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ARTICLE INFO ABSTRACT

Societies have adapted to climate and environmental variability throughout history. However, projected climate
change poses multiple risks to mariculture because of the increased frequency of environmental threats that lie
outside the realm of present day experience. Adaptive capacity evaluated in this study is a characteristic that
would reflect mariculture industries ability to anticipate and respond to these changes, and to minimize, cope
with, and recover from the consequences and take advantage of new opportunities arising from change. Drawing
on a survey to 90 mussel mariculture companies in Chiloe-Chile, we have characterized the way the industry has
adapted and recovered from specific stressors in productive capacity, namely; reduced mussel growth rates and
reduced larval supply. We additionally assess determinants of the mussel industry's willingness to invest in
building capacity to anticipate changes through analysing mussel aquaculture companies' assets to draw upon in
times of need (capital; access to credit), the flexibility to change strategies, the companies' perception of the
industry’'s social organization to act collectively (social capital), and their response to hypothetical scenarios
regarding shocks in productive capacity. Results show heterogeneity in production decisions when facing en-
vironmental stressors. Results also show that the industry adapts in heterogeneous ways and that financial assets
and social capital drive willingness to invest in adaptive capacity. Understanding past adaptation strategies and
the willingness of the industry to invest in anticipating stressors allows us to begin exploring the consequences of
new stressors. Importantly, as Chile and other countries are developing adaptation plans to face the multiple
stressors of climate change, information about stakeholders' existing adaptation strategies and their determi-
nants is becoming a critical bottleneck to inform these processes and assure they are in line with stakeholder
needs and interest. While we use the Chilean mussel industry as a working example, the approach presented can
inform other countries/regions wishing to explore the adaptive capacity of their aquaculture sectors.
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Human dimension

1. Introduction nutrition and therefore, to the indirect food security of many millions of

people (Allison, 2011; Béné et al., 2015). The rapid expansion of

Aquaculture is the fastest growing food production system in the
world (Asche et al., 2013; FAO, 2018a). In fact, aquaculture in the
ocean's coasts and estuaries has increased its production from 51.7
million tonnes in 2006 (FAO, 2008) to 80.0 million tonnes in 2016, of
which 17.1 million tonnes are molluscs (FAQO, 2018a). Based on current
per capita consumption targets and population growth trends, mar-
iculture has been proposed as the best means of satisfying the world's
growing demand for aquatic food products (Duarte et al., 2009). Mar-
iculture could contribute substantially to the income, livelihoods,

mariculture is taking place mostly in developing or underdeveloped
countries, areas that are highly exposed to human-induced climate
change and depend for a major part of their livelihood on resources
whose distribution and productivity are known to be influenced and
dependent on local environmental climatic and oceanographic condi-
tions (Handisyde et al., 2017; Allison et al., 2009; Allison et al., 2005).

Mariculture benefits are potentially reduced through the increases
in uncertainty that climate change brings (Barange et al., 2014). Vul-
nerability to climate change is often conceptualized as being made up of
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three dimensions: exposure to change (e.g. increases in ocean acid-
ification); sensitivity to change (e.g. how much mariculture would be
affected by ocean acidification); and the capacity to anticipate, respond
to, and recover from change (referred to as adaptive capacity) (Adger,
2006; Allison et al., 2009; Ekstrom et al., 2015). Studies indicate that
dimensions of exposure and sensitivity determine the potential impact
generated by a change, while the capacity for adaptation influences the
final impact on mariculture and society (Cinner et al., 2015). In addi-
tion, adaptive capacity relates to the capacity to recover from the losses
derived from climate impacts and exploits the new opportunities that
arise in the adaptation process (Allison et al., 2007).

Societies have adapted to climate and environmental variability
throughout history (Adger and Vincent, 2005). However, future climate
change projections for mariculture pose multiple risks due to environ-
mental threats presented with increasing frequency (Adger et al.,
2003). Adaptive capacity reflects the capacity of the mariculture in-
dustries to anticipate, modify and/or respond to the risks associated
with climate change and to minimize, confront, and recover from the
consequences, exploiting new opportunities arising from the adaptation
process (Adger and Vincent, 2005; Grothmann and Patt, 2005). In this
way, high levels of adaptive capacity would be associated to greater
chances to deal with the changes (Handisyde et al., 2017). After the
Fourth Assessment Report of the United Nations Intergovernmental
Panel on Climate Change (AR4 IPCC), scientific literature has estab-
lished a series of conceptual frameworks to deal with adaptive capacity
(Hughes et al., 2012; Cinner et al., 2015; Cinner et al., 2018). Many of
these frameworks consider breaking the concept down into dimensions,
such as assets, the role of flexibility, learning, and social organization
(Cinner et al., 2018; Hughes et al., 2012; McClanahan and Cinner,
2012). Establishing key dimensions has been helpful to assess potential
strengths and weaknesses in adaptive capacity (Hughes et al., 2012;
Cinner et al., 2018).

Mussel mariculture provides a unique setting for studying adaptive
capacity, it is a growing industry which is composed of small rural
producers and large-scale farms, in which production depends on nat-
ural supply of larvae and natural food availability (Kroeker et al., 2016;
Menge et al., 2009). Mussel mariculture is at risk of being affected by
multiple climatic stressors, such as variations in salinity, temperature,
reduced pH (Ocean Acidification), and dissolved oxygen and nutrient
(Range et al., 2014; IPCC, 2007). These environmental threats could
affect the life cycle of shellfish with adverse effects on their pro-
ductivity, viability, nutritional quality, or market value, which may
have relevant societal implications (Ponce Oliva et al., 2019; San
Martin et al., 2019; Cooley et al., 2011). Despite the growing body of
knowledge, considerable gaps still remain on the adaptive capacity of
mariculture, mainly: 1) our basic understanding of how mariculture has
devised local-scale adaptive strategies and how they can vary according
to different scales of operation (large mariculture enterprises, small
enterprises) and 2) understanding the determinants of the industry's
willingness to invest in building capacity (i.e., knowledge) to anticipate
for change.

Drawing on the previous adaptation experiences of the mussel in-
dustry in Chile, we characterized the way in which the industry has
responded and recovered from the stressors in productive capacity due
to reduced growth rates and reduced larval settlement. We additionally
determine industry drivers for investing in building capacity to antici-
pate change. We assess willingness to invest in building capacity to
anticipate changes through analysing mussel aquaculture company as-
sets to draw upon in times of need (capital, access to credit), the flex-
ibility to change strategies, the companies' perception of the industry's
social organization to act collectively (social capital) and their trust in
science. While we use the Chilean mussel mariculture sector as a
working example, the analysis can inform other countries/regions
wishing to explore the adaptive capacity of their mariculture sectors.
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2. Material and methods
2.1. Case study

Chile is currently the country with the highest growth rate in mussel
mariculture (FAO, 2016). From the early 1990s to 2012 production has
increased from 3000 to 257,800 tons, with a record year in 2017 ex-
ceeding 300,000 tons (FAO, 2017; FAO, 2018b). In addition, at the time
of this study, the mussel mariculture industry had suffered two im-
portant crises, one in 2009-2010, which related to the lack of micro-
algal food (Lara et al., 2016; FAO, 2017) and another between 2011 and
2013, a larval supply crisis, which caused a reduction in mussel harvest
of 18% between 2011 and 2014 (SSPA, 2014; Figueroa and Dresdner,
2016). Studies have also shown the potential detrimental impacts of
multiple stressors over mussel aquaculture under different acidification
scenarios (Gazeau et al., 2010; Bibby et al., 2008; Parker et al., 2013).

2.2. Research setting: mussel mariculture in Chile

In Chile, mussel mariculture began in 1943 in Quell6n, Chiloé
(Navarro and Gutierrez, 1990). In 1967, semi-intensive suspension
systems began to be used (Lépez et al., 2008). At the beginning of the
1980s, due to the growing demand, the private sector developed the
commercial cultivation of mussels (Diaz, 2010). Although the extrac-
tion of Mytilus chilensis dates from 1930-1940s, the development of
commercial scale cultivation began in the 1990s (Plaza et al., 2005),
with the arrival of Spanish capital that invested in processing plants and
the opening of international markets. These factors led the industry to
an exponential growth phase. Chilean mussel production is mainly
exported to Spain, the United States of America, Russian Federation,
France, and Italy (FAO, 2017).

Mussel production is divided into four stages: seed collection, grow-
out, processing and marketing or export (Gonzalez-Poblete et al., 2018;
Rivera et al., 2017). The mussel production cycle lasts between 14 and
20 months, beginning in the spring with the natural collection of larvae
in the estuaries of the Los Lagos Region. One hundred percent of the
seed uptake process is obtained from the natural environment by arti-
sanal fishers, who act as aquaculture entrepreneurs (Fernandez et al.,
2018; Saavedra Gallo and Macias Vazquez, 2016). Competent plank-
tonic larvae are collected with suspended artificial substrates through
ropes that hang from buoys at different depths in the water column and
deployed in areas of high larval availability (Lara et al., 2016;
Avendano et al., 2011). Then, these ropes are transferred to different
areas to the culturing systems for fattening and growing around
12-18 months in relation to environmental conditions and food avail-
ability. The processing stage corresponds to the cleaning and packaging
of the raw material received from the growing sites, to be sent to the
final markets (Diaz, 2010). The final product can be marketed in several
ways, including fresh, frozen, ice-packed, vacuum-packed or cooked
and processed. Exported products come in a frozen form, either shell-
on, in half a shell, or as individually quick frozen (IQF) meat (Monfort,
2014).

Most of the mussel mariculture in Chile is developed on the inner
sea of Chiloé (Gonzalez-Poblete et al., 2018; Figueroa and Dresdner,
2016; Ferndndez et al.,, 2018). This activity is subject to multiple
sources of variability, including environmental and anthropogenic
disturbances (Barria et al., 2012; Goldburg et al., 2001). In addition,
previous studies have indicated that phytoplankton biomass and sea
surface temperature can alter larval supply and growth rate (Lara et al.,
2016; Figueroa and Dresdner, 2016). Although hatchery technology is
available, it is seldom used due to the high cost/benefit ratio.

Each stage of production is carried out by specialized actors, in this
research, we focused exclusively on actors involved in the growth
production phase. These actors depend both on the supply of larvae, as
they have to buy it from suppliers, and on the environmental condi-
tions, which determine growth rates. This activity is also most likely



V.A. San Martin, et al.

|
74°00'W

Calbuco=3

42°00's

42°30°S

43°00°S

Quellén =4

50 km

Fig. 1. Map of the Region of Los Lagos study area. Different areas (n = 7) where
surveyed and questionnaires were distributed among producers: small n = 25,
medium n = 43 and large n = 17. Two interviewees did not give information
about the total production per season and were not considered in the data set
(final sample size: n = 85).

subject to market fluctuations (demand and prices). In addition, actors
involved in the growth production phase are the most heterogeneous in
the production chain and can range from small producers to large ones
(Fernandez et al., 2018).

2.3. Field methods

Data collection was conducted on the island of Chiloé (42° 40’ 36” S;
73° 59’ 36” W) (Fig. 1) over the period from November 2014 to Feb-
ruary 2015 through face-to-face interviews with mussel farmers, with a
total of 87 questionnaires answered.

Interviewees informed about their total production per season and
self-classified into groupings according to production. Interviewees
were classified into 3 groups as: small, with a total production of <
400t / season, medium, with a total production between 400 t/season
and 1350t / season, and large, with a total production of > 1350t /
season.

2.4. Survey

Through information obtained from semi-structured interviews with
key representatives of the mussel industry, we designed and adminis-
tered 87 surveys (out of 148 nationwide firms), between November
2014 and February 2015, to firm representatives. The survey was tested
through one pilot study (10 observations). The final version of the
survey included four sections.

1. Perception: This section provides information on the main impact of
different environmental and social factors. For this evaluation, a list

Agquaculture 519 (2020) 734856

of potential threats was used, asking the producer: How important
are these threats to your business? A scale of 1 to 10 score was used,
where 1 is not important and 10 is very important.

I1. Past responses to perturbations: Here, we asked about the past re-
sponses to two specific disturbances in the following way: (1) Do
you consider that the food crisis (under nutritional supplement by
phytoplankton) that affected fattening in 2009/2010 harmed your
business? and (2) Did the crisis of reduction of seeds presented in
the year 2012, damage your business? Both were closed questions
with two options: yes or no. Furthermore, we also asked: (3) What
were the main effects on your business? and (4) What were the
measures taken after these crises? Both corresponded to open-ended
questions.

I11. Contingent behaviour: Here, we asked what would their reactions be
in the presence of two different hypothetical scenarios. The sce-
narios are used for several reasons, including helping us explore the
ability of people to anticipate change and to develop strategies to
respond (Cinner et al., 2011). The mussel producers were asked
what they would do in response to (1) 50% declines in their normal
production and (2) 50% decrease in the international market price.
For the answers, there was a list of possible options to choose from,
among them the option of “other” was considered (if your answer
did not match the mentioned options). In addition, the interviewee
was consulted about the time the centre was willing to remain in
production during the chosen situation.

IV. Relations between different adaptive capacity dimensions and
Willingness to pay for early warning program: This section defines
adaptive capacity through five dimensions related to:
Assets = financial, technological, and service resources that people
have access to (Cinner et al., 2018); Social Capital = reflects the
organization to allow (or inhibit) cooperation and the exchange of
knowledge for the collective good (Moser and Stein, 2011);
Agency = capacity that peoples have to freely choose how to re-
spond to events that affect their lives (Bandura, 2000); and Flex-
ibility = this dimension reflects opportunities for switching be-
tween adaptation strategies and captures the diversity of potential
adaptation options available as well as the capacity to shift into
different occupational sectors. These dimensions determined the
willingness to invest in the anticipating of change (Learning), es-
sential capacity of knowledge construction, and learning to gen-
erate and process disturbance information, evaluating possible an-
swers (Badjeck et al., 2010). Finally, through contingent valuation
(CV), we evaluated the industries willing to pay (WTP), a positive
amount of money, for a hypothetical program that could provide an
early warning signal to the industry, which would aid in antici-
pating changes in the marine environment.

CV uses questionnaires to elicit economic agents' WTP for a good or
service, creating a hypothetical market in which people can declare
their preferences for the good. There have been thousands of CV ap-
plications in diverse areas of economics; the main results have been
summarized in numerous publications on theoretical and empirical is-
sues (Bateman et al., 2001; Carson et al., 2003; Hoyos and Mariel,
2010).

Econometric specification: Each industry representative was asked
about the maximum amount of money that she/he would be willing to
pay (WTP). A regression between WTP and the set of explanatory
variables described above was performed. As the dependent variable is
truncated at zero (we cannot observe values lower than zero) the
maximum likelihood estimator was used. Using the traditional ordinary
least square regression would bias the estimates. This model is known
as the TOBIT model in econometrics, (Amemiya, 1984). The equation
estimated is:

W= ﬁlxi + U (1)

where y; is the individual's WTP, i = 1,2...,N denotes individuals; x; is a
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Fig. 2. Mussel producers' perceived level of importance on different threats. Dark circles show environmental threats and grey circles social threats. Bars represent

the mean + SE.

vector of explanatory variables, and u; is an error term with mean zero
and variance o> Eq. (1) is identical to the multivariate regression
equation, but we need to consider that the dependent variable can only
take nonnegative values and that we will have two types of re-
spondents, those that have a positive WTP (y; > 0) and those whose
WTP =0 (y; = 0).

Therefore the maximum likelihood function is given by:

o F 2]

j=1

Where d; takes the value 1 if y; > 0 and 0 if y; = 0. Moreover, ()
is the standard normal density function and ®(") is the corresponding
cumulative distribution function. By maximizing the likelihood func-
tion it is possible to estimate both parameters of interest (f and o).

3. Results
3.1. Perception

The threats with the highest level of importance for producers are
associated with environmental stressors (Fig. 2) related to the main
crises experienced in aquaculture: plankton supply and larvae supply
(over 85%), followed by red tides and pollution (80-85%). On the other
hand, the social threats are viewed as secondary nuisance, with only
5-80% of the respondents classifying them as a threat.

3.2. Past responses to perturbations

When consulting the different groups of producers on the phyto-
plankton crisis of the year 2009 (decrease in food by phytoplankton),
most of them suffered effects (Fig. 3a). Small producers were the most
affected (91,67%) (Fig. 3a). Considering only the producers that were
affected, 65% delayed the harvesting and 35% decreased their pro-
duction (Fig. 3b). On the contrary, for the medium and large groups of
producers, the main response to the crisis was decreasing their pro-
duction followed by delaying the harvesting date.

In the face of the 2009 crisis, producers responded and managed the
uncertainty of stress differently. Forty seven percent of total

respondents indicated that the main action was to sell the available
products and save money and assets to invest the following year
(Table 1). However, 34.67% simply extended the growth phase, while a
smaller percentage (15%) decided to abandon the activity until next
season.

3.3. Contingent behaviour

The contingent behaviour of producers against hypothetical sce-
narios of possible decrease in the international market price (50% de-
crease) showed that the main response is to intensify production (over
40%), then continue with the activity for a certain number of seasons
(mainly 2-3 season) and to a lesser extent (close to 20%) to retire or
change activity (Fig. 4a). While, for the scenario of a 50% decrease in
production, the producers clearly responded to continue with the ac-
tivity (over 60% of the answers, mainly in the second season), close to
30% retired or performed another activity, and a small percentage
(< 10%) intensified its activity (Fig. 4b).

3.4. Relations between different dimensions and willingness to invest in
adaptive capacity

We examined a total of five indicators representing adaptive capa-
city that were derived largely from the broader economic and policy
landscape (Table 2). Our results show that producers (regardless of
their size) adapt in a heterogeneous way, where financial assets sti-
mulate the willingness to invest in the capacity of adaptation. As
Table 2 shows, the variables with statistical significance, explaining the
WTP are related to assets and agency.

The size of the producer is one of the relevant characteristics that
make a significant difference when choosing to invest in adaptation
measures, the larger the producer, larger the probability of paying for
the early warning program. Regarding agency, responses to a price
decrease are statistically significant, meaning that those producers that
decided to stay in business after a price shock have larger WTP for the
early warning program. This suggests that producers are willing to in-
vest more in measures instead of waiting for the harvest till the market
price recovers. Historical response to crises also explains the WTP.
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Fig. 3. a) Percentage of respondents that were affected by the phytoplankton crisis in 2009. (b) Effects of the crisis of 2009 in different groups of producers:

S = small, M = medium, and L = large.

Producers that delay their production in 2009 display a higher WTP,
indicating that those who have already faced the cost of a crisis are
WTP more to avoid it. Finally, the mean WTP for a research program is
around USD $1000 (CLP $674,000), while the median is slightly
smaller (USD $920).

4. Discussion

Adaptations have stimulated and favoured innovation, allowing
societies to overcome challenges (Cinner et al., 2018). This ability to
adapt reflects the ability of a society to anticipate and face change
(Adger and Vincent, 2005). Previous research emphasizes that the ca-
pacity of adaptation is determined by the availability of financial ca-
pital (Hinkel, 2011). However, it is necessary to have both the will-
ingness and the ability to transform resources into an effective
adaptation strategy (Coulthard, 2012). Here, we build on the adaptive
capacity literature linking 1) future hypothetical scenarios of climate
change with 2) past experiences in the mussel culture industry, al-
lowing creating a base of reference on the current capacity of the in-
dustry to anticipate and develop response strategies.

Chilean mussel producers are exposed to climatic threats, which can
affect their profitability directly by reducing larvae and phytoplankton
or indirectly by altering operating costs related to the inputs used in
mariculture. Importantly, our study shows that producers are devel-
oping a suite of adaptive responses to these stressors. Qur results in-
dicate that the producers perceive environmental stress as the main
threat to the industry, possibly due to events that occurred in the past,
such as the decrease of food (phytoplankton) and mussel seeds. A si-
milar effect was reported by Adams et al. (2011), evidencing that
producers feel more vulnerable to possible environmental stress events
if they have been previously affected. The negative experiences that
have impacted the industry have forced producers to take measures,
which respond a priori to a negative event (Barton et al., 2012), in order
to achieve a sustainable activity over time. In addition, when we
evaluate the contingent behaviour of producers against hypothetical
scenarios, they demonstrate to be optimistic from the environmental
point of view, continuing in the industry (~ 70%), behaviour of a so-
ciety that reflects an initiative to learn and develop knowledge when
confronted to change and uncertainty (Carpenter and Gunderson,

Table 1
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Fig. 4. Mussel producer's response to contingent behaviour exercise for (a) 50%
decreases in price and (b) 50% drop in yield.

2001). However, from an economic point of view, they turn out to be
pessimistic to the point where they stop participating (~ 20%) and sell
their production when they feel the crisis.

The analysis of the different domains of adaptive capacity as de-
terminants of WTP to anticipate change, showed that the key domains
are: learning, assets and agency. We can consider that the learning

Main responses of mussel producers when confronted with the lack of plankton and consequent mussel growth crisis in 2009 (past responses to perturbation).

Response

% Respondents

Stopped participating: Sold as soon as crises was felt and retired for 1 season

Decreased harvest: Continue in the industry by selling what was available. Save money to re-invest following vear (Risk Adverse).
Delay harvest: Continue in the industry by waiting until mussels grow, in order to sell at larger sizes, assuming costs associated with delay (Risk-acceptant).

15.29
47.05
37.64
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Table 2
Regression on factors, which determine willingness to invest in anticipating change (capacity to learn).
Variable Description Coefficient ~ Std. error T P
Assets: Small Producer Binomial: 1 = small size producer (< 400 t/season) and 0 = other sizes —50.87397 1253741 —4.06 0.000
Assets: Medium size Producer Binomial: 1 = medium size producer 400-1350 t/season) and 0 = other —27.3549 11.0499 —2.48 0.016
sizes
Social Capital: Invest in collective action for Binomial: agreeing to act collectively to standardize quality protocols: —1.286959 1.372837 —-0.94 0.352
standardization in industry 1 =grade > 5and 0 = grade < 5
Agency: Contingent response to production decrease Binomial: Staying in the business after a production decrease (1). —14.71723 10.58502 —-1.39 0.169
Agency: Contingent response to price decrease Binomial: Staying in the business after a price decrease (1) 19.40761 10.01869 1.94 0.057
Flexibility: Invest in quality standards as market Binomial: Agreeing that investing in quality standards is positive (1). —9.570078 9.322577 —1.03 0.308
diversification
Flexibility: current off-sector diversification opportunities Binomial: Having an alternative occupation (1). 11.41318 9.06827 1.26 0.212
Agency: Historical Response to crises Binomial: response to phytoplankton crisis in 2009, 1 = decreased —23.90706 8.923296 —2.68 0.009
production and 0 = delayed harvesting
Constant 58.03282 15.54569 3.73 0.000

incorporated by the producers after living a crisis shows that large
producers are more willing to invest in anticipating change. This would
probably be related to larger producers being expected to have more
resources to invest, since having more assets could be used to help
them to anticipate an event with negative effects on their production.
This has been mentioned previously in the literature by Cinner et al.,
2018 and Fenichel et al., 2016, where assets can be chosen to help in
times of need. Additionally, having more assets also implies greater
risk, as they have more to lose during an external shock (crisis), thus the
potential cost of not investing is also high. Moreover, the agency in-
dicators presented under the price decrease scenario and historical re-
sponse to crises proved to be statistically significant. The first one in-
dicates that the producers who stayed in the business after a price
decrease have a higher WTP for the research program, whereas the
second one indicates that those producers that delay their production in
2009 display a higher WTP. For both cases, this may indicates that
those producers that already faced the cost of a previous crisis have
increased awareness and are willing to invest to anticipate change.

Learning to adapt to the events generated by climate change requires
an investment in research that will help evaluate potential risks and pat-
terns of climate change and reduce losses in aquaculture. Research has
shown that access and availability to science has helped shellfish farmers
identify and avoid some of the consequences of ocean acidification, in the
Pacific Northwest (Ekstrom et al., 2015; Brooks et al., 2005). Considering
the analysis of adaptive capacity through the different domains, Cinner
et al., 2018 mentions that learning can only allow adaptation when other
domains of adaptive capacity, such as agency, flexibility, and social or-
ganization are sufficiently developed. Our results show that those who
invest in domains of assets and agency are the same ones who are willing
to invest in the early learning program.

Our results suggest the need to design some type of innovative fi-
nancial scheme to pay for the science, which can provide early warning
signals to the industry. The program could take many forms and the
determinants for the WTP could provide a starting point to design a
scheme that will probably need government and private investments,
but could also benefit from a kind of derivatives market (Caballero
et al., 2002; Little et al.,, 2014) or insurance mechanisms (Sainsbury
et al., 2019). Such markets would allow parties with different toler-
ances and expectations about risks to transact for their mutual benefit
and, in so doing, finance early warning adaptation programs (Little
et al., 2015). Future research is necessary to scope the ways in which
these systems could operate for the Chilean mariculture sector, ensuring
equity and justice.

Climate stressors will continue to affect the mussel industry, as
evidenced by a critical event of red tide in 2016 (Mascarefio et al.,
2018; Fernandez et al., 2018). The intensity presented in the 2016 red
tide was unprecedented (Cabello and Godfrey, 2016). The mussel in-
dustry suffered great economic losses (Clement et al., 2016), associated
to extraction prohibitions (Bustos and Romdan, 2019) and the

implementation of adaptation plans became evident. Opportunities that
could be embraced to develop these adaptation plans are the National
Adaptation Programs of Action (NAPAs) which are being funded by the
World Bank/ United Nations Environment Program Global Environ-
ment Facility. These plans will need to include further knowledge of the
industries heterogeneous responses, determinants of the industries en-
gagement in adaptation strategies and possible new financial mechan-
isms to finance mariculture adaptation science.

5. Conclusion

Here we have shown that the historical response of mussel produ-
cers who were affected by past crisis (i.e. 2009) and responded by de-
creasing their production, have high WTP to anticipate further crisis
through the development of scientific knowledge. The need to develop
adaptive capacity to environmental changes will continue to grow and
depend on multiple domains. Approaches such as the one presented
here can provide a better understanding of the role of these domains
and therefore aid in the design of adaptive capacity programs.
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