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Social connectivity and adaptive capacity strategies in large-scale fisheries
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ABSTRACT. Large-scale fisheries are important social-ecological systems that are increasingly being threatened by global climate
change. Adaptive capacity is key for moving fisheries onto climate resilient pathways, however, implementing policies to improve
adaptive capacity is challenging given the many diverse stakeholders involved in fisheries. Previous research suggests social networks
are integral to adaptive capacity because social connectivity can enable, or constrain, knowledge and information sharing. We examine
the network of communication among stakeholders in the Basque tropical tuna freezer purse seine fishery in the eastern Atlantic Ocean.
We use cluster analysis, descriptive statistics, and exponential random graph models to assess whether different types of actors, occupying
different network positions, value similar adaptive capacity strategies. The results indicate that many actor types are frequently connected
within the fishery. Preferences for adaptive capacity strategies vary within and across actor types, and the preferences of highly central
actors are generally more homogeneous and narrowly focused. All actors agree on the importance of the social organization domain
from adaptive capacity, while fishing industry representatives tend to have the most holistic perspective on adaptive capacity overall.
We discuss the implications of these findings as they relate to policies for supporting adaptive capacity and climate resilient fisheries.
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INTRODUCTION

Large-scale fisheries are increasingly being threatened by a range
of anthropogenic pressures, including pollution, overfishing,
habitat degradation, and climate change (Halpern et al. 2019).
Climate change, in particular, has the potential to transform
marine ecosystems at a global scale, and is already impacting the
demography, distribution, and phenology of marine species
(Garcia Molinos et al. 2016, Poloczanska et al. 2016, Free et al.
2019). It is widely recognized that these impacts will result in
fisheries production being altered and catch potential
redistributed regionally, and that this has significant
socioeconomic implications for those with fisheries-dependent
livelihoods (Lam et al. 2016, Free et al. 2019). That these
distribution shifts are transboundary, that they occur across
human-defined political and administrative boundaries, further
suggests conflict over new shared fisheries may arise (e.g., Spijkers
and Boonstra 2017), which poses an additional burden to the
sustainable governance of fisheries (Pinsky et al. 2018). Indeed,
many of the expected impacts of climate change are already being
feltin both the ecological and social dimensions of fisheries (IPCC
2019).

Fisheries are complex social-ecological systems (SES)
characterized by interdependencies among numerous ecological,
social, economic, and institutional components across multiple
scales (Berkes 2011, Partelow 2018). Human behavioral
responses, in this case fishing practices, react to ecological change
and multiple social and economic constraints, and also drive
ecological change (Perry et al. 2011). An emerging view of
fisheries management emphasizes the need to integrate the holistic
perspective of SES approaches to improve solutions to current
fishing resource dilemmas. These include sustainable
management of fisheries and promoting resilient fisheries
(Partelow and Boda 2015, Cenek and Franklin 2017, Marshall et
al. 2018, Holsman et al. 2019), which are especially important in

the context of rapid climatic change (Ogier et al. 2020). However,
accounting for such interconnections is a difficult task in
empirical research.

The use of network analysis as a means of understanding
interdependencies in complex SES has emerged as its own sub-
field of governance research over the past two decades (Janssen
et al. 2006, Bodin and Tengd 2012, Bodin 2017, Bodin et al. 2019,
Barnes et al. 2020), including a substantial number of empirical
studies of fisheries (e.g., Fuller et al. 2017, Alexander et al. 2018,
Yletyinen et al. 2018). Social networks have played a crucial role
in cases where diverse public and private actors have come
together to effectively address resource governance challenges
(Olsson et al. 2008, Cinner et al. 2012, Lleonart et al. 2014, Rivera
et al. 2014, Pita et al. 2016). Moreover, social networks can help
enable collective action and knowledge sharing around adaptive
capacity (Adger 2003, Pelling et al. 2008), which is key for the
effective governance and long-term sustainability of fisheries in
the face of global climate change (Lindegren and Brander 2018).

Adaptive capacity is defined as “the ability of systems,
institutions, humans and other organisms to adjust to potential
damage, to take advantage of opportunities, or to respond to
consequences” (IPCC 2018:542). We draw on research from
Cinner et al. (2018) to frame adaptive capacity in the social
dimension of fisheries governance, which is composed of five
domains: social organization, assets, flexibility, learning, and
agency. This framework is more comprehensive than conventional
approaches, where investments to improve individuals’ capacities
to adapt to changes tend to focus on a narrow view of adaptive
capacity, for example, building financial assets (Barnes et al.
2020). Thus, understanding which domains are most valued by
actors in a fishery can aid the development of specific adaptation
strategies and policies for supporting sustainable and resilient
fisheries.
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In this paper, we examine the social network of communication
among stakeholders in a large-scale international fishery: the
Basque tropical tuna fishery. The objective is to investigate
whether social connectivity is linked to actors’ preferences for
adaptive capacity strategies, with the goal of maintaining the
fishery in the future (i.e., to be sustainable) and in the face of
global climate change (i.e., to be resilient). Adaptation actions are
manifestations of adaptive capacity (Smit and Wandel 2006), and
our aim here is to identify in which adaptive capacity domains
actions are likely to have the greatest influence, and which actors
might facilitate them. To this end, we use descriptive statistics and
exponential random graph models (ERGMs) to explore two
broad research questions: (1) Which adaptive capacity strategies
are valued by which actors? (2) Do the adaptive capacity strategies
valued by actors vary according to their positions in the network?

To address these research questions, we first frame the Basque
tropical tuna fishery as a complex SES and identify its core
components. Examining the composition of the SES is necessary
to correctly identify all relevant stakeholders in the governance
network. Next, we describe the in-depth, high-level expert
interviews we used to validate the characterization of the fishery
as a SES, measure social connectivity among actors, and elicit
actors’ preferences for different adaptive capacity strategies. We
employ network analysis to study social connectivity, i.e.,
communication, in the fishery, Our empirical findings
demonstrate the link between adaptive capacity preferences and
the structure of social connectivity, and suggest several targeted
adaptation strategies. Moreover, the approach helps identify
central actors with particular views on adaptive capacity. We then
discuss the findings as they relate to adaptive capacity for
sustainable and climate resilient fisheries, and highlight policy
implications and considerations for future research.

THEORY

Large-scale fisheries as complex social-ecological systems
Social-ecological systems theory describes how human societies
and the environment are interconnected and co-evolve across
spatial and temporal scales, forming complex adaptive systems
(Preiser et al. 2018). In this paper, we draw on the work of Ostrom
and McGinnis (Ostrom 2009, McGinnis and Ostrom 2014) to
establish the theoretical framing for studying the Basque tropical
tuna SES. McGinnis and Ostrom (2014) provide a framework for
studying SES that has been broadly used in resource governance
settings, including water, forests, and fisheries, among others, as
a tool to diagnose sustainability (Partelow 2018). In the context
of fisheries, the SES framework has mostly been applied to the
study of small-scale fisheries (e.g., Leslie et al. 2015, London et
al. 2017). At present, relatively few empirical studies have applied
the framework to large-scale fisheries (see Partelow 2018). Given
the economic importance of large-scale fisheries around the
world, coupled with the impacts global climate change is already
having on fisheries, expanding the scope of empirical SES studies
to include large-scale fisheries is a key contribution to the
literature.

Epstein et al. (2014) investigated how the SES framework could
be scaled up from small-scale to large-scale fisheries, using the
Atlantic Bluefin tuna fishery as a case study and focusing on the
International Commission for the Conservation of Atlantic
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Tunas (ICCAT) governance regime. They highlighted the
omission of resource users from the [CCAT as a major issue, and
discussed how it derived from both a lack of information and the
international nature of the governance system. According to the
authors, rule making occurred at the international level with little
direct input from resource users, which disregards the principle
of user participation and collective-choice rules that SES theory
has identified as necessary for effective and sustainable
governance (Ostrom 1990, Cox et al. 2010). In view of these
findings, to address the resource users limitation we define a large-
scale fishery as an SES using a bottom-up approach; we include
local-level resource users from an international fishery and their
interactions with actors at higher levels, i.e., national, regional,
and international organizations. The resource users here are at
the base of the SES definition in the context of the ICCAT
governance regime. As a note on terminology, we use “actors”
and “organizations” interchangeably.

Framing adaptive capacity in large-scale fisheries

We use the coastal communities adaptive capacity framework
developed by Cinner et al. (2018), as well as recommendations
from other recent studies (Whitney et al. 2017, Freduah et al.
2018), in our formulation of adaptive capacity in large-scale
fisheries. As previously mentioned, this framework divides
adaptive capacity for climate change into five domains: assets,
flexibility, social organization, learning, and agency. Assets
include all the private and public resources actors can access in
times of need, e.g., savings, technology, and health care. Flexibility
refers to the institutional or individual capacity for switching
between adaptation strategies to deal with change, e.g.,
diversifying income sources. Social organization describes how
actors are interconnected, and whether such connections enable
or inhibit cooperation, collective action, and knowledge sharing,
e.g., building connections between the fishing industry and
scientific organizations to create access to information that
facilitates adaptation. Learning refers to actors’ capacities to
generate and process information, and assess potential response
strategies, e.g., being informed about the status of fish stocks.
Agency is the ability of actors to choose from multiple strategies
when responding to environmental change, and to mobilize the
other adaptive capacity domains.

These five broad domains form the conceptual foundation of the
dimensions of adaptive capacity. Thus, in order to operationalize
the framework and apply it to our case study of the Basque
tropical tuna fishery, we define a set of specific adaptive capacity
strategies for each domain of adaptive capacity, drawing on
examples from the literature (Whitney et al. 2017, Freduah et al.
2018; Table 1).

Social connectivity and adaptive capacity preferences

A social network is an interconnected system comprising a set of
actors (nodes) such as organizations, individuals, institutions, or
communities, and the formal and/or informal relationships (links)
that exist among them (Scott and Carrington 2014). In studies of
social networks, the focus is on how the structure of social
relations among actors may influence the behavior of individuals,
groups of actors, or the system as a whole (Bodin and Crona 2009,
Scott and Carrington 2014). In the context of natural resource
governance, patterns of collaboration amongactors can shed light
on participation, group learning, resource distribution, and other
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social processes (Lubell 2013, Mancilla-Garcia and Bodin 2019),
as well as biophysical and socio-political outcomes (de Lange et
al. 2019). Studies of resource governance networks often
specifically seek to explain why certain actors do, or do not, adopt
certain management practices or policy beliefs, accounting for
both endogenous, i.e., network structure, and exogenous
variables, i.e., attributes of the actors or their relationships.

Table 1. Adaptive capacity domains by Cinner et al. (2018) and
the specific adaptive capacity strategies examined in our study.

Domains of Adaptive capacity strategies used in this study*
adaptive capacity
from Cinner et al.

(2018)
Assets

(a) Specific infrastructure (e.g., ports, vessels)
(b) Credit or savings

(c) Public funding

(d) Well connected with other actors

(e) Participation in international/national/local
forums

(f) Quality of governance and leadership

(g) Income diversity

(h) Level of dependence on natural resources
(i) Knowing that the environment is continuously
changing including the species and ecosystems
(j) Intergenerational learning capacity

(k) Resource status assessment and feedback
mechanisms

(1) Ability to react to changes (e.g., distribution,
abundance, climatic risks)

"Based on Whitney et al. (2017), Cinner et al. (2018), and Freduah et al.
(2018).

Organization

Flexibility

Learning

Agency

The specific focus of this paper is on the relationship between
communication (links) among organizational stakeholders
(nodes) in a large-scale fishery, and stakeholders’ preferences for
adaptive capacity strategies in the context of climate change. To
the extent that social connectivity is associated with the adaptive
capacity domains that stakeholders prefer, it is possible to develop
targeted strategies for supporting adaptive capacity in fisheries
that are informed by social connectivity. Highly central actors are
well positioned to share information widely throughout their
networks (Gibbs 2008, Bodin and Crona 2009, de Lange et al.
2019). If these actors have a more comprehensive view of adaptive
capacity domains, that they are able to spread this information
readily through their network may be an advantageous feature of
the governance system. However, if central actors have narrower
views on adaptive capacity domains, then this may limit other
actors’ views and potentially reduce adaptive capacity in the
fishery. Also, it is not uncommon that similar actors share similar
views, a phenomenon known as “homophily” in social networks
(McPherson et al. 2001), and therefore communication across
groups may be important for supporting a holistic, industry-wide
approach to adaptive capacity.

CASE STUDY

Background

Tuna species are among the most valuable marine species in the
world, accounting for 20% of the value of all marine capture
fisheries, and over 8% of all globally traded seafood (FAO 2018).
Tropical tunas, i.e., Skipjack tuna (Katsuwonus pelamis),
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Yellowfin tuna (Thunnus albacares), and Bigeye tuna (Thunnus
obesus), represent 75% of tuna and tuna-like global catches (FAO
2018). These marine resources are targeted by large-scale purse
seiners among other gears. Tropical tuna freezer purse seiners
owned by Spanish companies fish around 10% of the global catch
of tropical tunas (Ugalde and Samano 2019), and the majority
of these vessels are Basque, i.e., controlled by Basque capital
(Ugalde 2014). In total, 66 Spanish and Basque tuna freezer
vessels (including convenience flags) operate in the Pacific,
Atlantic, and Indian Oceans (Ugalde and Samano 2019). Among
them, 18 Basque tuna freezer purse seiners operated in the eastern
Atlantic Ocean in 2019. Our case study focuses specifically on this
fishery and builds on previous research of climate change
distribution impacts. At the ecological level, tuna habitat
distribution limits are already shifting poleward as a response to
climate change (Erauskin-Extramiana et al. 2019). At the fishery
level, purse seiners have also shifted in the last 30 years as a
combination of climatic, technological, and management forces
(Rubio et al. 2020).

Regarding the governance regime, the ICCAT is the Regional
Fisheries Management Organization (RFMO) responsible for the
management and conservation of tuna and tuna-like species in
the Atlantic Ocean. Decisions are taken by contracting parties
(each country gets one vote, except for countries within the
European Union [EU] who are represented under a single vote of
the EU). In this context, since 2005 the Bigeye tuna stock has a
total allowable catch (TAC) allocated to countries, although it is
overfished and overfishing is actively occurring (ICCAT “red
status”). The eastern Yellowfin tuna stock has had a general TAC
since 2012, which has not been allocated to fishing countries, and
yetis considered to be doing well (ICCAT “green status™). Finally,
the eastern Skipjack tuna stock has no TAC and is also doing
relatively well (ICCAT, “green status”; ICCAT 2016, 2019).

SES characterization of the case study

We characterize the Basque tropical tuna fishery as a complex
SES comprising the four core sub-systems described by Ostrom
(2009): resource system, resource units, governance system, and
users (corresponding to the broader “actors” subsystem as
defined in McGinnis and Ostrom 2014). All of the characteristics
of the social, economic, and political settings, related ecosystems,
and their interactions complement these four sub-systems
(McGinnis and Ostrom 2014). Users represent the industrial
extractive activity of tropical tunas by Basque freezer purse seine
vessels in the eastern Atlantic Ocean. We conceptually illustrate
the fishery as a SES (Fig. 1), and highlight the impacts of climate
change on the SES as drivers, and adaptive capacity and
sustainability as outcomes. Many different organizations are
present in the Basque tropical tuna SES, and we distinguish the
following four groups of actors: the fishing industry, government
bodies and the RFMO, research bodies, and non-governmental
organizations (NGOs) and others, e.g., non-profit organizations.

The fishing industry includes the primary users engaged in the
extraction of tropical tunas in the Atlantic Ocean, which are four
Basque companies represented in two fisheries associations.
Government bodies actively participate in the decision-making
process about allocation of fishing possibilities and resource
management at the international level as part of the RFMO, i.e.,
the ICCAT. We identify four government groups: (A) the regional
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Fig. 1. Conceptual representation of the Basque tropical tuna fishery as a complex social-
ecological system (SES) under climate change. Adding up numbers within boxes, 23 organizations
are accounted for, which correspond to the network nodes in Figure 4 (20 of them are specific
organizations from which 13 were interviewed). The original figure used during interviews is Figure
Al.1. RFMO = Regional Fisheries Management Organization.
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government of the European Union; (B) other regional
governments that are flag countries of Basque vessels (non-EU);
(C) other regional governments with public or private agreements
for the fishery; and (D) national and local governments. Groups
B and C are non-exclusive; one regional government can be part
of both groups depending on its relationship with the resource
users. Although the national government regulates the fishery at
the country level, the local government plays a more specific role
in the fishery, e.g., processing requests for constructing new
vessels. Research bodies inform decision making in the fishery
with the best available science and develop research projects with
different actors (two research bodies are related to the Basque
tuna SES). NGOs and other organizations typically focus on
conservation of resources and the long-term sustainability of
fisheries. In total, there are eight NGOs and other organizations
that participate in the governance system of the Basque tropical
tuna fishery. Last, it is important to note here the “high-level”
nature of this study. We are not looking at every individual actor,
e.g., vessels, crewmembers, etc., but rather at organizations and
institutions in order to capture coordination at a higher level of
decision making.

DATA AND METHODS
The Basque tropical tuna fishery represents a large-scale fishery
with important economic value and pressing sustainability

challenges, and provides a compelling context for empirically
addressing our research questions on social connectivity and
preferences for adaptive capacity strategies. We begin by using the
SES framework to describe the fishery and identify the actors
involved, who we then invited for in-depth interviews to collect
information on their adaptive capacity preferences and
communications with other stakeholders. We used cluster analysis
to group actors with similar preferences, and used social network
analysis to investigate the structure of communication among
actors and how they relate to adaptive capacity preferences. All
analyses were performed using the R Environment for Statistical
Computing (R Core Team 2018), and the scripts with their
workflow are available here: https:/github.com/irrubio/
tropituna_ SNA_AdaptCapacity.

Stakeholder interviews

Wedesigned a questionnaire (available in Appendix 1) for carrying
out in-depth, semi-structured interviews with the relevant
stakeholders in the Basque tropical tuna SES. One high-level
representative, such as the director, from each organization was
invited to participate (Table 2). Organizational stakeholders were
identified through the authors’ professional networks and
knowledge of the empirical setting, and participants were also
given the chance to nominate other stakeholders during the
interviews, drawing on their own experience and knowledge
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(Bryman 2016). After disclosing the general objective of the study
to invited participants, without providing information that could
alter their responses, and informing them about confidentiality
and their rights during the interview process, they were asked for
their voluntary participation in the interviews. We were able to
conduct thirteen in-depth interviews, corresponding to 65% of
the twenty specific organizations identified to be directly related
to the Basque fishery (nominated in Figure 1). We did not
interview national governments at the international scale because
of lack of access to representatives of these governments, who
correspond to “Other regional governments” in Figure 1.

Table 2. Actor type, position, number (n = 13), and Ostrom’s
social-ecological systems (SES) framework category corresponding
to stakeholders interviewed. RFMO = Regional Fisheries
Management Organization.

Ostrom’s SES framework
category

Actor type Position of person(s)

interviewed (number)

Government or  Division directors (2) Governance system actors

RFMO

Research Coordinator of research area (1)
Principal researcher (1)

NGO, others Division vice president (1)

Fisheries responsible (2)

Fishing industry Managing directors (4) Users (or actors in
Deputy director (1) McGinnis and Ostrom
Area director (1) 2014)

The interviews were carried out over January to April 2019,
including 11 in-person interviews and two video calls. Interviews
lasted one hour and 20 minutes, on average. All interviewees were
male and had been working in the fishing sector for an average of
18 years. Forty-six percent of interviewees were between 35 and
44 years old, 31% between 45 and 54, and 23% between 55 and
64. Despite having targeted representatives of top organizations,
most of the respondents considered their organization to have
little influence in decision-making processes. As much as 54%
considered their organization to have very little influence, 38%
moderate influence, and only 8% a lot of influence.

During the interview, stakeholders were asked about three main
topics: (1) their understanding of the Basque tropical tuna SES;
(2) communication exchanges between their organization and
other organizations; and (3) the adaptation actions and adaptive
capacity strategies needed to maintain the fishing activity in the
long term (see questions in Appendix 1).

For the stakeholders’ understanding of the SES (1), interviewees
were asked about the components of the case study using the
diagram of the conceptual model of the Basque tuna SES (i.e.,
Fig. A1.1). This process allowed for the identification of any
missing information about the SES.

For communication exchanges (2), interviewees were presented
with a list of the organizations identified in the fishery and were
asked about their frequency of communication with each of them,
in terms of discussing fishery matters (Table Al.1).
Communication frequency options were not often (1-4 times/
year), sometimes (5-11 times/year), often (1-4 times/month,
monthly), and a lot (more than once a week). This information
allows for the measurement of social connectivity in the fishery,
in the form of a communication network among organizations.

Ecology and 8001ety 26(2) 42
ds /vol2

As part of the interview process, some stakeholders identified
additional organizations in the fishery with whom they
communicate, and these interactions were also recorded.
Interactions with non-interviewed organizations (5 government
or RFMO, and 5 NGOs and others) were also collected, but we
were unable to assess interactions between non-interviewed
organizations. In this way, we could map the organizations, or
groups of organizations, identified in the SES.

For adaptive capacity preferences (3), interviewees were first
asked to indicate what they believed were the most important
adaptation actions for the long-term sustainability of the fishery
(A1 Question 5 and SM Table 2 in Rubio, Hobday, and Ojea,
unpublished manuscript). Afterward, they were presented with the
list of 12 adaptive capacity strategies (see Table 1 and Table A1.2),
and asked to value their importance using a 5-category Likert
scale, including 1 (not important), 2 (slightly), 3 (moderately), 4
(very), and 5 (extremely important). Respondents repeated this
process three times, ranking the importance of adaptive capacity
strategies for their three most important adaptation actions. The
specific question was, “How important would the following
strategies be on a scale from 1 to 5 to achieve the most important
adaptation actions to seek a sustainable fishery?” In this way,
perceptions of the importance of adaptive capacity domains are
linked to real adaptation actions in the fishery. This resulted in
each respondent having three answers per adaptive capacity
strategy, which were averaged to obtain a single value. Results
were classified according to a 4-category scale: values between 1
and 2 were less important; values between 2 and 3 were slightly
important; values between 3 and 4 were important; and values
between 4 and 5 were very important. Finally, the importance of
adaptive capacity strategies was also averaged by adaptive
capacity domain.

Data analysis

In order to identify groups of actors agreeing on the importance
of specific adaptive capacity strategies to the sustainability of the
Basque tropical tuna fishery, we performed a hierarchical cluster
analysis of the stakeholders’ responses. This method of analysis
is suitable for small sample sizes, i.e., typically less than 250
observations (Kaufman and Rousseeuw 2005). Clusters were
determined through Ward’s linkage method (Ward 1963) with
Euclidean distances, implying a minimum increase in the total
within-cluster variance (Murtagh and Legendre 2014). We then
plotted a heatmap of the results and calculated a final importance
score for each adaptive capacity group resulting from the
hierarchical cluster analysis by averaging the original importance
values of adaptive capacity strategies per domain of Cinner et al.
(2018).

After clustering organizations with the same preferences for
adaptive capacity strategies and domains, we analyzed the social
network of communication between the organizations. The
network is composed of nodes, which represent organizations or
groups of organizations (n =23, Fig. 1), and links, which indicate
communication between organizations. We specifically elected to
include only communication occurring more than once per
month, in order to focus on the most active organizations in the
fishery. We constructed the network as a set of directed
communication ties between organizations, i.e., Actor A
communicates frequently with Actor B, and/or Actor B
communicates frequently with Actor A. We opted to include only
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incoming ties (in-degree), in order to account for the fact that not
every organization agreed to be interviewed during the data
collection process, and therefore not every organization
contributed ties (out-degree). In this sense, all actors had the same
chance of being nominated as receivers of communication.
Afterward, we plotted the network, including both adaptive
capacity groups and organization types in the visualization.

Next, we calculated descriptive statistics for the directed network
using the “igraph” package (Csardi and Nepusz 2006). At the
network level, density measures how many ties between actors
exist relative to the maximum number of possible ties between
actors. The average in-degree captures the mean number of times
each actor was named by other actors when asked to identify who
they frequently communicate with. The average path length is the
mean number of ties separating any two actors, and represents
the reachability of actors within the system. At the node level, in-
degree centrality is the number of incoming ties an actor possesses,
and betweenness centrality represents the extent to which an actor
indirectly facilitates connectivity with other actors in the network
(Bodin and Crona 2009). Actors with high in-degree centrality
scores can be thought of as conversational hubs because other
actors communicate frequently with them. We also measured
betweenness centrality for ties in the network, which captures the
extent to which a tie makes other connections possible. In-degree
centrality and betweenness centrality for both nodes and ties were
normalized between 0 and 1 for ease of interpretation.

Last, we performed an ERGM analysis using the “statnet”
package in R (Handcock et al. 2019; see goodness-of-fit
diagnostics in Appendix 2). In an ERGM, the network is treated
as the dependent variable, and network formation processes (e.g.,
centralization and homophily), operationalized as micro-level
structural parameters, are the predictor variables (Levy and
Lubell 2018). ERGMs use Monte Carlo Markov Chain maximum
likelihood simulation to estimate the extent to which a set of
defined structural parameters are over- or under-represented in
the observed network (Cranmer and Desmarais 2011). The results
of an ERGM are a set of coefficients for the specified network
parameters included in the model, which represent the change in
the log-odds of tie formation, and indicate the direction and
magnitude of each parameter (Hileman and Lubell 2018).

ERGMs are constructed by selecting model terms that are
informed by both theory and knowledge of the empirical setting
(Alexander et al. 2015), and therefore we include the following
terms that address the relationship between social connectivity
and adaptive capacity preferences: geometrically weighted
edgewise shared partners (gwesp) captures closure; geometrically
weighted in-degree distribution (gwideg) captures centralization
(note: the term actually measures anti-centralization, and
therefore a negative coefficient denotes a tendency for actors to
form ties with high-degree actors); and homophily (nodematch)
captures whether actors of the same type and belonging to the
same adaptive capacity group tend to form ties with other actors
of the same type and group. We also include the following control
parameters: baseline rates of tie formation (nodefactor) for each
actor type and adaptive capacity group, and whether or not an
actor was interviewed during the data collection process; network
density (edges); and actors who are not connected to the network
(isolates).
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RESULTS

Actor preferences for adaptive capacity strategies and domains
Hierarchical cluster analysis resulted in four distinct adaptive
capacity groups (Fig. 2), each of which represents different sets
of preferences for adaptive capacity strategies. We observe how
the same actor types do not necessarily belong to the same
adaptive capacity group, i.e., share the same views on adaptive
capacity strategies. Group 1 and Group 2 are the smallest, and
include only two actors each; Group 3 is the largest with six
organizations, and all four organization types are represented;
and Group 4 contains three actors, all belonging to the fishing
industry. The importance given to each adaptive capacity strategy
by each organization, which was used to identify the groups, is
also displayed in Figure 2. Participation in international/national/
local forums (e) is the only adaptive capacity strategy considered
to be important or very important by all organizations.
Conversely, all organizations ranked credit/savings (b) and
income diversity (g) as less or slightly important.

Fig. 2. Preferences for adaptive capacity strategies by actor
type. The heatmap shows hierarchical clustering of the 13
organizations in the Basque tuna social-ecological systems that
were interviewed (rows), according to the value they assigned to
the different adaptive capacity strategies (columns). Importance
values rank from 1 (dark orange, less important) to 5 (dark
blue, very important). The four adaptive capacity groups
resulting from the cluster analysis are represented by numbers
on the left side of the dendogram. See Table 1 for the
correspondence between letters (columns) and full names of
adaptive capacity strategies.
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Figure 3 shows the average values for the resulting adaptive
capacity groups per domain from Cinner et al. (2018). Group 1
is characterized by strong preferences for organization; Group 2
is characterized by its lack of strong preferences for or against
any of the domains; Group 3 is characterized by strong
preferences for organization and agency; and Group 4 is
characterized by its preference for all adaptive capacity domains,
as each domain was considered either important or very
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important. All groups thought organization is important or very
important, but differed on the importance given to other domains.
Groups 2, 3, and 4 all considered learning to be an important
adaptive capacity domain, while Group 1 considered learning to
be only slightly important. Group 4 considered both assets and
flexibility to be important adaptive capacity domains, while the
three remaining groups all considered these two domains to be of
lesser importance (Group 1), slightly important (Group 2), or a
mix of both (Group 3). Although clustered separately, these
groups did not necessarily have opposing views. To recap, Group
1 gave importance to organization and agency, Group 2 to
organization and learning; Group 3 to organization, agency, and
learning; and Group 4 to all adaptive capacity domains. Except
for Group 4, the rest had narrower views on adaptive capacity.

Fig. 3. Preferences for adaptive capacity domains per adaptive
capacity group. Final importance scores are calculated for each
adaptive capacity group (subplots) from the cluster analysis by
averaging original importance values (y-axis) given to adaptive
capacity strategies per domain (x-axis).
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Social connectivity and adaptive capacity preferences

Figure 4 presents the communication network among
organizations in the Basque tuna SES. In-degree centrality and
edge betweenness centrality are graphically represented by node
size and tie color, respectively. Organizations in the center of the
figure are those with more incoming ties, and include two actors
from the fishing industry, two government entities, and one
research organization. Ties with the highest edge betweenness link
actors with important roles as connectors; the network may
fracture if these actors were to stop communicating frequently.
Network-level descriptive statistics indicate all organizations in
the network are easily reachable (average path length = 1.99), and
on average possess multiple incoming ties from other
organizations (average in-degree = 3.22). Even given its small size,
the network is still relatively dense (density = 0.15).

Figure 4 also shows nodes (actors) colored by adaptive capacity
groups. The most central actors represented almost all adaptive
capacity groups (Groups 1, 3,and 4). Actors belonging to adaptive
capacity Group 1 tended to have the highest in-degree centrality
and betweenness centrality in the network (Table 3). They were
followed by Groups 3 and 4, which had similar in-degree values,
but Group 3 had a higher betweenness centrality. Group 2
possessed the lowest betweenness centrality of all adaptive
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capacity groups in the network (Table 3). When looking at
organization types as groups, the research group had the highest
in-degree centrality and betweenness centrality values, followed
by the fishing industry (Table 3). In spite of moderate in-degree
centrality, government entities possessed the lowest betweenness
centrality score after NGOs and others. NGOs and others also
had the lowest in-degree.

Table 3. Mean degree centrality and betweenness centrality values
by adaptive capacity group and organization type. Regional
Fisheries Management Organization.

Betweenness
centrality (+ SD)

In-degree
centrality (+ SD)

Adaptive capacity group

Group 1 0.85 (£ 0.21) 0.80 (£ 0.29)
Group 2 0.20 (£ 0.14) 0.01 (£ 0.00)
Group 3 0.42 (£ 0.15) 0.23 (£ 0.26)
Group 4 0.43 (£ 0.32) 0.15 (£ 0.23)
Organization type
Fishing industry 0.43 (£ 0.25) 0.25 (£ 0.40)
Government or RFMO 0.34 (£ 0.23) 0.08 (£ 0.17)
NGOs, others 0.12 (£ 0.13) 0.09 (£ 0.23)
Research 0.70 (£ 0.42) 0.32 (£ 0.39)

Table 4 displays the results of the ERGM. In the model, we see a
positive and significant coefficient for closure in the
communication network, i.e., the more partners two actors share
in common, the more likely they themselves are to share a tie.
Centralization also had a positive and significant coefficient in
the model, which means there was not a large variation in the
number of ties each actor possessed in the network. The model
indicated homophily was also a driver of tie formation in the
network, specifically among actors of the same organization type,
e.g., fishing industry actors tended to communicate more with
other actors in the industry. However, homophily as a function
of adaptive capacity group was not significant in the model.

Table 4. Exponential random graph model for the network of
frequently connected organizations in the Basque tuna social-
ecological system. Coefficients for each term included in the
model are shown with respective standard errors in brackets.

Network
Network Closure (gwesp) 0.906** (0.279)
processes Centralization (gwideg) 2.954* (1.322)
Homophily Adaptive capacity (nodematch) 0.284 (0.473)
Actor type (nodematch) 1.176*** (0.330)
Control Baseline rates (nodefactor)
parameters Adaptive capacity (nodefactor)

AC Group 2 -1.400%* (0.514)
AC Group 3 -1.072* (0.434)
AC Group 4 -1.248%* (0.453)
Actor type (nodefactor)

Government 0.716* (0.350)
NGOs/others 0.140 (0.296)
Scientists 0.202 (0.343)
Interviewed? (nodefactor) 2.873%%%* (0.739)
Density (edges) -7.329%** (1.091)

Isolates (isolates)
*p < 0.1, **p < 0.05, ***p < 0.01

2.114(1.552)
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Fig. 4. Network showing highly connected (communicating more than once a month) organizations
in the Basque tuna social-ecological system (n = 23). Node shapes represent the actor type, node
colors represent adaptive capacity groups, node sizes represent degree centrality, and tie boldness
represents edge betweenness values. A label is only shown for government or Regional Fisheries
Management Organizations (RFMO) above the corresponding node. Communication was not
recorded between “NA” organizations as they were not interviewed.
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DISCUSSION

The importance that different stakeholders in the Basque tropical
tuna fishery give to climate adaptive capacity domains is the core
focus of this study, along with assessing why this is the case. Our
results reflect the international nature of the governance regime
where tuna fisheries are embedded (Allen 2010) because the
organization domain from Cinner et al. (2018) is the only domain
that all actors universally agree is important for sustaining the
fishery in the face of global climate change. More specifically, all
stakeholders agree that participation in international, national,
and/or local forums is an important adaptive capacity strategy.
In addition to participation in forums, being well connected with
other actors and having good governance and leadership (in the
social organization domain), and having resource status
assessment and feedback mechanisms (in the learning domain)
are highly valued by almost all actors. This is important in the
setting of the ICCAT governance regime, where decision making
about management measures is informed by stock assessments,
and limits to the fishing activity of tropical tunas is derived from
stock status (ICCAT 2016, 2019). These limits can be more or less
restrictive as a result of political interests at the international level
(Webster 2009). Other adaptive capacity strategies are generally
seen as less important, e.g. having credit, savings, or income
diversity. This is also likely related to the international nature of
the fishery, where credit already exists, but inclusiveness of local
stakeholders in the decision-making processes is almost non-
existent because rule making occurs among regional governments
(Epstein et al. 2014, Pentz et al. 2018).

The results of the social network analysis shed light on the
relationship between structures of communication among

Other regional gov
(non-UE flag)
r

Other regional gov
(private agr)
B

\ Other regional gov
(public agr)

stakeholders in the fishery and their preferred adaptive capacity
strategies. We found the fishery was characterized by strong
communication among different actor types, which generally can
help strengthen adaptive capacity (Whitney et al. 2017). Linking
the network structure with the governance regime, Petersson et
al. (2019) found that non-state actors, such as fishing industry
representatives or NGOs, are interested in governance of fisheries
and regularly attend RFMO meetings globally. These meetings
are a good opportunity for strengthening networks, as
representatives from many different organizations are able to
interact with each other. Non-state actors, including scientific
organizations and representatives of the fishing industry, were the
most frequently communicated within the network. In addition,
we found that central organizations tended to share similar
preferences for adaptive capacity strategies (McPherson et al.
2001, Shepherd 2017), regardless of the type of actor, except for
one fishing industry representative who had a holistic view of
adaptive capacity (adaptive capacity Group 4).

Digging deeper into network structures and their relationship to
adaptive capacity, highly central actors are well-positioned to
share information widely through the network (Gibbs 2008, Bodin
and Crona 2009, de Lange et al. 2019), and can catalyze
widespread adoption of new behaviors through their social
influence (Valente and Pumpuang 2007). Strategies to foster
adaptive capacity in the fishery could be coordinated through the
actors that occupy central positions and represent
communication hubs. In our study, even though there is not a
large variation in the degree of actors in the network, there is
nevertheless a core group of more central actors. However, the
majority of these central actors have narrower adaptive capacity
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preferences, focusing primarily on organization and agency, and
to a lesser extent learning. This may potentially reduce adaptive
capacity in the fishery if it similarly influences other actors’
preferences (Bodin 2017). That said, we may not necessarily
expectall different types of actorsto consider all adaptive capacity
domains as highly important, and it may even be natural for
different types of actors to “specialize” in particular adaptive
capacity domains, or particular suites to promote adaptive
capacity. Inter-group collaboration, as indicated by the ERGM
results, may signal there is a healthy mix of strategies to improve
overall adaptive capacity in the fishery.

This raises the question of whether all domains of adaptive
capacity need to be present for fisheries to be resilient to climate
change. Or, in other words, whether there is substitutability among
the elements of adaptive capacity. Yohe and Tol (2002) proposed
the weakest link hypothesis, which entails that adaptive capacity
may be restricted by the weakest of its underlying determinants.
After performing a literature review, Cinner et al. (2018) suggest
there is limited substitutability between domains of adaptive
capacity with respect to shocks and long-term change. However,
the authors also highlight that the weakest link idea has not yet
been tested in fisheries. We do not directly address the
substitutability hypothesis, but our results point in the direction
of certain domains being perceived as more important than
others, i.e., social organization. This suggests that some adaptive
capacity options are considered secondary (or are seen as less
important), which could result in a less resilient fishery. Another
possibility is that these adaptive capacity options are considered
secondary because they might already be covered within the
fishery.

Moreover, similar actor types did not necessarily share the same
views on the adaptive capacity strategies they considered most
important for sustaining the fishery, which was the case among
less than half of interviewed organizations. Two NGOs and others
(from Group 3), two governments (from Group 3), and half of
the fishing industry (Group 4) had the same views on adaptive
capacity within their own actor type group (or sector). However,
we found that actors do not tend to form ties with actors from
the same adaptive capacity group, but they do tend to form ties
with actors from the same sector. The tendency for closure within
the network is primarily being driven by these within-sector ties.
Research organizations and the fishing industry serve as bridging
actors and provide more inter-group connectivity with NGOs and
other actors, for example. It is useful to identify such bridging
actors because they can help build support across groups when
attempting to address environmental problems that require
transformational changes in management and perceptions
(Westley et al. 2013, Olsson et al. 2014).

Another concern arising from this research relates to the
consequences of prioritizing adaptive capacity actions from a
policy-making perspective. Policies that promote adaptive
capacity are difficult to implement when stakeholders have
varying preferences for adaptive capacity strategies. In the case
of the Basque tropical tuna fishery, it would likely be easy to
implement policies that target the organizational domain of
adaptive capacity, given there was broad agreement among
stakeholders concerning the importance of this particular
domain. However, if the intention is to promote resilient fisheries,
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an effort should be made to foster a more holistic perspective of
adaptive capacity. Given more holistic perspectives on adaptive
capacity are represented by a few actors from the fishing sector,
central actors could be involved in efforts to mobilize and
encourage more integrated perspectives through strengthening
their communication with these actors from the fisheries sector,
thus improving the resilience of the governance system for the
SES as a whole.

CONCLUSIONS

In this paper, we adopt a network-based approach to study the
relationship between preferences for adaptive capacity strategies
and social connectivity, in the form of communication, among
stakeholders involved in an international large-scale fishery. We
specifically investigate the Basque tropical tuna fishery in the east
Atlantic Ocean, which is part of the ICCAT governance regime.
Our results allow for the identification of adaptation strategies
that are highly supported by all actors, which in this case
constitutes strategies targeting the organizational domain of
adaptive capacity. More specifically, promoting participation in
international, national, and local forums would be well supported
by all actors. When linking adaptive capacity preferences and
social connectivity, the preferences of central actors are similar,
because the majority focus on relatively few adaptive capacity
domains, i.e., social organization, learning, and agency. This
could be detrimental for promoting a fully resilient fishery,
especially given actors from the fishing sector are the only ones
who consider all adaptive capacity domains to be important.
Thus, boosting connectivity with particular actors who have
comprehensive views on adaptive capacity could help spread these
views and promote a resilient fishery. Finally, the communication
network does connect many different actor types in the fishery,
which is an encouraging sign and could be used from a policy-
making perspective to promote adaptive capacity through central
actors acting as “communication hubs.” Future research can help
contextualize this study by examining regional governments
independently, and further investigating adaptive capacity
perceptions including views of the RFMO.

Responses to this article can be read online at:
https://www.ecologyandsociety.org/issues/responses.
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Appendix 1. INTERVIEW QUESTIONS

The questions used during stakeholders’ interviews to elaborate the article titled “Social
connectivity and preferences for adaptive capacity in large-scale fisheries” are included

below. The original interview was done in Spanish but has been translated to English (see
Question 1 to 6).

Question 1. Background questions:

O

o

What is your organization name?

Where is it located (headquarters)?

What is your gender? U female U male U other

What is your current position?

How many years have you been working in the tropical tuna sector?
How old are you? O 18-24 1 25-34 1 35-44 1 45-54 1 55-64 U 65 or more
What is the main role of your organization in the tropical tuna sector?

How much does vyour organization influence decision-making about the
management of tropical tunas? U Very Little 4 Moderately 4 A lot

Question 2. The following picture summarizes the components of the tropical tuna

RESOURCE LOCATION J
East Atlantic Ocean
EEZ and high seas

Any other important port? [l

RESOURCES Companies:
Yellowfin tuna Skipjack tuna
B "\?} Ship-owners
Bigeye t ;
- lgeye tuna I Skippers I | Fisheries officers |

Any other important species?

extractive activity by Basque ship-owners (EU flags and others) in the
Atlantic Ocean. We want to identify all the relevant elements, from species
to actors and institutions. Can you look at the figure (Figure A1.1) and
answer the “grey” questions please?

GOVERNANCE SYSTEM

Local Government National Government H ICCAT ’ NGOs: ‘

Flag countries (other than EU ) H EU Commission (DG MARE) | Research:

Public agreement 3™ countries ‘ Private agreement 3™ countries ’ ‘

Is any player involved in the tuna fisheries missing?

ACTORS
Ports

Fisheries associations:

Other crew staff

=

|

I

-

Figure Al.1 Conceptual model of the Basque tuna SES. This figure was shown to stakeholders in order to
complete our case study understanding and identifying other important stakeholders.



Question 3. What actors from the blue and red boxes is your organization related to?
Tick it on the figure.

Question 4. Based on the actors with whom your organization is related, that you have
pointed out. Can you tell me how much your organization communicates
with the other org. and why? Communication is understood as emails, phone
calls, face-to-face conversations, meetings, letters and other forms of dialog

between 2 organizations.

Table A1.1 Questions asked to build the communication network of the Basque tuna SES.

Organization2
(org2)

How many times is your org
usually contacting org2?

Choose one option

What is the usual objective when contacting

org2?

Mark as many as needed

Local government

U Not often (1-4
times/year)

U Sometimes (5-11 t/year)
4 Often (1-4 t/m, monthly)
U A lot (More than once a
week)

O Making management decisions
(Regulations, TACs, FADs, closures...)

U Scientific advice
U Reporting activity

U Legal procedures (Sanctioning...)
O Administrative tasks (Construction of a vessel,

licenses, catch payment...)

U Collaboration
O Private services

times/year)

U Sometimes (5-11 t/year)
4 Often (1-4 t/m, monthly)
O Alot (> once a week)

decisions

Q Scientific advice
U Reporting activity
U Legal procedures

O Others:
National U Not often (1-4 U Making management U Administrative
government times/year) decisions tasks
U Sometimes (5-11 t/year) | Q Scientific advice Q Collaboration
QU Often (1-4 t/m, monthly) | Reporting activity Q Private services
Q Alot (> once a week) U Legal procedures U Others:
ICCAT U Not often (1-4 U Making management U Administrative

tasks

U Collaboration
U Private services
U4 Others:

EU Commission

U Not often (1-4
times/year)

U Sometimes (5-11 t/year)
4 Often (1-4 t/m, monthly)
O Alot (> once a week)

O Making management
decisions

U Scientific advice
U Reporting activity
U Legal procedures

 Administrative
tasks

U Collaboration
U Private services
Q Others:

Etc.

Etc.

Etc.

Question 5. From the actions LIST, which ones do you think are the 3 most important
actions to maintain the fleet activity in the future (i.e. for a sustainable

fishery)? (1: most important; 3: less important).

1.

2.

The list of adaptation actions will be published in the SM Table 2 of Rubio et

al. in prep. and the answer to the question is in the same article.




Question 6. How important would the following options (Table A1.2) be on a scale from
1 (not important) to 5 (very important) to achieve the actions chosen in the
previous question? Answer by action (A1, A2 and A3).

Table A1.2 List of adaptive capacity strategies.

Al A2 A3

Specific infrastructure (ports, vessels...)

Credit or savings

Public funding

To be well connected with other players

To participate in international/national/local forums

Good quality of governance and leadership

Income diversity

Level of dependence on natural resources

Knowing that the environment is continuously changing including the species
and ecosystems
Intergenerational learning capacity

Resource status assessment and feedback mechanisms

Ability to react to the changes (e.g. distribution, abundance, climatic risks)




Appendix 2. ERGM GOODNESS-OF-FIT DIAGNOSTICS

o - - * ...... d [ sejelos|
lo- - - - - v - - - - 0| |~ MalAIBlUII0}OB}OPOU
lo----- \ - --- | [ padAriojoeioioelopou
lg- -~~~ | - - - - -0| |~ gadAyiojoeiojoejepou
lo- - --- -4 - - - - -0] |~ zadAyiojoE"I0)0R)OPOU
fo----- ----9 [—adAyiojoe yoewspou
o ---- -----0| — ydnouf-oe i0)oB)EPOU
- ---- [ -----0] —gdnoib-oei0)0E)9pOU
lo-----| ¢  F----- © — zdnoub-oe'lojoejapou
lo---- ----{  dnoib-oe’'yojewapou
lo----- h -----0| |- 2ai6apImB
FS— ﬂv -----0| dsamb
lo----- \ nnnnn ¢ [—sabpa
_ I [ [ [ I

0l 80 90 ¥0 ¢o 00

sa|ijuenb pajejnwis

model statistics

20

spefp jo uoiodosd

NR

W

minimum geodesic distance



o e
AN

I T T T !
¥o €0 zo Lo 0o

sabpo jo uonsodoad

10

edge-wise shared partners

13

G

-1

o

in degree
-
1
L
®
1
N

oo e b

2

/ Ry

R TV ey L .

T I I I T T T T I I ! I I
SED 0E0  SZ0  0Z0 51O oo S00 000 S0 ¥o £0 co Lo

sapou jo uojHodoad sapou jo uopuodosd

oo

14

13

12

10

out degree



	Title
	Abstract
	Introduction
	Theory
	Large-scale fisheries as complex social-ecological systems
	Framing adaptive capacity in large-scale fisheries
	Social connectivity and adaptive capacity preferences

	Case study
	Background
	Ses characterization of the case study

	Data and methods
	Stakeholder interviews
	Data analysis

	Results
	Actor preferences for adaptive capacity strategies and domains
	Social connectivity and adaptive capacity preferences

	Discussion
	Conclusions
	Responses to this article
	Acknowledgments
	Data availability
	Literature cited
	Figure1
	Figure2
	Figure3
	Figure4
	Table1
	Table2
	Table3
	Table4
	Appendix 1
	Appendix 2

