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ABSTRACT

Due to its nutritional value and health benefits, regular consumption
of fish should be encouraged at all stages of life. Considering the fact
that the majority of the world's marine fish stocks are being
exploited, aquaculture is the only way to ensure an adequate supply.
Aquaculture production should be sustainable and it should integrate
environmental, social, and economic dimensions. Students, as a
valuable segment of consumers, are future decision-makers in
society and can contribute to sustainable development as agents of
change. In this study, 224 students from the University of Rijeka (68
males and 156 females) with an average age of 21.5+1.4 years were
included. The aim of this study was to obtain information about the
most important aspects of sustainable aquaculture from their point
of view. Descriptive statistics was used to analyse the sample
characteristics, while statistical significance difference between
males and females was computed using an independent t-test and
Pearson's chi-square test. The obtained results confirmed that the
most important features of sustainable aquaculture were: minimal
use of hormones and drugs, no environmental pollution, and
production close to nature. Female participants consider more
important protection of endangered species (p=0.04) and respect for
fish welfare (p=0.01), while male participants are much more aware
of supporting rural areas (p=0.04) and low technical level in
production (p=0.04). Quality also emerged as an important
component in an open-ended question, together with
environmental factors. Furthermore, there is an opportunity to
enhance students' interest in eco-labels, since it did not receive very
high importance among this student group (3.60 + 1.20 and
3.82 + 0.90). In the future, nutrition education provided by
institutions could be an important tool in preparing future
generations for sustainable society.
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KEY CONTRIBUTION

Students mostly associate environmental aspects with
sustainable aquaculture. Minimal use of hormones and drugs, as
well as quality also emerged as important components. Female
participants consider more important protection of endangered
species and respect of fish welfare, while male participants are
much more aware of supporting rural areas and low technical
level in production.
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Introduction

In the last decade, there has been a growing global emphasis on sustainability which is evident through
initiatives such as the United Nations' 2030 Agenda (UN, 2015). In addition to its important role in promoting
human well-being, aquaculture is also increasingly recognized for its contribution to achieving the
Sustainable Development Goals (SDGs) set by the UN 2030 Agenda (Mair et al., 2023; Troell et al., 2023).
Even though aquaculture is specifically mentioned only in SDG Goal 14 — “Conserve and Sustainably use the
oceans, seas and marine resources for sustainable development” under indicator 14.7, the impact of
aquaculture as a part of sustainable food production and consumption extends across all 17 SDGs (Troell et
al.,, 2023). Furthermore, in line with the EU Blue Growth Strategy, and the more recent strategy for a
Sustainable Blue Economy, sustainable aquaculture is promoted for the growth of the European seafood
sector (European Commission, 2012; European Commission, 2021).

At an amount of 20.2 kg per capita in 2020, global fish consumption is expected to rise in the years ahead
due to urbanization, rising incomes, shifting dietary preferences toward healthy food choices, and an overall
increase in the world's population (FAO, 2022). Besides, regular consumption of fish is continuously
encouraged by nutritionists due to its nutritional value and numerous health benefits (EFSA, 2014). In this
view, coupled with the fact that natural fish resources are limited, aquaculture production has grown rapidly
and currently, it is the fastest-growing food production segment (FAO, 2022; Naylor, 2021). As a result, more
than half of the seafood available for consumption today is produced in aquaculture (FAO, 2022). Therefore,
it has been recognized that aquaculture development must be carried out in a sustainable manner, and
sustainability has become the focus of attention among academic, political, and industry stakeholders (Boyd
et al., 2020).

Sustainable aquaculture should consider not only frequently mentioned environmental aspects, but also
social, and economic ones, commonly known as the three pillars of sustainability (Boyd et al., 2020, Mair et
al., 2023). Despite increased pressure on the aquaculture industry to adopt sustainable measures and the
fact that progress is being achieved (Naylor, 2021), the concept of sustainability linked to aquaculture is still
not well-defined and comprehensive (Boyd et al., 2020). In many countries, fish from certified sustainable
aquaculture is a relatively new market segment, and consumers do not know how to recognize and evaluate
such a method of food production. Consumers and their consumption behaviour play a key role in the
sustainability of all food systems, including aquaculture (Boyd et al., 2020; Peano et al., 2019; van Bussel et
al., 2022). Thus, it is important to understand how consumers view sustainability in relation to seafood and
to what extent it is an important attribute when buying seafood. In a recent review on this topic, it was found
that younger consumers are more likely to consume farmed fish compared to older consumers (Kresi¢ et al.,
2020). In addition, consumers with higher level of education are more likely to understand information about
aquaculture and are more likely to agree with scientific findings (Kresic¢ et al., 2020).

It has been shown that Generation Z (namely, individuals born between 1995 and 2012), due to their early
exposure to healthy lifestyle choices, are environmentally conscious and they value sustainability in their
consumption choices (Gibson et al., 2023; Su et al., 2019). With the rise of the global market and
digitalization, Generation Z has more alternatives in the marketplace than prior generations, which may
impact how they perceive and purchase seafood (Gibson et al., 2023). Students, as a valuable consumer
segment, representing Generation Z-cohort, are future decision-makers in society and can contribute to
sustainable development as agents of change (Su et al., 2019). Given their values, students may have distinct
perspectives on sustainable aquaculture.

To date, several researchers have studied fish consumption behaviour in Croatia. Their primary focus has
been on investigating the factors that influence the consumption of various types of fish—ranging from fresh
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fish to both white and fatty varieties, as well as a broader category of fish and seafood in general (Kresi¢ et
al., 2022a; Kresic et al., 2023; Marinac Pupavac et al., 2022; Tomic et al., 2016b). Additionally, they aimed to
identify consumers' attitudes, barriers, and preferences related to fish consumption (Kresi¢ et al., 2023;
Marinac Pupavac et al., 2022; Tomi¢ et al., 2016a). Somewhat less research has specifically targeted farmed
fish, exploring the determinants affecting preferences for wild-caught versus farmed fish, as well as
describing different consumer segments based on their intention to consume farmed fish (Kresi¢ et al.,
2022b; Tomi¢ et al., 2017). However, only one study dealt with the topic of organic aquaculture, as one of
the particular segments of sustainable aquaculture (Ferfolja et al., 2022). The findings of this study revealed
that consumers have limited knowledge about fish from organic aquaculture. Nevertheless, they hold a
positive perception of it. Hence, there is a lack of research on this emerging and significant subject matter in
Croatia, creating a gap that awaits further exploration and investigation.

In view of the above, the aim of this study is to obtain information about the most important aspects of
sustainable aquaculture from students' perspective since this consumer group will soon play a significant role
in the marketplace.

Materials and methods

This research is part of an extensive study on university students” knowledge, attitudes, and intentions to
consume fish from aquaculture. A self-administered survey was used to collect data among the student
population of the Faculty of Tourism and Hospitality Management, University of Rijeka, in April 2023. The
guestionnaire was published online via Google form on the student learning platform and students were
asked to fill out the questionnaire voluntarily. In addition, informed consent was obtained prior to filling out
the questionnaire. A total sample of 224 respondents was obtained, 68 males and 156 females with an
average age of 21.5+1.4 years. Based on their weight and height, students’ body mass indices were
computed. Fish consumption frequency was measured on an 8-point scale as follows: never, less than once
a month, once a month, 2-3 times a month, once a week, twice a week, 3-4 times a week, almost every day
(Stancu et al., 2022). The obtained results were calculated and expressed on a weekly basis (Table 1).

Table 1. Characteristics of the study sample (mean * SD)

Total (n=224) Male (n=68) Female (n=156) p
Age (yrs) 21.46 £1.40 21.72+1.51 21.34+1.34 0.075
Weight (kg) 68.48+14.63 82.58+14.05 62.3319.87 <0.001
Height (cm) 172.35+9.13 182.46+6.07 167.95+6.30 <0.001
BMI (kg/m?2)* 22.87+3.36 24.71+3.32 22.07+3.06 <0.001
Fish consumption (per week) 0.88+0.75 0.84+0.59 0.90+0.81 0.539

*BMI (Body Mass Index)

Firstly, to get information about the understanding of the sustainability concept, study participants were
asked to describe in their own words what sustainable aquaculture means to them (Lawley et al., 2019). From
the responses they gave to this open-ended question, keywords were extracted and ranked by frequency.
Several responses were discarded due to the inability to categorize them, as well as those that only appeared
among a few students (n=12). Secondly, participants were offered a list of eleven possible aspects of
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sustainability in aquaculture according to Zander and Feucht (2018). From the list, they were asked to select
three aspects that they considered the most relevant. In addition, they were asked to rate the importance of
several product information when purchasing fish: shelf life, country of origin, fish species (commercial
designation and scientific names), production method (wild vs. farmed), eco-label, product brand (European
Commission, 2014) on a Likert scale from 1 to 5 (1 = not at all important, 5 = extremely important).
Descriptive statistics was used to describe the sample characteristics. Statistically significant difference
between males and females was computed using an independent t-test and Pearson's chi-square test. The
obtained data were analysed using the statistical software IBM SPSS Statistics version 26 (IBM Corp., Armonk,
NY, USA). The statistical significance level was set at p < 0.05.

Results and discussion

When trying to improve communication with consumers about sustainability, it is important to know what
they think and expect, but also what they know and assume. Research addressing consumer behaviour
related to sustainable seafood could measure their knowledge or understanding. In this study, the self-
reported definition complexity of sustainable aquaculture established through an open-ended question
varied from “quality” as the most mentioned keyword to “transparency”. If students mentioned or explained
more than one term, each one would be recorded separately, thus giving the total number of responses
greater than the number of students (Figure 1).
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Figure 1. Keywords describing sustainable aquaculture from students’ perspective (n=224)

Interestingly, many students associated quality and quality attributes such as control, nutritional value,
healthiness, and freshness with sustainability (n=92). Consumers, indeed, place a high value on the quality of
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fish, however, farmed fish is often considered of lower quality than captured fish, resulting in consumers
having stronger preferences for wild fishery products (Cantillo et al., 2020; Kresi¢ et al., 2020; Lépez-Mas et
al., 2021). Furthermore, wild fish is often considered superior in terms of healthiness and nutritional value
compared to its wild counterparts (Cantillo et al, 2020; Lépez-Mas et al., 2021). This notion often comes from
the belief that wild fish has a higher content of omega-3 fatty acids (Wongprawmas et al., 2022). However,
the absolute amount of omega-3 is larger in farmed fish because of its increased fat content and its fatty acid
profile is more stable and not variable depending on seasons as it is in wild fish (Kresi¢ et al., 2020).
Interestingly, when comparing organically farmed fish with conventional one, consumers perceive organic
fish as tastier, healthier, and lower in fat content (Ferfolja et al., 2022). On the other hand, recent work by
Lépez-Mas and co-workers (2021) showed that farmed fish is preferred among consumers in terms of control.
Nonetheless, there are opposing beliefs in terms of general or specific issues on safety (Kresi¢ et al., 2020).
In a study by Bronnmann and Asche (2017), when the preferences of wild vs. farmed fish were compared,
issues associated with sustainability were found to be more important than quality. In fact, because of the
indication of sustainable production, consumers were ready to pay similar prices for aquaculture and wild
fishery products. The results of our study further deepen the knowledge that the sustainability aspect could
make up for the negative image of farmed fish, as well as it could give an indication to aquaculture producers
to highlight the quality of their products when promoting them as sustainable. In the second place, students

“w u “ "

evaluated “environmental protection” “protection of fish species”, “no pollution”, and “ecological and
natural production” as essential components of sustainable aquaculture (n=73). Indeed, when talking about
the sustainability of aquaculture or food systems in general, the most recognition and attention among
consumers are given to the environmental pillar of sustainability, while social and economic ones are often
overlooked (Peano et al., 2019; van Bussel et al., 2022; Zander and Feucht, 2018). Consumers might perceive
a closer relationship between sustainability and the environment as a result of current communication and
advertising activities, as well as certifications that promote sustainable products connected to environmental
protection and natural resource preservation, while only making sporadic attempts to address cultural and
economic concerns (Osmundsen et al., 2020; Peano et al., 2019).

After expressing their opinion on sustainable aquaculture, students were asked to indicate the three most
important elements of sustainability in aquaculture through a closed-ended question. The students consider
the most important aspect of sustainability in aquaculture to be “minimal use of hormones and drugs”
(62.9%), followed by “no pollution of the environment” (62.5%) and “production close to nature” (46.4%)
(Figure 2).

The results of the study by Zander and Feucht (2018) also confirmed that minimal use of hormones and drugs
was the most important issue for consumers. This fact could be explained by a strong selfish component, as
people do not want to consume fish that contains residues of one or both substances due to potential risks
to their health (Zander and Feucht, 2018). A common misconception that persists among consumers is that
farmed fish contains high levels of antibiotics and hormones which causes them to grow faster (Ldpez-Mas
et al., 2021; Wongprawmas et al., 2022). However, the use of hormonal substances in all food production
systems, including aquaculture, has been prohibited for a long time in the European Union (European
Commission, 2003), while antibiotics could be used only for prophylactic and therapeutic purposes, abiding
by strict laws. New EU legislation that came into the force in 2022 goes further and prohibits all forms of
routine antibiotic use in farming, including preventative group treatments (European Commission, 2019).
Overall, there is a strong indication of the need for consumers to be properly informed on this issue
(Wongprawmas et al., 2022). Interestingly, in an open-ended question, “no use of chemicals and antibiotics”
was not in the top answers (n=10).
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Figure 2. Important aspects of sustainable aquaculture from students” perspective (n=224)

In alignment with answers to the open-ended question, in closed-ended questions, “no pollution of the
environment” was among the most important aspects of sustainable aquaculture. Although there was no
statistical difference between genders, this aspect was the most important for men, given that it was in first
place for them (69.1%). Similarly, in the study of Ferfolja et al. (2022) conducted in Croatia, fish farmed
according to environmental standards was the most frequently mentioned definition of organic fish.
Aqguaculture in the literature has been perceived to be less of a threat to the environment in comparison to
industrial pollution and litter (Potts et al., 2016), yet it is considered to do the same environmental harm as
agriculture (Hall and Amberg, 2013). Consumers are truly worried about the environmental impact of
aquaculture products, which can influence their preferences and consumption habits (Kresi¢ et al., 2020). In
addition, conventionally farmed fish is believed to have a negative impact on the environment (Ferfolja et
al., 2022). Hence, the perceived environmental impact may influence the social acceptability of aquaculture
and therefore restrain its growth and development. For this reason, ensuring environmental sustainability
has emerged as a top priority among EU aquaculture strategies (Cavallo et al., 2021). In addition, consumers
with high environmental awareness are more likely to actively support sustainable aquaculture (Yi, 2019). A
recent study by Lopez-Mas et al. (2023) found that farmed fish is perceived as less pollutant, causing less
environmental damage, and providing more environmental benefits than its wild counterparts.

Female participants consider endangered species protection (p=0.037) and respect for fish welfare (p=0.007)
significantly more important in comparison to males. On the other hand, men are much more aware of
supporting rural areas (p=0.037) and low technical levels in production (p=0.044) (Table 2). Many previous
research confirm that girls and women have stronger pro-animal welfare attitudes than boys and men (Clark
et al., 2016; Randler et al., 2021a; Randler et al., 2021b). Even though a great number of consumers are
worried about the well-being of animals in food production systems, the welfare of farmed fish does not
seem to have reached the same level of sensibility (Alfnes et al., 2018). When compared to wild fish, farmed
fish is perceived as having worse animal welfare which may stem from the idea that wild fish is “happier”
because of the possibility to swim freely (Lopez-Mas et al., 2023). However, several studies identified that
there is a segment of consumers who are interested in fish welfare issues and are willing to pay more for
products with welfare labels and claims (Maesano et al., 2020; Solgaard and Yang, 2011; Zander and Feucht,
2018). This market segment consists primarily of women (Solgaard and Yang, 2011).
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Studies suggest that women are more likely to buy seafood since they are in most cases in charge of procuring
and preparing food for the household (Richter et al., 2017), hence it would be expected that they are more
likely to use food labels (Campos et al., 2011; Christoph et al., 2016). There were no gender specific
differences in the level of importance that students in this research put on product information when
purchasing fishery and aquaculture products.

Table 2. Gender-specific importance of aspects of sustainable aquaculture

Male Female

n (%) n (%) .
Minimal use of hormones and drugs 46 (67.6) 95 (60.9) 0.336
Helping to protect endangered species 16 (23.5) 59 (37.8) 0.037
No pollution of the environment 47 (69.1) 93 (59.6) 0.177
Respect of fish welfare 17 (25.0) 69 (44.2) 0.007
Minimizing impacts on wild stocks 12 (17.6) 17 (10.9) 0.166
Production close to nature 30 (44.1) 74 (47.4) 0.647
No use of wild fish in fish feed 4(5.9) 13 (8.3) 0.524
Use of renewable energies 15(22.1) 19 (12.2) 0.058
Support of rural areas 6(8.8) 4(2.6) 0.037
Good working conditions 6(8.8) 22 (14.1) 0.272
Low technical level 5(7.4) 3(1.9) 0.044

The lack of disparity between men and women could be explained by consumers' young age, absence of
household members to take care of, and similar purchasing habits in this period of life. Students consider
shelf life (4.41 and 4.57) as the most important information on fishery and aquaculture products, followed
by fish species (3.84 and 3.86) and country of origin (3.76 and 3.74) (Table 3). Similar results were obtained
in the study of Cantillo et al. (2021) where “the name of the product and the species” and the “use by” or
“best before” date were the most important criteria for European consumers. Many studies have found the
country of origin as the most important attribute in the decision-making process of fish purchasing, with local
products being preferred over imported ones (Alfnes et al., 2018; Cantillo et al., 2020; Maesano et al., 2020).
Eco-label did not receive very high importance among this student population (3.60 and 3.82). This aligns
with a recent survey among Croatian consumers, which showed that only slightly more than half of them
attach importance to this label (Kresi¢ et al., 2022a). Moreover, earlier research confirms that despite the
fact consumers favour sustainable aquaculture, certification schemes do not play an important role in
purchasing decisions (Risius et al., 2017), while in choice experiments consumers showed a higher willingness
to pay for such products (Maesano et al., 2020; Cantillo et al., 2020).

The strength of the present study is the quality data on students’ opinions regarding sustainable aquaculture,
thus deepening the literature knowledge about Generation Z students' beliefs, preferences, and behaviour
towards sustainable food and its systems. However, there are several limitations to this study. First, it should
be mentioned that the collected data are based on an online questionnaire, filled out voluntarily. Further
limitations are the relatively small study sample, limited to the specific area, faculty, and country. Therefore,
the results of this study cannot be generalized to a broader audience.
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Table 3. Gender-specific importance of product information (mean + SD)

Male Female p
Shelf life 4.41+0.92 4.57+0.73 0.209
Country of origin 3.76 £1.12 3.74 £ 1.00 0.856
Fish species (commercial designation and scientific names) 3.84+1.10 3.86+0.93 0.885
Production method (wild vs. farmed) 3.49+1.15 3.60+0.93 0.461
Eco-label 3.60+1.20 3.82+0.90 0.183
Product brand 3.47£1.15 3.60+1.03 0.421

Future research is advised to be conducted on a nationally representative sample of university students, as
well as to explore the effects of different cultural settings. Given the fact students do not place high
importance on eco-labels, researchers are encouraged to determine the factors that influence this. In
addition, choice experiments are proposed in order to better understand which claims and labels would be
successful in marketing sustainable aquaculture products in the Croatian market.

Conclusions

In the past, the paradigm of aquaculture was to produce seafood at a lower cost; today and in the future, the
paradigm will be to produce seafood sustainably, taking into account social, economic, and environmental
factors. According to the presented findings, from both open-ended and closed-ended questions, students
mostly associate environmental aspects with sustainable aquaculture, which is not surprising given the
current situation in the market where those are emphasized more by producers. However, minimal use of
hormones and drugs, as well as quality also emerged as important components, which can be useful
information for marketing managers to design strategies in order to attract more young consumers to buy
their products. Fish welfare is another aspect that is expected to gain more and more attention in the future,
although results show that currently, women value it significantly more than men. Furthermore, there is an
opportunity to enhance students' interest in eco-labels, which are the main methods of communicating the
sustainability of aquaculture practices. It also indicates the need for greater education and raising awareness
of young population as an important group of consumers. In the future, nutrition education provided by
institutions could be an important tool in preparing future generations for sustainable society.
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