixture of 2 or more of the above

Q9. What other livelihood opportunities (e.g., farming, manufacturing, forestry,
ctc.) are there in the affected area?

(Q9A) none

(Q9B) limited (1-2)
(Q9C) some (3—4)
(Q9D) several (5-6)
(Q9E) lots (7+)

Q10. What % of the total catch /production is used for household consumption
(not sold)?

(Q10A) less than 20%

(QLOB) berween 20% and 40%
(QL0C) berween 40% and 60%
(Q10D) berween 60% and 80%
(QLOE) greater than 80%

Q11. What proportion of houschold income comes from local sales of fish
catches, processing, and wholesaling?

(QL1A) less than 20%

(Q11B) berween 20% and 40%
(QL1C) berween 40% and 60%
(QL1D) berween 60% and 80%
(Q11E) greater than 80%

D. GOVERNANCE AND GOVERNABILITY

Governability: Governability refers to the ‘overall quality’ for governance. It is
affected by the “capacity”™ of the governing system, the characteristics of the sys-
tems that are being governed, and the interactions between them.

Q2. Which of the following levels is the Main Issue related to? Please describe
for each system and level
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a. Local, b. Regional, c. National, d. International - repeated for Natural, Social,
Governing Systems

Q2N. Natural System

(Q2NA) Local (Q2NB) Regional (Q2NC) National
(Q2ND) International (Q2NE) ALL

Q28. Social System

(Q2SA) Local (Q25B) Regional (Q2SC) National
(Q2SD) International (Q2SE) ALL

Q2G. Governing System

(Q2GA) Local (Q2GEB) Regional (Q2GC) Natonal
(Q2GD) multi-level (domestic) (Q2GE) International

Q13. What is the mode of governance

Q13A) self-governance
Q13B) co-governance

(

(

(Q13C) hierarchical governance - local

(Q13D) hierarchical governance — regional /national /international

(Q13E) mixture

Q15. What are the key rules, regulations, instruments and measures employed to
achieve the management objectives?

(Q15A) none

(Q15B) input measures (e.g. effort limitation, spatial and seasonal closures, gear
limitations, limits on feed /chemical additions, stock enhancement, etc.)

(Q15C) output measures (e.g. quotas, etc. )

(Q15D) both input and output measures

(QI15E) formal co-management

Q16. Are there any informal rules, regulations, instruments and measures that
play an important role in the governance of fisheries and aquaculture?

(Ql6A) none

(Q16B) some — primarily fisher-based
(Q16C) some — primarily corporation-based
(Q16D) some — primarily government-based
(

Q16E) many

Q17. What is the nature of the relationship between the different sectors or
livelihood occupations in this system (i.e., ranging from conflict to
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cooperation)? Please tick the box corresponding to the most appropriate
situation between conflict (Q17A) and cooperation (Q17E) in the system:

Conflict Cooperation

Q18. Who dominates or wields the most social power in the area (e.g., fishers’
assoclations, unions, corporations, governments, business owners, etc.)?

(QL8A) willage /community leaders

(Q18B) trade unions/fishers” associations/cooperatives
(Q18C) business owners/corporations

(Q18D) governments

(QI8E) NGOs

Q19. How concentrated is social power in the area. Please tick the box corre-
sponding to the most appropriate situation of the social system, between

dispersed social power (Q19A) and concentrated social power (Q19E):

Dispersed Concentrated

Q20. Were there any structural changes in the governing system or individuals
prior to the main issue? Please describe the changes and why they occurred?

(Q20A) large change in structure of organisation and or,/reduction in number of
organisations or personnel;

(Q20B) some change in structure of organisation and or/reduction in number
of organisations or personnel;

(Q20C) no change,

(Q20D) some change in structure of organisation and or increase in number of
organisations or personnel

(Q20E) large change in structure of organisation and /or increase in number of
organisations or personnel.

Q21. Were there any changes to the key rules, regulations, instruments and
measures, or have any new ones been introduced prior to the main issue?
Please describe the changes and why they were introduced

(Q21A) removal of rules entirely
(Q21B) reduction in numbers of key rules or diversity of key rules

(Q21C) no change
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(Q21D) some increase in number or diversity of key rules
(Q21E) addition of new sets of rules (e.g. introduction of output controls to a
system previously having only input controls)

E. RESPONSE

(Q22S. What were the short term responses of the social and governing systems
to the main issue? (Include structural changes in the governing system(s)
or individuals, or the changes in key rules, regulations, instruments and
measures etc. )

(Q22SA) no responses

(Q22SB) one key response in the social or governing response at one level

(Q22S8C) a few (2—4) key responses within one of social and /or governing
responses at more than one level (local, regional, national)

(Q2258D) avariety of short term responses in social or governing system at more
than one level (local, regional, national)

(Q22SE) a variety of short term responses in both social and governing systems
at more than one level (local, regional, national)

Q22L. What were the long term responses of the social and governing systems
to the main issue? (Include structural changes in the governing system(s)
or individuals, or the changes in key rules, regulations, instruments and
measures etc.)

(Q22LA) no responses

(Q22LB) ecither limited social or governing response at local level

(Q221L.C) limited social and governing response at more than one level (local,
regional, national)

(Q221L.D) variety of responses in social or governing system at more than one
level (local, regional, national)

(Q22LE) variety of responses in both social and governing systems at more than
one level (local, regional, national)

Q26S8. What factors contributed to the successful short term results described in
Q2485 (e.g., enabling policy, government funding)

(Q26SA) no factors

(Q26SB) one key factor in the natural, social or governing system

(Q265C) afew (2—4) key factors within one or two of natural, social or govern-
Ing systems

(Q265D) a variety of short term factors within one or two of natural, social or
governing systems

(Q26SE) a variety of short term factors within all three of natural, social and
governing systems
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F. APPRAISAL

Appraisal — coded, but not used for the initial numerical classification. Instead,
used to evaluate whether clusters of case studies were deemed to have been a
success, or not.

Q24S. What were the results of the short term response for the natural, social
and governing systems (ic were the objectives in Q23S achieved)?

Q26L. What factors contributed to the successful long term results described in
Q24L (e.g., enabling policy, government funding)

(Q26LA) no factors

(Q26LB) one key factor in the natural, social or governing system

(Q26L.C) a few (2—4) key factors within one or two of natural, social or govern-
Ing systems

(Q26LD) a variety of long term factors within one or two of natural, social or
governing systems

(Q26LE) a variety of long term factors within all three of natural, social and
governing systems

Q27S. What factors (if any) prevented the short term objectives from being
tully achieved? (e.g., regulatory barrier, lack of social cohesion, costs too
high, climate variability, judicial decisions).

(Q278A) a variety of short term factors within all three of natural, social and
governing systems

(Q278B) a variety of short term factors within one or two of natural, social or
governing systems

(Q27SC) a few (2—4) key factors within one or two of natural, social or govern-
ing systems

(Q27SD) one key factor in the natural, social or governing system

(Q27SE) no factors

Q27L. What factors (if any) prevented the long term objectives from being fully
achieved: (e.g., regulatory barrier, lack of social cohesion, costs too high,
climate variability, judicial decisions).

(Q27LA) a variety of long term factors within all three of natural, social and
governing systems

(Q27LB) a variety of long term factors within one or two of natural, social or
governing systems

(Q27LC) a few (2—4) key factors within one or two of natural, social or govern-
ing systems

(Q27LD) one key factor in the natural, social or governing system

(Q27LE) no factors
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(Q24SA) Objectives not achieved in N, Sor G

(Q24SB) Some objectives met in one of N, S, or G

(Q245C) Some objectives met in more than 1 subsystem N and /or S and /or G
(Q24SD) Most objectives met in 1 or more of N, S and G

(Q24SE) Most/all objectives metin N, S and G.

Q24L. What were the results of the long term response for the natural, social
and governing systems (ie were the objective in Q23L achieved)?

(Q24LA) Objectives not achieved in N, Sor G

(Q24LB) Some objectives met in one of N, S, or G

(Q24LC) Some objectives met in more than 1 subsystem N and /or S and /or G
(Q24LD) Most objectives met in 1 or more of N, S and G

(Q24LE) Most/all objectives metin N, S and G.

Q25. Was the Main Issue addressed? Please describe from failure (Q25A) to
success (Q25E).

No Undetermined Fully

(Q28. Has there been a formal evaluation of the response (how and when)?

(Q28A) no (Q28B) yes, parually (Q28C) yes, tully
(Q28D) ongoing (Q28E) undetermined

(Q29S. What were the benefits related to costs of the short term response?

(Q29SA) costs exceeded benefits
(Q29SB) costs equaled benefits
(Q29SC) benefits exceeded costs
(Q29SD) still being assessed
(Q29SE) unknown

Q29L. What were the benefits related to costs of the long term response?

(Q29LA) costs exceeded benefits
(Q29LB) costs equaled benefits
(Q29L.C) benefits exceeded costs
(Q29LD) still being assessed
(Q29LE) unknown

Q30. Were other options considered for the short and /or long term responses?
Why were these not selected?
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(Q304)
(Q30B)
(Q30C)
(Q30D)
(Q30E)

no

yes, but too expensive
yes, but too complicated
yes, but no social support
No answer/don’t know
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Appendix D

Table 1A: Variable categories (dim 1 to dim 3) (Est: Estimate)

Dim 1. Dim 2. Dim 3.
Est. P.value Est. P.value Est. P.value

Q2G E 216 144E-05 QB E 182 6.34E-08 Q8 A 097 1.37E-04
Q22S B 179 278E-05 Q19 A 224 3.05E-04 Q20 C 1.46 1.01E-03
Q2S E 195 3.00E-04 Q6 E 169 6.63E-04 QIl9 E 186 1.06E-03
Q2N E 176 3.00E-04 Q9 B 1.02 6.66E-04 Q2N C 233 2.24E-03
Q26L E 234 7098E-04 Q7D 082 112E-03 Q16 A 141 2.64E-03
Q26S E 213 859E-04 Q15 B 114 223E-03 Q27L_ D 182 2.95E-03
Ql1 E 144 155E-03 Q22S A 215 4.17E-03 Q22L_A 280 3.92E-03
Q21 E 195 4.79E-03 Q27S E 1.80 9.16E-03 Q17 A 267 3.92E-03
Q9 E 125 1.38E-02 Q11 D 111 101E-02 Q10 E 178 1.35E-02
Q13 D 1.00 262E-02 Q26S E 122 210E-02 Q27S D 1.23 1.54E-02

Q9 E 1.70 267E-02 Q26S A 0.89 228E-02 Q2S5 C 143 3.13E-02
Q20 A 210 396E-02 Q19 E 115 275E-02 Q3B 1.97 4.09E-02
Q20 D -149 484E-02 Q22S C -1.21 4.74E-02 Q9 E -153 4.72E-02
Q11 B -105 4.71E-02 Q26L A -1.03 4.15E-02 Q16 B -0.24 3.34E-02
Q26L D -1.85 226E-02 Q17 D -132 1.87E-02 Q19 A -154 2.00E-02
Q19 D -096 147E-02 Q15D -0.62 1.60E-02 Q18 B -0.86 1.05E-02
Q27S E -1.72 B8.06E-03 Q19 B -185 7.64E-03 Q2S E -1.30 4.00E-03
Q26S A -129 7.27E-03 Q7. C -1.18 6.32E-03 Q2N E -1.81 4.00E-03
Q13 B -092 6.88E-03 Q26S C -1.25 4.05e-03 Q8 E -0.78 4.88E-04

Q6 B -098 6.42E-03 QB A -055 1.13E-03

Q18 C -144 298E-03 Q9 C -1.70 7.72E-07

Q2N_A -1.28 2.75E-03
Q27L_E -1.38 2.49E-03

Q2S A -1.01 1.71E-03

Q17 C -1.34 1.55E-03
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Table 1B: variable categories (dim 4 to dim 5) (Est: Estimate)

Dim 4. Dim 5.
Est. P.value Est. P.value
Q6 D 1.72  5.32E-03 QB D 1.97 2.76E-03
Q3 B 2.86  6.09E-03 Q2s D 217 9.71E-03
Q11 A 1.24 6.17E-03 Q22L_ A 234 1.22E-02
Q18 D 1.19 6.56E-03 Q17 A 216 1.22E-02
Q2G_A 111 101E-02 Q27s C 126 2.10E-02
Q27L.D 140 1.87E-02 Q2N D 0.97 2.52E-02
Q13 C 041 2.07E-02 Q27L_C 0.90 3.83E-02
Q22L B 107 3.11E-02 Q10 A 097 4.01E-02
Q26S B 112 3.42E-02 Q2s C 025 4.53E-02
Q6 _E 0.38  3.42E-02 Q3. D 0.99 4.86E-02
Q21 C 0.41  3.59E-02 Q9 B 0.99  4.96E-02
Q16 D 0.93  4.68E-02 Q2N C 112 4.98E-02
Q3 C -1.82 3.99E-02 Q22L C -1.13 4.42E-02
Q22L_ E -1.06 3.08E-02 Q17 B -146 6.51E-03
Q2s C -1.04 3.05E-02 Q2SS A -125 4.97E-03
Q18 C -1.03 2.54E-02 Q9. D -1.31  1.07E-04
Q13 D -1.04 2.23E-02
Q21 D -0.84 1.07E-02
Q16 A -0.88 7.06E-03
Q26S D -1.71 2.83E-03
Q27L_A -149 7.94E-04
Q22S E -1.78 6.85E-04
Q6 C -1.58 2.56E-04
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Appendix D: Table 2: Individual partial coordinate

Dim.1 Dim.2 Dim.3 Dim.4 Dim.5

BB_oyst.Vulnerability 0.7 -2.41 -0.12 -2.26 -0.73
BB_oyst.Governability -0.71 -0.55 0.11 -1.25 1.06
BB_oyst.Response 0.4 -0.98 -0.05 -1.05 -1.26

UR_clam.Vulnerability -0.74 0.58 -0.75 -0.04 0.85
UR_clam.Governability -1.49 -0.45 -1.36 0.83 -0.21

UR_clam.Response 0.41 -1.96 -1.56 -0.24 1.22
US_oyst.Vulnerability 1.56 -2.52 -0.91 -1.89 1.36
US_oyst.Governability 0.38 -0.54 -0.28 -0.01 0.28
US_oyst.Response -0.35 -1.87 -0.59 -1.42 0.87
BU_pela.Vulnerability -0.46 0.38 0.25 -1.51 2.08
BU_pela.Governability -1.33 -0.19 1.13 -2.44 1.72
BU_pela.Response -2.58 0.37 0.64 -2.73 1.13
TB_shrm.Vulnerability -1 -0.46 0.18 -0.61 -2.12
TB_shrm.Governability -1.16 0.03 -0.9 -1.37 -0.93
TB_shrm.Response -1.64 0.17 0.1 0.68 -2.38
IN_reef.Vulnerability 0.71 -1.46 -0.91 -1 0.79
IN_reef.Governability 0.58 -0.72 0.2 -1.04 -0.41
IN_reef.Response 05 -0.77 -0.16 0.65 0.79

VL_clam.Vulnerability -0.43 -2.38 -0.89 1.14 0.33
VL_clam.Governability -0.57 -1.63 0.53 1.37 0.05

VL_clam.Response 0.52 -1.06 0.12 0.59 0.44
PH_poll.Vulnerability -0.82 -1.34 -1.16 0.2 0.74
PH_poll.Governability -2.51 -0.25 -0.05 -0.13 -0.74
PH_poll.Response -2.04 0.15 0.38 -4.12 0.56
CB_oyst.Vulnerability -0.18 -1.85 1.31 0.93 -0.81
CB_oyst.Governability -0.55 -1.31 0.59 0.13 -0.67
CB_oyst.Response -0.72 -1.13 0.12 -0.24 0.18
MB_oyst.Vulnerability 0.59 -2.5 -0.53 -1.12 -0.08
MB_oyst.Governability -0.35 -0.56 -0.63 -0.23 0.75
MB_oyst.Response -0.06 -0.77 0.64 -0.55 0.15
GR_Amv.Vulnerability -0.03 -1.35 -0.32 0.72 0.22
GR_Amv.Governability -0.85 -0.68 0.68 1.39 -0.73
GR_Amv.Response 0.15 -0.61 0.53 1.48 0.43
GR_Mal.Vulnerability -1.77 -1.57 0.34 2.26 -1.68
GR_Mal.Governability -1.15 -0.16 0.13 0.8 -0.49
GR_Mal.Response 0.88 0 0.58 0.95 -0.19
YB_clam.Vulnerability 0.7 -3.89 4.37 4.62 -2.44
YB_clam.Governability -0.71 -1.56 0.79 2.71 -0.19
YB_clam.Response 0.77 -1.36 2.46 25 0.65
BA_mang.Vulnerability -1.03 1.13 1.13 -2.15 -2.16
BA_mang.Governability  -1.03 0.05 1.15 -1.35 -0.99
BA_mang.Response -1.54 -0.11 0.76 -3.4 0.47
ON_tour.Vulnerability -0.24 3.61 -0.43 0.74 1.36
ON_tour.Governability -1.94 1.32 -1.55 1.49 -0.2
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ON_tour.Response -3.87 3.25 -1.95 0.06 0.26
SH_poll.Vulnerability -3.2 0.44 -0.93 1.47 -2.38
SH_poll.Governability -2.46 -0.21 -0.53 -0.18 -1.17
SH_poll.Response -1.89 141 -1.68 0.67 -0.54
SL-cora.Vulnerability -1.01 2.67 -0.6 0.23 0.99
SL-cora.Governability -0.49 1.3 -1.31 0.94 0.2
SL-cora.Response -2.94 3.12 -1.88 1.43 0.26
OB_poll.Vulnerability -0.93 2.64 0.43 1.69 1
OB_poll.Governability -2.02 0.81 0.35 2.65 0.18
OB_poll.Response -0.25 0.51 0.39 1.18 -0.34
BS_fish.Vulnerability -1.39 -1.22 -1.67 -0.09 241
BS_fish.Governability -1.05 -1.75 -0.33 0.12 3.31
BS_fish.Response -0.51 -1.21 -0.79 0.81 2.85
CM_mang.Vulnerability -1.71 0.6 1.39 -0.98 -2.27
CM_mang.Governability  -0.66 -0.42 1.51 -0.49 -1.36
CM_mang.Response -0.42 0.4 0 0.26 -2.76
BGD.Vulnerability 0.7 1.97 2.94 -1.51 -2.4
BGD.Governability 1.56 1.14 1.94 -1.47 -1.75
BGD.Response 1.33 -0.02 0.06 -1.46 -1.4
ESP_G.Vulnerability 1.35 -1.77 -1.24 -1.07 1.27
ESP_G.Governability 2.58 -0.29 -2.15 -1.05 0.02
ESP_G.Response 2.2 -0.11 -0.37 0.16 0.44
VIC.Vulnerability 1.57 1.97 -0.44 0.8 1.06
VIC.Governability 1.43 -0.58 -2.56 1.06 0.47
VIC.Response 1.19 -1.11 -0.71 1 0.13
VEN.Vulnerability 1.63 1.95 1.48 -1.82 0.49
VEN.Governability 1.73 1.74 3.3 -2.37 1.12
VEN.Response 1.98 0.85 -0.03 -0.53 -0.68
KAR.Vulnerability 0.2 3.32 0.95 0.47 1.64
KAR.Governability 1.79 24 5.26 -141 3.17
KAR.Response 0.99 0.48 4.14 2.32 3.53
TAN.Vulnerability 1.64 2.8 -2.05 0.79 0.65
TAN.Governability 4.2 2.72 -3.84 1.23 -1.29
TAN.Response 2.77 1.38 -0.7 0.27 -1.13
ARG .Vulnerability 1.09 -1.41 -1.62 -1.04 0.76
ARG.Governability 4.76 -1.55 -3.32 -0.59 -1.33
ARG.Response 1.63 -0.41 -0.52 0.2 -1.14
ESP_M.Vulnerability 1.35 0.34 0.72 1.63 -0.89
ESP_M.Governability 2.76 1.36 0.79 0.8 -0.37
ESP_M.Response 3.13 0.95 0.2 0.55 -1.2
GRC.Vulnerability 1.14 1.75 -0.9 -0.62 -0.04
GRC.Governability -0.73 0.53 0.34 -0.15 0.49
GRC.Response -0.06 0.43 -0.15 -0.02 -1.33
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Appendix E

The Codebook - Description of the major and minor themes

Vulnerability 28 511
(Parent theme)
Ecological (Major 26 214
theme
Anthropogenic  Growing human population, and consequently, 11 17
activities overexploitation of resources including the

developmental activities and other types of the
industries. Urbanization, aquaculture, rice cultivation,
salt mining and grazing, responsible for the large-scale
destruction of natural ecosystem. Environmentally
irresponsible land development, enclosure of certain
coastal area for private use, damages on coral reefs and
fishing ground etc. High population density in the
coastal areas; increased land-use; lack of appropriate
and efficient wastewater treatment systems

Biodiversity Changes in species abundance, loss of species. 14 24
loss Continuous encroachment of forest areas and illegal

poaching of wildlife, disappearing mangroves, siltation,

decrease in breeding and nursery grounds of mangrove

fisheries, pollution. Modification of the coastline,

increase in water temperature, coastal erosion,

increased salinity.
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Climate change  Climate change induced negative effects on the natural 13 26
environment of fishery system, rising sea levels,
flooding, tsunamis, rise in sea water temperature,
climate variability, meteorological anomalies delimited

fishing activities, and global warming.

Disease Changes in the natural system likely unrelated to 8 11
outbreak anthropogenic causes: abundance of Pelagic fish was

dramatically reduced in 90°s without any anthropogenic

influence. Mass mortality due to disease outbreak.

Appearance of parasite in the early 1960s. E. coli

presence
Environmental ~ Sedimentation, changes in physio-chemical and 22 36
degradation environmental parameters, ecosystem degradation,

environmental variability, changes in hydrological

regimes
Extreme Extreme weather events such as cyclones, hurricanes, 8 14
weather and tidal surges. Changes in rainfall pattern, wind

direction, wind speed, sea water current

Overfishing Reduction in stock, small-scale fishers moved to 10 16
commercialized methods, caught undersized fish by
reducing the mesh size of nets, and used mechanized

equipment’s

Pollution Eutrophication, oil spills and agricultural effluents, 17 32
industrial toxic pollutants, fertilizers, and pesticides
used by agro-industrial companies, mass nutrient
loadings from agriculture and sewages, degradation of
water including oxygen deficient water, metal pollution,

ocean acidification, low pH levels
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Resource Over-exploitation of resources (uncontrolled 18 38
depletion exploitation, commercial exploitation, destructive
fishing such as bombing, use of chemicals), changes in

distribution and availability of natural resource

Economic 24 103
(Major theme)
Corruption Fishers complain that they need to pay bribe to forest 4 8

officials during fishing in the forest. Fishers also need
to pay ransom to pirates in forest. Corrupted officials as
well as leaders of fisher’s associations.

High High permit fees to get the access to the resource 2 2
production cost

Lack credit Many fishers failed to pay back previous loans due to 3 4
losses following cyclone, micro-credit providing NGOs
did not provided further loans to support livelihood
re-establishment of small-scale fishers. Lack of

informal credit system.

Lack income Lack of fish catch following cyclones and other natural 15 26
disasters, bankruptcies due to lack of income, decreased

employments limited harvest

Lack Lack of different capitals in community livelihoods, 5 5
investment Lack of investments for alternative income generating

activities; lack of “feeling” for traditional fisheries

management as many fishing grounds were occupied by

fishers

Lack market Syndicate controls the price of fish catch where fishers 6 6

end up getting paid lesser, fishers live far from the city
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Poor value

chain

Poverty &

Illiteracy

Productivity
decrease

Institutional

(Major theme)

Centralized

management

Fragile

institutions

where they don’t get good market of their catch

Conventional approach, lengthy value chain process, 4
small-sized pelagic fishery has also changed with

women and youths involved in all value-chain segments

Fishers are illiterate, poor, with limited economic 6
capacity to buy productive assets. Most of the fishers

are below the poverty line. Poverty in small-scale

fisheries is further propagated due to low level of

literacy. In most fishing hamlets, there are no schools;

the nearest school were inaccessible because of distance

or poor road communication. llliteracy is widespread

among elders and children seem to follow the elders.

Several families cannot send their children to school

because of poverty.

Decrease in fish catch, decrease in economic yields 19
from fisheries, impact of fish stock fluctuation

20

Poor participation in the decision-making process, no 11
proper connection between various levels of

management, bureaucracy in implementation of

management decision (top-down management system),
centralized management of hierarchical type,

government welded most of the social power, absence

of common fishery right.

No or fragile social institutions 2
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Inappropriate Uncoordinated developmental activities, lack of 7 11
management management measures, strong lobbying groups are
politically favoured, no area-based management

measures

Lack Lack of transparency, accountability in management 6 6
accountability decisions. Unfair subsidies, compliance has been a key
challenge in fisheries, but the problem with non-

compliance has been substantially reduced.

Poor legislation  Poor law enforcement, rules, regulations, instruments, 10 17

policies, and measures.

Unsuitable Weak, poor governance, usually hierarchical (top- 9 16
governance down). The administration legislates and fishermen

must comply with these rules, state regulates entry into

the fishery grounds.
Weak property ~ Encroachment of marine resources by external parties, 9 13
rights open-access nature of property rights, lack of defined

ownership and established rights in management of
fisheries commaons, property rights are always contested

in context of small-scale fisheries management.

Social (Major 24 108

theme

Behaviour Opportunistic behaviour of the fishermen 5 8

issues

Catch Uncertainties were the common feature of the fishery 7 10
uncertainty management leading the fishermen to decide to catch
what becomes abundant or what can be loaded to the

markets. Continuous increases on fishing costs (fuel,
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taxation, declining demand) have been forcing the

fishers’ income downwards

Illegal activities  Illegal fishing, unauthorized fishing, unsustainable 6 9

fishing methods, illegal fishing gears, unlicensed

fishermen
Intersectoral Conflict between artisanal fishermen and oil companies 12 18
conflict located in the coastal area, conflict among stakeholders,

particularly between fishers and tourism industry,
conflict in use of coastal resources, conflicts between

sectoral interests (heavy industry vs fisheries)

Intrasectoral Conflict between the fishermen group, conflicts 14 23
conflict between new entrants’ small holder fishermen and the

fishing companies, conflict between aquaculture and

the small-scale fishers, Intra-sectoral conflicts are

mainly between the pelagic (commercial) and the

inshore (artisanal) fishery.

Lack wellbeing  Social frustration due to lack of job, income, and 5 5

mental wellbeing

Low Less concern for environmental issue and lack of the 3 4

environmental knowledge about the ecological value of various

concern species
Newcomersin  “New” fishermen managed to make a living and didn’t 6 7
fisheries return to their original employment/businesses.

Outward There is extensive disagreement among the small-scale 6 9
fisheries, especially between those born and raised in
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migration different villages around the bay, regarding fishing
methods and attitudes. Youths migrate in search of new
opportunities leaving the historical profession followed

by their parents or the older generation.

Political Political pressures to the local administrators to 2 2
decisions based in favor of their closed ones,

instability :
frequently changing government caused frequent
changes to the fisheries policies, acts, and rules.
Unemployment  Lack of alternative livelihood 9 13
Technological 3 4
(Major theme)
Destructive heavy mechanization of the fishing boats leading to 3 3
technology unequal fish catches within the fishing communities
Poor Use of digital technologies, digital connectivity to 1 1
connectivity market
Towards Viability
(Parent theme)
Governing 28 269
responses
(Major theme)
Appropriate Legislation for development planning, prohibit use of 14 30
legislation small mesh, oyster harvest rotation plan to attem2pt to
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satisfy harvester pressure to capture oysters before they

die, restrict harvest by dredging

Co-management Co-management structure of governance, moving from 16 38
a hierarchical system to a co-management model, the
participation of the fishing sector in the Co-
management of this fishery allows a greater
involvement of the main actors, the fishermen, in the
management of the resource, co-existence, co-

prosperity relationship

Decentralization Decentralization process to grant more administrative 5 5
and economic autonomy to the regions (“autonomous
communities”). Transfer of power and authority from

the central to provincial and regional government

agencies.
Evidenced- Backing up the industry through its research programs 13 16
based and large subsidies. Scientific support (ecosystem
management models) implemented to support and speed up political

decision-making processes. Coordination between the
scientific working groups and resource management
working groups. Research, investigation into finding
disease tolerant or resistant oysters, research and the
establishment of financing mechanisms that ensure the

sustainability of the actions undertaken.

Extended Collaboration between fishermen, NGOs, INGOs, and 12 20
collaboration the governments. Horizontal and vertical interactions.

Good Formal governance system, governance incorporating 5 8
governance all the stakeholders yielding successful results,

organizational role to all stakeholders
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Institutional

framework

Management

systems

Participatory

management

Policies &

regulations

Proper funding

Relief &

subsidies

Revisions &
Inspections

Social

responses

(Major theme)

Capacity
development

Community-

based

Appropriate legal and institutional framework to assist

in developing the management plans, acts, and policies.

Management systems such as master management plan,
water quality management system, strategic plans, and

organizational vision

Participation of the fishers in the process of creating

standards, policy, and community-based management.

Clear property rights, legal regulations, policies (long
term and short term), acts, law amendment, resolutions,

legal agreements.

Allocation of funding to kick start the management

plans.

Subsidy and relief distribution (usually temporary).

Surveys, inspections, monitoring, and inspection

systems

Mechanization of the fishing equipment’s; promotion of
sustainable fishing practices, new technologies, giving
autonomous rights to fishers make their own rules,

livelihood diversification

Fisheries cooperatives, combined efforts towards

implementation of plans, and programs, and knowledge
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management mobilization
Habitat Ecosystem restoration and rehabilitation programs to 6 6
conservation restore health of degraded resource, environmental

assessment and planning based on lagoon type and

habitat conservation activities

Informal local Includes low price trading, self-compromising and 12 20
practices eating unhealthy diet to save money for family and

children; child labour without sending them to school

Livelihood Change of the occupations or practice aquaculture or 14 28
diversification involve in food processing industries
Malpractices Violation of rules, fishers did not obey with all 8 16

management measures, illegal activities

Multi-level Collaboration of the fishing communities with the 12 22
collaboration government stakeholders and other cooperative
agencies and the volunteering works

Nature-based Sustainable solutions to restore fishing grounds, 5 5
solutions traditional methods of construction using locally

available materials

Partnership Partnerships through associations, councils with other 8 13
development stakeholders

Temporary Temporary migration to find alternative employment 6 10

migration during low catch period

Enabling 22 87

governing

responses

234



(Major theme)

By-catch limit ~ Setting the bycatch limit 2 2

Control Controlling the overexploitation of the natural resource. 7 12
exploitation For example, banning the extraction of wood to protect
the mangroves in Sundarbans, seasonal ban on

exploitation of commercially important fish species.

Empowerment  Empowerment of the local communities at the local 4 6
level through trainings and workshops to re-engage in
fisheries. Introduction and promotion of the
commercially viable fisheries among the communities.
Fishers can express their opinions on any proposed or
implemented management measure to regional
regulators and/or to the government through a standard
process by which fishermen’s associations and guilds.
Empowerment of not only the fishers but the social and
government institutions through democratic election of

the leaders and council members.

Expansion of Expanding the harvesting grounds, development of the 3 3
fishing ground  fishing village

Experimental Establishment of labs/factories for testing and 5 5
fishing assessment, assessment of the impact on the ecosystem
of the fishing gear used in this fishery: accessory

species and impact on the seabed

Government Government support for immediate survival of the 7 10
incentives fishing communities, tax subsidies.
Implementation  Focus on execution of the plans, implementation of the 10 13

development plans, MPAs, effective execution,
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of plans optimization and adjustment as required to execute the

fisheries management plans, crisis management plan

Licence system  Provisioning of the fishing licences to limit the no. of 8 8

the resource users

Quota system Prohibition or management restrictions: fishing quotas. 7 11
Somewhere set by the regional government, and

somewhere thorough local institutions.

Restore fish Rebuild the fish stock by implementing the sustainable 9 12
stock practices through collaborative activities
Restrict access  Administrative restrictions such as no fishing without 5 5

the permit and during no fishing period, harvest

restrictions to allow stock rejuvenation.

Enabling 24 72
social

responses
(Major theme)

Active Willingness of fisher communities to work jointly, 8 15
involvement involvement of fishers in decision making and policy

formulation

Awareness Through public hearing, public campaigns educating 9 11
local populations about the importance of mangroves
and the need to conserve, trainings on good Agri-

farming practices, consumer awareness

Control Control invasive species to reduce the mortality rates 2 2

invasive species
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Media Media was found to be powerful tool to express the 3 5
outreach voices and opinions through interviews in TV/Radio,
reporting of illegal fishing activities and resource

depletion issues

Permanent Fishers who were worst affected by the changes left the 2 4
migration fishing profession permanently, the ones who migrated

temporarily never returned, fishers perceived there was

limited opportunities in fisheries, and they decided to

quit the profession

Social Social campaigns targeting youths, educating them get 4 5
campaigns involved in fishing activities, lobbying for more
research funding and potential subsidies, fishers putting

pressure on the government to fulfill their demands

Social unity Fishers remain united to achieve the common goal such 8 14
as to reduce economic crisis. Common acceptance to
the leadership decision. Unity through involvements in
the fisheries associations

Switch target Decrease in productivity caused the fishers to switch 4 5
species the target species, Abundance of some of their target

species was not economically viable any longer.

Fluctuating market of fish species influenced switching

the target species

Valuing fishers  Fishing communities being valued as a part of the 6 8
governing system. Participation of the fishermen in
regional advisory councils and coastal action groups
(with other stakeholders) contributed to further social
recognition of fishing activity. Fishermen have realized
that it is much better to participate in the management
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of the fishery (co-management) than to be simple

compliers with the regulations imposed on them.

Youth Some of the young youths are interested in fishingasan 2 3

engagement occupation

Preventing 25 147

governing

response

(Major theme)

Communication  Lack of risk communication 2 2

problem

Conflicting Lack of coherent plans, management measures and 4 4

agendas regulation change constantly

Delayed Sluggish response from the government agencies (e.g., 6 8
responses delayed reconstruction of damaged embankments, parts

of which were broken during cyclone Aila. There were
no clear responses from the managers, who were not
prepared for “surprises”, The slow implementation of
effort reduction has hampered successful
implementation, delayed restoration of sewage

treatment facility after Tsunami.

Distrust Mistrust the political governance, mistrust towards the 5 5
government system, mistrust between the fisher groups and the

municipal agricultural office.

Fund Corruption 4 5
mismanagement

Hierarchical No involvement of fisheries communities in decision 5 5
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decision- making, highly centralized governance does not allow

making for local action. Leadership became too dictatorial and
hypocritical in the governance of the resources. In that,
they were involved in illegalities as individuals while

barring other fishers.

Ignoring Governing response does not explicitly address the 6 6

climate change  sustainability of fisheries resources in respect of climate
change impacts. Legislation and policies incorporate
climate change to a much lesser extent also because
authorities think this is a problem of global proportion.
The government by itself was unable to find mitigation
measures to cope with these unusual changes in the
system due to climate change. The government
institutions did not consider any proactive and
preventive plan against the climatic variability that
delimited fishing activities.

Ignoring Ignoring scientific evidence and increasing total 8 11
science allowable catch limit just to satisfy the fishers need to

improve government statistics

Insufficient Monitoring, control, and surveillance (MCS) costs are 9 11
funding too high for a developing country, shortage of the

Budget for the monitoring system. Limited funding and.

Management plans were not implemented due to the

increased operational cost.

Lack coherent Lack of coherency in development of frameworks, 11 14
strategy policies, rules, act balancing all the sectors (e.g., coastal
area development and small-scale fisheries fishing

ground management)
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Lack Lack of operational management plans with 16 28
management plans performance indicators to manage the fishing grounds,

markets, fishing zones. No guided risk management

plan.
Lack Lack of monitoring due to capital and technical 11 14
monitoring expertise issues.
Lack resource Manpower and other physical resources 3 6
Political Co-management initiatives interrupted by political 6 7
interference interests
Poor Due to several reasons such as negligence of 11 16
enforcement government to operationalize its plans or lack of the

community support in some cases; not following the
permit system or the rules; strict regulations. Weak
enforcement of regulatory measures, limited action
from the central public administration and a lot of
approval process to implement plans at the local level.
Inability to enforce research findings in real action.

Revenue The government objectives strongly shifted towards 5 5

oriented policy operationalizing only profit aimed strategies.

Preventing 15 63
social

response

(Major theme)

Dependency on  Relying too much on the government agencies to fulfill 3 3

state all expectations
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Excludability Exclusion of some members of the community from 7 10
decision making. Lack of fairness while distributing

subsidies, reliefs, funds, and other incentives.

Lack fishing Newcomers lacked fishing knowledge, did not value 3 4
knowledge customary fishing groups.

Lack social Lack of organization of fishing communities, limited 10 16
cohesion cooperation. Lack of cohesion between government

officials and between the small scale fisheries
communities. Trust, and willingness issue to improve

collective actions.

Lack social Lack of social infrastructures including lack of common 4 5

institution property rights

Opportunistic Individualism and opportunistic behaviour of fishermen 8 10
behaviour and stakeholders, fishers themselves were concerned

about their own well-being with less concern about

resources sustainability

Short-term Most of the rehabilitation activities were short-term 5 7
measures basis. There were very few initiatives that focus on the

long-term resilience of the communities.

Social un-rest Social unrest due to difference in political ideology, 7 8
culture, traditions affected the new co-management
formula negatively, unfair social divisions, social
cohesion is threatened due to violence and threats
among fishers.
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