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Abstract: A New Ecological Paradigm scale was used as a measurement tool to determine consumer
perception of the environment through the context of red seabream (Pagrus major) aquaculture
and the use of copper-alloy nets. To identify the underlying dimension of consumer perception,
exploratory factor analysis was conducted, which showed that consumer perception comprised two
dimensions—nature and balance, and human dominance—yielding two indicators as independent
variables for a contingent valuation method estimation. The estimation results indicate that
demographic variables and one consumer perception variable (i.e., the human dominance indicator)
are insignificant. However, the economic variable, one consumer perception variable (i.e., nature
and balance), and seafood preference are significant. Finally, willingness-to-pay was estimated for
sustainable aquaculture products by comparing the mean willingness-to-pay within New Ecological
Paradigm-level groups.

Keywords: contingent valuation method; double-bounded dichotomous choice; environmental
economics; environmental psychology; New Ecological Paradigm; seafood preference;
copper-alloy nets

1. Introduction

Demand for sustainable aquaculture is growing [1–3]; in particular, an aquaculture system that
maintains economic, environmental, and social sustainability [4]. With increasing awareness of its
value for the environment, sustainable aquaculture is gaining greater interest among fish farmers,
as well as consumers. In 2010, the World Wide Fund for Nature (WWF) initiated the Aquaculture
Stewardship Council (ASC) to promote sustainable aquaculture [5]. The council has developed ASC
farm standards for certifying sustainable and responsible aquaculture. ASC’s consumer label intends
to support sustainable aquaculture through a market mechanism that would enable consumers to
identify responsibly farmed seafood, thereby generating a price premium for ASC-labeled products.
The price premium can then be assessed by consumer willingness-to-pay (WTP) for sustainable
aquaculture products.

Consumer WTP for sustainable aquaculture is likely to cause a chain reaction; for example,
higher consumer value for sustainable aquaculture products increases demand from retailers and
intermediaries, which subsequently incentivizes fish farmers to move toward sustainable aquaculture.
Moving toward sustainable aquaculture is especially critical to cage farming enterprises that often
produce unfavorable environmental conditions. In marine cage aquaculture for finfish species, a
typical environmental issue involves managing the fouling in cage nets. Fouling is inevitable in fish
culture, and mechanical and chemical measures are employed to handle it [6]. The main components of
an antifouling agent are copper and zinc powders, which remove organisms that have adhered to cage
nets [6]. However, the properties of antifouling agents can adversely affect the marine environment.
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The concentration of metallic elements in sediment near fish farming sites, for instance, has attracted
public concern over environmental sustainability. One way to alleviate this concern and eliminate the
metallic elements is by using copper-alloy aquaculture nets [7]. These nets do not require antifouling
paint treatment, and the used net can be recycled into new nets. However, it is difficult for a producer
to use copper-alloy nets in aquaculture due to the higher cost. The cost difference between using copper
alloy and nylon nets could be interpreted as the cost in maintaining environmental sustainability
in aquaculture. While public funding might be an option, the price premium from an eco-friendly
consumer label could resolve cost issues. Given that conventional aquaculture is the dominant system,
sustainable aquaculture using copper-alloy nets could lose its place in the industry without establishing
consumer support.

The Korean government recently launched a research and development program for the adoption
of copper-alloy nets in red seabream (Pagrus major) aquaculture. Red seabream is a popular sushi
ingredient in South Korea, where its annual aquaculture production reaches an average of 5400 tons
(Table 1). The government has installed a testing cage in a red seabream aquaculture farm to determine
the feasibility of introducing copper-alloy nets in marine cage culture.

Table 1. Production of red seabream in South Korea (unit: tons).

Total
Capture Fisheries Aquaculture

Sub-Total Live Fresh Frozen Sub-Total Live Fresh

2008 8728 1304 577 555 172 7424 7424 -

2009 11,090 1864 732 948 184 9226 9224 2

2010 8712 2412 756 1483 173 6300 6300 -

2011 5988 2490 820 1440 230 3498 3492 6

2012 5468 2598 766 1587 245 2870 2847 23

2013 5044 2289 534 1582 173 2755 2755 -

2014 6235 2169 423 1577 168 4066 4066 -

2015 8231 2062 386 1613 63 6169 6165 4

2016 7390 2069 430 1623 16 5321 5321 -

2017 8708 1902 419 1458 25 6806 6806 -

Source: Statistics Korea http://www.index.go.kr/potal/main/EachDtlPageDetail.do?idx_cd=2748.

This study examines consumer perception of the environment and consumer WTP for sustainable
aquaculture products when using copper-alloy nets. Specifically, the present research investigates
consumer attitudes toward a pro-ecological worldview using the New Ecological Paradigm (NEP) scale.
The results of the NEP measurements are used to conduct a double-bounded contingent valuation
method (CVM) to estimate WTP for red seabream. The study also investigates which factors affect
consumer value judgment using this analytical process.

The present findings contribute to promotion of sustainable aquaculture and seafood marketing as
the CVM results could provide crucial information about the price premium of sustainable aquaculture
products, as well as factors influencing WTP. Making this practical information available will enable
marketers and policy developers to understand consumer purchasing behavior and value, thereby
priming the transition from conventional to sustainable aquaculture.

2. Literature Review

2.1. New Ecological Paradigm

Support for sustainable aquaculture is growing stronger with the recognition of environmental
sustainability. The ASC and the Marine Stewardship Council (MSC) are fishery certification schemes
that reflect the value of ecology and environmental sustainability. The introduction of such schemes
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would be successful as long as consumers actively participate in and support the scheme because
research shows that consumer perception eventually leads to support [8–12].

Certain psychological items can be used to measure consumer perception. For example, the
NEP scale mentioned earlier and first proposed by Dunlap and Van Liere [13] is one of the most
representative measurement tools for environmental awareness [14,15]. It initially comprised 12
measurement items; after 20 years of development, Dunlap et al. presented a refined version of this
scale [14]. The revised NEP scale now comprises 15 measurement items including three dimensions:
limitations of growth, nature and balance, and human dominance.

Scholars have used the NEP scale as a research tool to measure environmental awareness in
various fields, such as education, environment, and marketing [16]. It has also been used to examine
the effects of human environmental awareness on behavior and value judgment. For example, Park
et al. integrated the NEP measurement scale and decision-making theory to analyze the influence of
environmental awareness on travelers’ pro-environmental behavior [17].

The theory of planned behavior is a fundamental theory concerning human behavior and the
decision-making process, which argues that human attitude, subjective norms, and perceived behavior
control determine human behavior [8,18–20]. Fielding [8] states that environmental awareness is more
likely to affect human attitude, which consequently affects human behavior. Kotchen and Reiling
examined relationships between environmental attitudes and value for endangered species, as well
as motivations for contingent valuation [21]. The authors integrated the attitude–behavior theory
and economic valuation technique, and used the NEP scale as a proxy for attitude concerning the
environment. This allowed them to estimate economic values of endangered species, such as falcons
and shortnose sturgeons.

2.2. Contingent Valuation Method

The purchasing behavior and price premium of a product could reflect consumer value [22–24]. If
NEP is a measure of environmental awareness, consumer value for environmental sustainability can
be measured by examining the relationship between NEP and consumer WTP.

The CVM enables individuals to evaluate value for a hypothetical situation in which researchers
have limited information on the real market. In CVM analysis, researchers develop a survey for
a hypothetical market and ask a survey participant to make an economic decision (i.e., to buy or
not to buy). Many academic studies have used CVM as an analytical tool. For example, in the
environmental research field, it has been traditionally used for measuring non-market value for the
environment [25,26]. It has seen application even in fields of outdoor recreation and tourism [27–29].
In food marketing research, CVM has been used to estimate consumer WTP for organic food and
environmentally friendly products [30–32].

The theoretical background of CVM is choice modeling, which can be used in revealed preference
and stated preference studies [33]. CVM itself is a stated preference study method, which assumes that
an individual makes an economic decision to choose product A over product B to maximize utility. This
selection is a function of utility maximization in repeated selection opportunities. The choices made by
individuals under experimental conditions are used for estimating values in a hypothetical situation.

In a CVM survey, participants are asked to indicate their WTP for a good or service by answering
whether or not they accept the offer given. Another way to determine WTP involves two-stage answers.
At each stage, the suggested amount of money is different, similar to auction bidding. The survey
participants must answer “Yes” or “No” to the stated prices that have been increased or decreased.
This is called a double-bounded dichotomous choice CVM.
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3. Methods

3.1. Sample

A major online survey company in South Korea recruited the survey participants for this study.
The survey panel is designed to represent typical demographic variables of the Korean population,
reflected in gender, age group, income level, and location. The participants were asked to respond to
the survey questions based on their WTP for a sustainable aquaculture product, such as farmed red
seabream. The research company distributed 2712 survey questionnaires to the panel members; 1000
usable responses were obtained (response rate of 36.8%).

3.2. Survey Instrument

The survey questionnaire comprises three parts: 1) attitude toward the environment; 2) WTP for
sustainable aquaculture products; and 3) demographic information.

The current research used the NEP scale to measure the respondents’ attitudes. This scale has
evolved over two decades, and among its variants, the author selected the revised NEP scale [14]. It
consists of 15 items to measure survey participants’ perception and attitude (Table 2).

Table 2. A revised New Ecological Paradigm scale.

Item

A1. We are approaching the limit of the number of people Earth can support
A2. Humans have the right to modify the natural environment to suit their needs
A3. When humans interfere with nature, it often produces disastrous consequences
A4. Human ingenuity will insure that we do NOT make Earth unlivable
A5. Humans are severely abusing the environment
A6. Earth has plenty of natural resources if we just learn how to develop them
A7. Plants and animals have as much right as humans to exist
A8. The balance of nature is strong enough to cope with the impacts of modern industrial nations
A9. Despite our special abilities, humans are still subject to the laws of nature
A10. The so-called “ecological crisis” facing humankind has been greatly exaggerated
A11. Earth is like a spaceship with very limited room and resources
A12. Humans were meant to rule over the rest of nature
A13. The balance of nature is very delicate and easily upset
A14. Humans will eventually learn enough about how nature works to be able to control it
A15. If things continue on their present course, we will soon experience a major ecological catastrophe

Source: Dunlap et al. [14].

The survey respondents’ WTP was measured by their responses to a suggested price for
sustainable aquaculture products (i.e., farmed red seabream). The survey began with displayed text
concerning aquaculture (Table 3). Next, a randomly selected amount was proposed for determining
WTP for a sustainable aquaculture product (i.e., red seabream for sushi). The survey contained two
preference questions that required a “Yes/No” response: one for the randomly selected amount of
money, and another for the modified amount of money.

Table 3. Text in the survey questionnaire.

Displayed Text

“A variety of equipment are required for sea aquaculture (marine cage use). Among them, cage farming nets are essential
equipment for protecting and raising fish. However, cage farming nets require effort to maintain cleanliness because
organisms, such as barnacles and seaweed, attach themselves to the net. Water cannot circulate through sea cages to which
organisms have adhered, creating an unhealthy environment for fish. A typical method of keeping farming nets clean is to
coat them with antifouling agents. However, general antifouling agents (i.e., containing chemical ingredients) can cause
environmental disturbances. The copper-alloy farming net is eco-friendly aquaculture equipment that can prevent the
adherence of organisms without using antifouling agents. They can also be recycled after use. However, unlike ordinary
cage farming nets, the copper-alloy fishing nets have high initial costs. To protect the environment and ensure food safety,
consumer support for sustainable aquaculture is essential. This can be done by buying sustainable aquaculture products that
have been produced using copper-alloy farming nets.”

Note: The current market price for live red seabream is ~$30–35/kg.
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3.3. Model

The double-bounded dichotomous-choice CVM analytically estimates WTP for sustainable
aquaculture products. The author categorizes consumer responses into four types [34]. The first
response type is “Yes/No,” which the researcher denotes as y1

i = 1 and y2
i = 0. Its probability model is

shown below:
Pr(s, n) = Pr(t1 ≤WTP < t2)

= Pr(t1 ≤ z′iβ + ui < t2)
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where Pr(s,n) represents the probability of an event that the survey participants accept the first offer
(i.e., s = yes) and decline the next offer (i.e., n = no); t1 and t2 represent the suggested amount for the
first and second offer respectively; zi is a vector of explanatory variables and ui is an error term.

The second response type is also “Yes/No,” denoted as y1
i = 1 and y2

i = 1. Its probability model
is shown below:

Pr(s, s) = Pr(WTP > t1, WTP ≥ t2)

= Pr(z′iβ + ui > t1, z′iβ + ui ≥ t2)
(2)

Equation (2) can be described based on Bayes’ theorem, as shown below:
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The third response type is “Yes/No,” denoted as y1
i = 0 and y2

i = 1. Its probability model is
shown below:

Pr(n, s) = Pr(t2 ≤WTP < t1)
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Finally, the fourth response type, “Yes/No,” is denoted as y1
i = 0 and y2

i = 0. Its probability
model is shown below:

Pr(n, n) = Pr(WTP < t1, WTP < t2)
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Using equations (1)–(5), the author derives the likelihood function for WTP estimation:
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where dsn
i , dss

i , dns
i , and dnn

i are indicator variables that represent the values of survey responses (i.e.,
s = yes, n = no).

3.4. Empirical Analysis

To analyze the collected data, STATA 15 was used [35]. After performing the exploratory factor
analysis (EFA) on consumer perceptions of environmental concerns, the author utilized EFA results
(i.e., underlying dimensions of consumer perceptions) as one of the independent variables in the
double-bounded dichotomous choice model for sustainable aquaculture [36–38]. An economic variable
(i.e., household income), socio-demographic variables (e.g., age, family size, and gender), and seafood
preference (frequency of consuming seafood) were also included in the estimation model.

Traditionally, economic variables (e.g., household income) are essential for estimating economic
models, such as a demand model. Socio-economic variables became important for describing a
demand function along with the economic variables [39]. The seafood preference variable is an
extended version of socio-economic variables; the variable is a useful indicator for measuring the
preference for aquaculture products [40]. In the current study, the author set the frequency of seafood
consumption as a proxy variable to measure seafood preference.

After conducting the CVM analysis, the present research compared the mean WTP by the level of
the NEP scale. The author used the mean of the composite NEP score, categorizing respondents into
two groups: high NEP and low NEP. The mean WTP was compared for both groups to examine group
differences by the NEP level (i.e., level of environmental concern).

4. Results

4.1. Descriptive Information

The sample profile shows that 50.4% of the respondents are female and 49.6% are male, with
equal age group distribution (Table 4). Furthermore, 66.5% of the respondents are married, and 33.5%
are single. In terms of education level, 64% of the respondents have a bachelor’s or postgraduate
degree. More than half of the respondents were between 20 and 49 years old at the time. Most annual
household incomes fall between $54,654 and $76,363, accounting for 22.1% of the respondents.

Table 4. Sample demographics.

Variable Categories Frequency Percentage

Gender Male 496 49.6
Female 504 50.4

Age 20–29 years 182 18.2
30–39 years 198 19.8
40–49 years 248 24.8
50–59 years 232 23.2
More than 60 years 140 14.0

Marital status Married 665 66.5
Single 335 33.5

Family size 1 person 108 10.8
2 persons 198 19.8
3 persons 257 25.7
4 persons 351 35.1
More than 5 persons 86 8.6

Employment status Primary/Secondary
occupation 54 5.4

Self-employed 83 8.3
Sales/Customer service 70 7.0
Office job 349 34.9
Business/management 75 7.5
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Table 4. Cont.

Variable Categories Frequency Percentage

Professional/freelance 119 11.9
Housewife 135 13.5
Student 69 6.9
Unemployed 46 4.6

Education Equivalent to high school 187 18.7
Two-year college degree 122 12.2
Undergraduate students 57 5.7
Bachelor degree graduate 536 53.6
Equivalent to postgraduate 98 9.8

Annual household income * Less than $21,818 104 10.4
$21,927~32,727 146 14.6
$32,836~43,636 176 17.6
$43,745~54,545 174 17.4
$54,654~76,363 221 22.1
$76,472~98,181 105 10.5
More than $98,290 74 7.4

* in USD.

4.2. Exploratory Factor Analysis Results

Exploratory factor analysis produced two-dimensional factors, such as nature and balance and
human dominance (Table 5, Item). The eigenvalues for the factors were 2.374 and 1.699, respectively
(Table 5, Eigenvalues). Items under nature and balance loaded highly on factor 1; human dominance
items loaded on factor 2. The Cronbach’s A for both factors exceeded 0.70, which is the minimum
requirement for item reliability [41].

Table 5. Exploratory factor analysis results.

Item Factor 1 Loadings Factor 2 Loadings Uniqueness Cronbach’s A Eigen Values

Factor 1: Nature and balance 2.374
A3 0.6434 0.0878 0.5783

0.79

A5 0.6771 0.0941 0.5326
A7 0.6443 0.1226 0.5698
A9 0.5398 −0.0198 0.7083
A11 0.5549 0.1596 0.6666
A15 0.6462 0.2343 0.5275

Factor 2: Humandominance 1.699
A2 0.0270 0.5803 0.6626

0.75A10 0.2864 0.6280 0.5236
A12 0.0944 0.6591 0.5567
A14 0.1383 0.6508 0.5573

Note: Items are stated in Table 2.

4.3. Estimation of Willingness-to-Pay for Sustainable Aquaculture Products

According to the double-bounded choice model estimation, household income is significant,
whereas respondent attitude is partially significant. The demographic variables are insignificant,
whereas seafood preference is statistically significant (Table 6, p-value).

The author estimated consumer WTP based on the CVM results. WTP for 1 kg of live red seabream
(i.e., sustainable aquaculture products) is
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48,951 (Korean won), which is equivalent to $44.5/kg
(USD) (Table 7, coefficient). This amount is about $10 higher than a conventional aquaculture product
(i.e., live red seabream). In the estimation, insignificant variables (human dominance and demographic
variables) were excluded, whereas household income, nature and balance, and seafood preference
were considered.
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Independent samples T-test results show that the high NEP group has more WTP for sustainable
aquaculture products—as much as
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Table 8. Mean comparison between high NEP group and low NEP group.

Group Obs. Mean Std. Error Std. Dev.

Low NEP
group 438 45,633.96 255.83 5354.15

High NEP
group 562 51,535.48 201.92 4786.89

Combined 1000 48,950.62 184.36 5830.05

Difference –5901.52 321.43

t = –18.3598, d/f = 998, p-value = 0.0000

Note: NEP, New Ecological Paradigm, Obs. = the number of observation, Mean = mean value of WTP.

5. Discussion

For this study, the NEP scale was used to measure consumer perception of the environment and
its underlying dimensions were identified. EFA results indicated that consumer perception comprises
two dimensions: nature and balance and human dominance, yielding two indicators as independent
variables in the contingent valuation method estimation. A double-bounded CVM model enabled
estimation of WTP for sustainable aquaculture products (e.g., live red seabream) farmed using a
copper-alloy aquaculture net system. The CVM estimation results indicated that the demographic
variables and the consumer perception variable of human dominance are insignificant, while the
economic variable, the consumer perception variable of nature and balance, and seafood preference are
significant. Moreover, the present research estimated the WTP for sustainable aquaculture products by
comparing the mean WTP by NEP level groups.

In economic theory, income is one of the most important variables for determining product
demand and consumption [42]. Our estimation results show that the coefficient of household income is
positive: higher household incomes show higher WTP for sustainable aquaculture products. Solgaard
and Yang [43] reported similar results too. Their model shows that household income positively affects
the price premium for sustainable aquaculture products.

Consumer perception of the environment is a significant variable that affects WTP. Numerous
studies have examined the effect of consumer perceptions on consumer behavior [43–48]. For



Sustainability 2019, 11, 1577 9 of 13

example, Solgaard and Yang [43] found that pro-environment consumers had a 25% greater payout for
sustainable aquaculture products and securing animal welfare; here, the demographic variable and
household income were significant. However, Solgaard and Yang focused more on animal welfare
than on consumer perception of the environment because they lacked reliable instruments to measure
consumers’ environmental concern. To overcome this limitation, the author introduced the NEP scale
in the context of seafood marketing.

The author divided the survey respondents into high and low NEP groups to examine the mean
difference of WTP between the two groups. The difference is statistically significant, showing a
price premium that reaches
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5901 (i.e., $5.36). This finding is consistent with previous research.
For example, Kotchen and Reiling [21] used the NEP scale to measure respondents’ perceptions,
revealing that attitudes toward the environment could influence WTP for nonuse value of endangered
species. Paul et al. [48] used the theory of planned behavior to analyze how consumers’ environmental
perceptions and attitudes affect their behavior. Instead of CVM, they used structural equation
modeling to analytically investigate behavioral intent (rather than WTP). Their results indicate that
environmental concerns affect attitudes toward pro-environment behavior, subjective norms, and
perceived behavioral control. Such constructs eventually affect behavioral intentions. Overall, the
perception of the environment is more likely to affect consumers’ WTP. Our study provides empirical
evidence for this mechanism.

Uniquely, the study findings considered seafood preference as a crucial variable affecting
consumer WTP. Some research has attempted to include food-related variables in research
models [43,49]. For example, Solgaard and Yang [43] found that consumers who understand the
characteristics of seafood products were also willing to pay more money. Klöckner et al. [49] analyzed
the effect of country of origin and echo-labeling on CVM, concluding that knowledge of food affects
CVM. Such results are consistent with the present results. Notably, the food-related variable is
meaningful—the current research found that those who consume seafood regularly and frequently are
willing to pay more money.

6. Conclusions

The present research explored the consumer WTP using double-bounded choice modeling (CVM).
The research findings provide significant implications for the aquaculture industry. Sustainable
aquaculture is likely to be costlier than conventional aquaculture. Even though copper-alloy farming
nets are eco-friendly, most fish farmers use nylon farming nets as they are less expensive. Sustainable
aquaculture minimizes the environmental impact, improving environmental sustainability, as well as
its values. However, the market does not yet fully reflect these values, exhibiting a typical example of
a negative externality. To resolve this issue in the aquaculture industry, the government should either
support aquaculture or create opportunities for the market to recognize and reflect environmental
values, along with compensation for sustainable aquaculture producers. Compensation could include
retailers’ commitment toward favorably handling sustainable aquaculture products or a price premium
in the market. The ASC certification is an excellent example of such a mechanism.

The author identified the price premium for sustainable aquaculture using the CVM method.
Originally a measurement tool for values, it helped us determine which variables could affect values:
income was identified as a significant variable. Note that the income level in South Korea has increased
in the last three decades, leading up to gross national product per capita of $30,000, which is expected
to continue increasing in the future along with consumer WTP.

Environmental perception is a crucial factor affecting the WTP for sustainable aquaculture
products. The perception reportedly increases consumer-based environment activities and strengthens
consumer awareness of the environment’s importance [50]. For example, because of the spread
of sustainable aquaculture certification systems (e.g., ASC, Friend of the Sea, Naturland, and
GSSI), organizers are actively promoting marketing activities to increase consumer awareness of
the environment. The response in the market has been positive: Hilton Worldwide, IKEA, and
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Carrefour, for example, now serve ASC products [51], whereas at the Rio Olympics 2016, organizers
served ASC products at the dining courts [52].

Seafood preference (i.e., frequency in consuming seafood) is an important variable for CVM
in sustainable aquaculture. It can be measured by consumption frequency and amount. In South
Korea, seafood consumption has been steadily increasing since 2009. According to FAO [53], seafood
consumption per capita for all populations is around 20 kg, but consumption in South Korea is far
above this amount. Annual per capita seafood consumption in South Korea has increased from 50.52
kg in 2009 to 59.86 kg in 2016 (See Appendix A). Thus, the Korean seafood market has more potential
to generate price premiums for sustainable aquaculture products compared with other counties.

South Korea has the potential to transition to sustainable aquaculture through consumer
participation. However, the focus of its current aquaculture policy is not on quality, but on production
volume-oriented measures. The government must urgently shift to sustainable aquaculture because
consumer expectations are now higher than expectations of government officials and fish farmers.

Finally, the current study is not free from limitations. The present research focused on red
seabream, a cage-farmed species, as well as aquaculture cage net selection, which represent only
one aspect of sustainable aquaculture practices. Although red seabream is a typical aquaculture
species in South Korea and the copper-alloy aquaculture net is a promising technology for sustainable
aquaculture, it is difficult to generalize our findings to the entire aquaculture industry based on
an analysis of one species and technology. Therefore, future research should expand the scope of
sustainable aquaculture research.

Funding: This research was a part of a project titled “Development of the eco-friendly copper alloy net for
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