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ARTICLE INFO ABSTRACT

Keywords: Climate change has had profound effects on coastal ecosystems, including sea level rise, ocean acidification, and
Adaptation extreme weather events. These impacts have left vulnerable populations in coastal areas, particularly fishing
Vulnerability communities, struggling to maintain their livelihoods, subsistence, and cultural practices that rely on a healthy
;ZZ;]iekxi-chWIedge ecosystem. The existing body of research has examined the impacts of climate change on fishing communities

and their perceptions and responses to environmental issues. However, these studies have employed diverse
conceptual and methodological approaches. Therefore, our study aimed to identify the key concepts, frame-
works, challenges, and trends evident in these previous studies. To achieve this objective, we conducted a
comprehensive literature review of 34 papers and employed both quantitative and qualitative analyses to
evaluate them. Our analysis revealed several primary challenges encountered in these studies, including insuf-
ficient data availability, variations in data quality, difficulties in effective communication with local commu-
nities, and inadequate inclusion of women’s knowledge and perspectives. By recognizing these challenges, we
can highlight areas for improvement and further research.

The findings of our study indicate that the most prevalent frameworks utilized in the selected studies can be
classified into three groups: “Local knowledge,” which focused on understanding the perceptions of climate
change impacts among small-scale fishers; “Vulnerability,” which aimed to comprehend the components and
measurements of vulnerability in fishing communities; and “Adaptation and Resilience,” which explored how
these communities respond to climatic events. Furthermore, our study identified emerging trends in the devel-
opment of research on local knowledge, gender roles, and adaptive capacity within fishing communities. In
conclusion, this study serves as a general guide and starting point for refining and enhancing frameworks used to
investigate the effects of climate change on small-scale fisheries.

Small scale fisheries

1. Introduction

An estimated 10-12% of the world’s population depends on fisheries
and aquaculture for their food security, which directly impacts the well-
being of aquatic environments, such as the marine and freshwater sys-
tems (Barange et al., 2018; Galappaththi et al., 2019a,b). Small-scale
artisanal fishing is considered to be a sustainable method of food pro-
duction and may represent a solution to the challenges in food systems
(e.g., hunger and diet-related diseases, depletion of natural resources,
environmental degradation, and climate change; FAO, 2022). Recog-
nizing the importance of fisheries in the global food production chain,
the United Nations General Assembly determined the year 2022 to be
the International Year of Artisanal Fisheries and Aquaculture (FAO,

2022).

Small-scale artisanal fisheries face complex challenges, such as
habitat degradation, illegal, unreported, and unregulated fishing, and
overfishing (FAO, 2022). Along with power imbalances in value chains,
barriers to trade, and a lack of appropriate skills and services to access
markets with healthy products at fair prices (FAO, 2022). An additional
challenge is the recognition of the role that women play in fisheries.
Although they represent up to half of all fisheries and aquaculture
workers (FAO, 2018), women suffer from invisibility, restrictions to
access and control of resources, and discrimination when it comes to
participation and decision-making (Koralagama et al., 2017).

Climate change further adds pressure to marine ecosystems
(Brander, 2010). As a result of global warming, ocean, and coastal fauna
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have been moving toward higher latitudes, therefore forcing fishers to
also move poleward, or to broaden their catch diversity and modify their
gear and strategies to maintain harvests (Barange et al., 2018; Townhill
et al., 2019). Studies have shown that among the vulnerabilities that
fishery-dependent people and communities face as a result of climate
change impacts are poor or reduced nutrition, employment, and income
(Muringai et al., 2019; Pinnegar et al., 2019; Martins et al., 2019). Un-
derstanding the impacts of climate change on fishing communities and
associated ecosystems requires an understanding of the socio-ecological
system.

Many studies have previously sought to understand the relationship
between climate change impacts and fishing communities (Chen et al.,
2014; Lindegren and Brander, 2018; Green et al., 2021). However, these
previous studies have all applied concepts with different conceptual and
methodological approaches. Defining an appropriate framework to
study the relationship between fishing communities and climate change
impacts is difficult when there are many approaches available, and this
diversity poses a challenge to replicating and comparing studies. An
appropriate approach should be aligned with the characteristics of the
study, considering methods, theories, goals, and core concepts.

One well-known approach is the use of conceptual frameworks (CF),
which helps organize the notions, concepts, and ideas of a given study.
The role of a CF is to integrate the relationship between the context,
theory, and the various aspects of a given research study, and explain
why a specific topic is both practically and theoretically important
(Ravitch and Carl, 2019). The application of CFs relies on researchers
either using established frameworks or combining or modifying existing
ones. This paper aims to identify the CFs applied in the examination of
interactions and relationships between climate change impacts and
fishing communities. Additionally, the study seeks to identify prevailing
trends and ongoing debates surrounding these concepts and their
application in articles worldwide.

We hypothesize that such CFs are related to perspectives of socio-
ecological systems and, thus, integrate natural and social components.
Through a systematic literature review, we observed the main associated
concepts, gaps, challenges, and trends for further studies. In summary,
our paper contributes to the existing body of literature by providing a
comprehensive overview of frameworks and concepts applied in the
study of climate change impacts on fishing communities. It serves as a
valuable resource for researchers, policymakers, and stakeholders
interested in improving their understanding of this critical issue and
working towards sustainable solutions.

2. Methodology
2.1. Literature review

First, we identified papers using CAPES (High-Education Personnel
Improvement Coordination)’ and Google Scholar electronic databases.
The following keywords were used in combination: i. “climate change”,
ii. “conceptual framework” or “framework”, and iii. “fishing commu-
nities” or “fisheries communities”. The literature search was finalized on
November 18, 2021. The decision to include or exclude studies in the
literature review was determined according to specific criteria (Table 1),
among which were the criteria that all papers included had to contain all
three terms in either the title, abstract, and/or keywords, have been
published between 2011 and 2021, and be peer-reviewed. Papers from
journals that are not peer-reviewed, and grey literature, conference
proceedings, book chapters, and editorial letters were excluded.

The process used to select relevant literature is presented in Fig. 1. A

! CAPES database is one of the most significant scientific databases in Brazil,
which includes 455 diverse kinds of databases, such as references and patents,
and it is signed with international publishers (SCOPUS, Web of Science, DOAJ,
and more).
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Table 1

Inclusion and Exclusion selection criteria for literature review.
Criteria Decision
Academic papers Included
Papers must contain three terms searched in full in the title, abstract, or Included

keywords

Papers must have been published between 2011 and 2021 Included
Papers must have been peer-reviewed for publication Included
Papers must have been written in English Included
Duplicated papers Excluded
Grey literature, conference proceedings, book chapters, and editorial Excluded

letters

total of 14,821 records were found (1315 from the CAPES database and
13,506 from Google Scholar). A total of 14,760 works were excluded as
they did not fit the search criteria, i.e., they were either non-peer-
reviewed, grey literature, conference proceedings, book chapters,
editorial letters, or papers that did not contain the three searched terms
in the title, abstract, or keywords, or were papers that had not published
between 2011 and 2021. This left a total of only 61 articles. However,
among these were 27 duplicated articles, therefore after removing these,
we were left with a total of 34 articles to read.

2.2. Synthesis and analysis phases

In this phase, the selected articles were downloaded and organized in
the Mendeley software. Next, data were exported to the VOSviewer
software to demonstrate bibliometric relations among publications
(Einecker and Kirby, 2020). VOSviewer applies similarity measure
known as the association strength to analyze the co-occurrence of key-
words within a set of articles. It calculates co-occurrence frequencies,
association strengths, and co-occurrence networks to identify prominent
research themes and the relationships between different keywords (van
Eck and Waltman, 2010).

A co-occurrence analysis was used to create links between words.
Lines-related terms and thicker lines represent a more robust link. For
VOSviewer, association strength is “a proportion of total co-occurrences
between items to the expected total co-occurrences between those items,
assuming they are statistically independent” (Van Eck et al., 2010).
Furthermore, data were extracted from the selected articles using
pre-determined criteria and categories specified to enable comparison
among approaches. These criteria and categories were used to summa-
rize information from the selected articles, and they were defined based
on Mengist et al. (2020). Relevant data were organized in a database,
and descriptive statistics were used.

For analysis of the articles, nine criteria were applied: i. year of
publication, ii. name of journal, iii. study site, iv. types of data source, v.
the study site scale, vi. conceptual frameworks applied, vii. concepts,
components or dimensions, viii. challenges and difficulties mentioned,
and ix. gender approach (Table 2).

3. Results
3.1. Overview of selected articles

Application of the search criteria outlined in the previous section
resulted in a total of 34 articles published between 2011 and 2021. Fig. 2
illustrates these results according to their (a) year of publication, (b)
continent of the author’s institution, (c) scale of the study site, and, (d)
study site location.

Given that none of the selected studies were published in 2011, we
began by examining the percentage of publications starting in the year
2012. Fig. 2a shows the percentage of selected papers in frameworks to
assess the impacts of climate change in fishing communities between
2012 and 2021. Although the rate of publications decreased between
2014 and 2016, the graph shows a slightly increasing tendency of
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CAPES: 1.315 identified
Google Academic: 13.506 identified

CAPES: 1.292 excluded
Google Scholar: 13.468 excluded

CAPES: 4 repeated
Google Scholar: 23 repeated

CAPES: 19 selected
Google Scholar: 15 selected
TOTAL: 34 selected

Fig. 1. Methodological approach for selecting papers.

Table 2
Criteria and categories used for information extraction from the selected articles.
No  Criteria Categories Justification
considered
1 Year of publication <year> Only studies between 2011
and 2021 were considered
2 Name of journal <name> To describe the
geographical distribution of
articles
3 Study site <continent> Geographical reach

4 Types of data sources
(Mengist et al., 2020)

Primary data Data derived from sampling
in the field (e.g., surveys,
field data)

Data derived from other
sources or databases, and
not verified in the field (e.g.,
remote-sensed data,
socioeconomic data)

Secondary data

Mixed data Database, bibliography,
modeling, surveys, and field
data

5 The study site scale( Patch 10-102 km?
Martinez-Harms and Local 102103 km?
Balvanera, 2012) Regional 10°-10° km?

National 10°-10° km?

Global >10%km?

6 Conceptual <Name> Conceptual frameworks
framework applied used to develop the study

7 Concepts, <terms> Key concepts used in the
components, or study
dimensions

8 Challenges and Data Availability and quality of
difficulties mentioned data sources that challenged

the study

Communication Difficulties in

and access communication and access
to the communities

Methods Barriers mentioned about
the methodological
approach (e.g., lack of
statistical
representativeness)

Others General barriers mentioned

in the study (e.g., how to
codify qualitative data for a
quantitative assessment)
None No challenge was
mentioned in the study
The publication included at
least one result, variable, or
data disaggregated by sex

Presence or absence
of gender
perspective

9 Gender approach

articles overall. The number of articles reached a peak in 2020 and
might be related to the pandemic, as many researchers had reduced
access to fieldwork, and stayed at home, thereby creating a favorable
environment to write papers.2

Most of the papers selected were published in North America (35%),
followed by Asia (24%) and Europe (18%; Fig. 2b). When examining
scientific production from a Global North and Global South perspective,
it is noteworthy that 59% of the identified studies originate from in-
stitutions located in the Global North, while the remaining 41% come
from the Global South.® This distribution indicates a predominant con-
centration of research output in the Global North, highlighting potential
disparities in research capacity and resource allocation between these
two regions.

Patch scales were the most used scale in the studies (26%), followed
by regional scales (24%), and local scales (23%), with far fewer studies,
carried out at national or global scales (Fig. 2c). For the most part,
studies were conducted at the community level and involved small-scale
fisher and indigenous communities. The most common study site loca-
tions for articles included in the systematic review are in Asia (26%),
followed by North America and Central and South America. It is
important to note that although Europe ranks third in terms of in-
stitutions producing articles on this issue, it is in sixth position when it
comes to study location. Africa, on the other hand, contributes to only
6% of the articles produced, but accounts for nine percent of the study
locations.

It is worth highlighting the disparity between the geographic dis-
tribution of institutions conducting research and the actual study loca-
tions. This imbalance suggests, for example, that although European
institutions are actively engaged in producing articles on the topic, the
focus of their studies may be primarily based on locations outside of
Europe. Conversely, Africa contributes a smaller percentage of articles,
but a higher proportion of the research is conducted within the
continent.

Primary data were the type of data more commonly used (38%),
compared to secondary data (32%) and mixed data (29%). Papers based
on primary data mainly made use of interviews and respondent surveys.
Articles that used secondary data were based on climate data, census
data, model projections, and literature reviews. Papers that used mixed
data applied interviews with communities and crossed the findings with
previously collected data, such as grey documents, national, regional,
and local assessments in fishing and climate fields, interviews, and
model projections. Primary data were the most common source of data
in the studies and included interviews and field observations.

2 How a torrent of COVID science changed research publishing — in seven
charts. https://www.nature.com/articles/d41586-020-03564-y.

3 The term was used to identify countries in the regions of Latin America,
Africa, Asia and Oceania (not including Australia).
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3.2. Conceptual framework and key concepts

To identify the patterns and relationships among the included arti-
cles, we conducted a statistical analysis of similarity using the VOSviewer
software (Fig. 3). VOSviewer applies statistical algorithms to calculate
various measures of similarity and generated visual representations of

% of publications

% of publications
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(b) Long-listed results by the author’s continent

35%
24%
20% 18%
15%
10% 9% 9%
6%
) .

North America Asia Europe South America Oceania Africa
Continent
(d) Long-listed results by study site location
30%
26%
25%
20%
20%
17% 17%
15%
10% 9%
6% 6%
) l l
0%
Asia North Central and Global Africa Europe Oceania
America South
America "
Location

Summary of long-listed results by (a) publication year, (b) continent of author’s institution, (c) study site scale, and (d) study site location.

the bibliographic relationships (van Eck and Waltman, 2010). These
results allowed us to identify research clusters and emerging themes
within the literature.

We ignored the analysis of the search terms, given that the software
always considers only the most frequent term, name of the study area,
and name of studied species. The closer the terms, the higher the

small-scale

coastal management

& vosviewer

[ culture-based fisheries
atmospheric sciences
small-scale fisheries |

extreme weather

2014 2016 2018 2020

Fig. 3. Scientific network mapping of the most used terms in the selected papers. Colors indicate the year in which each keyword was used. Lines represent co-
occurrence link strength among terms. The size of the frames is proportional to the frequency of appearance.
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indication of co-occurrence between them. Thus, to interpret the clus-
ters, we assessed the most closely associated keywords and the largest
nodes, given that the size of the nodes reflects the frequency of
appearance.

By analyzing the co-occurrence patterns of these keywords, we gain
insights into the relationships and trends within the research area. This
mapping allows us to identify the key concepts that researchers have
been focusing on and how they are interconnected. Furthermore, by
considering the most recent applications, we can identify emerging
themes and areas of active research.

After analyzing the network map of the co-occurrence terms and
clusters, we identified four major groups with relevant keywords. In the
first group, we identified the term “vulnerability” to be the central
concept, and observed that it is connected to other terms, such as
“coastal management”, “anthropology” and “adaptive capacity”. In the
second group, we identified “adaptation” to be the central concept and
noted that it is connected to “decision-making”, “development”, and
“resilience”, among others. In the third group, we identified “small-scale
fisheries” and “atmospheric sciences” to be the central concepts and
noted that they are linked to, “resilience”, “adaptive capacity” and
“culture-based fisheries”, among others. The latter group included the
most recent terms applied in the literature. In the fourth group, we
identified “exposure” to be the central concept and noted that it is linked
to “sensitivity”, “fishery”, and “livelihood sensitivity”. “Adaptive ca-
pacity” was found to be the term that connects all the identified groups.

Concerning frameworks, we identified three groups from our anal-
ysis of articles. Fundamentally, these groups were formed by the simi-
larity of either components or approaches (Table 3). The “Local
knowledge” group represented 8,82% of the analyzed articles and
included frameworks that aimed to understand the perceptions of local
fishing communities surrounding climate change impacts. The
“Vulnerability” group represented 35,29% of the analyzed articles and
included frameworks that aimed to assess vulnerability in either fishing
communities or around fishing resources and infrastructure. Finally, the
“Adaptation and Resilience” group represented 23,52% of the analyzed
articles and included frameworks to assess how fishing communities
experience and respond to change.

A portion of the articles (11.7%) did not fit into any specific group
due to their unique approaches and components. These studies intro-
duced alternative frameworks that shed light on specific aspects of
climate change and fishing communities. For instance, Clausen and
Longo (2012) employed “The Tragedy of the Commodity” framework to
analyze the influence of genetically engineered salmon on the dynamics
of salmon ecology in the United States, focusing on the role of capitalist
market forces. Tulone et al. (2020), on the other hand, utilized the
Conceptual Framework of Willingness to Pay to investigate the moti-
vation and willingness of inhabitants in a Sicilian fishing community to
pay for mitigating the impacts of climate change on fish resources.
Additionally, Miller et al. (2020) presented a Participatory Impact
Assessment (PIA) Framework, which evaluated the outcomes of a
community-led conservation initiative aimed at managing a mud crab
fishery in West Kalimantan, Indonesia. These studies demonstrate the
diversity of frameworks applied in understanding and addressing
climate change impacts on fishing communities.

Table 3 provides an overview of the CFs groups identified in the
study, along with the key components of each group. It also includes the
frameworks that were applied in selected articles, along with their
corresponding references.

3.3. Challenges and gender approach

A significant majority of the selected articles (62%) highlighted
various challenges or barriers encountered in their research endeavors,
as illustrated in Fig. 4. Among these challenges, 29% of the articles
specifically mentioned difficulties related to accessing data, the lack of
data availability, or issues pertaining to data quality. In terms of
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Table 3
Groups of frameworks and components were identified in the study.
Group Major Components Frameworks Reference
Local Climate change Cultural consensus Carothers et al.
knowledge impacts; Perception framework (2014)
about the impacts;
Livelihood Ethno- Martins and
characteristics oceanographic Gasalla (2018)
framework
Vulnerability Vulnerability; Livelihood Chen et al. (2014)
Exposure; Adaptive Vulnerability Index Sadekin et al.
Capacity; (LVD) (2018)
Sensitivity Vulnerability Index ~ Himes-Cornel and
Kasperski (2015)
Blasiak et al.
(2017)
Framework to Tull et al. (2016)
Calculate Socio-
economic
Vulnerability
Sustainable Muringai et al.
Livelihood (2019)
Approach (SLA)
framework
United Nations Hoang et al.
IPCC Vulnerability (2020)
Framework Bhashani et al.,
2021
Social Vulnerability =~ Martins et al.
Framework (2019)
Martins and
Gasalla (2020)
Climate Pinnegar et al.
Vulnerability (2019)
Assessments (CVAs) Dudley et al.
(2021)
Coastal Greenan et al.
Infrastructure (2019)
Vulnerability Index
(CIVD)
Indicator-based Huynh et al.
Vulnerability (2021)
Assessment
Framework
Adaptation Adaptive Capacity Local Adaptation Nambi and
and (Diversity and Framework Bahinipati (2012)
Resilience Flexibility; Access Framework to Malakar et al.
to assets; Learning Investigate Drivers (2018)
and Knowledge; of Adaptation
Governance and Decisions in Marine
Institutions; Fishing
Agency) Resilience-based Galappaththi et al.
Conceptual (2019a,b)
Framework Galappaththi et al.
(2020)
Adaptive Capacity Turner et al.
Framework (2020)
Framework Social Wongbusarakum
Adaptive Capacity et al. (2021)
Adapt, React, Cope Green et al. (2021)
Framework

research methods, 12% of the articles indicated encountering barriers,
while 9% identified challenges in effectively communicating with or
gaining access to the target communities.

The gender approach was presented in 35,29% of the analyzed ar-

ticles, either as a variable, component, or the presence of data dis-
aggregated by sex. Women play an important role in both the fisheries
production chain and in food security. However, studies did not include
a fair representation of women among the interviewed. For example,
there was a study that evaluated community adaptation options without
interviewing any women (Nambi and Bahinipati, 2012). Difficulties in
accessing women for interviews were also indicated, given cultural
differences associated with gender roles (Wongbusarakum et al., 2021).



D.A. de Carvalho et al.

i e e e | 5

S

j=2}

L

©

3 ethods NN 125
Communication and access _ 9%

0% 5% 10% 15%  20% 25% 30% 35% 40% 45%

Number of entries

Fig. 4. Difficulties or barriers were mentioned in the selected studies.

4. Discussion

This review highlights an important observation regarding the
geographic distribution of authors and institutions conducting research
on climate change impacts in fishing communities. The majority of
existing articles on this topic are produced by authors from institutions
in the Global North. This could be attributed to either lower academic
production in the Global South on this specific topic or the possibility
that perspectives from the Global South are more prevalent in other
types of academic sources such as books, reports, or grey literature.

It is also important to consider the disparity between the geographic
distribution of institutions conducting research and the actual study
locations. As mentioned by Kane and Boulle (2018), it is essential to
move beyond the Global South being solely a source of data, empirical
work, or case studies, and instead focus on incorporating perspectives
and theorizations from these regions. Connell (2014) emphasizes the
role of the periphery in supplying data and applying knowledge, while
the metropole’s role involves processing data, developing theory, and
exporting applications to the periphery.

Therefore, fostering collaborations and knowledge-sharing among
institutions from the Global South can improve South-South dialogues
and enhance the understanding of indigenous knowledge. By embracing
a more inclusive and collaborative approach to research, we can bridge
the gap between different regions and ensure that knowledge production
and theorization are not confined to a specific geographic location.

Concerning conceptual frameworks (CF), this study identified three
main CF groups to understand the relationships between fishing com-
munities and climate change impacts: “Local knowledge frameworks”,
“Vulnerability frameworks” and “Adaptation and Resilience frame-
works”. CFs provide systematic approaches to support and interpret

Climate impacts
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complex environmental issues by demonstrating either links or re-
lationships between their components (Ravitch and Carl, 2019).

A general conceptual framework was created to describe “Local
knowledge frameworks” (Fig. 5). In this CF, climate impacts are initially
identified by either consulting community members or through a liter-
ature review. Next, the livelihood characteristics, which are identified
from previous literature, local archives, or field observations, are eval-
uated. Finally, surveys are developed and applied within the community
to collect local perceptions and knowledge of climate impacts or re-
sponses. Both results and the available observed data may influence
policies, such as management options or the creation of adaptation
plans. For example, Martins and Gasalla (2018) used available scientific
data to compare perceptions among small-scale fishers in seven loca-
tions in Southeastern Brazil and identify climate impacts. The authors
found that fishers identified reduced rainfall and, consequently,
increased droughts that were explained by recent scientific observations
surrounding the rainfall deficit in the state of Sao Paulo. These identified
impacts can support coastal management and the development of local
adaptation plans.

The second CF group identified was “Vulnerability frameworks”
(Fig. 6) and was the most present in the literature review. Concerning
climate change, the Intergovernmental Panel on Climate Change (IPCC)
Assessment Reports describe vulnerability as “the degree to which a
system is susceptible to, or unable to cope with, adverse effects of
climate change, including climate variability and extremes” (IPCC et al.,
2007) and “the propensity or predisposition to be adversely affected
encompassing a variety of concepts and elements including sensitivity or
susceptibility to harm and lack of capacity to cope and adapt” (IPCC and
Field, 2014). Within these definitions, it is possible to identify the key
components of vulnerability, i.e.: exposure, sensitivity, and adaptive
capacity (Adger, 2006). In this sense, vulnerability can be considered the
sum of exposure and sensitivity variables minus adaptive capacity
variables.

The articles included in this group have applied the “Vulnerability
Framework” in various assessments, demonstrating its versatility and
applicability in understanding climate change impacts on fishing com-
munities. For instance, Chen et al. (2014) developed a Livelihood
Vulnerability Index (LVI) to identify and measure drivers of vulnera-
bility among sea urchin fishermen in California for a more compre-
hensive socioeconomic impact analysis for a better marine spatial
planning. Blasiak et al. (2017) utilized the IPCC framework to calculate a
vulnerability index for 147 countries based on the impacts of climate
change on marine fisheries. Their findings highlight the high vulnera-
bility of Small Island Developing States and several African countries.

On the other hand, Martins et al. (2019) employed a standardized
vulnerability framework to compare the vulnerability of small-scale
fishing communities under climate change pressures in South Africa

Perception/Local
knowledge

Observed data available

Livelihood characteristics

Management
Adaptation
plans

Fig. 5. “Local knowledge framework™” based on the studies of Carothers et al. (2014) and Martins and Gasalla (2018), which aimed to analyze the perceptions of

climate change impacts among fishing communities.
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Exposure

Sensitivity

Adaptive capacity

Vulnerability

Fig. 6. “Vulnerability framework” based on Adger (2006).

and Brazil. Their study revealed that in Brazil, high dependence on
fishing and attachment to place increased vulnerability, while in South
Africa, strong reliance on markets for food procurement posed threats to
food security among fishers. In summary, the vulnerability framework
applications range from developing vulnerability indices and measuring
drivers of vulnerability to comparing vulnerabilities between different
regions. By considering multiple dimensions of vulnerability, including
adaptive capacity, the framework offers insights that can inform tar-
geted interventions, policy development, and adaptive strategies to
enhance the well-being of fishing communities in the face of climate
change.

The third CF group was interpreted as “Adaptation and Resilience
frameworks” (Fig. 6). The articles included in this group aimed to either
understand how fishing communities respond to climate change impacts
or to identify or propose adaptation options. Moreover, the articles in
this group all included the common concept of “Adaptive capacity”.
Here, we identified three common reference articles cited among articles
in this CF group: Cinner et al. (2015; 2018) and Galappaththi et al.
(2019a).

Cinner et al. (2015) examined the variation of adaptive capacity
indicators in Kenyan fishing communities and found that community
infrastructure and credit availability influenced climate change re-
sponses. In a separate article, Cinner et al. (2018), proposed five do-
mains to build adaptive capacity in tropical coastal communities, “the
assets that people can draw upon in times of need; the flexibility to
change strategies; the ability to organize and act collectively; learning to
recognize and respond to change; and the agency to determine whether

to change or not” (p. 1). Galappaththi et al. (2019a) went a step further
and developed a framework that integrates these five domains of
adaptive capacity and resilience.

Fig. 7 provides a visual representation of the “adaptation and resil-
ience” framework. This framework acknowledges that both climatic and
non-climatic stressors have an impact on fishing communities, thereby
influencing their adaptive capacities at the household level. The
framework incorporates five key domains proposed by Cinner et al.
(2018): “agency”, “learning and knowledge”, “access to assets”,
“governance and institutions”, and “diversity and flexibility”. These
domains collectively shape the adaptive response of fishing commu-
nities to various stressors.

Within this framework, there are three distinct adaptive responses
depending on the nature of the impact and its effect on adaptive ca-
pacity. The first response is coping, which involves passively accepting
the consequences of an environmental stressor (Bennett et al., 2014).
Coping mechanisms are typically reactive and may not lead to long-term
solutions. The second response is adaptation, which refers to the pro-
active planning of individual or collective actions based on knowledge of
past or anticipated future environmental changes (Bennett et al., 2014).
Adaptation strategies aim to increase the resilience of fishing commu-
nities by enabling them to respond effectively to changing conditions.

The third response is transformation, which represents a radical ac-
tion of resilience that goes beyond adapting to specific shocks. Trans-
formation involves creating changes in power structures, social and
economic behaviors, and redefining drivers of risk and vulnerability,
irrespective of specific shocks (Bahadur et al., 2016; Galappaththi et al.,

Stressors > Impacts

Social
organizati
on

Learning

and

% Knowledge
S
3 Ad i
. e~ . » aptation
o DI\;?S“Y Access to i
2 na Assets
g Flexibility
kel
<

Transformation

Fig. 7. “Adaptation and Resilience framework” based on Cinner et al. (2018), Galappaththi et al. (2019a), and Green et al. (2021).
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2019a). By incorporating these three adaptive responses within the
framework, Fig. 7 provides a comprehensive understanding of how
fishing communities can navigate and respond to climate and
non-climate stressors. It highlights the importance of building adaptive
capacities, adopting proactive measures, and fostering transformational
changes to enhance the resilience of these communities in the face of
environmental challenges.

As illustrates Figs. 6 and 7, adaptive capacity is a crucial concept
within the “Vulnerability framework” and “Adaptation and Resilience
framework™ when assessing the impacts of climate change on fishing
communities. In Fig. 3, the scientific network mapping shows that the
term connects all the identified groups.

Within the “Vulnerability framework”, adaptive capacity is a key
component in determining the ability of a system or community to
adjust, learn, and respond effectively to changing conditions and dis-
turbances (Adger, 2006; Chen et al., 2014; Martins et al., 2019). It
recognizes that not all communities have the same ability to cope with
or adapt to changes. Communities with higher adaptive capacity are
better equipped to anticipate, absorb, and recover from the impacts of
climate change (Cinner et al., 2015). Factors influencing adaptive ca-
pacity can include social, economic, institutional, and technological
resources, as well as governance structures and access to information
(Chen et al., 2014; Cinner et al., 2018; Martins and Gasalla, 2020).

In the “Adaptation and Resilience framework”, adaptive capacity
plays a central role in understanding the capacity of a system to persist,
adapt, and transform in the face of disturbances (Folke, 2006). It en-
compasses the ability of a system to maintain its essential functions,
absorb shocks, and reorganize in response to change. Adaptive capacity
is crucial in building resilience, as it enables communities to adjust their
practices, institutions, and strategies to reduce vulnerability and
enhance their ability to cope with and recover from climate change
impacts.

The application of adaptive capacity within both frameworks em-
phasizes the importance of considering the socio-ecological dimensions
of vulnerability and resilience. By understanding and enhancing adap-
tive capacity, policymakers and stakeholders can identify measures to
support communities in building resilience and reducing vulnerability to
climate change (Engle, 2011). This may involve interventions such as
improving access to resources, strengthening social networks, enhancing
education and awareness, fostering participatory decision-making pro-
cess, and promoting sustainable livelihood practices.

The three CF groups identified are applied in studies with different
purposes. Although all of them include data collection via interviews in
their methodologies, they do so with different objectives. The “Local
knowledge” framework is mainly interested in examining fishing-
dependent community perceptions from an anthropological perspec-
tive and corroborating these with scientific findings. The “Vulnerability”
framework seeks to understand community exposure, sensitivity, and
adaptive capacities to determine their degree of vulnerability. To that
end, this CF uses both secondary data sources and interviews to validate
and understand results. Finally, the “Adaptation and Resilience”
framework aims to understand how communities adapt to climate
change and how they maintain their resilience. This approach uses
primary data to understand community adaptation capacities.

All the CF groups identified included examples of gender perspec-
tives, either through disaggregated data collected between men and
women or through the inclusion of variables that measured gender
differences. For example, in the “Local knowledge framework”, Car-
others et al. (2014) included data disaggregated by sex to document
local observations of climate change and its impacts on fishing com-
munities in three communities in Alaska. In the “Vulnerability frame-
work”, Sadekin et al. (2018) developed a livelihood vulnerability index
to assess the climate vulnerability status of small-scale fishing commu-
nities and included the variable “percentage of households where
women family members are not allowed to work outside the house” as
one of the unique sub-components of the socio-demographic profile of
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fishing communities in Malaysia. Pinnegar et al. (2019) conducted a
Climate Vulnerability Assessment (CVA) on the small island of Dominica
and reflected on the relationship between poverty and women in fish-
eries and highlighted that adaptive capacity differed by gender.

In the “Adaptation and Resilience frameworks”, Galappaththi et al.
(2019a) included “perceptions, equality, and gender roles” as measures
of human agency to assess community adaptation to climate change in
fishing communities. In a subsequent study of an indigenous community
in Sri Lanka, Galappaththi et al. (2020) adopted the term “fisherwomen™
and identified set gender roles among Coastal-Vedda fishers. For
example, women are not directly involved in commercial activities, but
rather are responsible for subsistence aquaculture. Green et al. (2021)
conducted a global meta-analysis of adaptive capacity metrics to un-
derstand how they translate to human responses in small-scale fishing
communities. They highlighted that women represent key linkages be-
tween fisheries and food security, however, adaptation measures that
consider gender equity has not been widely documented. Thus, these
examples highlight that it is possible to include gender perspectives in
the CF groups identified.

For gaps and challenges, both the absence and quality of secondary
data were expressive in the analyzed articles. According to Himer-Cor-
nell et al. (2015), there is a lack of adequate subsistence data at the
community level. Moreover, some papers identified that there is limited
data available (Tull et al., 2016; Pinnegar et al., 2019; Miller et al.,
2020) and others showed that there is variation in data quality (Blasiak
et al., 2017). Part of the main secondary data sources identified in these
studies was collected at the national level, for example, from censuses
and climate forecasts. However, data and information management ca-
pacities were perceived as challenges at the national level (Turner et al.,
2020). For example, an institutional crisis in the Brazilian fishing sector
resulted in a cessation of relevant statistical data collected by the federal
government (Martins et al., 2019). Thus, through this review, we iden-
tified the need to strengthen fishing statistics data, socioeconomic and
livelihood datasets among fishing communities, and climate forecast
data, and to improve data management to develop more precise studies.

Most of the studies reviewed here were based on primary datasets (e.
g., data collected from interviews, focus group discussions, etc.), which
represents another significant challenge: the risk of misinterpreting local
knowledge as a result of language and cultural barriers (Carothers et al.,
2014; Galappaththi et al., 2020). For example, Carothers et al. (2014)
cited difficulties associated with identifying local experts who hold
valuable knowledge about climate conditions. Additionally, several
studies (Nambi and Bahinipati, 2012; Shemdoe and Jacob, 2012;
Wongbusarakum et al., 2021) cited that they faced difficulties in
recruiting women to interview due to locally perceived gendering of
fisheries activities. Consequently, these challenges result in a lack of
representation of women’s knowledge about climate change impacts
and responses in fishing communities. Nevertheless, recent studies
applying the “Adaptation and resilience frameworks” have explored
components, such as “agency” (e.g., the ability of people to have free
choice in responding to environmental change), that require both an
understanding of gender roles in fishing communities and the differen-
tiated impacts among women, men, youth and elderly people. Thus, we
argue that future studies should seek to be more inclusive when
analyzing adaptive capacity and adaptation in fishing communities.

One of the limitations of our study is the search strategy employed,
while extensive, could have potentially missed relevant studies, thereby
limiting the comprehensiveness of our review. As this is a systematic
review, we employed specific keywords that may have restricted the
accessibility and scope of the articles that we were able to review.
However, we understand that such limitations are inherent to the nature
of the process. Furthermore, our review focused exclusively on studies
published in English, which might have resulted in the exclusion of
valuable research published in other languages.
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5. Conclusions and implications of this study

Here, we identified three main Conceptual Framework (CF) groups
applied in studies examining the impacts of climate change in fishing
communities. The main objective of the first CF group, “Local knowl-
edge frameworks”, is to understand the perceptions of small-scale fish-
eries communities on the impacts of climate change and, when possible,
to cross-reference these perceptions with observed scientific data. The
second CF group, “Vulnerability framework”, was applied in studies
seeking to understand the vulnerability of fishing communities to the
impacts of climate change by evaluating the following components:
exposure, sensitivity, and adaptive capacity. Finally, the third CF group
“Adaptation and Resilience framework” is more aligned with under-
standing how fishing communities adapt and resist climate change ac-
cording to the interaction between stressors, impacts, and components
of adaptive capacity. Such interactions lead to different adaptive re-
sponses from the community. The CFs have different applications, ac-
cording to the objectives of each given study.

The results demonstrate that adaptive capacity is a fundamental
concept in both the vulnerability and resilience frameworks, high-
lighting the ability of communities to adapt and respond effectively to
climate change impacts. By addressing adaptive capacity, stakeholders
can work towards enhancing resilience and reducing vulnerability, thus
promoting sustainable livelihoods in the face of a changing climate.

Further studies will need to overcome challenges, such as a lack of
data and data quality issues from collected socio-economic data related
to fishing activities and fishing communities. Despite difficulties when it
comes to data production, management, and governance, efforts must be
made to better comprehend the impacts of climate change and
ecosystem degradation on small-scale fishing communities, including
the impacts on their livelihoods and culture.

Another barrier to effectively directing climate change adaptation
and mitigation policies towards fishing communities in the Global South
is the underrepresentation of studies from this part of the world. It has
been observed that there has been an increase in the number of publi-
cations examining the relationship between fishing communities and
climate change impacts since 2017. However, most of these publications
originate from universities or institutes in North America, while Africa
remains the least represented region.

To overcome this barrier and ensure a more inclusive perspective,
South-South dialogues can play a crucial role. Encouraging collabora-
tion and knowledge-sharing among institutions and researchers in the
Global South can help amplify southern perspectives on the issue. By
actively engaging researchers from the Global South in the discourse on
climate change impacts in fishing communities, we can broaden the
scope of research and incorporate diverse voices and experiences.

A possible solution to both the absence of data and lack of quality
data is to strengthen and increase financial incentives to improve data
collection and management and, subsequently, policies directed toward
improving the resilience of small-scale fisheries to climate change,
especially, in the Global South. The International Year of Artisanal
Fisheries and Aquaculture (IYAFA) 2022 Global Action Plan “advocates
for governments to develop a national emergency fund for small-scale
artisanal fisheries and aquaculture adaptation and mitigation strate-
gies in case of environmental degradation, shocks, disasters, and climate
change” (FAO, 2022). Furthermore, financial mechanisms, such as
monetary policy actions, implementation of green fiscal policies, carbon
taxes, and subsidies may support the development of data production,
management, and governance to mitigate the effects of climate change
in fishing communities.

The IYAFA 2022 Global Action Plan presented a pillar called
“Resilience: Increase the preparedness and adaptive capacity of small-
scale artisanal fisheries and aquaculture to environmental degrada-
tion, shocks, disasters, and climate change” (FAO, 2022), which is linked
to SGD (Sustainable Development Goal) 13 - Climate Action. This pillar
states the need to strengthen the science-policy interface to increase the
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preparedness and adaptive capacity of small-scale artisanal fishers, fish
farmers, and fish workers. One of the indicative activities is the increase
of research on the impacts of climate change on small-scale artisanal
fisheries and aquaculture to facilitate their response to political, social,
and economic changes.

Our paper contributes to identifying an appropriate framework for
data collection and the development of instruments to understand the
impacts of climate change on fishing communities and their responses.
Based on a literature review, this paper identified the key concepts and
frameworks that researchers worldwide have applied to that end. Thus,
it is possible to know what has been developed by science and which
frameworks are most suitable for a particular purpose. CFs provide an
overall structure that might lead to the development of new solutions
and policies by articulating and examining goals, challenges, and op-
portunities (Ravitch and Carl, 2019). In other words, the present paper
serves as a general guide or starting point to build on and improve
frameworks to better understand the impacts of climate change on
small-scale fisheries and identify possible pathways and responses.

Our paper makes a significant contribution by identifying an
appropriate framework for data collection and the development of in-
struments to understand the impacts of climate change on fishing
communities and their responses. Through a comprehensive literature
review, we have identified the key concepts and frameworks that re-
searchers worldwide have applied to address this issue. This enables us
to gain insights into the existing scientific developments and identify the
most suitable frameworks for specific research purposes.

By providing an overall structure, these frameworks offer a founda-
tion for the development of new solutions and policies. They allow us to
articulate and examine the goals, challenges, and opportunities associ-
ated with climate change impacts on fishing communities. Drawing on
the work of Ravitch and Carl (2019), it is evident that conceptual
frameworks (CFs) provide a valuable tool for organizing and guiding
research in this field.

In essence, our paper serves as a general guide or starting point for
researchers and policymakers to further refine and enhance existing
frameworks. It lays the groundwork for better understanding the com-
plex impacts of climate change on small-scale fisheries and identifying
potential pathways and responses. By building upon the insights and
findings presented in this paper, future studies can contribute to the
advancement of knowledge and the development of more effective
strategies to address the challenges faced by fishing communities.
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