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Small-cale fisheries are important for livelihoods, food security, jobs and income
worldwide. However, they face major challenges, including the increasing effects of
climate change that pose serious risks to coastal ecosystems and fishing communities.
Although scientific research on climate change impacts has increased in recent years, few
studies have explored the social impacts on small-scale fisheries. Using Galicia (Spain) as
a case study, we investigated individual and household-level adaptive responses to
climate change among fishers in three fishing guilds (Cambados, Campelo, and
Redondela). Specifically, we estimated the economic vulnerability of shellfishers and
assessed the diversity of social adaptive responses used to deal with climate change.
Although fishers’ income strongly depends on shellfishing in all studied areas, our findings
show that less fishing experience and lower engagement in fisher associations tend to
increase the economic vulnerability of the fishers. The fishers’ vulnerability decreases as
the size of households increases, while fishers who pay a mortgage and who live in
households with fewer active members tend to be more vulnerable. The findings also
show that Galician shellfishers have developed a wide range of adaptation strategies to
anticipate and respond to climate change impacts, namely harvesting pricier and more
abundant species, reducing household expenses and increasing social involvement in
shellfishery associations. Although the adaptive strategies have helped Galician fishers to
deal with climate change impacts, several threats to the sustainability of shellfisheries
remain, such as a decrease in the abundance of key native shellfish species, and a high
dependence on public and private aid to ensure reasonable incomes for shellfisheries.
These findings are of interest and relevance to other similar small-scale fisheries around
the world facing similar climate change challenges.
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INTRODUCTION

It has been estimated that the average temperature has increased
by 0.2°C per decade over the past 30 years and that by 2017,
anthropogenic activities had led to an increase in temperature of
1.0°C relative to pre-industrial levels (IPBES, 2019). Recent
climate change projections predict an increase in the average
atmospheric and seawater temperatures as well as increases in
the intensity, duration and frequency of heat waves and extreme
events (Hoegh-Guldberg et al., 2018; Oliver et al., 2018). Extreme
sea level events will become more frequent and more intense,
leading to more coastal flooding and a shoreline retreat
throughout the 21st century along sandy coasts (IPCC, 2021).

In the case of the Atlantic coast of Europe, predictions
indicate an increase in the frequency and intensity of heat-
waves and extreme precipitation that will modify coastal
salinity (Carvalho et al., 2021), mainly affecting estuarine areas.
Although total precipitation is expected to decrease in the
December-February period (IPCC 2021 Regional fact sheet -
Europe), predictions suggest that it is expected to increase in the
most recent IPCC report on the NW Iberian Peninsula, (IPCC
WGI Interactive Atlas, https://interactive-atlas.ipcc.ch). All of
these predicted changes will alter terrestrial and marine
ecosystems, modifying community structure and functioning
in addition to causing loss of biodiversity and livelihoods
(Hawkins et al., 2009; Selden and Pinsky, 2019). This is
especially true in coastal areas that are exposed to the impact
of both climate change-related stressors and human activities
(He and Silliman, 2019). In particular, intertidal fishing beds in
estuarine areas are considered among the ecosystems expected to
be most affected by the effects of increases in temperature,
decreases in salinity, inorganic and organic inputs, and
changes in sediment dynamics and currents, among many
other stressors (Mieszkowska et al., 2013).

Research is increasingly considered key to understanding the
climate change adaptation practices developed and adopted by
fishing communities (Shaffrill et al., 2017). In adaptation
processes there is a high degree of interdependence between
the various agents involved, the institutions in which they are
based, and the fishery resources on which they depend (Adger
et al., 2009). Adaptation processes involve the interdependence
of agents through their relationships with each other, with the
institutions in which they are based, and with the fishery
resources on which they depend (Adger et al., 2009). There is
an urgent need to understand the social-ecological processes of
adaptation strategies of the various agents of change –
individuals, groups and markets – to anticipate their
limitations (Adger, 2010).

While adaptation in human systems is defined as “the process
of adjustment to actual or expected climate and its effects, in
order to moderate harm or exploit beneficial opportunities”
(IPCC, 2019), adaptive capacity has been broadly defined as
the conditions that underpin people’s ability to anticipate and
respond to change, to recover from and to minimize the
consequences of change and, if possible, to take advantages of
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new opportunities (Smit and Wandel, 2006). Understanding the
vulnerability and resilience (including social aspects) is
important for the sustainability of SSFs (Folke, 2006). This
could help both the scientific community and policy makers to
minimize the underlying causes of social vulnerability, when
dealing with social-ecological shocks and crises (Cinner et al.,
2012; Villasante et al., 2021; Villasante et al., 2022).

The need to support the role of SSFs in livelihoods and food
security has been recognized in various countries through
adoption of the Voluntary Guidelines for Securing Sustainable
Small-Scale Fisheries in the Context of Food Security and
Poverty Eradication (FAO, 2015). More recently, the United
Nations launched the Decade of Ocean Science for Sustainable
Development, which is expected to shed more light on the need
to manage fisheries sustainably in order to support community
well-being and food security (Claudet et al., 2020).

The socio-economic situation of fishers is closely related to
the effects of the changing climate (Da Rocha et al., 2014), as
more unpredictable or insufficient income can limit fishers’
abilities to deal with impacts, such as decreasing stocks
(Cinner et al., 2012; Barnes et al., 2020). Recent reviews on
how marine systems and fisheries adapt to the impacts of climate
change highlight the lack of examples of specific adaptation
actions and measures (Miller et al., 2018). In this context, SSFs
remain largely overlooked in the scientific literature (Hanich
et al., 2018). Several studies have been conducted to analyze
adaptation to climate change in SSFs. For example, Monirul
Islam et al. (2014) examined limits and barriers in relation to
restriction of fishing activities to cyclones in Bangladesh. They
authors found that the limits include physical characteristics of
climate and sea such as higher frequency and duration of
cyclones and hidden sandbars, while barriers include, among
others, inaccurate weather forecast, technologically poor boats,
lack of access to credit and markets, low incomes, lack of
livelihood alternatives and poor enforcement of fishing
regulations. Frawley et al. (2019) also investigated the
heterogeneous perceptions of social-ecological change among
small-scale fishers in the central Gulf of California, and they
concluded that gear ownership and target species diversification
were key factors in determining the cultural models through
which fishers responded to changes in the resource system. More
recently, Green et al. (2021) conducted a meta-analysis to
evaluate how responses to climate, environmental, and social
change are influenced by domains of adaptive capacity in SSF of
20 countries, and founded that adaptive responses at the
community level only occurred when the community had
access to assets, in combination with other domains including
diversity and flexibility, learning and knowledge, and natural
capital. Galappaththi et al. (2021) also analyzed how fisheries-
dependent indigenous communities respond and adapt to
climate change impacts in Canada and Sri Lanka. The authors
found that diversification and co-adaptive capacity were the key
common main strategies adopted by artisanal fishers in
indigenous communities. Finally, Gianelli et al. (2021)
analyzed changes in a warming hotspot and the associated
May 2022 | Volume 9 | Article 802762
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impacts on the clam fishery in Uruguay. Given the data-poor
situation of most SSFs in developing countries often hinders a
proper dimensioning of the extent of climate-induced changes,
the study combined scientific and local ecological knowledge and
found that the combination of autonomous adaptations and
government-led adaptations were essential to face the challenges
imposed by climate change.

Although previous studies have provided recommendations
for climate change adaptation in a range of communities, few, if
any, of these have focused on social adaptation in fishing groups
or communities. Therefore, evidence and a better understanding
of adaptation strategies for dealing with the changing climate are
crucial from a policy-making perspective (Shaffrill et al., 2017).

The situation of the bivalve fisheries in Galicia (NW Spain) is
representative because it is one of the most significant fishing
resources in Europe in terms of landings (FAO, 2018) and, more
importantly, in terms of local-scale socio-economics (Macho
et al., 2013). The most important species in these fisheries are
the native pullet carpet shell Venerupis corrugata (Gmelin 1791)
and grooved carpet shell Ruditapes decussatus (Linnaeus 1758),
the introduced Manila clam Ruditapes philippinarum (Adams
and Reeve, 1850), and the native cockle Cerastoderma edule
(Linnaeus 1758). These four species support the largest artisanal
fishery in Spain in terms of landings and employment (~7,9 Tm
of bivalves worth ~74 millions of euros and ~7,100 fishers in
2019) (www.pescadegalicia.com, accessed January 2020).
However, these fisheries experience large spatial and temporal
variations in catches (Juanes et al., 2012) that have been
associated with strong fluctuations in environmental
conditions such as temperature and salinity (Parada and
Molares, 2008; Parada et al., 2012; Aranguren et al., 2014;
Verdelhos et al., 2015).

Rights-based regulatory regimes, under which most of the
Galician shellfishing is managed (Pita et al., 2019), seem to be
relatively resilient to the consequences of climate change (Ojea
et al., 2017). Nevertheless, the threats are numerous and growing.
Variations in temperature and/or salinity, even within the limits
of tolerance of each species, can constrain most physiological
processes, such as growth and reproduction (Macho et al., 2016;
Peteiro et al., 2018; Domıńguez et al., 2020; Domıńguez et al.,
2021; Vázquez et al., 2021), and also behavior (Woodin et al.,
2020). The associated constraints may lead to a recruitment
failure in adult populations or delays in the time required for the
species to reach commercial sizes. Future climate scenarios in
Galicia predict an increase in atmospheric temperature above the
world average and also an increase in the frequency and duration
of extreme temperature events (Bode et al., 2009). However, no
clear trends in precipitation have been observed annually
(Gómez-Gesteira et al., 2011), although the average intensity of
rainfall events has been projected to increase in winter and spring
(Cardoso Pereira et al., 2020).

Although social and sanitary improvements can help mitigate
the effects, increasingly intense heat-waves will negatively affect
the health of the Galician population, especially during the
summer (DeCastro et al., 2011). Summer humidity levels have
Frontiers in Marine Science | www.frontiersin.org 3
also increased, and are expected to increase further, reducing
outdoor comfort conditions, especially for women, who may be
more sensitive to such changes (Orosa et al., 2014). Therefore,
the increases in heat and humidity are expected to have strong
impacts on shellfishing, which is mainly carried out by women in
Galicia (Frangoudes et al., 2008; Frangoudes et al., 2013;
Villasante et al., 2021). Moreover, many intertidal fishing beds
are at a high risk of flooding, which will have severe effects on
different bivalve populations and on the people who depend on
their capture through the entire value chain (Toubes et al., 2017).

Although the Galician population perceives climate change as
a major problem and shows a willingness to address it through
active policies (Arcos et al., 2011), there is relatively little
evidence about the social and economic consequences of
climate change, or about the ecological implications of these
impacts. Available evidence on the economic impacts of climate
change in coastal activities of Galician coasts includes the
increase of the number of large cargo ports (León-Mateos
et al., 2021) and increased tourism (Toubes et al., 2017). The
socioeconomic vulnerability of some fisheries, e.g. the European
pilchard Sardina pilchardus (Walbaum, 1792) (Pérez Muñuzuri
et al., 2009; Da Rocha et al., 2014), and even some SSFs like the
goose barnacle Pollicipes pollicipes (Gmelin, 1789) (Ruiz-Dıáz
et al., 2020), have also been evaluated, leading to the
development of adaptation strategies. However, there is a
widespread lack of attention in climate change research to
many components of social-ecological systems (hereinafter
SES) related to Galician SSFs, especially regarding synergies
and trade-offs between socio-cultural and ecological domains
(Salgueiro-Otero and Ojea, 2020; Villasante et al., 2021). The
historical closeness between the Galician population and fishery
resources has been able to promote strong integration of the
shellfishery sector into the Galician social norms and cultural
traditions-, as already observed in other regions that are highly
dependent on fishing activities, such as Bretagne and the Basque
Country (Villasante et al., 2021).

Despite the increasing interest in the impacts of climate
change in Galician SSF (including shellfisheries), economic
vulnerability and social-ecological adaptation strategies are still
largely unknown. This present study addresses this research gap.
The specific aims of the study were twofold: (1) to estimate the
economic vulnerability of shellfishers, and (2) to assess the
diversity of social adaptive responses used by shellfisheries to
deal with climate change. This research will contribute to
providing information about the multiple strategies that enable
or hinder potential solutions towards sustainable SSF.
MATERIALS AND METHODS

Study Area
The study area, Rıás Baixas, is located NW in the Iberian
Peninsula between 42°30 and 42°15 N and 8°45 and 8°56 W
(Figure 1). The rias are partially mixed estuaries with a mesotidal
May 2022 | Volume 9 | Article 802762
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and semidiurnal regime. The hydrography in the inner part of
the rıás, where the fishing beds are located, is driven by two
opposing processes: a continental water supply via the main
rivers Umia and Ulla in the Rıá de Arousa, Lérez in the Rıá de
Pontevedra and Oitavén-Verdugo in the Rıá de Vigo (the mean
freshwater input ranges between 20 and 26 m3 s−1, Costa et al.,
2012), and an oceanic influence via upwelling of East North
Atlantic Central Water in summer and the influence of the
Iberian Poleward Current in winter (Prego et al., 2001).
Important fluctuations in temperature and salinity occur as a
result of these hydrographic conditions (Alvarez et al., 2005;
Costa et al., 2012).

This region was chosen for study on the basis of
socioeconomic and fishing aspects in order to compare the
profile, economic vulnerability and fishers’ adaptation
strategies in different locations. We worked with three
shellfishery associations, Cambados, Campelo and Redondela,
which operate in the main shellfishing region in Spain and
Europe (Figure 1). The shellfish beds exploited by these
associations are located in areas where fishers must adapt their
activities to the particular oceanographic conditions
(temperature, current, salinity). Thus, the shellfish beds
situated in the mouth of the cited rivers are more exposed
than other areas to the effects of climate change in winter,
because of heavy rains in winter, which cause acute decreases
in salinity and because of exposure to the sun at low tide during
heat-waves in summer. From a socioeconomic perspective, the
three locations are strongly dependent on fishing activities, and
the shellfish products are recognized as high quality, both
nationally and internationally. However, the organization of
the fishers’ activities differ among shellfishery associations, due
to their different business strategies, productive specialization
and different market segmentation.
Frontiers in Marine Science | www.frontiersin.org 4
In order to prevent the overexploitation of the shellfish beds,
the Spanish Regional Government limits the catches of fishers by
implementing daily quotas. Thus, the fishers’ incomes depend on
their individual work (number of captures with the maximum
daily quota) valued at the market price each day (Macho et al.,
2013). The effectiveness of the extractions depends on each
fisher’s strategy, but also on the biophysical conditions of the
environment and the organizational strategies developed by
members of shellfishery associations (Villasante et al., 2021). In
some associations, collaboration is usually generated almost
spontaneously, while in others opportunistic behaviour is more
frequent, conditioning the final performance of shellfishers. In
this sense, collaboration between fishers belonging to shellfish
associations has a multiplying effect, as these organizations have
close links with suppliers, purification plants, restaurants and the
canning industry. However, failure in adaptation to climate
change can affect the economic productivity of the whole
sector, and could also lead to the overexploitation and future
depletion of resources, with potentially severe socio-economic
consequences on vulnerable fishers’ families.
Data Collection
We designed a semi-structured questionnaire to investigate the
economic vulnerability and adaptation strategies used by fishers. The
data were collected by the co-authors of this study between May- and
July 2019 at the locations of the three shellfishery associations. The
content of the questionnaire protocol was structured in four parts to
collect information on key topics related to the impacts of climate
change on shellfisheries (see the questionnaire in detail at Appendix I of
the Supplementary Material):

-Part A (Personal information and knowledge about
shellfisheries): Each interview began with questions to obtain
FIGURE 1 | Map of the Galician rias, highlighting the location of Cambados, Campelo and Redondela fishing guilds.
May 2022 | Volume 9 | Article 802762
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information about years of experience working as shellfishers,
and age, residence, education, occupation, household
composition, income from shellfisheries, dependency on public
and private aid, and main commercialized commercial
species fished;

-Part B (Adaptive strategies to deal with climate change):
shellfishers were also asked to indicate their perception of (a)
biological changes in key attributes of species (e.g. mortality,
length, abundance, presence of invasive species, etc.), on (b)
which factors improved or worsened during the last decade (e.g.
status of shellfisheries resources, contamination, organizational
changes of associations, red tides, ex-vessel prices, etc.), and (c)
the strategies developed by the shellfishers and their families;

-Part C (Climate change impacts and future scenarios): the
interviewees were asked their opinion about predictions,
suggesting that abundance of shellfisheries (except the Manila
clam) will decrease in the near future (Domıńguez et al., 2020;
Domıńguez et al., 2021; Vázquez et al., 2021), and what fishers
would do if these predictions come true;

-Part E (General opinion): the interview concluded with an
open, and general question to determine what other changes
and/or measures could help to reduce the impacts of climate
change on shellfisheries.

The questionnaire was designed in a multiple choice format
with a five-point (Likert) response scale. We also designed a
protocol that guided the data collection and the general
procedures and rules of use, following Yin (2014). Researchers
collected internal data from fishers through face to face meetings
in the offices of the fishers´ associations. The researchers
provided the interviewees with: (1) an initial explanation of the
general purpose of the project and its academic and professional
applications and (2) a copy of the questionnaire designed to
investigate climate change impacts on shellfishing activities and
social adaptive strategies developed by fishers. The researchers
supported the interviewees by providing any clarifications
required and controlled the researcher-bias during the data
collection process. Fishers were randomly selected from a
complete list of the members of each association previously
identified by their leaders using the purposive sampling
method (selection of a simple random sample from the
sampling frame of each previously identified association)
(Marshall, 1996; Agresti and Finaly, 2014). The participants
have been selected ensuring a diverse representation of
shellfishers of different ages (young and older), years of
experience in roles (e.g. President, Secretary, etc.), and activity
(e.g. shellfishing, seabed cleaning, surveillance, etc.) within the
associations. Hence, our results should be interpreted as
indicative of these areas, rather than of all fishers.

Researchers involved in the data collection process
maintained the chain of evidence, following the sequence of
selection of the sample, initial information and data collection.
This allowed us to reconstruct the context in which the evidence
was obtained (Villarreal, 2017). After the data collection phase,
we classified the data, constructed a database and analyzed these
data using the rules of validity, reliability and consistency
recommended by Yin (2014).
Frontiers in Marine Science | www.frontiersin.org 5
Defining Fishers’ Economic Vulnerability
and Adaptive Responses to Climate
Change
Small-scale fishers are considered among the most vulnerable
socio-economic groups owing to their high exposure to certain
natural, health-related and economic risks and shocks (Bennett,
2009; Silva et al., 2019). Consideration of this status provides a
useful starting point for analyzing vulnerability in fishers’
livelihoods, including economic vulnerability. Vulnerability can
be assessed through a combination of exposure and sensitivity
that represent the susceptibility to harm from a given
environmental change, and the ability to cope with this change
through learning (Bennet et al., 2016). Vulnerability is difficult to
assess due to its complexity and context-specific nature, however,
carrying out vulnerability assessments at the local level may help
because this is the level where impacts are generally felt
(Hinkel, 2011).

Fishers’ economic vulnerability was calculated on the basis of
four variables: 1) capture of the daily quota, 2) trends in income
in the last 10 years, 3) trends in income considering future
climate change scenarios, and 4) the minimum income leading to
abandonment of shellfisheries. The variables used to estimate the
economic vulnerability of fishers are summarized in Table 1,
along with the qualitative approach used to score each variable.
The summed value of those four variables was used to create an
individual index of economic vulnerability, ranging from 0
(lower vulnerability) to four (higher vulnerability). The
economic vulnerability increased with the value of the index.

Following the definition of the variables, the diversity of
adaptive responses was identified on the basis of five
adaptation situations regarding regime shifts in the shellfishery
(e.g. capture of daily quota, social-ecological changes, decreasing
income scenario, and abandonment of shellfishing activity).
Thus, one point was awarded for each individual who chose at
least one adaptation strategy in each of the five situations (see
Table 2), and the average value was considered used as the
diversity of adaptive responses. By contrast, if a fisher did not
choose any strategy, no points were awarded.

Fishers were asked about the strategies used to adapt to the
impacts of climate change, which included capture of daily
quotas, social-ecological changes, decreasing income, and being
forced to abandon shellfishing. The fishers were asked about
what they would do if they were forced to abandon shellfisheries,
with options including changing to another fishing activity or to
a different occupation. Fishers could choose among adaptation
strategies in each situation, and they could choose more than one
option (Table 2).
Statistical Analyses
To analyze differences in socioeconomic and fishing aspects
among the study areas, non-parametric tests were performed
(Neter et al., 1996). Specifically, the Kruskal-Wallis was used with
Bonferroni test and Chi-square test to check for any differences
in fishers’ age, fishers’ experience, the household size, the number
of household members employed, education level, fisher and
May 2022 | Volume 9 | Article 802762
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household shellfisheries dependencies, income trends, and daily
limit achievement between the three areas. Fisher’s exact test was
used for small sample sizes, including zero values, as the Chi-
square test is generally used for larger counts (Larntz, 1978).

Linear Mixed-Effect Models (LMMs) were used to analyze the
influence of socioeconomic aspects (independent variables) on
the diversity of adaptive response of fishers (dependent variable).
The independent variables used were levels of income
dependency on shellfishing (<50% of income, between 50%
and 75% of income, and >75% of income), fishers’ age, size of
household, fishers’ educational level, social involvement in
shellfishery associations (yes = involved; no = not involved),
public and/or private financial assistance, and the economic
vulnerability of the fishers. The LMM allows the inclusion of
random effects, which may explain a potential source of variation
on the response variable (Pinheiro and Bates, 2000). Thus, the
variable area, i.e. shellfishery association, was included as a
random effect to prevent remaining variation due to particular
Frontiers in Marine Science | www.frontiersin.org 6
site-related factors. The collinearity between explanatory
variables was evaluated using the Variance Inflation Factor
(VIF), which indicated low correlation between the predictors;
variables with VIF < 5 were included in the final model.

Following model selection, a model averaging approach based
on a subset of competing models with a cumulated weight of 95%
(Burnham and Anderson, 2002) was applied to LMMs
(Appendix 2). This procedure was used because the differences
between models in the model selection procedure were small.
Model averaging analysis allows examination of the relative
importance values (I) of variables, which vary from zero (less
important) to one (more important). This indicates the effect size
of relevant variables explaining the diversity of adaptive
responses of fishers in the averaged model.

Variables were checked for homogeneity of variance
(Shapiro-Wilk normality test) and explanatory variables were
z-standardized to allow comparisons between effect sizes. All
analyses were carried out using R software (R Core Team, 2018),
TABLE 1 | Description of the variables used to estimate fishers’ economic vulnerability.

Variable Description Scores

Capture of
daily quota

When fishers do not catch their daily quota their earning capacity decreases (Lucchetti et al., 2014). This limited economic benefit may
be seen as making it difficult for fishers to subsiste and increases their economic vulnerability.

Capture
daily quota
= 0
points (not
vulnerable)
Do not
catch daily
quota = 1
point
(vulnerable)

Historic
income trends

Fishers are socio-economically very vulnerable due to the environmental changes in coastal areas (Bhashani et al., 2021). This leads to
the degradation of the local economy and further affects the earnings of many fishers. Here, fishers’ classified trends in historic income
trends based on the last 10 years as decreasing, no change and increasing. Considering that decreasing trends or no change in income
may be associated with economic vulnerability, a score ranging from 0 (no economic vulnerability) to 1 (economic vulnerability) was
associated with this quantitative categorization.

Increasing
trend = 0
points
No change
= 0.3 points
Decreasing
trend = 1
point

Income
change due to
regime shifts

Regime shifts may influence variation in seasonality of landings due to changes in fish stocks (Barange et al., 2018; Ma et al., 2019).
Uncertainty in catch rates may lead to a decrease in the fishing income (Sumaila et al., 2011), increasing the economic vulnerability of
fishers. This variable was thus classified in the same way as the previous one, with scores ranging from 0 (no economic vulnerability -
increasing trend) to 1 (economic vulnerability - decreasing trend).

Increasing
trend = 0
points
No change
= 0.3 points
Decreasing
trend = 1
point

Minimum
income
leading to
abandonment
of
shellfisheries

The three areas were classified on the basis of the lowest income cited by fishers enabling them to remain in the shellfishery sector, and
on the minimum wage in Spain for the period of 2017 (ReICAZ, 2017; www.reicaz.es). The minimum wage in 2017 was 707 € and the
minimum income forcing fishers to abandon shellfisheries in Cambados, Redondela and Campelo was respectively 548 €, 438 €, and
606 €. Thus, Redondela showed the highest economic vulnerability, Cambados moderate economic vulnerability and Campelo the
lowest economic vulnerability.

Redondela =
1 point (high
vulnerability)
Cambados
= 0.6 points
(moderate
vulnerability)
Campelo =
0.3 points
(low
vulnerability)
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the ‘lme4’ package was used to fit the LMM (Bates et al., 2015),
and the ‘MuMIn’ package was used for model averaging
(Barton, 2013).
RESULTS

Fishers’ Profile
We interviewed 245 shellfishers in three areas in Galicia:
Cambados (N = 65; 32% of all shellfishers), Campelo (N = 125;
54%) and Redondela (N = 55; 43%) (Figures 2A–C). The
majority of the fishers were women, only 8% of fishers were
men (which is consistent with the gender distribution in the
shellfishing population). The fishers were between 26 and 65
years old (48 ± 9 years), with an average fishing experience of 13
years (± 12 years).

The age of fishers differed between areas (KW=6.274, df = 2,
p= 0.04); fishers in Cambados were older than those in Campelo
and Redondela. However, despite the differences in age, fishers
from the three areas had the same fishing experience (µ = 13.47
years). The size of households including fishers was around 3.5
members, with the average number of active members around
1.5 members. Less than half of employed members were involved
in fishing activities in the three areas: 25% in Cambados, 23% in
Campelo and 31% in Redondela (Table 3). Educational level was
Frontiers in Marine Science | www.frontiersin.org 7
similar in the three areas; fishers had an average of 14 years of
education. In all three areas, most fishers did not participate in
shellfishery associations. The household size (KW=0.216, df = 2,
p= 0.89), the number of employed members per household
(KW=3.426, df = 2, p= 0.18), and fishers’ educational level
(Chi-squared=7.416, p=0.29) were similar in the three
study areas.

The proportion of fishers who had a mortgage was about 50%
in Campelo, about 34% in Cambados and 25% in Redondela.
More fishers in Redondela (52%) received at least one month of
economic aid (social security benefit) from the government in
the last ten years, followed by the fishers in Campelo (50%) and
Cambados (41%). The most important target shellfish species
were Manila clams and cockles, which represented more than
half of landings in the studied areas (Table 3). Regarding the
trend in abundance of bivalve species, the findings of the study
revealed the perception of an increased abundance of all four
species in the last ten years by the Cambados shellfishery
association. In particular, the Manila clam (R. philippinarum)
is more abundant than the rest of the other key commercial
species (Figure 3).

Individual fishers’ dependency on income from shellfishing
was similar among areas; fishers from the three areas earned
more than 75% of their income from shellfisheries (Figure 4A).
On the other hand, households’ dependency on shellfishery was
FIGURE 2 | Images of (A) women harvesting on foot in shellfish beds located in the Galician “rias”, (B) the rake-like fishing gear called “raño”, and (C) the most
common shellfish species manila clam, cockle, grooved carpet shell, and pullet carpet shell.
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different between areas: dependency on shellfishing was highest
in households in Redondela (less than 50%), followed by those in
Campelo and Cambados (Chi-square=9.932, df = 4, p= 0.04,
Figure 4B). Fishers’ economic vulnerability ranged from 0.3 to
3.6 (µ = 1.96); the mean score was lowest for Cambados (1.69),
followed by Campelo (2.20) and Redondela (2.07). Fishers in
Campelo were more vulnerable than fishers in Cambados and
Redondela (KW = 10.18, df = 2, p-value = 0.006).

Captures of the daily quota also differed between shellfisheries
(Chi-square =28.8, df = 2, p= 0.00, Figure 4C); fishers in
Redondela tended to not capture the full daily quota. The
fishers in Cambados explained that their income had increased
in the last 10 years, but fishers in Campelo and Redondela
perceived that their income had decreased, or it had not
changed (Chi-square =66.56, df = 2, p= 0.00, Figure 4D). This
was mainly due to the increasing abundance of Manila clam and
pullet carpet shell in Cambados, relative to the other
shellfisheries. In addition, most fishers in the three areas
Frontiers in Marine Science | www.frontiersin.org 8
anticipated that their income would decrease due to the
impacts of climate change on the shellfishery system (Figure 4E).

The Diversity of Adaptive Responses to
Climate Change
In general, fishers tended to focus on catching more abundant
species when they did not capture their full daily quota. When
asked about social-ecological changes, fishers tended to reduce
household expenses and to ask for family or public financial aid.
In a scenario of decreasing income, most fishers answered that
they would keep working in shellfisheries. However, some fishers
suggested other strategies to deal with the lower-income
situation: to apply for government aid, to catch new species, to
find a better job or to retire.

More than 50% of fishers in Campelo and Redondela declared
they would abandon shellfisheries if their income decreased. Fishers
would abandon shellfisheries if income decreased to average
values of 548 € in Cambados (minimum 300 €/maximum 800 €),
TABLE 2 | Situations and adaptation strategies cited by fishers in each study area: Cambados, Campelo and Redondela.

Situation/adaptation strategies Area Citations (total)

Cambados Campelo Redondela

Daily catch limit achievement
Focus on higher value species 3 23 14 40
Focus on more abundant species 2 18 21 41
Focus on species easier to catch 2 16 11 29
Other strategies 3 1 0 4
No strategy/No answer 5 17 17 39

Social-ecological changes – Fishers
Other formal activity 6 13 7 26
Informal activity 2 16 6 24
Greater social involvement 22 17 13 52
Lower social involvement 2 2 5 9
Reduction of household expenses 24 33 24 61
Increase household expenses 1 7 3 11
Other strategies 1 2 0 3
No strategy/No answer 6 9 1 16

Social-ecological changes – Family
Abandonment of children’s further studies 0 1 0 1
Incorporation of children in shellfisheries 2 4 1 7
Incorporation of husband/wife in shellfisheries 0 1 2 3
Family or public financial assistance 1 17 2 20
Loans 5 13 1 19
Migration 1 2 0 3
Other strategies 5 4 4 13
No strategy/No answer 10 11 17 38

Decreasing income scenario
Keep working on shellfisheries 26 11 11 48
Change target species 15 7 10 32
Change to another fishing activity 4 3 4 11
Change to a different occupation 1 16 7 24
Migration 0 4 1 5
Other strategies 0 0 6 6
No strategy/No answer 2 3 1 6

Forced to abandon shellfishing activity
Change to another fishing activity 11 11 5 27
Change to a different occupation 12 25 17 54
Other strategies 14 3 4 21
No strategy/No answer 12 3 0 15
May 2022 | Volume 9
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TABLE 3 | Socioeconomic and fishery aspects of shellfisheries in three study areas in Galicia: Cambados, Campelo, and Redondela. N, number of fishers; µ, Mean; ±,
standard deviation. Main species landing = percentage of landing species (on foot + on boat).

Socioeconomic and shellfishery aspects Fishing Guilds

Cambados (N=65) Campelo (N=125) Redondela (N=55)

Age (µ years) 51 ( ± 8.3) 46 ( ± 9.2) 48 ( ± 8.8)
Schooling (µ years) 18 ( ± 2.8) 14 (± 2.6) 15 ( ± 2.8)
Fishing experience (µ years) 15 ( ± 10) 11 ( ± 12.7) 15 ( ± 14.6)
Number of people per household 3.4 3.5 3.5
Number of household members employed 1.3 1.6 2
Participation in shellfishery association (%) 20 2 17
Mortgage payment (%) 34 52 24
Social security benefitsa (%) 41 50 52
Main species landing (%) Manila clam (41) Cockle (36) Manila clam (40)

Cockle (28) Manila clam (26) Cockle (35)
Grooved carpet shell (18) Pullet carpet shell (22) Pullet carpet shell (18)
Pullet carpet shell (12) Grooved carpet shell (16) Grooved carpet shell (8)

aSocial security benefit was calculated on the basis of the average value of the total number of months during which fishers received public assistance during the last 10 years. For the three
areas, the median value was around one month. Thus, we considered one month as key assistance to the fishers for this region.

Villasante et al. Climate Change and Small-Scale Fisheries
606 € in Campelo (minimum 300 €/maximum 1000 €) and 438 €
in Redondela (minimum 200 €/maximum 700 €). In addition to
an unprofitable situation, fishers would abandon shellfishery
activities due to illness, retirement or better job opportunities.
The alternative occupations cited by the fishers if they had to
abandon shellfisheries were similar between areas, with
construction, teaching, politics, nursery, agriculture and tourism
being the most common alternatives. In addition, fishers from the
three areas cited economic issues and lack of education as
Frontiers in Marine Science | www.frontiersin.org 9
important in regard to starting a new activity if they were
forced to abandon the shellfisheries. Social-ecological aspects,
such as the status of fishing resources, ecosystem conditions
and management issues, were cited as main needs only in
Campelo and Redondela.

The average LMM explained around 45% of the variation in
the diversity of adaptive responses offishers, and included area as
a random effect, fishers’ economic vulnerability, age and
dependency on shellfishery income as the most important
FIGURE 3 | Fishers’ perceptions about the abundance of key commercial shellfish species.
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explanatory variables (Figures 5A, B). Higher economic
vulnerability was associated with higher adaptation (p-value =
0.03, Figure 6B). The age of the fishers was inversely related to
adaptation (p-value = 0.02, Figure 6A). Fishers who were more
dependent on shellfisheries, earning more than 75% of income
from shellfisheries (p-value = 0.00, Figure 6C) and fishers from
Cambados (p-value = 0.00, Figure 6D), were less adaptable to
changes in their social-ecological systems. Social involvement,
household size, financial assistance and fishers’ educational level
Frontiers in Marine Science | www.frontiersin.org 10
were not significant explanatory variables in regards to the
diversity of adaptive responses of fishers.
DISCUSSION

The effects on fisheries of observed and expected changes in
climate are usually spatially and socially differentiated. Individuals
and groups have faced risks of climatic hazards and other
A B

D

E

C

FIGURE 4 | Shellfishery dependency on (A) fishers and (B) households, and fishers’ perceptions on (C) the capture of daily quota, (D) income trends (in the last 10
years), and (E) consideration of future climate change scenarios by area.
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anthropogenic factors and they have historically been able to
adapt and will continue to do so as climate is part of the wider
environmental seascape of coastal development. Furthermore,
human vulnerability to climate change may act as a driver for
adaptive management of fishery resources (Adger, 2010).

In this section we discuss the most plausible reasons for the
economic vulnerability and social adaptation strategies to further
advance understanding of fishers’ responses to tackle impacts of
climate change.

Fishers Are Highly Dependent on
Shellfishing, But Also Vulnerable
Depending on Financial Assistance,
Experience and Size of Households
Our first key finding was the strong dependence of the fishers on
shellfishing in the three study areas (Cambados, Campelo and
Redondela), as fishers earned more than 75% of their monthly
income from shellfishing. However, fishers depended on
obtaining private loans and public financial assistance from the
regional government when income from shellfish harvesting was
not sufficient for subsistence.

The study findings also demonstrated that higher economic
vulnerability was closely correlated with less fishing experience
and the size of households. This is consistent with the findings
Frontiers in Marine Science | www.frontiersin.org 11
reported by Barnes et al. (2020), who found that past experience
was positively associated with willingness to develop adaptation
strategies. Fishers with a long experience in working in
shellfisheries have had to deal with different situations in the
past, developing a diverse portfolio of solutions in their social-
ecological memory. This greater vulnerability of the harvesters
with less experience could discourage young people from engaging
in shellfishing. As supported by the FAO (2015) in Voluntary
Guidelines for Securing Sustainable Small-Scale Fisheries,
promoting government measures to economically incentivize the
engagement of new people in fishing (shellfishing) activities must
be highly prioritized, not only to facilitate the social-ecological
memory and traditional knowledge through the current and future
generations, but also to maintain the young population in coastal
communities within the context of few labour opportunities.

Furthermore, lower economic vulnerability was related to a
greater number of households members, because diversifying
incomes from other activities (namely from small-scale and
industrial fishing sectors) helped in the adaptation to climate
change. Indeed, the rest of the household members generally
provided complementary income from other public sources of
income (e.g. public pensions for retirement, etc.). This is
consistent with the findings of Green et al. (2021), who
conducted a global meta-analysis to analyze impacts of climate
A

B

FIGURE 5 | (A) Coefficient estimates ( ± 95% CIs) showing the magnitude and direction of effects of predictors on the diversity of adaptive responses of fishers,
(B) bar chart showing variable importance scores for the effect of each predictor. The score varies from zero (less important) to one (more important). ShellDep
between 50 - 75% denotes that dependency on income from shellfisheries is between 50% and 75%, ShellDep >75% denotes that dependency on income from
shellfishing is higher than 75%. Significant variables are shown in blue. Non-significant variables are indicated in red.
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change in SSFa and found that diversification of income was one
of the key factors involved in developing diverse adaptive
responses. However, in the case of Galician shellfishers, greater
diversification of activities would not necessarily improve the
status of fishers, given that once a certain economic threshold
was reached, the fishers would be able to abandon shellfishing.

Our modelling results also predicted that economic
vulnerability would be highest amongst shellfishers who were
not involved in the associations. In general, our research shows
that fishers perceived an improvement in the organization of
their shellfishers associations. A higher involvement in the
organization of shellfishers’ associations allowed for a greater
Frontiers in Marine Science | www.frontiersin.org 12
exchange of information on the state of the natural banks and,
ultimately, led to a better socialization of the impacts of climate
change. Notably, shellfishers were aware of the stronger impact
of diseases and deterioration of the natural environment and
worse meteorological conditions in the ecosystems.
Realizing Economic Thresholds Helps to
Develop More Effective Fisheries
Management
Our second key finding was the empirical demonstration, for the
first time, that shellfishers’ incomes must be higher than 438-606
A B

D

C

FIGURE 6 | Predictor effect of the variables from the averaged model to the fishers’ adaptation to regime shifts: (A) fishers’ age, (B) fishers’ economic vulnerability,
(C) dependency on income from shellfishing, and (D) area (area where fishing takes place).
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€ per month to maintain the activity and cover fixed costs. More
experienced fishers stated that they would abandon the
shellfisheries earlier, which may be linked to avoid loss of
income (Marshall et al., 2013).

Nevertheless, more than half of shellfishers in the three areas
indicated that they would not abandon the shellfish activity,
indicating the deep cultural roots of this activity. The recent
increase in the minimum salary in Spain (from 707,7 € in 2017 to
965 € in 2021) (Ministry of Labour and Social Economy, 2021)
could change the perception of the fishers about the minimum
income needed to maintain the activity. Taking into account the
trend of future increases of minimum salary, abandonment of the
fishery seems to be the most likely reaction in the medium term,
considering the current quotas and trends of declining catches
and abundance of most of commercial shellfish species (Pita
et al., 2019; Domıńguez et al., 2020; Domıńguez et al., 2021;
Vázquez et al., 2021).

Our result is important because management strategies that
explicitly include thresholds and integrating them into fisheries
management policies have been shown to be more effective in
achieving public policy goals than strategies that do not consider
explicit thresholds (Kelly et al., 2014). Identifying economic
thresholds can be extremely useful to detect early signals of
regime shifts, traps or collapses, which also help to create new
windows of opportunities to successfully navigate into new
desirable transitions and states of shellfisheries before tipping
points are reached (Biggs et al., 2009). Investigating social and
economic thresholds are key to better understanding the
adaptability of shellfishers to deal with climate change (Adger
et al., 2009). However, it is important to highlight that limits to
adaptation are endogenous in societal groups and hence also
contingent on values, knowledge, attitudes to risk, ethics, and
local culture, which can change over time (Adger, 2010;
Villasante et al., 2021).

Fishers Adapt to Climate Change by
Harvesting Available Species and
Complementing Shellfisheries’ Income
With Other Activities
The third key finding provides evidence that adaptation
strategies developed by Galician shellfishers tended to focus on
harvesting the most abundant and economically valued species
as the key measure to deal with climate change impacts. Our
results also show that fishers adapted their individual behaviour
to changes in environmental conditions by reducing household
expenses and complementing shellfish with other formal or
informal jobs to compensate for the economic losses. Both
individual strategies would help to build resilience and
adaptive capacity to deal not only climate change impacts, but
also social-ecological shocks and crises such as the current
COVID-19 pandemic, which has negatively impacted Galician
shellfisheries by reducing their volume (-27%) and value of
landings (-18%) (Villasante et al., 2021).

These results are consistent with those of Savo et al. (2017),
who recently conducted a global meta-analysis of the
observations of coastal subsistence-oriented fishers on climatic
Frontiers in Marine Science | www.frontiersin.org 13
changes, and found that diversification is the most frequently
reported adaptation strategy. At the most fundamental level,
people select the available opportunities and options in relation
to their personal skills and available or those that they can, afford
or use.

Fishers Collectively Adapt to Climate
Change by Increasing Their Involvement in
Shellfishers Associations
The fourth key finding was the tendency of an increase in the
social involvement of fishers in shellfishers associations. Our
result is important because Galician shellfishers’ associations
have been experiencing a notable reduction in conflicts and
mistrust between the administration and the shellfisheries sector,
favouring consensus in most decisions concerning shellfishing
activities (Pita et al., 2019; Villasante et al., 2021). The current co-
management system in Galician shellfisheries entails the
empowerment of fishers (especially women) (Pita et al., 2019),
which occurs when sustainable management of the fishery
resources becomes possible (Jentoft, 2005; Villasante et al., 2021)

Our result is also consistent with the fact that fishers’
participation has been found to be a key pillar in a good
governance system that renders social-ecological and
environmental sustainability in other shellfisheries in Galicia
(Aguión et al., 2022). Social trust and cooperation between
agents, which are essential factors for a successful government
of common resources (Ostrom, 2009), have been improved since
fishers provide data and participate in monitoring programs and
in designing exploitation plans.

People become empowered when they act together to form
organizations and when they acquire rights and responsibilities
in fisheries management (Jentoft, 2005). As Pomeroy and
Viswanathan (2003) stated, successful co-management systems
and meaningful partnerships can only occur when the fishing
community is empowered and organized, and all participants
can take advantage of short and long term benefits of
cooperation. The awareness of the need for co-management
leverages partner contributions, especially when the sense of
urgency increases as a consequence of any crisis (Rey-Garcıá
et al., 2019). Fishers who share common objectives, values,
beliefs, and who trust in each other and in the group, have a
better chance of realizing resilience and co-management
(Grafton et al., 2019). Their adaptability to changing
circumstances will be also greater because co-managers will be
more willing to compromise with the group. This involvement
facilitates capacity building to deal with the new challenges,
reducing the cost of opportunistic behaviours (Jentoft, 2005).

Trust in specific measures adopted by the government may
inhibit adaptive behaviour, which may put fishers at risk from
climate-related hazards (Baan and Klijn, 2004). Given that co-
management of fisheries also requires a wide range of expertise,
experience and skills, Galician fishers would benefit from the
social involvement in carrying out actions towards improving
climate change planning and capacity building. This could
translate into learning economies and provide opportunities
for the members of fishing communities to put forward ideas
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and to adopt plans that are in line with local needs, abilities and
interests (Wiseman et al., 2009).

Considering Local Fishers Knowledge
Helps to Disentangle Social Adaptation
Strategies
Another key result from our study is that local fishers and
associations have been proactively confronting impacts of
climate change. Our study contributes to giving an explicit
consideration of fishers’ views, perspectives and rights of local
communities, their knowledge and understanding of ecosystems,
and their desired future development pathways to deal with the
impacts of climate change. In particular, this study highlighted
that shellfishers in Galicia have also perceived increases in
mortality of species, increased amounts of seaweeds on beaches
and a greater presence of parasites in the intertidal zones.

When trying to adapt to these changes, our research showed
(a) an increase in the medical sick leave from the beginning of
shellfishing activity, (b) greater difficulties in obtaining
shellfishing permits, (c) growing pressures from external
poaching and (d) in some fishing guilds, an increase in the
black market for shellfish. Fishers also demonstrated strong local
environmental knowledge and awareness about the impacts of
climate change on their activity, which is also consistent with
previous research (Shaffrill et al., 2017; Pita et al., 2020). Our
findings also showed that all fishers agreed with the expert
opinion (Peteiro et al., 2018; Domı ́nguez et al., 2020;
Domıńguez et al., 2021; Vázquez et al., 2021) about the new
scenarios of climate change for the future of shellfish, and noted
that these scenarios would be negative for their activity.

These findings contributed to show the diversity of responses
led by local communities and the extent to which local
knowledge-based measures may be transferable and beneficial
across villages, cultures and environmental conditions (Forsyth,
2013). Successful adaptation to impacts of climate change are
more likely when efforts are directed at promoting knowledge
generation and the maintenance of different knowledge systems,
including in the sciences and local knowledge, regarding
shellfishing resources and their sustainable uses (IPBES, 2019).

Does Diversity of Adaptive Strategies Help
to Build Social Resilience?
Socio-economic resilience of fishing communities refers to how
they are able to maintain their livelihoods and desired ways of
living, after undesirable shocks (Grafton, 2010). Adaptive
fisheries management allows policy makers and the fisheries
sector to be more effective ex-post in an increasingly uncertain
world, while resilience provides guidance about how to manage
fish stocks, ecosystems and people to adapt to undesirable shocks
and crises ex-ante (Grafton et al., 2019).

Substantial management efforts are usually made to reverse
undesirable changes, but most of these are very costly as they are
implemented after shifts, traps or collapse take place, but not
before them. Strategies that could be helpful in promoting
resilience in a biophysical and socio-economic sense usually
include lower rates of fishing mortality, larger exploitable
Frontiers in Marine Science | www.frontiersin.org 14
biomass of targeted species, and increased ‘no take’ areas,
which may provide a buffer stock in the face of unexpected
shocks (Grafton and Kompas, 2005).

In general, how individuals and communities adapt to climate
change depends on a diverse range of social-ecological factors
including social norms and values, local environmental
conditions, socio-economic status and processes of
marginalization and inequality (Savo et al., 2017). However,
focusing on only a few species such as the Manila clam, which
is more resistant to changes in environmental conditions
(Domıńguez et al., 2020; Domıńguez et al., 2021; Vázquez
et al., 2021), can be a high-risk adaptation strategy. Manila
clam (native to the Pacific), was introduced for culture in
Europe in the 1970s because of its high adaptability (Latrouite
and Claude, 1976; Pérez-Camacho and Cuña, 1985; Drummond
et al., 2006). The increasing market pressure due to a greater
national and international demand for seafood is driving
shellfishers to seed this species artificially thus increasing its
abundance (Pita et al., 2019; Villasante et al., 2021).
CONCLUDING REMARKS: MOVING
FORWARD

The adverse effects of climate change on SSF have been predicted
to increase in the future. Although scientific research on impacts
of climate change has increased in recent years, few studies have
explored the social dimension of the problem, in particular in the
context of SSF. Our paper contributes to this research gap, and it
represents a first attempt to provide empirical evidence about
social adaptation strategies developed by shellfishers in Galicia.
Case studies, such as that presented here, are essential to building
resilience and collective adaptation to tackle impacts of
climate change.

Our finding shows that there is a strong economic
dependence on shellfishing, as fishers earned more than 75%
of their monthly income from the activity. We also demonstrate
that higher economic vulnerability was closely correlated with
less fishing experience and the size of households. Fishers with a
long experience in working in shellfisheries have had to deal with
different situations in the past, developing a diverse portfolio
of solutions.

The results of the study show that Galician shellfishers have
developed a wide range of adaptive strategies to anticipate and
respond to climate change, namely harvesting commercially
valued species with high ex-vessel prices and also harvesting
the most abundant species. Fishers have also adapted their
behaviour by reducing household expenses and complementing
their income from shellfishing with other formal or informal jobs
to compensate for the economic losses.

Although adaptive strategies have helped to deal with impacts
of climate change, several threats to the sustainability of
shellfisheries remain: the decreased abundance of key native
shellfisheries species and the high level of dependence on
public and private aid to ensure reasonable income for
shellfishers. In addition, the sector is dealing with the lack of
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generational transition to work in shellfisheries to ensure not
only revenues, jobs and young population in coastal
communities, but also to retain the traditional knowledge and
social-ecological memory of associated practices, experience
and values.

Key aspects such as enhancing social relationships, increasing
knowledge about climate change, improving alternative skills
and involving in adaptation planning are recommended to have
desirable outcomes regarding social adaptation. We believe that
our findings are of wide interest and relevance to other similar
SSF around the world facing similar climate change challenges.
We expect that the research we have conducted in this research
can guide future research and policy recommendations. Future
policy directions in management of these SSF should actively
involve shellfishers and include their traditional and local
knowledge. Such inclusion would help in the development of
more effective policies as it would incorporate understanding of
locally social adaptation strategies.
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Changing Times: Sustainability Transformations of Galician Small-Scale
Fisheries. Front. Mar. Sci. doi: 10.3389/fmars.2021.712819

Wiseman, J., Wlliamson, L., and Fritze, J. (2009). Community Engagement and
Climate Change: Learning From Recent Australian Experience. Int. J. Clim.
Change Strateg. Manage. 2 (2), 134–147. doi: 10.1108/17568691011040399

Woodin, S. A., Wethey, D. S., Olabarria, C., Vázquez, E., Domıńguez, R., Macho, G.,
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