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A B S T R A C T

Ocean acidification (OA) is one of the largest emerging and significant environmental threats for the aquaculture
industry, jeopardizing its role as an alternative for supporting food security. Moreover, market conditions,
characterized by price volatility and low value-added products, could exacerbate the industry's vulnerability to
OA. We use a literature review on the biological consequences of OA over marine commercial species attributes
to inform the empirical assessment of consumers' preferences for those attributes affected by OA, and consumers'
responses to a set of market adaptation strategies suggested by the industry. We found that OA will have a
negative impact on consumers' welfare due to the effects on commercial attributes of mussels aquaculture
products. However, the main concerns for the industry are the market conditions. Thus, the industry's current
adaptation strategies are focused on increasing their market share by offering new product assortments (with
more value-added), regardless of the effect of OA on consumers' welfare. Despite this fact, the industry's stra-
tegies could eventually contribute to cope with OA since some specific segments of the market are willing to pay
for new product assortments. This new market composition highlights the role of public institutions' reputation
in issues related to food safety.

1. Introduction

Current trends in emissions of carbon dioxide (CO2) and human
population growth are jeopardizing the possibility of achieving food
security and nutrition targets for the human population (Golden et al.,
2016). As a result, aquaculture has emerged as one the most important
ways in which to support food security, mostly because it is an af-
fordable source of protein in economically deprived regions (FAO,
2016). Unfortunately, increasing levels of anthropogenic CO2 have
dramatic consequences for oceans, causing widespread changes in
seawater pH and carbonate chemistry (Caldeira and Wickett, 2003; Orr
et al., 2005), known as ocean acidification (OA). OA threatens the
potential of aquaculture to support food security (Gattuso et al., 1999)
and the ways in which the industry can adapt to and/or mitigate the
relative effects of this global stressor (Clements and Chopin, 2017).

OA is a significant threat to the aquaculture industry, especially for
marine shelled mollusks (Gazeau et al., 2013). These species are par-
ticularly vulnerable because they depend on carbonate concentrations
to build their shells (Gazeau et al., 2013; Waldbusser et al., 2015). OA
can significantly impair various physiological traits in marine mollusks
such as scallops (Cooley and Doney, 2009; Schalkhausser et al., 2014;
Talmage and Gobler, 2010), gastropods (Bednaršek et al., 2012;
Wittmann and Pörtner, 2013), and mussels (Gazeau et al., 2013; Gazeau
et al., 2007; Kroeker et al., 2010; Ventura et al., 2016; Waldbusser
et al., 2015). OA also affects these species' mortality rates (i.e. larvae
(Gibson et al., 2011)), calcification, and growth rates, as well as in-
creasing their vulnerability to diseases and parasites (Gazeau et al.,
2013; Mackenzie et al., 2014; Thomsen et al., 2013).

Research exploring the effects of OA on commercial attributes as-
sociated with mollusk quality, such as taste, appearance, and
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nutritional composition, is still in its infancy (Olsen, 2003; Sveinsdóttir
et al., 2009). As a result, the potential links between the impact of OA
and consumers' preferences and well-being have not been studied suf-
ficiently, with just a handful of papers analyzing the economic di-
mension of OA. Of these, Finnoff (2010) analyzes the impact of OA on
the provision of ecosystem services, highlighting that welfare effects
should be measured in terms of changes in consumer and producer
surplus, rather than changes in gross revenue. Narita and Rehdanz
(2017) evaluate the economic impact of OA on the production of
mollusks in Europe. Using a partial-equilibrium model, they show that
countries such as France, Italy, and Spain (the largest producers in
Europe) are among those most affected by OA. Moore (2015) estimates
the welfare effects of OA for four species of mollusks by estimating an
inverse demand function and calculating the consumer surplus asso-
ciated with a reduction in supply. Falkenberg and Tubb (2017) provide
a review of studies on the economic impacts of OA, identifying the
current state of knowledge, key gaps in its understanding, and pro-
mising methods and approaches for future research. Their results show
that more (and better) inter-disciplinary work is needed to increase our
understanding of the links between OA and human welfare.

In order to understand the impacts of OA on human welfare and to
inform adaptation strategies for the aquaculture industry, it is crucial
that we connect the effects of OA on market attributes and assess the
roles of these attributes in human well-being. Unfortunately, evalua-
tions of commercial attributes and adaptation strategies in the shellfish
industry under OA scenarios have not received the attention they de-
serve (Mabardy et al., 2015). Here, we conduct a detailed analysis of
the evidence identified in the literature related to the physiological,
organoleptic, and nutritional consequences of OA in marine commercial
species, focusing on mussels, in order to assess consumers' preferences
for attributes affected by OA. We use discrete-choice experiments
(DCEs) to evaluate consumers' responses to a set of market adaptation
strategies aimed at reducing shellfish producers' vulnerability to OA,
international prices variations, and other stressors. In doing so, we
explicitly link the ecological and socioeconomic dimensions of climate
change in the aquaculture socioecological system.

This study contributes to the literature on the economic impacts of
OA by (i) linking the effects of OA to consumers' preferences using
stated-preference methods, and (ii) assessing the effectiveness of the
market adaptation strategies identified by the industry. Unlike a
cost–benefit analysis, which focuses on average net benefit, we examine
market segmentation based on consumers' preferences as an adaptation
strategy to cope with OA. Our study is novel in two ways: i) we examine
OA effects on multiple product attributes; and ii) we offer suggestions to
the industry on adaptation strategies by product form.

2. Materials and Methods

Mussel aquaculture production includes four stages: i) collection of
larvae from the natural environment and fixing and settling larvae in
long-line systems (“substrates”); ii) growing individuals in a marine
environment until they reach the size necessary for harvesting; iii) in-
dustrialization in processing plants; and iv) marketing to national and
international markets (Rivera et al., 2017). The greatest exposure of
mussel production to OA occurs during the first two stages, but its
consequences are found throughout the supply chain.

To gain insight into the industry's adaptation opportunities and
challenges under OA scenarios, we follow a two-stage approach. In the
first stage, using a literature review, we identify the impacts of OA on
mussels' market attributes (i.e., shell appearance, shell size, and nutri-
tional composition). In the second stage, we conduct participatory ac-
tivities with industry representatives to assess their awareness of OA
and to examine current and expected market adaptation strategies
aimed at increasing value and adaptive capacity. The literature review
and participatory activities are used to design a DCE that investigates
consumers' responses to changes in mussels' market attributes and to

the adaptation strategies suggested by the industry, enabling us to
identify the attributes consumers find most valuable. As such, we
evaluate whether the proposed industry strategies will be accepted by
the market (or by certain segments within the market).

2.1. Literature Review of the Impact of OA on Market Attributes

We conduct a systematic literature review of the impact of OA on
mollusks' market attributes, such as shell size, meat color, shell ap-
pearance, texture, taste, and nutritional composition (lipid and protein
content, Vitamin B12, and fatty acid). These attributes are selected
based on previous surveys on seafood consumption preferences (e.g.,
Cardoso et al., 2013; Sveinsdóttir et al., 2009). Here, we search the
databases of Scopus, Science Direct, Web of Knowledge/Science, and
Google Scholar. In our literature analysis, we consider only original
research papers and review papers, but exclude conference proceedings
and other non-peer-reviewed publications. However, we include un-
published information from ongoing experiments by the authors of the
present study on evaluating the impact of OA on mussel color.

2.2. Industry Awareness

Participatory activities (interviews and seminars) are used to un-
derstand both the industry's awareness of OA and the current and ex-
pected market situation (prices, production levels, main markets). We
conducted 20 semi-structured interviews with key industry re-
presentatives between June and August 2014. These interviews ex-
amined the cost structure, production, main threats, future expectations
about activities, and market adaptation strategies, among other topics.
Using this information, and collaborating closely with the Chinquihue
Foundation (private non-profit organization that promotes artisanal
fisheries and small-scale aquaculture sectors) and the Chilean mussel
industry association (AmiChile), we designed and administered surveys
to 87 of 148 firms in the industry between November 2014 and January
2015.1 This survey analyzes participation in various stages of the value
chain (seed producer, feeder, processing, and commercialization), main
industry threats (production, environment, market), and market char-
acteristics (main markets served, product assortment offered2). With
regard to industry threats, the survey included 10 potential threats to
the industry, grouped into the following categories: environmental
(lack of knowledge about the environment, water pollution, red tide,
environmental standards); production (seed shortages, labor shortages),
market (dependency on international prices, input-market concentra-
tion, fixed-capital replacement, and environmental certification).

We included specific questions related to environmental issues,
asking the interviewees whether they were familiar with OA, global
warming, anoxia, phytoplankton decrease, eutrophication, water pol-
lution by antibiotics, and water pollution by other compounds. In each
case, we also inquired about the potential threat to the industry and the
level of relevance they assign to each issue.

Finally, we held two seminars (May 2015 and July 2016) in which
we discussed the results of the industry survey and designed the DCE
consumer survey. In these seminars, we discussed the market adapta-
tion strategies, including information related to potential changes in
product presentation (product assortments). The seminars were tar-
geted at industry representatives responsible for the marketing/man-
agement and production/processes in their respective organizations.

1 The remaining 61 firms did not participate owing to various constraints
(time, geographical, and budget).

2 Product assortment refers to the number of different product presentations
available for commercializing the product.

R.D. Ponce Oliva et al. Ecological Economics 158 (2019) 42–50

43


	Ocean Acidification, Consumers' Preferences, and Market Adaptation Strategies in the Mussel Aquaculture Industry
	Introduction
	Materials and Methods
	Literature Review of the Impact of OA on Market Attributes
	Industry Awareness
	Consumer Preferences
	Experiment Design


	Results
	Literature Review on the Impact of OA on Market Attributes
	Industry Awareness
	Consumer Preferences

	Discussion
	Conclusion
	Acknowledgments
	Distribution of Blocks in the Sample
	References




